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SECTION 1. GENERAL PROVISIONS 

A. Statement of Authority 

This Ordinance is established pursuant to RCW 36.70A.060 and RCW 36.70A.170. 

B. Statement of Purpose 

The purpose of this Ordinance is to define, identify, and protect critical areas and 
resource lands as required by the Growth Management Act of 1990 (Chapter 17, 
Laws of 1990), as amended. 

C. Statement of Policy 

1. It is a policy of Pacific County that the beneficial functions, and structure, and 
values of critical areas and resource lands be protected as identified in this 
Ordinance, and further that potential dangers or public costs associated with 
inappropriate use of such areas be minimized by reasonable regulation of uses 
within, adjacent to, or directly affecting such areas. Reasonable regulation shall 
be achieved by the balancing of individual and collective interests. Best 
available science shall be used in the administration of this Ordinance. 

2. Requirements of this Ordinance shall not remove a person’s obligation with 
respect to the applicable provisions or any other Federal, State, or local law or 
regulation, including, but not limited to, the acquisition of any other required 
permit or approval. 

D. Coordination with Other County Ordinances 

The development regulations for critical areas and resource lands, as set forth in 
this Ordinance, shall be reviewed during consideration of the adoption of any land 
use development regulations. 

E. Savings and Severability 

If any provision, or portion thereof, contained in this Ordinance is held to be 
unconstitutional, invalid, or unenforceable, said provisions, or portion(s) thereof, 
shall be deemed severed and the remainder of this Ordinance shall not be affected 
and shall remain in full force and effect. 
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SECTION 2. DEFINITIONS 
2.1 Adjacent 

“Adjacent” means immediately adjoining (in contact with the boundary of) or 
within a distance that is less than that needed to separate activities from critical 
areas or resource lands to ensure protection of the functions and values of those 
areas. For the purposes of this chapter, “adjacent” shall mean: 

(1)  On a site immediately adjoining a critical area;  

(2)  Within a distance equal to or less than the required critical area buffer 
width and building setback; 

(3)  Within a distance equal to or less than three hundred (300) feet upland 
from a stream, wetland, or water body; 

(4)  Bordering or within the floodway, floodplain, or channel migration zone; 

(5)  Within a distance equal to or less than two hundred (200) feet from a 
critical aquifer recharge area; or 

(6)  Within a distance equal to or less than five hundred (500) feet from the 
exterior boundaries of designated resource lands. 

2.2 Administrator 
“Administrator” means the Director of the Department of Community 
Development or his or her designee(s). 

2.3 Agricultural Activities, Existing and Ongoing 
“Existing and ongoing agricultural activities” means those activities conducted on 
lands defined in RCW 84.34.020(2), and those activities involved in the 
production of crops and/or raising or keeping livestock. Agricultural activities 
include associated activities, including the operation and maintenance of farm 
and stock ponds, drainage ditches, operation and maintenance of ditches, 
irrigation systems including irrigation laterals, canals, or irrigation drainage 
ditches, and normal operation, maintenance, and repair of existing serviceable 
agricultural structures, facilities, or improved areas, and the practice of 
aquaculture. Agricultural activities include, but are not limited to aquaculture, 
growing mint, bulb farming, haying, growing blueberries, cranberries, hybrid 
poplars, Christmas trees, and other nursery and horticultural activities which may 
involve up to a ten-year rotation, not otherwise classified as a forest practice. To 
ensure preservation of agricultural land, the ability to switch from one crop or 
activity to another to meet market forces is essential and shall be considered 
"existing and ongoing agricultural" use when such conversions occur. Further, 
land devoted to agricultural purposes shall be considered existing and ongoing 
even if in-between crop activities are limited to haying or grazing. Forest 
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practices regulated under Chapter 76.90 RCW and Title 222 WAC are not 
included in this definition. 

2.4 Agricultural Land 
“Agricultural land” means any land which contains existing and ongoing 
agricultural activities, or which is classified as agricultural land of long-term 
commercial significance or agricultural land of local importance. 

2.5 Agricultural Land of Local Importance 
“Agricultural land of local importance” includes any diked tidelands as listed 
under soil type nos. 104 and 147 in the Soil Survey of Grays Harbor County 
Area, Pacific County, and Wahkiakum County, Washington, 1986, Soil 
Conservation Service, USDA, that is involved in existing and ongoing agricultural 
activities on the date this Ordinance became effective. 

2.6 Agricultural Land of Long-Term Commercial Significance 
“Agricultural land of long-term commercial significance” means all land that is 
devoted to the long-term commercial production of aquaculture, cranberries, 
and/or other bog related crops. 

2.7 Best Available Science 
“Best available science” means current scientific information used in the process 
to designate, protect, or restore critical areas, that is derived from a valid 
scientific process as defined by WAC 365-195-905. Counties and cities must 
include best available science when developing policies and development 
regulations to protect the functions and values of critical areas. Where there is 
an absence of valid scientific information or incomplete scientific information 
relating to a county’s or city’s critical areas, leading to uncertainty about which 
development and land uses could lead to harm of critical areas or uncertainty 
about the risk to critical area function of permitting development, counties and 
cities should use the following approach: 

(1) A “precautionary or a no risk approach,” in which development and land 
use activities are strictly limited until the uncertainty is sufficiently 
resolved; and 

(2) As an interim approach, an effective adaptive management program that 
relies on scientific methods to evaluate how well regulatory and 
nonregulatory actions achieve their objectives. Management, policy, and 
regulatory actions are treated as experiments that are purposefully 
monitored and evaluated to determine whether they are effective and, if 
not, how they should be improved to increase their effectiveness. 
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2.8 Best Management Practices 
“Best Management Practices” means conservation practices or systems of 
practices and management measures that: 

(1) Control soil loss and reduce water quality degradation; and 

(2) Minimize adverse impacts to surface water and ground water flow, 
circulation patterns, and to the chemical, physical, and biological 
characteristics of wetlands. 

2.9 Buffer 
“Buffer” means an undisturbed area of native vegetation which serves to protect 
the integrity, functions, and values of a critical area from potential adverse 
impacts. 

2.10 Conservation 
“Conservation” means measures designed to assure that natural resource lands 
will remain available for future use. 

2.11 Critical Aquifer Recharge Area 
“Critical aquifer recharge area” means an area with a critical recharging effect on 
aquifers used for potable water, including areas where an aquifer that is a source 
of drinking water is vulnerable to contamination that would affect the potability of 
the water, or is susceptible to reduced recharge. 

2.12 Critical Area Functions 
“Critical area functions” means the physical, chemical, and biological processes 
or attributes of a critical area. 

2.13 Critical Area Report 
“Critical area report” means a site-specific evaluation and report prepared by a 
qualified professional to determine the presence, type, class, size, function, 
and/or value of an area subject to this Chapter. The report provides a site-
specific evaluation of how to protect critical area functions and values. 

2.14 Critical Area Values 
“Critical area values” means the critical area processes or attributes that are 
environmentally or ecologically valuable or beneficial to society. 

2.15 Critical Areas 
“Critical areas” include the following: wetlands; critical aquifer recharge areas; 
fish and wildlife habitat conservation areas; frequently flooded areas; and 
geologically hazardous areas. 

Commented [AS1]: Does the buffer have to be vegetated? 
SMP describes buffer as an area adjacent to shoreline or 
critical area that separates and protects the area from 
adverse impacts associated with adjacent land use. 

Commented [AS3]: How does this definition work if 
vegetation in a buffer adjacent to a critical area is being hand-
thinned or mowed to the ground? 

Commented [AS2]:  European dune grass is not 
considered native vegetation. See 3. 

Commented [AS4]:  Future use: Does this mean ag lands 
stay ag lands etc.? 
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2.16 Critical Facilities 
“Critical facilities” means any development that pertains to schools; hospitals; 
police, fire, and emergency response installations; sewage and water treatment 
facilities; electrical substations and other utility infrastructure; or installations 
which produce, use, or store hazardous waste 

2.17 Dangerous Wastes 
"Dangerous wastes" means those wastes designated in WAC 173-303-070 
through 173-303-120 as dangerous or extremely hazardous or mixed waste. As 
used in Chapter 173-303 WAC, the words "dangerous waste" refer to the full 
universe of wastes regulated by that chapter. 

2.18 Debris Flow 
"Debris flow" means the rapidly downslope-moving mass of a viscous water-
saturated mixture of rock fragments, soil, vegetation, and mud. 

2.19 Delineation 
"Delineation" means a formal demarcation of the boundary of a critical area by 
the Department of Community Development or other  a qualified critical area 
professional. 

2.20 Department of Community Development 
"Department of Community Development" means the Pacific County Department 
of Community Development. 

2.21 Determination 
"Determination" means an action by the Department of Community Development 
or a qualified critical area professional to identify, characterize, and/or locate a 
critical area. 

2.22 Emergency 
“Emergency” means an activity necessary to prevent an immediate threat to 
public health, safety, or welfare, or that poses an immediate risk of damage to 
private property or public property and that requires remedial or preventative 
action in a timeframe too short to allow for compliance with the requirements of 
this Chapter. 

2.23 Erosion Control 
“Erosion control” means on-site and off-site control measures that are used to 
control conveyance and/or deposition of earth or sediments associated with 
development. 

2.24 Flood or Flooding 

Commented [AS5]: Consistency with 2.21. 
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“Flood” or “flooding” means a general or temporary condition of partial or 
complete inundation of normal dry-land areas from the overflow waters. 

2.25 Flood, 100 Year or Base Flood 
“100 year flood” or “base flood” means the flood having one (1) percent chance 
of being equaled or exceeded in any given year. For purposes of this Chapter, 
Pacific County adopts the Federal Emergency Management (FEMA) flood 
hazard classifications. 

2.26 Forest Land of Long-Term Commercial Significance 
“Forest land of long-term commercial significance” means any land designated 
on the map of Pacific County Forest Land as forest land of long-term commercial 
significance. These areas are zoned Commercial Forestry District (FC) and are 
subject to the provisions of Chapter 18.16 Pacific County Code. 

2.27 Forest Land, Transitional 
“Transitional forest land” means any land designated on the map of Pacific 
County Forest Land as transitional forest land. These areas are zoned 
Transitional Forest Land District (FT) and are subject to the provisions of 
Chapter 18.20 Pacific County Code. 

2.28 Forest Practice 
"Forest practice" means any activity regulated by Chapter 76.09 RCW and Title 
222 WAC. 

2.29 Frequently Flooded Areas 
For the purpose of this Ordinance, “frequently flooded areas” within Pacific 
County shall be classified using the following criteria: 

(1) Those areas of special flood hazard identified by the Federal Emergency 
Management Agency (FEMA) in a scientific and engineering report 
entitled “The Flood Insurance Study for Pacific County and Incorporated 
Areas” dated May 18, 2015, and any revisions thereto, with an 
accompanying Flood Insurance Rate Map (FIRM) dated September 27, 
1985, or, and any revisions thereto; and those floodways and associated 
floodplains delineated by a comprehensive flood hazard management 
plan adopted by the Pacific County Board of County Commissioners, as 
being with the 100-year floodplain or having experienced historic flooding, 
are hereby adopted by reference and designated as frequently flooded 
areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of 
Community Development. The best available information for flood hazard 
area identification as outlined in Pacific County Code (PCC) 15.08.140(B) 
shall be the basis for regulation until a new FIRM is issued that 
incorporates the data utilized under PCC 15.08.140(B). 

Commented [AS6]: Code has not been adoped. See 2.27. 

Commented [AS7]:  Many areas of the peninsula have 
experienced historic flooding yet are now not classified as 
FFAreas because of new FEMA designations. For example, 
almost every year, at least once, K and L Streets in Seaview 
are flooded.  
 
See comments in tracking version of this draft CAO, comment 
20, page 6. 
 
See SMP definition for FF areas. 
According to tracking/Watershed the county does not want to 
pursue this? 
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(2) When base flood elevation data have not been provided (A and V zones) 
the Administrator, in consultation with the Pacific County Engineer, shall 
obtain, review, and reasonably utilize any base flood elevation and 
floodway data available from a federal, state, or other source. If such 
documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under 
this Ordinance shall provide a flood hazard study prepared by a qualified 
critical area professional assessing the extent of the 100-year floodplain, 
which shall be subject to approval by the County Engineer. 

2.30 Geologically Hazardous Areas 
“Geologically hazardous areas” means areas that because of their susceptibility 
to erosion, sliding, earthquake, tsunami, or other geological events, pose a 
health and safety threat when incompatible commercial, residential, or industrial 
development occurs. 

2.31 Groundwater 
“Groundwater” means that part of the subsurface water that is in the zone of 
saturation (below the water table), as distinct from vadose water (above the 
water table). 

2.32 Health Officer 
“Health Officer” means the legally designated Health Officer of the Pacific 
County Board of Health or his or her designee(s). 

2.33 Highest Astronomical Tide (HAT) 
“Highest astronomical tide” means the highest water level which can be predicted 
to occur at a particular location under average meteorological conditions. The 
water elevation of the highest astronomical tide is expected to occur at a specific 
location. For Willapa Bay, official readings are observed at Toke Point Station 
over a nineteen (19) year period and reduced to mean values, then corrected to 
local tide stations at Nahcotta and Raymond. In the Willapa Bay Conservancy 
Shoreline Environment in the Pacific County Shoreline Master Program, HAT is 
used as a benchmark to establish setbacks and buffers for development 
proposals on shorelands landward of the ordinary high water mark within 
shoreline jurisdiction. 

2.34 In-Kind Mitigation 
“In-kind mitigation” means replacement or substitute resources that are of the 
same type and kind as those being impacted. For example, in-kind mitigation 
requires category I wetlands to be mitigated with category I wetlands, and 
category II wetlands to be mitigated with category II wetlands. 

2.35 Land Alteration 

Commented [AS8]:  This study should include historical 
flooding patterns/data. 
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“Land alteration” means a human induced action which materially affects the 
physical condition of land or improvements including, but not limited to, those 
activities which are commonly referred to as clearing, grubbing, excavation, 
filling, grading, surfacing, paving, compaction, stockpiling, and stabilizing. 

2.36 Maintenance or Repair 
“Maintenance” or “Repair" means an activity that restores the character, scope, 
size, and design of a structure or land use to its previously authorized and 
undamaged condition. Activities that change the character, size, or scope of a 
project beyond the original design and drain, dredge, fill, flood, or otherwise alter 
additional critical areas are not included in this definition. 

2.37 Mineral Land 
“Mineral land” means any area in Pacific County presently covered under a valid 
Washington State Department of Natural Resources (DNR) surface mining 
permit and any beach area where sand is removed for commercial purposes. 
Any other area shall be classified as mineral land when a surface mining permit 
is granted by the DNR. 

2.38 Mining 
“Mining” means the removal for economic use of minerals, petroleum resources, 
sands, gravels, organic material, or other naturally occurring materials from 
uplands and/or the bed beneath an aquatic area. 

2.39 Minor Pruning 
“Minor pruning” means pruning or cutting out of water sprouts, suckers, twigs, or 
branches less than three inches in diameter, or which constitutes less than 
fifteen (15) percent of the tree’s foliage bearing area. The work shall retain the 
natural form of the tree. Removal of dead wood, broken branches, and stubs are 
included within the definition of minor pruning. 

2.40 Mitigation 
"Mitigation" means: 

(1) Avoiding the impact altogether by not taking a certain action or parts of an 
action; 

(2) Minimizing impacts by limiting the degree or magnitude of the action and 
its implementation, by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts; 

(3) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment; 

(4) Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action; 

Commented [AS9]: Rationale behind maintenance or repair 
is to prevent a decline or lapse in condition. See SMP 
definition. Also, maintenance and repair restores to a 
condition comparable to previous authorization. 
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(5) Compensating for the impact by replacing, enhancing, or providing 
substitute resources or environments; and/or 

(6) Monitoring the impact and taking appropriate corrective measures. 

2.41 Mitigation Project 
“Mitigation project” means actions necessary to replace project-induced critical 
area and associated buffer losses, including planning, land acquisition, 
construction, monitoring, and contingency actions. 

2.42 Native Vegetation 
“Native vegetation” means plant species which are indigenous to the site in 
question. 

2.43 Ordinary High Water Mark 
"Ordinary high water mark" on all lakes, streams, and tidal water is that mark that 
will be found by examining the bed and banks and ascertaining where the 
presence and action of waters are so common and usual, and so long continued 
in all ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland, in respect to vegetation as that condition exists on June 1, 
1971, as it may naturally change thereafter, or as it may change thereafter in 
accordance with permits issued by a local government or the department: 
PROVIDED, That in any area where the ordinary high water mark cannot be 
found, the ordinary high water mark adjoining salt water shall be the line of mean 
higher high tide and the ordinary high water mark adjoining fresh water shall be 
the line of mean high water; 

2.44 Out-of-Kind Mitigation 
“Out-of-kind mitigation” means replacement or substitute resources that, while 
related and of a different quality, species mix, or even species type, are of equal 
or greater overall value to the ecology of the impacted species or ecological 
region. Out-of-kind mitigation may involve mitigation of one function to 
compensate for an impact on another function. For example, out-of-kind 
mitigation for impacts to a depressional or riverine wetland could involve creation 
of an estuarine wetland. 

2.45 Person 
“Person” means an individual, a partnership (including partners and managers), 
a corporation (including board members, officers, and managers), or any other 
entity of any kind. “Person” also includes an applicant, a re-applicant, a permit 
holder, an authorized agent of any entity, or any third party acting on behalf of 
any entity. 

2.46 Project Area 
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“Project area” means all areas proposed to be disturbed, altered, or used by the 
proposed activity or the construction of any proposed structures. When the 
action binds the land, such as a subdivision, short subdivision, binding site plan, 
planned unit development, or rezone, the project area shall include the entire 
parcel, at a minimum.  

2.47 Protection 
“Protection” means action to avoid or mitigate impacts to critical areas consistent 
with the requirements of this Chapter in order to preserve the structure, values, 
functions, and processes of the natural environment. 

2.48 Qualified Critical Area Professional or Qualified Professional 
“Qualified critical area professional” or “qualified professional” means a person 
with experience, education, and professional degrees and training pertaining to 
the critical area in question, as described in Sections 4 through 8, below. The 
Administrator shall require professionals to demonstrate the basis for 
qualifications and shall make final determination as to qualifications. 
Demonstration of qualifications may include, but shall not be limited to, 
professional certification. 

2.49 Resource Lands 
“Resource lands” means areas designated as agricultural, forest, or mineral 
lands. 

2.50 Sensitive, Threatened, and Endangered Species 
“Sensitive, threatened, and endangered species” means the categorization set 
forth in WAC 232-12-011 and WAC 232-12-014. 

2.51 Septage Application 
“Septage application” means application of the mixture of solid wastes, scum, 
sludge, and liquids pumped from within the septic tanks, pump chambers, 
holding tanks, and other on-site sewage system components. 

2.52 Setback 
“Setback” means the distance from a lot, parcel, tract, critical area or resource 
land boundary, beyond which the footprint or foundation of a structure shall not 
extend, except as provided in this chapter.  

2.53 Single-Family Residence or Single-Family Dwelling 
“Single-family residence” or “single-family dwelling” means a detached dwelling 
designed for and occupied by one family including those structures and 
developments within a contiguous ownership which are a normal appurtenance. 
An “appurtenance” is necessarily connected to the use and enjoyment of a 
single-family residence and is located upland of wetlands or the ordinary high 
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water mark. Normal appurtenances include a garage, deck, driveway, septic 
system, utilities, fences, and grading which does not exceed two hundred fifty 
(250) cubic yards (except to construct a conventional drainfield). 

2.54 Stormwater Management Facilities 
"Stormwater management facilities" means biofiltration swales, filter strips, 
bubble diffusers, detention ponds, retention ponds, wet ponds, and similar 
facilities designed and intended to control and treat stormwater, and include 
ditches and drainage systems designed and intended primarily for conveyance. 

2.55 Streams 
“Streams” mean those areas where surface waters flow sufficiently to produce a 
defined channel or bed which demonstrates clear evidence of the passage of 
water, including, but not limited to, bedrock channels, gravel beds, sand and silt 
beds, and defined-channel swales.  The channel or bed need not contain water 
during the entire year.  This definition does not include water courses which were 
created entirely by artificial means, such as irrigation ditches, canals, roadside 
ditches, or storm or surface water run-off features, unless the artificially created 
water course contains salmonids or conveys a stream that was naturally 
occurring prior to the construction of the artificially created water course. For 
regulatory purposes under this Chapter, once streams are identified, the streams 
are typed following the Washington State Department of Natural Resources 
Stream Typing System found in WAC 222-16-031, as now or hereafter 
amended. 

2.56 Sub-Drainage Basin 
“Sub-drainage basin” is defined by the boundaries established by 6th order (12 
digit) hydrologic unit code (HUC) as defined by the Natural Resource 
Conservation Service (NRCS). 

2.57 Utility Lines 
"Utility lines" means a pipe, conduit, cable, or other similar facility by which 
services are conveyed to the public or individual recipients. Such services shall 
include, but are not limited to, water supply, electrical power, gas, 
communications, and stormwater or sanitary sewer transport facilities. 

2.58 Watershed 
"Watershed" means an area draining to the surface water systems of Willapa 
Bay, the Columbia River, and the Pacific Ocean. 

2.59 Wetland or Wetlands 
"Wetland” or “wetlands" means areas that are inundated or saturated by surface 
water or ground water at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions. Wetlands generally include swamps, 
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marshes, bogs, and similar areas. Wetlands do not include those artificial 
wetlands intentionally created from nonwetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention facilities, 
wastewater treatment facilities, farm ponds, and landscape amenities, or those 
wetlands created after July 1, 1990, that were unintentionally created as a result 
of the construction of a road, street, or highway. Wetlands shall include those 
artificial wetlands intentionally created from nonwetland areas to mitigate 
conversion of wetlands.  

2.60 Wetland Creation 
“Wetland Creation” means the conversion of non-wetland (upland) area to 
wetlands and the associated alterations to soil, vegetation and/or hydrology 
required to establish and maintain the resultant wetland in a perpetually self-
sustaining state. 

2.61 Wetland Enhancement 
“Wetland Enhancement” means the manipulation of the physical, chemical, or 
biological characteristics of a wetland site to heighten, intensify, or improve 
specific function(s) or to change the growth stage or composition of the 
vegetation present. Enhancement is undertaken for specified purposes such as 
water quality improvement, flood water retention, or wildlife habitat. 
Enhancement results in a net improvement in wetland functions, but does not 
result in a gain in wetland acres. Activities typically consist of planting vegetation, 
controlling non-native or invasive species, modifying site elevations or the 
proportion of open water to influence hydroperiods, or some combination of 
these activities.  

2.62 Wetland Mosaic 
“Wetland mosaic” means an area with a concentration of multiple small 
wetlands, in which: 

(1)  Each patch of wetland is less than one acre (0.4 hectares), and  

(2)  Each patch of wetland is less than 100 feet (30 meters) away from the 
nearest wetland; and 

(3)  The total area delineated as vegetated wetland is more than fifty percent 
of the total area of wetlands and uplands, open water, and river bars 
around which you can draw a polygon; and 

(4)  There are at least three patches of wetland that meet the size and 
distance thresholds.  

2.63 Wetland Restoration 
“Wetland restoration” means the manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or historic 
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functions to a former or degraded wetland. For the purpose of tracking net gains 
in wetland acres, restoration is divided into: 

(1) Re-establishment: The manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or 
historic functions to a former wetland. Re-establishment results in a gain 
in wetland acres (and functions). Activities could include removing fill 
material, plugging ditches, or breaking drain tiles. 

(2) Rehabilitation: The manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of repairing natural or historic 
functions of a degraded wetland. Rehabilitation results in a gain in wetland 
function but does not result in a gain in wetland acres. Activities could 
involve breaching a dike to reconnect wetlands to a floodplain or return 
tidal influence to a wetland. 
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SECTION 3. GENERAL REQUIREMENTS 

A. Applicability 

1. This Ordinance classifies and designates critical areas and resource lands in 
Pacific County and establishes regulations for the protection of critical areas and 
resource lands.  

2. Designated critical areas in Pacific County include wetlands; fish and wildlife 
habitat conservation areas; frequently flooded areas; critical aquifer recharge 
areas; and geologically hazardous areas. Designated resource lands in Pacific 
County include agricultural lands, forest lands, and mineral lands.  

3. The provisions of this chapter shall apply to all lands, all land uses and 
development activities, and all structures and facilities in the County, whether or 
not a permit or authorization is required, and shall apply to every person, firm, 
partnership, corporation, group, governmental agency, or other entity that owns, 
leases, or administers land within the County. No person, company, agency, or 
applicant shall alter a resource land, critical area, or critical area buffer except as 
consistent with the purposes and requirements of this Ordinance. 

4. Pacific County shall not grant any permit, license or other development approval 
to alter the condition of any land, water, or vegetation, or to construct or to alter 
any structure or improvement, nor shall any person alter the condition of any 
land, water, or vegetation, or construct or alter any structure or improvement, for 
any development proposal which requires a governmental permit regulated by 
this Ordinance, except in compliance with the provisions of this Ordinance.  

5. Failure to comply with the provisions of this Ordinance shall cause the violator to 
be subject to enforcement procedures under subsection 3.G, Penalties and 
Enforcement.  

B. Relationship to Other Regulations 

1. Areas characterized by a particular critical area or resource land may also be 
subject to other regulations. In the event of any conflict between this Ordinance 
and any other ordinance of the County, the regulation which provides the greater 
protection for the particular critical area or resource land shall apply.  

2. When more than one critical area is present and multiple buffers are required, all 
required buffers shall be provided, unless otherwise specified in this chapter. 
Where buffers overlap, the most protective buffer shall apply. 

3. Satisfying the requirements of this Ordinance does not affect a person’s 
obligation to comply in all respects with other federal, state, and local statutes. 

4. Relationship to Shoreline Master Program (SMP) 
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a. Provisions in this Ordinance do not apply to uses and modifications 
occurring waterward of the ordinary high water mark (OHWM) of Type 1 
waters, as defined by WAC 222-16-031, which are regulated exclusively 
under the SMP. 

b. Provisions in this Ordinance apply to uses and modifications landward of 
the OHWM within shoreline jurisdiction, in addition to applicable use and 
modification provisions or allowances in the SMP, with the exception of 
the following provisions, which do not apply within shoreline jurisdiction: 

i.Subsection 3.H, Nonconforming Activities; 

ii.Subsection 3.I, Variance; 

iii.Subsection 3.J Reasonable Use Exception;  

iv.Subsection 3.E.5, Exemption for Utility Activities; and 

v.Subsection 3.E.6, Exemption for Modification of Buildings. 

c. Provisions in this Ordinance apply to all applicable land and water areas 
of the County outside of shoreline jurisdiction. 

C. Authority 

1. The Director of the Department of Community Development or his or her 
designee(s) shall be the Administrator of this Ordinance and is given the 
authority to interpret and apply, and the responsibility to administer and enforce, 
this Ordinance to accomplish the stated purposes. 

2. The County may withhold, condition, or deny development permits or approvals 
to ensure that the proposed action is consistent with this Ordinance. 

3. The Administrator and any other applicable County officials may develop and 
implement rules and regulations that are consistent with and effectuate the 
purpose of this Ordinance and prepare and require the use of such forms as 
necessary for its administration. 

D. Critical Areas and Resource Lands Review Procedures 

1. The Administrator first must determine whether the proposed activity fits within 
any of the exemptions to this Ordinance found in subsection 3.E. If the proposed 
activity meets any of the listed exemptions, including and includes best 
management practices and/or restoration requirements, no critical areas and 
resource land checklist or other critical areas and resource land review is 
required. 
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2. If the proposed activity is not exempt, then a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., shall 
complete a critical areas and resource lands checklist on the forms to be 
provided by the Department of Community Development. Staff will then review 
the checklist together with the maps and other critical areas resources identified 
in the relevant sections of this Ordinance and make a site visitation to determine 
whether critical areas, resource lands, or their required buffers are affected by 
the proposed activity. The person seeking to develop is responsible for providing 
the County with sufficient information so that the Administrator can make this 
determination. 

3. If the checklist, maps, other references, site visitation, consultation with resource 
agencies, and other information supplied by a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., do 
not indicate the presence of any critical areas or resource lands associated with 
the project, the review required pursuant to this Ordinance is complete. 

4. If at any time prior to completion of the applicable public input process on the 
proposed project, the Administrator receives new evidence that critical areas or 
resource lands may be associated with the proposed project, the Administrator 
shall reopen the critical areas and resource lands review process pursuant to this 
Ordinance and shall require the requisite level of critical areas and resource 
lands review and mitigation as is required by this Ordinance.  

5. If the checklist, maps, site visitation, and other references indicate that critical 
areas or resource lands are associated with the proposed project area, then a 
critical area report shall be completed pursuant to subsection 3.L.  

6. Once the public input process on the associated permit or approval is completed 
and the record is closed, then the County's determination regarding critical areas 
and resource lands pursuant to this Ordinance shall be final, unless appealed as 
described in subsection 3.F. of this Ordinance. 

7. If, as a result of the critical area report recommendations, a person believes that 
he or she is entitled to a variance from one or more of the requirements of this 
Ordinance, then a person may request a variance as described in subsection 3.I. 
This provision does not apply within shoreline jurisdiction, as described in 
subsection 3.B, above. 

8. If, as a result of the critical area report recommendations, a person believes that 
the requirements of this Ordinance, including any request for a variance, leave 
the applicant with no economically viable use of his property, then a person may 
apply for a reasonable use exception pursuant to subsection 3.J. of this 
Ordinance. This provision does not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 
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E. Exemptions 

1. All exempted activities shall use reasonable methods to avoid potential impacts 
to critical areas and resource lands. Exemption from this Ordinance does not 
give permission to degrade a critical area or ignore risk from natural hazards. 
Any incidental damage to, or alteration of, a critical area that is not a necessary 
outcome of the exempted activity shall be restored, rehabilitated, or replaced at 
the responsible party’s expense.  

2. The following developments, activities, and associated uses shall be exempt 
from the provisions of this Ordinance provided that they are otherwise consistent 
with the applicable provisions of other Pacific County ordinances: 

a. Emergencies. Emergencies are those activities necessaries to prevent an 
immediate threat to public health, safety, or welfare, or that pose an 
immediate risk of damage to private or public property and that require 
remedial or preventative action in a timeframe too short to allow for 
compliance with the requirements of this Ordinance. 

i. Emergency actions that create an impact to any critical area or its 
buffer shall use reasonable methods that have the least impact to 
the critical area or its buffer and shall restore the critical area and 
buffer after the emergency to the maximum extent practicable. 

ii. Persons undertaking such action shall notify the Administrator 
within one working day following commencement of the emergency 
activity. Following such notification, the Administrator shall 
determine if the action taken was within the scope of the 
emergency actions allowed in this subsection. If the Administrator 
determines that the action taken or any part of the action taken was 
beyond the scope of allowed emergency actions, then the 
enforcement provisions of subsection 3.G shall apply. 

iii. After the emergency, the person or agency undertaking the action 
shall fully fund and conduct necessary restoration and/or mitigation 
for any impacts to the critical area and buffers resulting from the 
emergency action in accordance with an approved critical area 
report and mitigation plan. The person or agency undertaking the 
action shall apply for review, and the alteration, critical area report, 
and mitigation plan must be reviewed by the Administrator. 
Restoration and/or mitigation activities shall be initiated within one 
year of the date of the emergency, and completed in a timely 
manner. 

3. Agricultural operations. Existing and on-going agricultural operations including 
related development and activities which do not result in expansion into a critical 
area or its buffer or do not result in an increase in impact to a critical area are 
exempt. New development and/or expansion of existing operations shall comply 
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with the provisions of this Ordinance. Existing and ongoing agricultural activities, 
however, shall comply with best management practices contained within any 
conservation plan between the property owner and the Department of Ecology 
pursuant to Chapter 89.08 RCW. 

4. Maintenance, repair, and operation.  

a. Maintenance, repair, and operation of existing structures, ponds, flood 
control facilities, public and private roads and driveways, and improved 
areas accessory to a single family residential use including, but not limited 
to maintenance of existing landscaping, lawn, and gardening are exempt.  

b. Any person engaging in maintenance or repair activities shall use 
reasonable methods with the least amount of potential impact to critical 
areas. Any impacted critical area or its buffer shall be restored after the 
completion of maintenance/repair activities to the maximum extent 
practicable. 

5. Utility activities. When undertaken pursuant to best management practices to 
minimize impacts to critical areas and immediately to restore any disturbed 
critical area or its buffer, the following utility activities are exempt: 

a. Maintenance or repair of existing utility facilities or rights-of-way. 

b. Installation, construction, relocation and replacement, operation, repair, or 
alteration of all utility lines, equipment, or appurtenances, not including 
substations, in improved road rights-of-way. 

6. Modification of buildings. Modification of an existing building that does not 
expand the building footprint area by more than fifteen (15) percent or increase 
septic effluent according to Chapter 246-272 WAC and that does not exacerbate 
nonconformity within critical area setbacks or buffer standards within proscribed  
by this Ordinance is exempt except when the modification occurs on or adjacent 
to designated erosion hazard areas, landslide hazard areas, or mine hazard 
areas, as described and designated in Section 8 of this Ordinance. Replacement 
of manufactured homes that does not increase the number of bedrooms or 
exacerbate nonconformity with critical area setbacks or buffer standards within 
this Ordinance also is exempt. A person who is granted an exemption under this 
subsection for a particular building cannot receive another exemption under this 
subsection for the same building unless ten (10) years has elapsed from the date 
of the previous exemption. 

7. Navigation aids and boundary markers. Construction or modification of 
navigational aids and boundary markers are exempt. 

8. Site investigation. Site investigation work which is necessary for land use  
applications such as surveys, soil logs, percolation tests and other related 
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activities is exempt. However, critical area impacts shall be minimized and 
disturbed areas shall be restored to the maximum extent practicable. 

9. Non-development activities. Passive recreational uses, sport and commercial 
fishing, hunting, scientific and educational endeavors, or similar minimal impact, 
non-development activities are exempt. 

10. Spartina alterniflora. Activities aimed at controlling Spartina alterniflora are 
exempt. 

11. Forest practices. Forest practices covered under Chapter 76.09 RCW and Title 
222 WAC, with the exception of Class IV Conversion Forest Practices, are 
exempt. 

12. Hazard Trees.  

a. Removal of hazardous, diseased, or dead trees and vegetation is exempt 
when necessary to: 

i. Control fire; or 

ii. Halt the spread of disease or damaging insects consistent with the 
State Forest Practices Act, Chapter 76.09 RCW; or 

iii. Avoid a hazard such as landslides; or 

iv. Avoid a threat to existing structures or aboveground utility lines. 

b. If a safety hazard cannot be easily determined by the County, a written 
report by a certified arborist or other qualified professional shall be 
required to evaluate potential safety hazards. 

c. Any removed tree or vegetation shall be replaced with an appropriate 
native species in appropriate size within one calendar year. 

13. Minor pruning of vegetation for maintenance purposes, or thinning of limbs of 
individual trees to maintain an existing view corridor, when performed in a 
manner that ensures continual survival of the vegetation, is exempt. Tree topping 
is not permitted.  

F. Appeals 

1. The provisions of this Ordinance shall be administered according to a Type I 
process under Ordinance No. 145, unless a higher level review process is 
mandated by this Ordinance or Ordinance No. 145, or any amendment thereto. 

2. Any decision of the Administrator or other County official in the administration of 
this Ordinance may be appealed according to the provisions of Ordinance No. 
145, or any amendment thereto. 
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G. Penalties and Enforcement 

1. A person who violates the provisions of this Ordinance or who fails to comply 
with any of its requirements shall be subject to the procedures and sanctions set 
forth in Ordinance No. 141, or any amendment thereto. 

2. In addition to the civil penalty provisions provided in Ordinance No. 141, or any 
amendment thereto, any person who violates any of the provisions of this 
Ordinance is guilty of a misdemeanor, and each day or portion thereof during 
which a violation is committed, continued, or not permitted shall constitute a 
separate offense. The penalty for each violation is a fine of not more than $1,000 
or imprisonment for not more than 90 days, or both. The principles of liability 
contained in Chapter 9A.08 RCW, including, but not limited to, liability for 
conduct of another shall apply to the enforcement of this Ordinance as shall all 
judicial interpretations thereof.  

3. When a court determines that a person has committed a civil infraction under 
this Ordinance and Ordinance No. 141 or any amendment thereto, Pacific 
County may collect penalties, assessments, costs, and/or fines by any procedure 
established for the collection of debts that are owed to the County. 

4. Any disposition of a violation pursuant to this Ordinance and Ordinance No. 141, 
or any amendment thereto, shall not absolve a person from correcting or abating 
a violation and shall not prevent the prosecuting authority from pursuing criminal 
prosecution, other civil action including, but not limited to, injunctive relief, license 
revocation, and abatement, or all of the above. If Pacific County prevails in a 
separate civil action, the Court may award the County reasonable costs 
including, but not limited to, the costs of the responsible officials' time, witness 
fees, attorney fees, court costs, and the costs to the County of abatement or of 
enforcement of an injunction, or both. 

5. Any or all of the remedies articulated in subsection 3.G, Penalties and 
Enforcement, may be used by the County to enforce this Ordinance. Nothing 
contained in this Ordinance shall prevent the County, by and through the 
prosecuting authority, from taking such other lawful action as is necessary to 
prevent or remedy any violation. 

H. Nonconforming Activities 

An established use or existing structure that was lawfully permitted prior to adoption 
of this Ordinance, but which is not in compliance with this Ordinance, may continue 
subject to the following: 

1. Nonconforming uses and existing structures shall not be expanded or altered in 
any manner which will increase the nonconformity without a permit or other 
approval issued pursuant to the provisions of this Ordinance except as allowed 
under subsection 3.E, Exemptions; 



21 
 

2. Activities or uses which are discontinued for twelve (12) consecutive months 
shall be allowed to resume only if they are in compliance with this Ordinance; 
and 

3. Nonconforming structures destroyed by fire, explosion, or other casualty may be 
replaced or restored if reconstruction of the same facility is commenced within 
twelve (12) months of such damage. The reconstruction or restoration shall not 
serve to expand, enlarge, or increase the extent of the nonconformity. 

I. Variance 

1. The Administrator shall process variance requests according to a Type II 
procedure delineated in Ordinance No. 145. The burden of proof shall be on the 
person requesting the variance to bring forth evidence in support of the variance.  

2. The Administrator shall grant a variance if the person requesting the variance 
demonstrates that the requested variance conforms to all of the criteria set forth 
below: 

a. That special conditions and circumstances exist which are peculiar to the 
land;  

b. That literal interpretation of the provisions of this Ordinance would deprive 
the person seeking the variance of rights commonly enjoyed by other 
properties conforming to the terms of this Ordinance;  

c. That the special conditions and circumstances do not result from the 
actions of the person seeking the variance; 

d. That the granting of the variance requested will not confer on the person 
seeking the variance any special privilege that is denied by this Ordinance 
to other lands, structures, or buildings under similar circumstances;  

e. That the variance requested is the minimum necessary to afford relief; 
and 

f. That to afford relief the requested variance will not create significant 
impacts to critical areas and resource lands and will not be materially 
detrimental to the public welfare or contrary to the public interest. 

3. In granting any variance, the Administrator shall prescribe such conditions and 
safeguards as are necessary to secure protection of critical areas from adverse 
impacts. 

J. Reasonable Use Exception 

1. If the application of this Ordinance would result in denial of all economically 
reasonable use of a property, and if such economically reasonable use of the 

Commented [AS15]: How to define this? Highest economic 
benefit? Is this defined by whether someone can sell a 
property? 



22 
 

property cannot be obtained by consideration of a variance pursuant to 
subsection 3.I. to one or more individual requirements of this Ordinance, then a 
person may seek a reasonable use exception from the standards of this 
Ordinance.   

2. An application for a reasonable use exception shall be made to the County and 
shall include a critical area checklist; critical area report, including mitigation plan, 
if necessary; and any other related project documents. The application shall be 
processed according to a Type II process under Ordinance No. 145. 

3. Subdivided Land Under Single Ownership. 

a. For plats legally filed with and approved by the County prior to the 
adoption date of this Ordinance [insert date once adopted], a landowner 
may submit a single application for an “umbrella” reasonable use 
exception to be applied to multiple platted, undeveloped lots meeting the 
requirement in subsection J.1, above.  

b. The application shall include all of the materials listed in subsection J.2 
above for all applicable lots, including a mitigation plan for unavoidable 
impacts anticipated from lot development on all applicable lots, and shall 
be processed according to a Type II process under Ordinance No. 145.  

c. The umbrella reasonable use exception shall establish conditions for 
administrative approval of development on individual lots. These 
conditions shall at a minimum include limits to the proposed location and 
size of structure and limits to vegetation removal. 

4. Reasonable use exception requests shall only be granted if all of the following 
criteria are met: 

a. The application of this Ordinance would deny all economically reasonable 
use of the property so that there is no economically reasonable use with a 
lesser impact on the critical area than that proposed; 

b. The proposed development does not pose a threat to the public health 
and safety; 

c. Any proposed modification to critical areas and resource land will be the 
minimum necessary to allow economically reasonable use of the property;  

d. Appropriate mitigation of adverse effects to the critical area are 
incorporated into the project design; and 

e. The inability of the applicant to derive reasonable economic use of the 
property is not the result of lot line adjustment or subdivision by the 
applicant after the date of adoption of this Ordinance. 
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5. The provisions of this subsection do not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 

6. Burden of Proof. 

K. General Critical Area Protection Standards 

1. Applicability. The general critical area protection standards found in this 
subsection apply to all critical areas, as designated in Sections 4, 5, 6, 7, and 8 
of this Chapter. These standards do not apply to resource lands, as designated 
in Sections 9, 10, and 11 of this Chapter. 

2. Buffers. 

a. As described in more detail in each relevant section, buffers in some 
cases have been determined to be necessary and appropriate to protect 
critical areas and their functions or to prevent risk from a critical area 
hazard. In those sections of this Ordinance where specific buffers are 
identified, those buffers are deemed "required" or "standard" buffers. If a 
project does not propose any alteration of those buffers or of the 
associated critical area, then no additional mitigation will be required to 
protect the critical area. 

b. If a person seeks a variance to reduce buffers or to alter the critical area 
or its required buffer, then the person shall demonstrate why such buffer 
and/or critical area modification, together with such alternative mitigation 
proposed in the critical areas assessment, is sufficient to adequately 
protect the critical area function. If necessary, variances shall provide for 
long-term buffer protection. 

c. The critical area report, as described in subsection 3.L, and the 
conditions of approval shall provide for long-term buffer protection. In 
land division, critical areas and their associated buffers may be placed in 
separate tracts to be owned by all lot owners in common, by a 
homeowners association, or some other separate legal entity such as a 
land trust. 

d. Periodic inspection of the buffers may be required if necessary to ensure 
long-term buffer protection. 

3. Building Setbacks.  

a. Unless otherwise provided, buildings and other structures shall be set 
back a distance of 15 feet from the edges of all critical area buffers or 
from the edges of all critical areas if no buffers are required. 

b. The following may be allowed in the building setback area: landscaping; 
uncovered decks; fences; building overhangs, if such overhangs do not 
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extend more than 18 inches into the setback area; and impervious 
ground surfaces, such as driveways and patios. 

4. Land Divisions. 

a. No land division, subdivision, short subdivision, or other parcel 
segregation which is not exempt under Pacific County’s land division 
ordinance shall be approved by Pacific County until a determination has 
been made by the Administrator as to whether critical areas exist on the 
property in question. 

b. If critical areas exist on the property in question, a critical areas 
delineation must be completed before Pacific County shall approve a 
subdivision, a short subdivision or any other parcel segregation. 

c. Land that is constrained by critical areas and buffers shall not be 
subdivided to create parcels that are only buildable through a variance 
or reasonable use exception. 

5. Critical Area Signs and Fencing.  

a. Temporary markers. The boundary at the outer edge of the critical area 
or buffer shall be identified with temporary marking consisting of flagging 
and/or staking prior to any site alteration.  

b. Permanent buffer edge markers. The outer edges of all critical areas, 
with the exception of critical aquifer recharge areas, shall be clearly 
marked on-site by the applicant or landowner with permanent stakes 
and critical areas markers prior to occupancy or use of the site. Critical 
areas markers may be either approved critical areas signs or 
inexpensive steel posts painted a standard color approved by the 
Administrator that is clearly identifiable as a critical areas marker. 
Installation of permanent markers shall be the responsibility of the 
landowner. These sign provisions may be modified or waived by the 
Administrator based on critical area type and/or site conditions. 

c. Fencing. Where damage to a critical area or buffer by humans or 
livestock is probable due to the proximity or nature of the adjacent 
activity, as determined by the Administrator, the applicant shall be 
required to install permanent fencing to provide clear and sufficient 
notice, identification, and protection of critical areas on-site. Fencing 
shall be designed so as not to interfere with species migration, including 
fish runs, and shall be constructed in a manner that minimizes impacts 
to critical areas and buffers. 

d. Sign, marker, and fence maintenance. It is the responsibility of the 
landowner, or any subsequent landowner, to maintain the required 
critical areas markers, signs, or fences in working order throughout the 
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duration of the development project or land use activity. “Maintenance” 
includes any necessary replacement. Removal of required signs, 
markers, or fences without prior written approval of the Administrator 
shall be considered a violation of this chapter. 

6. Notice on Title for Critical Areas. 

a. In order to inform subsequent purchasers of real property of the 
existence of critical areas, the owner of any property containing a critical 
area or buffer on which a development proposal is submitted shall file a 
notice with the County Recording Department according to the direction 
of the County. The notice shall state the presence of the critical area or 
buffer on the property and the fact that limitations on actions in or 
affecting the critical area or buffer may exist. The notice shall “run with 
the land.” 

b. This notice on title shall not be required for a development proposal by a 
public agency or public or private utility: 

i. Within a recorded easement or right-of-way; 

ii. Where the agency or utility has the right to an easement or right-
of-way; or 

iii. On the site of a permanent public facility. 

c. The applicant shall submit proof that the notice has been filed for public 
record before the County approves any site development or construction 
for the property or, in the case of subdivisions, short subdivisions, 
planned unit developments, and binding site plans, at or before 
recording. 

L. Critical Area Report 

1. Minimum Report Contents. At a minimum, the report shall contain the following, 
as applicable: 

a. The name and contact information of the applicant, a description of the 
proposal, and identification of any permits known to be required; 

b. A site plan for the development proposal including a map to scale 
depicting critical areas, buffers, resource lands, and the development 
proposal, including any areas to be cleared; 

c. A description of the proposed stormwater management plan for the 
development and consideration of impacts to drainage alterations; 
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d. The dates, names, and qualifications of the persons preparing the report 
and documentation of any fieldwork performed on the site; 

e. Identification and characterization of all critical areas, wetlands, 
waterbodies, and buffers adjacent to the proposed project area; 

f. A statement specifying the accuracy of the report, and all assumptions 
made and relied upon; 

g. An assessment of the probable cumulative impacts to critical areas 
resulting from the proposed development; 

h. A description of reasonable efforts made to apply mitigation sequencing 
pursuant to subsection 3.M.2, Mitigation Sequencing; 

i. Plans for adequate mitigation, as needed, to offset any impacts, in 
accordance with subsection 3.M.3, Mitigation Plan Requirements; 

j. A discussion of the performance standards applicable to the critical area 
and proposed activities; 

k. Financial guarantees to ensure compliance; and 

l. Any additional information required for a specific type of critical area as 
indicated by this Ordinance. 

M. Critical Area Mitigation Requirements 

1. General Requirements. 

a. The applicant shall avoid all impacts that degrade the functions and 
values of critical areas to the maximum extent practicable. Unless 
otherwise provided in this Ordinance, all proposed critical areas 
alterations shall include mitigation sufficient to maintain the functional 
values of the critical area or to prevent risk from a critical area 
hazard.and shall give adequate consideration to the economically viable 
use of the property.  

b. Mitigation of one critical area impact should not result in unmitigated 
impacts to another critical area.  

c. Mitigation may include, but is not limited to: increasing or enhancing 
buffers, instituting limits on clearing and grading, implementing best 
management practices for erosion control and maintenance of water 
quality, or other conditions appropriate to avoid or mitigate identified 
adverse impacts.  
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d. Subject to the reasonable use exception provisions of subsection 3.J, 
any proposed critical area alteration that cannot adequately mitigate its 
impacts to a critical area shall be denied. 

2. Mitigation Sequencing. Applicants shall demonstrate that all reasonable efforts 
have been examined with the intent to avoid and minimize impacts to critical 
areas. When an alteration to a critical area is proposed, such alteration shall be 
avoided, minimized, or compensated for in the below sequential order of 
preference. Mitigation for individual actions may include a combination of the 
below measures. 

a. Avoid the impact altogether by not taking a certain action or parts of an 
action. 

b. Minimize the impacts by limiting the degree or magnitude of the action 
and its implementation by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts. 

c. Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment to the conditions existing at the time of the initiation of the 
project. 

d. Minimize or eliminate the hazard by restoring or stabilizing the hazard 
area through engineered or other methods. 

e. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

f. Compensate for the impact by replacing, enhancing, or providing 
substitute resources or environments. 

g. Monitor the impact and the compensation projects and take appropriate 
corrective measures. 

3.  Mitigation Plan Requirements. When mitigation is required, the applicant shall 
submit for approval a mitigation plan as part of the critical area report. The 
mitigation plan shall include: 

a. A description of what mitigation, specifically is proposed; 

b. An analysis of how the proposed mitigation will maintain the critical area 
function; 

c. A description of any ongoing monitoring and/or inspection that may be 
required,; 

d. A notation of any required critical area expertise necessary to install, 
monitor, or inspect the proposed mitigation; and 
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e. A listing of other security required to ensure performance and/or 
maintenance of the proposed mitigation. 

4. Mitigation Monitoring. 

a. The Administrator shall have the discretion to withhold issuance of 
development permit approval until required mitigation has been 
completed. In the alternative, the Administrator may require a refundable 
cash payment which will ensure compliance with the mitigation plan if 
there will be activity (e.g., monitoring or maintenance) or construction to 
take place after the issuance of the County's permit.  

b. The amount of the cash payment shall not exceed 150 percent of the 
estimated cost of the uncompleted actions or construction as 
determined by the Administrator.  

c. When the Administrator determines that the mitigation plan has been 
successfully completed, the cash payment shall be refunded to the 
applicant.  

d. If the mitigation plan is not successfully completed, the County shall be 
entitled to keep all or part of the cash payment to the extent necessary 
to rectify the deficiencies regarding how the mitigation plan was carried 
out.  
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SECTION 4. WETLANDS 

A. Purpose 

 The purpose of this section is to ensure no net loss of wetland functions and values.  

B. Identification 

1. Identification of wetlands and delineation of their boundaries pursuant to this 
Ordinance shall be done in accordance with the approved federal wetland 
delineation manual and applicable regional supplements. All areas within the 
County meeting the wetland designation criteria in that procedure are hereby 
designated critical areas and are subject to the provisions of this Ordinance.  

2. If Pacific County has reason to believe that a wetland may exist within three 
hundred (300) feet of a proposed development activity, a written determination 
regarding the existence or nonexistence of wetlands within three hundred (300) 
feet of a proposed development activity must be submitted to the Department of 
Community Development. Pacific County will only accept a written determination 
by the U.S. Army Corps of Engineers, the Washington State Department of 
Ecology, the Natural Resources Conservation Service, or a qualified critical 
areas professional as to whether wetlands exist on or within three hundred (300) 
feet of a specific parcel. 

C. Classification 

1. Wetland Rating Classes. Wetlands shall be classified into category I, category II, 
category III, and category IV according to the Washington State Wetland Rating 
System for Western Washington (Ecology publication number 14-06-029 or as 
revised and approved by Ecology) and are accordingly defined: 

a. Category I Wetlands. Category I wetlands are those that 1) represent a 
unique or rare wetland type; or 2) are more sensitive to disturbance than 
most wetlands; or 3) are relatively undisturbed and contain ecological 
attributes that are impossible to replace within a human lifetime; or 4) 
provide a high level of functions. 

b. Class Category II Wetlands. Category II wetlands are difficult, though not 
impossible, to replace, and provide high levels of some functions. These 
wetlands occur more commonly than Category I wetlands, but still need a 
relatively high level of protection. 

c. Category III Wetlands. Category III wetlands are 1) wetlands with a 
moderate level of functions (scores between 16-19 points), 2) can often 
be adequately replaced with a well-planned mitigation project, and 3) 
interdunal wetlands between 0.1 and 1 ac in size. Wetlands scoring 
between 16-19 points generally have been disturbed in some ways, and 
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are often less diverse or more isolated from other natural resources in the 
landscape than Category II wetlands.  

d. Category IV Wetlands. Category IV wetlands have the lowest levels of 
functions (scores fewer than 16 points) and are often heavily disturbed. 
These are wetlands that we should be able to replace, and in some cases 
be able to improve. However, experience has shown that replacement 
cannot be guaranteed in any specific case. These wetlands may provide 
some important functions, and also need to be protected. 

2. Illegal modifications. Wetland rating categories shall not change due to illegal 
modifications made by the applicant or with the applicant’s knowledge. 

3. The following types of wetlands are exempt from the buffer provisions contained 
in subsection 4.E and the normal mitigation sequencing process in subsection 
3.M.2. They may be filled if impacts are fully mitigated based on provisions in 
subsection 4.F, Additional Mitigation Requirements for Wetlands. If available, 
impacts should be mitigated through the purchase of credits from an in-lieu fee 
program or mitigation bank, consistent with the terms and conditions of the 
program or bank. In order to verify the following conditions, a critical area report 
meeting the requirements of subsection 4.G must be submitted. 

a. All isolated category III and IV wetlands less than 1,000 square feet that: 

i. Are not associated with riparian areas or buffers; 

ii. Are not part of a wetland mosaic; and 

iii. Do not contain habitat identified as essential for local populations 
of priority species identified by the Washington Department of Fish 
and Wildlife or species of local importance. 

D. Permitted Activities 

1. Any land use or development activity shall be subject to the provisions of this 
Section, including, but not limited to, the following activities that are directly 
undertaken or originate in a regulated wetland or its buffer, unless exempted 
under subsection 3.E of this Ordinance: 

a. The removal, excavation, grading, or dredging of soil, sand, gravel, 
minerals, organic matter, or material of any kind. 

b. The dumping of, discharging of, or filling with any material. 

c. The draining, flooding, or disturbing of the water level or water table. 

d. Pile driving. 

e. The placing of obstructions. 
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f. The construction, reconstruction, demolition, or expansion of any 
structure. 

g. The destruction or alteration of wetland vegetation through clearing, 
harvesting, shading, intentional burning, or planting of vegetation that 
would alter the character of a regulated wetland. 

h. Activities that result in: 

i. A significant change of water temperature. 

ii. A significant change of physical or chemical characteristics of the 
sources of water to the wetland. 

iii. A significant change in the quantity, timing, or duration of the water 
entering the wetland. 

iv. The introduction of pollutants. 

2. Subdivisions. The subdivision and/or short subdivision of land in wetlands and 
associated buffers are subject to the following: 

a. Land that is located wholly within a wetland or its buffer may not be 
subdivided. 

b. Land that is located partially within a wetland or its buffer may be 
subdivided provided that an accessible and contiguous portion of each 
new lot is: 

i. Located outside of the wetland and its buffer; and 

ii. Meets the minimum lot size requirements of Title 18, Zoning, of 
Pacific County Code. 

3. Activities and uses shall be prohibited in wetlands and wetland buffers, except as 
provided for in this Section. 

4. A wetland or its required buffer shall not be altered unless the following 
standards are met. Any alteration approved pursuant to this section shall include 
mitigation necessary to mitigate the impacts of the proposed alteration on the 
wetland or buffer, in accordance with subsection 4.F of this title. 

a. Category I Wetlands. Activities and uses shall be prohibited from 
Category I wetlands, except as provided for in subsections 3.E 
(Exemptions), 3.I (Variance), and 3.J (Reasonable Use Exception) of this 
title. 

b. Category II and III Wetlands. For Category II and III wetlands, where 
wetland fill is proposed, it is presumed that an alternative development 
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location exists, and activities and uses shall be prohibited unless the 
applicant can demonstrate that: 

i. The basic project purpose cannot reasonably be accomplished on 
another site or sites in the general region while still successfully 
avoiding or resulting in less adverse impact on a wetland; and 

ii. All on-site alternative designs that would avoid or result in less 
adverse impact on a wetland or its buffer, such as a reduction in 
the size, scope, configuration, or density of the project, are not 
feasible. 

iii. Full compensation for the loss of acreage and functions of the 
wetland and its buffer shall be provided in accordance with 
subsection 4.F of this title. 

c. Category IV Wetlands. Activities and uses that result in unavoidable 
impacts may be permitted in Category IV wetlands and associated buffers 
in accordance with an approved critical areas report and compensatory 
mitigation plan, and only if the proposed activity is the only reasonable 
alternative that will accomplish the applicant’s objectives. Full 
compensation for the loss of acreage and functions of the wetland and its 
buffer shall be provided in accordance with subsection 4.F of this title. 

5. The following activities are allowed in wetlands and wetland buffers. These 
activities do not require submission of a critical area report, except where such 
activities result in a loss of the functions and values of a wetland or wetland 
buffer. 

a. Those activities and uses conducted pursuant to the Washington State 
Forest Practices Act and its rules and regulations, WAC 222-1-030, where 
state law specifically exempts local authority, except those developments 
requiring local approval for Class IV – General Forest Practice Permits 
(conversions) as defined in RCW 76.09 and WAC 222-12. 

b. Conservation or preservation of soil, water, vegetation, fish, shellfish, 
and/or other wildlife that does not entail changing the structure or 
functions of the existing wetland. 

c. The harvesting of wild crops in a manner that is not injurious to natural 
reproduction of such crops and provided the harvesting does not require 
tilling of soil, planting of crops, chemical applications, or alteration of the 
wetland by changing existing topography, water conditions, or water 
sources. 

d. Drilling for utilities/utility corridors under a wetland or buffer, with 
entrance/exit portals located completely outside of the wetland buffer, 
provided that the drilling does not interrupt the groundwater connection to 

Commented [AS25]: Where did this come from? Wouldn’t 
situations like this come under variance? 

Commented [AS26]: Needs review (TAC meeting 10/14) 



33 
 

the wetland or percolation of surface water down through the soil column. 
Specific studies by a hydrologist shall be required to determine whether 
the groundwater connection to the wetland or percolation of surface water 
down through the soil column will be disturbed. 

e. Enhancement of a wetland through the removal of non-native invasive 
plant species. Removal of invasive plant species shall be restricted to 
hand removal unless permits from the appropriate regulatory agencies 
have been obtained for approved biological or chemical treatments. All 
removed plant material shall be taken away from the site and 
appropriately disposed of. Plants that appear on the Washington State 
Noxious Weed Control Board list of noxious weeds shall be handled and 
disposed of according to a noxious weed control plan appropriate to that 
species. Revegetation with appropriate native species at natural densities 
is allowed in conjunction with removal of invasive plant species. 

6. In addition to the activities listed in subsection 4.D.2 above, the following 
activities may be allowed within a wetland buffer, but not within a wetland, in 
accordance with the review procedures of this Ordinance, provided they are 
conducted in a manner so as to minimize impacts to the buffer and adjacent 
wetland: 

a. Passive recreation. Public and private trails and wildlife viewing structures 
that are designed and in accordance with an approved critical area report 
may be allowed in the outer twenty-five percent (25%) of the wetland 
buffer, provided that: 

i. The trail surface is limited to pervious surfaces no more than five 
(5) feet in width; and 

ii. They are located to avoid removal of significant trees. 

b. Educational and scientific research activities. 

c. Stormwater management facilities. Stormwater management facilities are 
limited to stormwater dispersion outfalls and bioswales. They are not 
allowed in buffers of Category I or II wetlands, but may be allowed within 
the outer twenty-five percent (25%) of the buffer of Category III or IV 
wetlands provided that: 

i. No other location is feasible; and 

ii. The location of such facilities will not degrade the functions or 
values of the wetland. 

d. Normal and routine maintenance and repair of any existing public or 
private facilities within an existing right-of-way, provided that the 
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maintenance or repair does not increase the footprint or use of the facility 
or right-of-way. 

e. Normal and routine maintenance of non-conforming uses or structures, 
where legally established within the buffer, provided they do not increase 
the degree of nonconformity. 

7. An applicant proposing to construct new public or private roads and/or bridges 
within a wetland or its buffer shall submit an analysis of the cumulative wetland 
and buffer impacts that can reasonably be expected to occur as a result of 
approval of the proposed project. The Administrator shall consider the 
cumulative impacts of proposed projects and shall give preference to use and/or 
expansion of existing roadways over the construction of new roadway wetland 
crossings.  

E. Wetland Buffers 

1. Standard Buffer Widths. Buffers are necessary to protect wetlands from impacts 
generated by nearby land uses. In addition to the setback requirements of 
Subsection 3.K.3, the standard buffers in table 4-1 shall be required for regulated 
wetlands, and are based on category of wetland, the intensity of the impacts 
from proposed changes in land use to the adjacent wetland, and the habitat 
score as determined by a qualified wetland professional using the Washington 
State Wetland Rating System for Western Washington. 

a. The standard buffer widths assume that the buffer is vegetated with a 
native plant community appropriate for the ecoregion. If the existing buffer 
is unvegetated, sparsely vegetated, or vegetated with invasive species 
that do not perform needed functions, the buffer should either be planted 
to create the appropriate plant community or the buffer should be widened 
to ensure that adequate functions of the buffer are provided. 

b. In determining wetland buffer widths, the types of proposed land use 
changes that can result in high, moderate, and low levels of impacts to 
adjacent wetlands shall be defined as follows: 

i. Types of land use that can result in high intensity impacts include 
commercial, urban, industrial, institutional, retail, residential (>1 
unit/acre), high-intensity agriculture, and high intensity recreation 
such as ball fields. 

ii. Types of land use that can result in moderate intensity impacts 
include residential (1 unit per acre or less), moderate-intensity open 
space, moderate-intensity agriculture, paved trails, logging roads, 
and maintained utility corridors. 
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iii. Types of land use that can result in low intensity impacts include 
forest practices, low-intensity open space, unpaved trails, and low-
maintenance utility corridors. 

Table 4-1: Standard Wetland Buffer Widths. 

Wetland Category Habitat 
Score 

Impact of Proposed Land Use 

Low Moderate High 

Category I: Bogs NA 125 ft 190 ft 250 ft 

Category I: Wetlands with 
a high conservation value 

NA 125 ft 190 ft 250 ft 

Category I: Estuarine NA 100 ft 150 ft 200 ft 

Category I: Coastal 
Lagoons 

NA 100 ft 150 ft 200 ft 

Category I: Forested Base buffer width on habitat function 

Category I (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category II: Interdunal NA 75 ft 110 ft 150 ft 

Category II: Estuarine NA 75 ft 110 ft 150 ft 

Category II (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category III 5-7 75 ft 110 ft 150 ft 

<5 40 ft 60 ft 80 ft 

Category IV NA 25 ft 40 ft 50 ft 

2. Measurement of Wetland Buffers.  

a. All buffers shall be measured perpendicular from the wetland boundary as 
surveyed in the field.  

b. The buffer for a wetland created, restored, or enhanced as compensation 
for approved wetland alterations shall be the same as the buffer required 
for the category of the created, restored, or enhanced wetland. Buffers 
surrounding wetlands used as compensation shall be fully vegetated. 
Areas with lawns, walkways, driveways, and other mowed or paved areas 
may not be included in the required buffer width for compensatory 
wetlands. 

3. Increased Wetland Buffer Widths. The County shall have the authority to 
increase the standard buffer width on a case-by-case basis when there is 
evidence that a larger buffer is required. Criteria to support expanded buffers 
include the following:   
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a. The existing buffer is unvegetated, sparsely vegetated, or vegetated with 
invasive species that do not perform needed functions.  If the buffer is not 
planted to create the appropriate plant community, widening of the 
regulatory buffer is an option to ensure that adequate functions of the 
buffer are provided. Improving the vegetation is generally preferable to 
widening the buffer; 

b. The slope within the buffer area is over 30 percent.  Buffer widths should 
be increased by 50 percent of the standard buffer width if the slope is over 
30 percent; or   

c. The wetland provides habitat for a species that is particularly sensitive to 
disturbance. The width of the buffer should be increased to provide 
adequate protection for the species based on its particular. 

4. Buffer Width Averaging. 

a. Buffer averaging to improve wetland protection may be permitted only if: 

i. The wetland contains variations in sensitivity due to existing 
physical characteristics; and 

ii. The buffer is increased adjacent to the higher-functioning area of 
habitat or more-sensitive portion of the wetland and decreased 
adjacent to the lower-functioning or less-sensitive portion as 
demonstrated by a critical areas report from a qualified 
professional. 

b. Buffer averaging to allow reasonable use of a parcel may be permitted 
only if: 

i. There are no feasible alternatives to the site design that could be 
accomplished without buffer averaging; and 

ii. The averaged buffer will not result in degradation of the wetland’s 
functions and values as demonstrated by a critical areas report 
from a qualified wetland professional. 

c. The total area of the buffer after averaging shall be equal to the area 
required without averaging. 

d. The buffer at its narrowest point shall never be less than either 75 percent 
(75%) of the standard width or 75 feet for category I and II, 50 feet for 
category III, and 25 feet for category IV, whichever is greater. 

e. The buffer area proposed to be designated in buffer width averaging shall 
be contiguous to the original buffer area and shall not include on-site 
septic systems, public or private roadways, structures, or above-ground 
utilities. Existing disturbed areas may not be approved for use as a buffer 
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width averaging area unless a buffer restoration or buffer enhancement 
plan has been submitted that conforms to the specifications of subsection 
4.F.3 

5. Buffer Reduction. The Administrator shall have the authority to reduce the 
required buffer widths, within a defined area, provided that: 

a. The wetland buffer to be reduced is physically isolated from its corresponding 
wetland by a preexisting barrier, such as paved public roadway, flood control 
structure, or building; and 

b. The buffer is reduced by no more than twenty-five percent (25%) of the 
standard buffer width; and 

c. The applicant demonstrates, through submission of a special report by a 
qualified professional, that the buffer reduction does not have any adverse 
impact on the existing functions and values of the wetland. 

6. Landward Residential Addition. For proposed development consisting of an 
expansion of an existing primary single family residential structure within a 
wetland buffer, for which the proposed expansion is on the landward side of the 
structure farthest from the wetland, no mitigation shall be required for such 
expansion, provided that: 

a. The width of the expanded structure parallel to the wetland boundary is 
not increased; and 

b. The expansion will not result in adverse impacts to the functions and 
values of the wetland or its buffer, as demonstrated by a critical areas 
report prepared by a qualified wetland professional. 

7. Buffer Exemption. Isolated Category III and IV wetlands less than 1,000 square 
feet in area are exempt from the buffer provisions contained in this Section if 
they meet the following criteria. A critical area report must be submitted to verify 
that conditions are met.  

a. Are not associated with riparian areas or buffers;  

b. Are not part of a wetland mosaic; and 

c. Do not contain habitat identified as essential for local populations of 
priority species identified by the Washington Department of Fish and 
Wildlife. Commented [AS30]: Repetition of 4 (C)(3) a 
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F. Additional Mitigation Requirements for Wetlands 

1. Where a project requires unavoidable disruption of wetlands, wetland functions 
and values shall be maintained through compensatory mitigation as specified in 
this subsection. 

2. Mitigation Sequencing. Before impacting any wetland or its buffer, an applicant 
shall demonstrate compliance with subsection 3.M.2, Mitigation Sequencing. 
Compensatory mitigation for alterations to wetlands shall be used only for 
impacts that cannot be avoided or minimized, and shall achieve equivalent or 
greater functions and values. 

3. Compensatory mitigation plans shall be consistent with Wetland Mitigation in 
Washington State, Part 1: Agency Policies and Guidance (Version 1, Ecology 
Publication #06-06-011a), or as amended, and best available science. 

4. Mitigation Ratios. The following ratios shall apply to compensatory mitigation that 
meets all other requirements in this subsection, is the same category of wetland, 
and has a high probability of success. The first number in each cell of table 4-2 
below specifies the acreage of wetland mitigation and the second specifies the 
acreage of wetland alteration. 

Table 4-2: Wetland Mitigation Ratios1 

Category 
and Type 
of Wetland 

Creation or 
Re-
establishment 

Rehabilitation 
Only2 

Re-
establishment 
or Creation 
(R/C) and 
Rehabilitation 
(RH)2 

Re-
establishment 
or Creation 
(R/C) and 
Enhancement 
(E)2 

Enhancement 
Only2 

Category I: 
Bog, Natural 
Heritage 
site, Coastal 
Lagoon 

Not considered 
possible 

6:1; 
Rehabilitation 
of same 
wetland type 
as impact 

R/C not 
considered 
possible3 

R/C not 
considered 
possible3 

Case by case 

Category I: 
Forested 6:1 12:1 1:1 R/C and 

10:1 RH 
1:1 R/C and 
20:1 E 24:1 

Category I: 
Based on 
functions 

4:1 8:1 1:1 R/C and 
6:1 RH 

1:1 R/C and 
12:1 E 16:1 

Category I: 
Estuarine Case by case 6:1 Case by case Case by case Case by case 

Category II: 
Estuarine Case by case 4:1 Case by case Case by case Case by case 

Category II: 
Interdunal 

2:1  
Compensation 
has  
to be 
interdunal  
wetland 

4:1  
Compensation  
has to be  
interdunal  
wetland 

1:1 R/C and 
2:1 RH 
Compensation 
has to be 
interdunal 
wetland 

Not considered 
an option4 

Not considered 
an option4 

Category II: 
all other 3:1 6:1 1:1 R/C and 

4:1 RH 
1:1 R/C and 
8:1 E 12:1 

Category III 2:1 4:1 1:1 R/C and 1:1 R/C and 8:1 
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2:1 RH 4:1 E 

Category IV 1.5:1 3:1 1:1 R/C and 
1:1RH 

1:1 R/C and 
2:1 E 6:1 

1 Ratios based on Wetlands in Washington State Volume 2 – Protecting and 
Managing Wetlands (Ecology publication #05-06-008), Appendix 8-C, Guidance on 
Buffers and Ratios – Western Washington, updated for 2014 Western Washington 
Wetland Rating System.  

2 These ratios are based on the assumption that the rehabilitation or 
enhancement actions implemented represent the average degree of 
improvement possible for the site. Proposals to implement more effective 
rehabilitation or enhancement actions may result in a lower ratio, while less 
effective actions may result in a higher ratio. The distinction between 
rehabilitation and enhancement is not clear-cut. Instead, rehabilitation and 
enhancement actions span a continuum. Proposals that fall within the gray 
area between rehabilitation and enhancement will result in a ratio that lies 
between the ratios for rehabilitation and the ratios for enhancement. 

3 Natural Heritage sites, coastal lagoons, and bogs are considered 
irreplaceable wetlands because they perform some special functions that 
cannot be replaced through compensatory mitigation. Impacts to such wetlands 
would therefore result in a net loss of some functions no matter what kind of 
compensation is proposed.  

4 Due to the dynamic nature of interdunal systems, enhancement is not 
considered an ecologically appropriate action. 

5. Types of Mitigation. Mitigation for lost or diminished wetland and buffer functions 
shall rely on the types below in the following order of preference: 

a. Restoration, including reestablishment and rehabilitation, of wetlands; 

b. Creation, or establishment, of wetlands; 

c. Enhancement of significantly degraded wetlands, in combination with 
restoration or creation; 

d. Preservation of high-quality, at-risk wetlands. 

6. Preservation. The preservation of at-risk, high quality wetlands and habitat may 
be considered as part of an acceptable mitigation plan when the following criteria 
are met:  

a. Preservation is used as a form of compensation only after the standard 
sequencing of mitigation (avoid, minimize, and then compensate);  
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b. Restoration (re-establishment and rehabilitation), creation, and 
enhancement opportunities have also been considered, and preservation 
is proposed as the best compensation option; 

c. The preservation site has the potential to experience a high rate of 
undesirable ecological change due to on-site or off-site activities that are 
not regulated (e.g., logging of forested wetlands); 

d. The area proposed for preservation is of high quality or critical for the 
health of the watershed or basin due to its location. Some of the following 
features may be indicative of high quality sites:  

i. Category I or II wetland rating (using the Washington State wetland 
rating system for eastern or western WA);  

ii. Rare or irreplaceable wetland type (e.g., bogs, mature forested 
wetlands, estuaries) or aquatic habitat that is rare or a limited 
resource in the area;  

iii. Habitat for threatened or endangered species;  

iv.  Provides biological and/or hydrological connectivity; vi. High 
regional or watershed importance (e.g., listed as priority site in a 
watershed or basin plan);  

v. Large size with high species diversity (plants and/or animals) 
and/or high abundance of native species;  

vi. A site that is continuous with the head of a watershed, or with a 
lake or pond in an upper watershed that significantly improves 
outflow hydrology and water quality.  

e. Mitigation Combined with Other Forms of Compensation. When combined 
with restoration, creation, or enhancement, preservation may be used 
provided that a minimum of 1:1 acreage replacement is provided by 
reestablishment or creation and the criteria below are met:  

i. All standards specified in F.7.a. through d. are met. 

ii. The impact area is small and/or impacts are occurring to a low 
functioning system (Category III or IV wetland);  

iii. Preservation of a high-quality system occurs in the same 
watershed or basin as the wetland impact 

iv. Preservation sites include buffer areas adequate to protect the 
habitat and its functions from encroachment and degradation; and  
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v. Mitigation ratios for preservation in combination with other forms of 
mitigation shall range from 10:1 to 20:1, as determined on a case-
by-case basis, depending on the quality of the wetlands being 
impacted and the quality of the wetlands being preserved.  

f. Preservation as the Sole Compensation for Wetland Impacts. 
Preservation alone shall only be used as compensatory mitigation in 
exceptional circumstances. Preservation alone shall not apply if impacts 
are occurring to functions that must be replaced on site, such as flood 
storage or water quality treatment that need to be replicated by water 
quality measures implemented within the project limits. Preservation of at-
risk, high-quality wetlands and habitat (as defined above) may be 
considered as the sole means of compensation for wetland impacts when 
the following criteria are met:  

i. There are no adverse impacts to habitat for fish and species listed 
as endangered and threatened; 

ii. There is no net loss of habitat functions within the watershed or 
basin;  

iii. Higher mitigation ratios are applied. Mitigation ratios for 
preservation as the sole means of mitigation shall generally start at 
20:1. Specific ratios should depend upon the significance of the 
preservation project and the quality of the wetland resources lost. 

7. Location of Mitigation.  

a. Compensatory mitigation actions shall be conducted within the same sub-
drainage basin and on the site of the alteration except when all of the 
following conditions apply: 

i. There are no reasonable opportunities on-site or within the sub-
drainage basin, or opportunities on-site or within the sub-drainage 
basin do not have a high likelihood of success; and 

ii. On-site mitigation would require elimination of high-quality upland 
habitat; and 

iii. Off-site mitigation has a greater likelihood of providing equal or 
improved wetland functions than the altered wetland. 

b. Off-site locations shall be in the same sub-drainage basin unless: 

i. Established watershed goals for water quality, flood storage or 
conveyance, habitat, or other wetland functions have been 
established by the County and strongly justify location of mitigation 
at another site; or 
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ii. Credits from a state-certified wetland mitigation bank are used as 
compensation, and the use of credits is consistent with the terms of 
the certified bank instrument and with subsection 4.F.10 of this 
Ordinance; or 

iii. Fees are paid to an approved in-lieu fee program to compensate 
for the impacts. 

c. The design for the compensatory mitigation project shall be appropriate 
for its location (i.e. position in the landscape), and shall not result in the 
creation, restoration, or enhancement of an atypical wetland that does not 
match the type of wetland that would naturally be found in the geomorphic 
setting of the site. 

8. Timing of Mitigation.  

a. It is preferred that compensatory mitigation projects be completed prior to 
activities that will disturb wetlands. At the least, compensatory mitigation 
shall be completed immediately following disturbance and prior to use or 
occupancy of the action or development.  

b. Construction of mitigation projects shall be timed to reduce impacts 
existing fisheries, wildlife, and flora. 

9. Monitoring. Mitigation monitoring shall be required for a period necessary to 
establish that performance standards have been met, but not for a period less 
than five years. If a scrub-shrub or forested vegetation community is proposed, 
monitoring may be required for ten years or more. The project mitigation plan 
shall include monitoring elements that ensure certainty of success for the 
project’s natural resource values and functions. If the mitigation goals are not 
obtained within the initial five-year period, the applicant remains responsible for 
restoration of the natural resource values and functions until the mitigation goals 
agreed to in the mitigation plan are achieved. 

10. Wetland Mitigation Banks. Credits from a wetland mitigation bank may be 
approved for use as compensation for unavoidable impacts to wetlands when all 
of the following conditions are satisfied: 

a. The bank is certified under state rules. 

b. The bank creates new wetlands or reestablishes, rehabilitates, or 
enhances existing disturbed wetlands. Credits shall not be approved for 
use from those portions of a wetland mitigation bank which preserve 
existing undisturbed wetlands. 

c. The wetland mitigation bank credits are located within the approved 
service area of the wetland impacts, as determined by the Administrator in 
consultation with the Pacific County Engineer. 
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d. The County determines that the wetland mitigation bank provides 
appropriate compensation for the authorized impacts. 

e. The proposed use of credits is consistent with the terms and conditions of 
the certified bank instrument. 

f. Replacement ratios are consistent with subsection 4.F.5, unless the 
applicant can demonstrate that the use of the mitigation bank is of greater 
value to wetland functions and values. 

g. Impacts are limited to the following types: 

i. Category I, II, III, or IV wetland buffer impacts; 

ii. Category II, III, or IV wetland impacts; 

iii. Category I wetland impacts from public infrastructure projects. 

G. Additional Critical Area Report Requirements for Wetlands 

1. When Required. If the County determines that a wetland exists within 300 feet of 
the site of a proposed development activity, a wetland report prepared by a 
qualified professional shall be required. The expense of preparing the wetland 
report shall be borne by the applicant. 

2. Report Contents. In addition to the general critical area report requirements 
under subsection 3.L, critical area reports for wetlands shall include, at a 
minimum: 

a. A description of the methodologies used to conduct the wetland 
delineations, rating system forms, or impact analyses, including 
references. 

b. Identification and characterization of all critical areas, wetlands, water 
bodies, shorelines, floodplains, and buffers on or adjacent to the proposed 
project area. For areas off site of the project site, conditions within 300 
feet of the project boundaries shall be estimated using the best available 
information. 

c. For each wetland identified on site and within 300 feet of the project site, 
the report shall provide: the wetland rating, including a description of and 
score for each function; required buffers; hydrogeomorphic classification; 
wetland acreage based on a professional survey from the field delineation 
(acreages for on-site portion and entire wetland area including off-site 
portions); Cowardin classification of vegetation communities; habitat 
elements; soil conditions based on site assessment and/or soil survey 
information; and to the extent possible, hydrologic information such as 
location and condition of inlets/outlets, estimated water depths within the 
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wetland, and estimated hydroperiod patterns based on visual cues (e.g. 
algal mats, drift lines, flood debris, etc.). The report shall provide acreage 
estimates, classifications, and ratings based on entire wetland complexes, 
not only the portion present on the proposed project site. 

d. A description of the proposed actions, including an estimation of acreages 
of impacts to wetlands and buffers based on the field delineation and 
survey and an analysis of site development alternatives, including a no-
development alternative. 

e. A discussion of measures, including avoidance, minimization, and 
compensation, proposed to preserve existing wetlands and restore any 
wetlands that were degraded prior to the current proposed land use 
activity. 

f. A conservation strategy for habitat and native vegetation that addresses 
methods to protect and enhance on-site habitat and wetland functions. 

g. A copy of the site plan for the project, including maps (to scale) depicting 
delineated and surveyed wetland and required buffers; the development 
proposal; other critical areas; grading and clearing limits; areas of 
proposed impacts (including square footage estimates); and a depiction of 
the proposed stormwater management facilities for the development. 

3. Qualified Professional Requirements. A qualified professional for wetlands must: 

a. Be certified as a Professional Wetland Scientist; or  

b. Meet all of the following qualifications: 

i. Have a Bachelor’s degree in a related field,  

ii. Have at least two years of full-time work experience as a wetlands 
professional, including delineating wetlands using the state or 
federal manuals, preparing wetland reports, conducting function 
assessments, and developing and implementing mitigation plans; 
and  

iii. Have demonstrated wetland-specific training. 

H. Maps and References 

The following references may provide an indication of wetland locations. However, 
these and other similar resources were not prepared at a level of detail sufficient to 
accurately portray the exact location and extent of wetlands in Pacific County, and 
cannot be used in place of an on-site field determination of wetlands. Many 
wetlands in Pacific County will not appear on these resources. 
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1. National Wetlands Inventory (NWI). 

2. Natural Resources Conservation Service Soil Survey for Grays Harbor Area, 
Pacific, and Wahkiakum Counties, hydric soils designations. Commented [AS32]: Include WA State Coastal Atlas? 
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SECTION 5. FISH AND WILDLIFE HABITAT CONSERVATION AREAS 

A. Purpose 

The purpose of this section is to protect fish and wildlife habitat by land 
management which maintains sensitive, threatened, endangered species in suitable 
habitats within their natural geographic distribution, and to ensure the protection of 
shellfish, kelp, eelgrass, herring, and smelt spawning areas by regulating 
incompatible upland uses and development, and by controlling associated non-point 
pollution impacts. 

B. Identification 

1. Fish and wildlife habitat conservation areas (FWHCAs) include: 

a. Areas with which endangered, threatened, and sensitive species have a 
primary association. Pacific County adopts the designations listed in WAC 
232-12-014 (Endangered), WAC 232-12-011 (Threatened and Sensitive), 
and federally-designated threatened or endangered species categories.  

b. Habitats and species of local importance. 

c. Commercial and recreational shellfish areas. These areas include all 
public and private tidelands or bedlands suitable for shellfish harvest, 
including shellfish protection districts established pursuant to Chapter 
90.72 RCW. 

d. Kelp and native eelgrass beds; herring and smelt spawning areas. 

e. Naturally occurring ponds under twenty (20) acres and their submerged 
aquatic beds that provide fish or wildlife habitat. 

f. Waters of the State. Waters of the state include lakes, rivers, ponds, 
streams, inland waters, underground waters, salt waters, and all other 
surface waters and watercourses within the jurisdiction of the state of 
Washington, as classified in WAC 222-16. 

g. Lakes, ponds, streams, and rivers planted with game fish by a 
governmental or tribal entity. 

h. State Natural Area Preserves (NAP) and Natural Resource Conservation 
Areas (NRCA). In Pacific County, these include the Bone River, 
Gunpowder Island, Niawiakum, and Willapa Divide NAPs and the 
Ellsworth Creek, South Nemah, and Teal Slough NRCAs. 

2. The approximate locations and extents of habitat conservation areas may be 
shown on, but shall not be limited to, the following list of maps. The maps are for 
reference only and do not provide a final critical area designation. 
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a. Washington Department of Fish and Wildlife Priority Habitat and Species 
maps 

b. Washington Department of Fish and Wildlife Salmonscape maps 

c. Washington State Department of Natural Resources water type maps 

d. Washington State Department of Natural Resources ShoreZone Inventory 

e. Washington State Department of Natural Resources Natural Heritage 
Program maps. 

f. US Department of Fish and Wildlife Service’s Information for Planning and 
Conservation Maps 

g. Critical areas maps from US Fish and Wildlife Service and the National 
Marine Fisheries Service 

h. Washington State Department of Natural Resources State Natural Area 
Preserves and Natural Resource Conservation Area maps. 

C. Classification and Designation 

1. Waters of the State. Waters of the State shall be classified using the Department 
of Natural Resources' interim water typing (WAC 222-16-031). Once the fish 
habitat water type maps described in WAC 222-16-030 are adopted by the 
Forest Practices Board, the permanent water typing criteria described in WAC 
222-060-030 will apply.   

2. Habitats and Species of Local Importance. 

a. Characteristics of Habitats and Species of Local Importance: 

i. Local populations of native species that are likely to become 
endangered, are vulnerable, or declining. 

ii. Species or habitats with recreational, cultural, and/or economic 
value to citizens of Pacific County. 

iii. Protection by other County, State, or federal policies, laws, 
regulations, or non-regulatory tools are not sufficient to prevent 
degradation of the habitat or decline of the species. 

iv. Habitats of local importance represent either high-quality native 
habitat or habitat that has a high potential to recover to a suitable 
condition and which is limited in availability, highly vulnerable to 
alteration, or provides landscape connectivity that contributes to the 
integrity of the surrounding landscape. 
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b. Process of Designation. 

i. Habitats and species may be nominated by any person. The 
nomination shall include the following: 

a) Identification of specific habitat features to be protected (for 
example, nest sites, breeding areas, and nurseries), or if a 
habitat or ecosystem is being nominated in its entirety, a 
description and map of the geographic boundaries 
encompassed in the nomination.   

b) Documentation of how the proposed species or habitat meets 
each of the applicable characteristics described in subsection 
5.C.2.a. 

c) Management strategies, supported by the best available 
science, that if implemented would measurably help to conserve 
the species or habitat. 

ii. The Administrator shall review and evaluate the nomination and 
make a recommendation to the planning commission. 

iii. The planning commission shall hold a public hearing on the 
proposal and make a recommendation to the Board of 
Commissioners. 

iv. After receiving the recommendation of the planning commission, 
the Board of Commissioners shall vote on the nomination. 

D. Permitted Activities within FWHCAs and Buffers.  
The following activities are permitted within FWHCAs and their associated buffers: 

1. Limited public park or public recreational access; provided, that all of the 
following are satisfied: 

a. The access is part of a public park that is dependent on the access for its 
location and recreational function; and 

b. The access is limited to the minimum necessary to accomplish the 
recreational function; and 

c. The removal of trees and native vegetation is minimized. 

2. Low-impact uses and activities that are consistent with the purpose and function 
of the buffer when such improvements are limited to the minimum amount 
necessary and do not detract from its integrity may be permitted within the buffer 
depending on the sensitivity of the habitat involved; provided, that such activity 
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shall not result in a decrease in FWHCA functions and values and shall not 
prevent or inhibit the buffer’s recovery to at least pre-altered condition or 
function.  

3. Standards Applicable to Type 2, 3, 4, and 5 Waters of the State and their 
Buffers. 

a. The following modifications may be permitted within a critical area or its 
buffer in accordance with an approved critical area report that 
demonstrates that proposed measures follow mitigation sequencing and 
will not degrade fish or wildlife habitat conservation areas functions or 
processes on-site or in the surrounding area. 

i. Erosion Control Measures. New, replacement, or substantially 
improved erosion control measures. 

ii. Streambank Stabilization. Streambank Stabilization through 
bioengineering or soft armoring techniques. 

iii. Docks. Public or private docks or piers may be permitted. 

iv. New, expanded, or reconfigured Roads, Trails, Bridges, and 
Rights-of-Way, provided: 

a) There is no other feasible alternative route with less impact on 
the environment; 

b) Crossings minimize interruption of downstream movement of 
wood and gravel; 

c) Roads shall not run parallel to the water body; 

d) Trails shall be located on the outer edge of the riparian area or 
buffer, except for limited viewing platforms and crossings; 

e) Crossings, where necessary, shall only occur as near to 
perpendicular with the water body as possible; 

v. New, expanded, or reconfigured utility facilities, including utility 
lines, facilities, and stormwater conveyance, provided: 

a) FWHCAs shall be avoided to the maximum extent possible; 

b) Installation shall be accomplished by boring beneath the scour 
depth and hyporheic zone of the water body and channel 
migration zone, where feasible; 

c) The utilities shall cross at an angle greater than sixty (60) 
degrees to the centerline of the channel in streams or 
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perpendicular to the channel centerline whenever boring under 
the channel is not feasible; 

d) Crossings shall be contained within the footprint of an existing 
road or utility crossing where possible; 

e) The utility route shall avoid paralleling the stream or following a 
down-valley course near the channel; and 

f) The utility installation shall not increase or decrease the natural 
rate of shore migration or channel migration. 

vi. Clearing and Grading. When clearing and grading is permitted as 
part of an authorized activity or as otherwise allowed in these 
standards, the following shall apply: 

a) Grading is allowed only during the dry season, which is typically 
regarded as beginning on May 1 and ending on October 1, 
provided that the city may extend or shorten the dry season on 
a case-by-case basis, determined on actual weather conditions.  

b) The soil duff layer shall remain undisturbed to the maximum 
extent possible. Where feasible, any soil disturbed shall be 
redistributed to other areas of the project area. 

c) The moisture-holding capacity of the topsoil layer shall be 
maintained by minimizing soil compaction or reestablishing 
natural soil structure and infiltrative capacity on all areas of the 
project area not covered by impervious surfaces. 

d) Erosion and sediment control that meets or exceeds city 
standards must be provided. 

E. Protection Standards 

1. Buffers for Waters of the State. 

a. Standard Buffer Widths. In addition to the setback requirements of 
Subsection 3.K.3, the following buffers from the ordinary high water mark 
are required. 

Table 5-1: Required buffers for Waters of the State 

Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

1 S See SMP 5.2 
2, 3 F 130 

4 Np 65 
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Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

5 Ns 50 

i. Measurement. The buffer shall be measured horizontally, landward 
in every direction from the ordinary high water mark. 

ii. Steep slopes. Where lands adjacent to a stream display a 
continuous slope of thirty percent (30%) or greater, the buffer shall 
include such sloping areas.  For Type 1, 2, and 3 streams, where 
the horizontal distance of the sloping area is greater than the 
required standard buffer, the buffer shall be extended to a point 
twenty-five (25) feet beyond the top of the bank of the sloping area. 

b. Buffer Averaging. Buffer widths may be averaged within a property 
provided all of the following standards are met. 

i. Averaging provides additional protection to the species or habitat 
by conserving intact or unique habitat features; 

ii. Averaging will not adversely affect the protected species or habitat 
relative to the use of the standard buffer alone; 

iii. The total area contained in the buffer area after averaging is no 
less than that which would be contained within the standard buffer; 
and 

iv. The buffer width is not reduced by more than twenty-five percent 
(25%) of the standard buffer in any location. 

c. Buffer Reduction. The Administrator may approve a reduction of the 
standard buffer on a case-by-case basis if an applicant demonstrates 
through a critical areas report based on best available science that the 
following conditions and criteria have been met: 

i. The applicant has proposed habitat restoration or enhancement 
activities that would result in improved habitat, water quality or 
water flow processes or functions of the adjacent stream; 

ii. The buffer reduction is necessary to accomplish the purpose of a 
proposed project and no reasonable alternative is available given 
specific site characteristics;  

iii. The applicant has demonstrated application of the avoidance and 
minimization standards; and 

iv. The standard buffer width shall not be reduced by more than 25 
percent for any stream or aquatic habitat.  
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d. Interrupted Buffers. Where a legally established and constructed public 
roadway transects a riparian buffer, the Administrator may approve a 
modification of the standard buffer width to the edge of the roadway, 
provided the isolated part of the buffer provides insignificant biological, 
geological or hydrological buffer functions relating to the riparian area. 

e. In addition to applicable buffer standards presented in this subsection 
(5.E.1.), additional water quality protection provisions in Subsection 5.E.4. 
Marine and Estuarine Water Quality Zone Provisions apply to all lands 
adjacent to marine and estuarine waters. 

2. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA 
other than Waters of the State as necessary to protect the ecological integrity, 
structure and functions of the resource from development induced impacts. 
Buffer widths shall reflect the sensitivity of the species or habitat present and the 
type and intensity of the proposed adjacent human use or activity, consistent 
with the following guidance. 

Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Areas with a primary association with endangered, 
threatened, and sensitive species 

For non-fish species, buffers shall be based on site-
specific conditions; management recommendations 
provided by the Washington State Department of 
Fish and Wildlife PHS Program, if applicable; and 
the recommendation of a Qualified Professional. 

Commercial and recreational shellfish areas; kelp 
and eelgrass beds; herring and smelt spawning 
areas 

Standard shoreline buffers apply, in addition to 
Marine and Estuarine Water Quality Protection 
Zone provisions (Section 5.D.6).  

State Natural Area Preserves and Natural 
Resource Conservation Areas 

In addition to the land within designated Natural 
Area Preserves and Natural Resource 
Conservation Areas, other critical area, the 
Administrator may impose a new buffer or increase 
the applicable buffer to ensure that proposed 
actions would not limit conservation of the property 
for its intended species or ecosystem preservation. 

Species and Habitats of Local importance The need for and dimensions of buffers for 
approved species and habitats of local importance 
shall be determined on a case-by-case basis by the 
Administrator according to adopted plans for the 
specific resource. 

2. Buffer Composition. 

a. Buffers shall remain in an undeveloped state and shall consist of an 
undisturbed area of native vegetation or restoration areas established to 



53 
 

protect the integrity, functions, and values of the affected habitat.  Unless 
specifically permitted or exempted in this section or the SMP, all 
structures and activities shall be located outside of a fish and wildlife 
habitat conservation area and its associated buffer.   

b. No non-native vegetation shall be deliberately introduced into a buffer. 

3. Subdivisions. The subdivision and short subdivision of land in FWHCAs and 
associated buffers is subject to the following: 

a. Land that is located wholly within a FWHCA or its buffer may not be 
subdivided, with the exception of commercial shellfish grounds. 

b. Land that is located partially within a FWHCA or its buffer may be 
subdivided provided that the developable portion of each new lot and its 
access is located outside of the habitat conservation area or its buffer and 
meets the applicable zoning requirements. 

4. Marine and Estuarine Water Quality Protection Zone. 

a. Purpose. The purpose of the Marine and Estuarine Water Quality 
Protection Zone is to protect water quality conditions that support 
shellfish, kelp, eelgrass, herring, and smelt spawning areas.1 

b. Applicability.  

i. All property located within three hundred (300) feet landward from 
the OHWM2 of marine waters of the Pacific Coast or estuarine 
waters of Willapa Bay falls within the Marine and Estuarine Water 
Quality Protection Zone.   

ii. For proposed developments that are located entirely outside of a 
critical area and its standard buffer, as described in Subsection 
5.D.1., but within the Marine and Estuarine Water Quality 
Protection Zone, additional standards in Subsections 5.D and 5.E 
do not apply.   

c. Protection Standards applicable within the Marine and Estuarine Water 
Quality Protection Zone.  The following protection standards apply within 
areas designated as the Marine and Estuarine Water Quality Protection 
Zone. 

                                            
1 Defined per WAC 365-190-130, although kelp beds and smelt spawning areas are not known to be 
present in Pacific County waters. 
2 The Highest Astronomical Tide elevation shall be used instead of the OHWM on the eastern side of 
the Long Beach Peninsula. 
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i. The design of new and repair of on-site sewage systems shall 
incorporate  all known, available, and reasonable methods of 
prevention, control, and treatment (AKART) for microbial 
contaminants, consistent with standards of WAC 246-272A.     

ii. No reduction from the 100 foot horizontal separation standard 
between on-site septic system disposal components and surface 
water shall be approved for new septic systems. 

iii. On-site sewage system permit applications shall be held by the 
Pacific County Health Officer or his/her designee for evaluation 
during the high winter water table season, if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272 WAC, Pacific County On-Site 
Sewage System Regulations, and this Ordinance.  

iv. Applications for Preliminary Plat subdivisions, or for construction of 
any new office complex, school facility, industrial facility, or 
commercial building shall require preparation and submittal of a 
storm water collection, biofiltration, and disposal system designed 
by a Professional Engineer.  Infiltration of storm water shall be 
encouraged, except where the practice would be injurious or 
potentially injurious to the quality of ground water in designated 
Critical Aquifer Recharge Areas.  

v. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

F. Additional Critical Area Report Requirements for Fish and Wildlife Habitat 
Conservation Areas 

1. When Required. A critical area report for fish and wildlife habitat conservation 
areas shall be required when a project area is located in or a distance equal to or 
less than the potential critical area buffer and building setback width of a fish and 
wildlife habitat conservation area. 

2. Additional Requirements: In addition to general requirements of Section 3.L, 
Critical Area Reports, critical area reports for fish and wildlife habitat 
conservation areas must meet the requirements of this subsection.  

a. Preparation by a Qualified Professional. A critical area report for a fish 
and wildlife habitat conservation area shall be prepared by a qualified 
professional biologist with experience preparing reports for the relevant 
type of habitat. 

b. Habitat Assessment. A critical area report for a habitat conservation area 
shall contain, at a minimum, the following information: 
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i. A detailed description of vegetation on and adjacent to the project 
area and within the fish and wildlife conservation area and its 
associated buffer. 

ii. Identification of any endangered, threatened, or sensitive species 
that have a primary association with habitat on or adjacent to the 
project area. Identification of any habitats of local importance 
occurring on or adjacent to the site. 

iii. A discussion of any federal, state, or local special management 
recommendations, including Washington Department of Fish and 
Wildlife habitat management recommendations, that have been 
developed for species or habitats located on or adjacent to the 
project area, and a description of how the project employs with 
those recommendations.   

iv. A detailed discussion of the direct and indirect potential impacts on 
habitat by the project, including both site-specific and landscape-
scale impacts and impacts to water quality. 

c. Additional Information May Be Required. When appropriate due to the 
type of habitat or species present or the project area conditions, the 
county planner may also require the following: 

i. An evaluation by an independent qualified professional regarding 
the applicant’s analysis and the effectiveness of any proposed 
mitigating measures or programs, to include any recommendations 
as appropriate; or 

ii. A request for consultation with the Washington Department of Fish 
and Wildlife or other appropriate agency or tribe. 

G. Additional Mitigation Requirements for Fish and Wildlife Habitat Conservation 
Areas 

1. Mitigation is required when a fish and wildlife habitat regulated under this section 
is temporarily or permanently affected as a result of project approval or activity.  
Mitigation is further required when a fish and wildlife habitat regulated under this 
section has been altered prior to project approval unless the alteration was not 
prohibited by law. 

2. On-site and in-kind mitigation is preferred so as to ensure, to the greatest extent 
practicable, that the plan results in mitigation for direct impacts resulting from the 
alteration. 

3. Off-site mitigation will be used only in those situations where on-site mitigation is 
not possible or where it is demonstrated that off-site mitigation would provide 
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greater benefit to the affected species.  When off-site mitigation is allowed, it 
should occur within the same subbasin as the project impact. 

4. Contiguous Corridors. Mitigation sites shall be located and designed to the 
extent possible to preserve or achieve contiguous wildlife habitat corridors to 
minimize the isolating effects of development on habitat areas. 

5. Mitigation shall be completed prior to granting of temporary or final occupancy, or 
the completion or final approval of any development activity for which mitigation 
measures have been required. 

6. This subsection constitutes general rules which may be modified upon the 
recommendations of a qualified critical area professional as to the scope and 
nature of the mitigation which is needed to protect the habitat system, functions, 
and values at issue for the project. 
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SECTION 6. FREQUENTLY FLOODED AREAS 

A. Purpose 
The purpose of the frequently flooded areas section is to minimize public and private 
losses due to flood conditions in specific areas and to protect the functions and 
values of frequently flooded areas. 

B. Identification 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 
1. Those areas of special flood hazard identified by the Federal Emergency 

Management Agency (FEMA) in a scientific and engineering report entitled “The 
Flood Insurance Study for Pacific County and Incorporated Areas” dated May 18, 
2015, and any revisions thereto, with an accompanying Flood Insurance Rate 
Map (FIRM) dated May 18, 2015, or, and any revisions thereto; and those 
floodways and associated floodplains delineated by a comprehensive flood 
hazard management plan adopted by the Pacific County Board of County 
Commissioners, as being with the 100-year floodplain or having experienced 
historic flooding, are hereby adopted by reference and designated as frequently 
flooded areas subject to the provisions of this Ordinance.  

2. When base flood elevation data have not been provided (A and V zones) the 
Administrator, in consultation with the Pacific County Engineer, shall obtain, 
review, and reasonably utilize any base flood elevation and floodway data 
available from a federal, state, or other source. If such documentation is not 
adequate to allow the County Engineer to make such delineation, the person 
seeking development which is covered under this Ordinance shall provide a  
flood hazard study prepared by a qualified critical area professional assessing 
the extent of the 100-year floodplain, which shall be subject to approval by the 
County Engineer. 

C. Protection Standards 
All development within designated frequently flooded areas shall comply with the 
Pacific County Flood Damage Prevention Ordinance No. 167, codified as Chapter 
15.08 PCC, as now or hereafter amended; and/or the Pacific County Shoreline 
Master Program, as now or hereafter amended. 
1. Livestock management. 

a. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

b. New construction or expansions of existing manure storage facilities must 
be elevated above the base flood elevation and located in areas that are 
least subject to flooding. 
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SECTION 7. CRITICAL AQUIFER RECHARGE AREAS 

A. Purpose 

The purpose of this section is to establish protection measures for aquifers that are 
susceptible to contamination due to physical (hydrogeologic) factors.  In particular, 
this section manages recognized vulnerabilities of the Long Beach Peninsula 
aquifer, as described in the U.S. Geological Survey Report on Ground-Water Flow 
and Water Quality in the Sand Aquifer of Long Beach Peninsula, Washington 
(Blakemore 1995).  

B. Identification 

Aquifer recharge areas are those areas with geologic and hydrologic conditions that 
promote rapid infiltration of recharge waters to groundwater aquifers. The following 
classifications define critical aquifer recharge areas. 

1. For the purposes of this Ordinance, any land within Pacific County that contains 
the following soil types as listed in the Soil Survey of Grays Harbor County Area, 
Pacific County, and Wahkiakum County, Washington, 2003, Soil Conservation 
Service, USDA, is designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 

132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2. Special aquifer recharge protection areas include: 

a. Sole-source aquifers designated by the U.S. Environmental Protection 
Agency in accordance with the Safe Drinking Water Act of 1974 (Public 
Law 93-523); 

b. Special protection areas designated by the Washington Department of 
Ecology under Chapter 173-200-090 WAC; 

c. Wellhead protection areas determined in accordance with delineation 
methodologies specified by the Washington Department of Health under 
authority of Chapter 246-290 WAC; and 
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d. Groundwater management areas designated by the Washington 
Department of Ecology in cooperation with local government under 
Chapter 173-100 WAC. 

C. Protection Standards 

1. New Development Prohibitions. The following types of new development shall 
not be permitted within designated critical aquifer recharge areas: 

a. Solid waste landfills; 

b. Septage application; 

c. Underground storage of heating oil in excess of 1,100 gallons for 
consumptive use on the parcel where stored; 

d. Creosote manufacturing or treatment;  

e. Chemical manufacture or reprocessing of any extremely hazardous waste 
as defined by RCW 70.105.010(6) and listed in Chapter 173-303 WAC; 

f. Mining of any type below the water table; 

g. Processing, storage, and disposal of radioactive substances; and 

h. Dry cleaning; 

i. Auto wrecking facilities; 

j. Hazardous Waste Transfer Treatment & Treatment; 

k. Hydrocarbon extraction. 

2. Development Standards. 

a. Lots in new subdivisions and new short subdivisions in critical aquifer 
recharge areas outside of Urban Growth Areas shall require a minimum 
net land area of one acre when gravity on-site septic systems are 
proposed, thirty thousand (30,000) square feet when pressure distribution 
or equivalent treatment systems are proposed, and fifteen thousand 
(15,000) square feet or equivalent when sand filter or equivalent treatment 
is proposed. For the purposes of this section "net lot area" shall mean the 
total lot area minus areas covered by surface water lying water-ward of 
the ordinary high water mark, and those areas contained within rights of 
way, and road and/or utility easements. 

b. New and/or repair of on-site sewage systems in critical aquifer recharge 
areas on existing lots of less than one net acre in size shall be designed 
by a Licensed Designer, Registered Sanitarian, or Professional Engineer, 
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and shall consist of a pressure distribution drainfield system, and shall 
meet the requirements of Chapter 246-272A WAC, On-Site Sewage 
Systems. 

c. On-site sewage system permit applications in critical aquifer recharge 
areas may be held by the Health Officer for evaluation during the high 
winter water table season (December - February), if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272A WAC and any Pacific County 
Ordinance pertaining to on-site sewage disposal. 

d. New subdivisions and new short subdivisions in critical aquifer recharge 
areas shall require a storm water collection, treatment, and disposal 
system designed by a Professional Engineer and approved by the County 
Engineer. This requirement does not apply to short subdivisions in which 
each lot is at least one acre in size. 

e. New development in areas of existing wells shall remove any abandoned 
wells present in the area of development using approved well 
abandonment methods as defined in WAC 173-160. 

D. Additional Critical Area Report Requirements for Critical Aquifer Recharge 
Areas. 

1. When Required. A person seeking the following types of new construction 
activities within a critical aquifer recharge area is responsible for preparing a 
critical area report for critical aquifer recharge areas: 

a. Industrial and commercial agricultural facilities applying fertilizers or 
pesticides in excess of agronomic rates; 

b. Golf courses or other recreational or institutional facilities that involve 
extensive turf cultivation or maintenance; 

c. Above ground storage tanks, with the exception of water tanks; 

d. Industrial or commercial facilities that, when completed, will use, store, or 
handle dangerous wastes in quantities in excess of five (5) gallons or 
twenty-five (25) pounds or more of any one substance, or in aggregate 
quantities of twenty (20) gallons or 100 pounds or more of all dangerous 
wastes; 

e. Fossil fuel exploration or development;  

f. Commercial underground storage tanks in excess of 1,100 gallons; and 

g. Subdivision of land into more than four lots.  
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2. Report Contents. In addition to the critical area report requirements of subsection 
3.L of this Ordinance, the report shall include the following information: 

a. A detailed description of the project including all processes and other 
activities which have the potential for contaminating groundwater; and 

b. A hydrogeologic evaluation that includes, at a minimum, a description 
and/or evaluation of the following: 

i. Site location, topography, drainage, and surface water bodies; 

ii. Soils and geologic units, underlying the site; 

iii. Ground water characteristics of the area, including flow direction, 
gradient, and existing groundwater quality; 

iv. The location and characteristics of wells and springs within 300 feet 
of the perimeter of the property; 

v. An evaluation of existing on-site groundwater recharge; and 

vi. An evaluation of the potential impact of the proposal on 
groundwater quantity and quality, both short and long term, based 
on an assessment of the cumulative impacts of the proposal in 
combination with existing and potential future land use activities. 

3. Qualifications of Report Preparers. Critical area reports for critical aquifer 
recharge areas shall be prepared by a Professional Engineer registered by the 
State of Washington, and trained and qualified to analyze geologic, hydrologic, 
and ground water flow systems, or by a geologist or hydrogeologist who has 
received a degree from an accredited four-year college or university and who has 
relevant training and experience in analyzing geologic, hydrologic, and ground 
water flow systems. Such qualifications shall be demonstrated to the satisfaction 
of the Administrator. 
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SECTION 8. GEOLOGICALLY HAZARDOUS AREAS 

A. Purpose 

The purpose of this section is to minimize hazards to the public from development 
activities on or adjacent to areas of geological hazard. Geologically hazardous areas 
include the following: erosion hazard areas; landslide hazard areas; seismic hazard 
areas; mine hazard areas; and tsunami hazard areas. 

B. Identification 

1. Erosion Hazard Areas. Erosion hazard areas are those areas meeting any of the 
following criteria:   

a. Areas identified by the U.S. Department of Agriculture’s Natural 
Resources Conservation Service Soil Survey Map as having a “severe” or 
“very severe” erosion hazard (Off-trail, Off-road).  

b. Shoreline Erosion Hazard Areas 

i. Areas mapped as Coastal High Hazard Areas (Zones V and VE) in 
the digital Flood Insurance Rate Map (dFIRM) adopted May 18, 
2015, as amended.   

ii. Areas within the North Cove “Wash-Away” Beach erosion hazard 
area. 

iii. Areas within a mapped channel migration zone.  

2. Landslide Hazard Areas. Landslide hazard areas are those areas meeting any of 
the following criteria: 

a. Areas of historic failure, such as areas designated as quaternary slumps, 
earthflows, mudflows, or landslides on maps published as the United 
States Geological Survey or Department of Natural Resources Division of 
Geology and Earth Resources. 

b. Those areas mapped by the Washington State Department of Natural 
Resources (slope stability mapping) as unstable (U or class 3), unstable 
old slides (UOS or class 4), or unstable recent slides (URS or class 5). 

c. Any area with all of the following characteristics: 

i. A slope greater than fifteen percent (15%); 

ii. Hillsides intersecting geologic contacts with a relatively permeable 
sediment overlying a relatively impermeable sediment or bedrock; 
and 
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iii. Springs or groundwater seepage. 

d. Slopes that are parallel or sub-parallel to planes of weakness (such as 
bedding planes, joint systems, and fault planes) in subsurface materials. 

e. Slopes having gradients greater than eighty percent (80%) subject to rock 
fall during seismic shaking. 

f. Areas of unstable soils as a result of stream incision and stream bank 
erosion, or undercutting by wave action. The Administrator may require a 
site-specific survey conducted by a qualified professional to determine 
presence or absence of an erosion hazard area adjacent to a stream, 
lake, or other shoreline.    

g. Areas located in a canyon or on an active alluvial fan, presently or 
potentially subject to inundation by debris flows or catastrophic flooding. 

h. Any area with a slope of forty percent (40%) or steeper and with a vertical 
relief of ten (10) or more feet except areas composed of solid rock. A 
slope is delineated by establishing its toe and top and measured by 
averaging the inclination over at least ten (10) feet of vertical relief. 

3. Mine Hazard Areas. Mine hazard areas are those areas within one hundred 
(100) horizontal feet of a mine opening at the surface. 

4. Seismic Hazard Areas. For the purposes of this Ordinance, the entire County is 
designated as a seismic hazard area. 

5. Tsunami Hazard Areas. Tsunami hazard areas are shoreline or coastal areas 
susceptible to flooding and inundation as the result of excessive wave runup 
action derived from seismic or other geologic events, as mapped by the best and 
most current available information.  

a. The Washington Department of Natural Resources mapped modeled 
tsunami inundation from a Cascadia Subduction Zone Earthquake for 
Washington State. The map covering the Pacific County shoreline is 
Tsunami Hazard Map of the Southern Washington Coast, Walsh et al. 
20001.  

                                            
1 Walsh, T, C. Caruthers, A. Heinitz, E. Myers III, A. Baptista, G. Erdakos, and R. 
Kamphaus.  2000. Tsunami Hazard Map of the Southern Washington Coast:  
Modeled Tsunami Inundation from a Cascadia Subduction Zone Earthquake. 
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b. Venturato et al. (2007)1 completed a more detailed study of the effects of 
a Tsunami on the Long Beach Peninsula.  

 

C. Protection Standards 

1. General Development Standards. 

a. Alterations of geologically hazardous areas or associated buffers shall 
only occur for activities that: 

i. Will not increase the threat of the geological hazard to adjacent 
properties beyond pre-development conditions; 

ii. Will not adversely impact other critical areas; 

iii. Are designed so that the erosion, landslide, or mine hazard to the 
project is eliminated or mitigated to a level equal to or less than 
pre-development conditions; and 

iv. Where required by this Section or other county regulations, are 
certified as safe as designed and under anticipated conditions by a 
qualified engineer or geologist, licensed in the state of Washington. 

b. Critical facilities shall not be sited within or below geologically hazardous 
areas unless there is no other practical alternative. 

2. Development Standards for All Erosion Hazard Areas 

a. Land disturbing activities in erosion hazard areas shall provide for storm 
water quality and quantity control, including preparation of a temporary 
erosion and sediment control plan and permanent drainage plan. 

b. Timing of Ground Disturbance. Clearing on an erosion hazard area shall 
be limited to the dry season (May 1-October 15) to the extent feasible. If 
wet season operations are necessary, the applicant shall provide erosion 
and sedimentation control plan prepared by a professional engineer 
licensed in the State of Washington that identifies methods of erosion 
control for wet weather conditions.  

c. The erosion and sediment control plan shall provide for protection of 
disturbed surfaces using Best Management Practices (BMP) such as 
sediment traps, check dams, stabilized construction entrances, storm inlet 

                                            
1 Venturato, A. D. Arcas, U. Kanoglu. 2007. Modeling Tsunami Inundation from a 
Cascadia Subduction Zone Earthquake for Long Beach and Ocean Shores, 
Washington. 
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protection, silt fencing, mulching or other effective means of soil 
protection.  

d. Runoff from activities subject to a development permit shall be properly 
controlled to prevent erosion.  

3. Additional Development Standards for Shoreline Erosion Hazard Areas  

a. Setbacks. The foundation of any new or expanded structure shall be 
located at a distance landward of the top of slope and/or ordinary high 
water mark that is greater than or equal to the amount of land that is 
expected to erode within the next fifty (50) years as determined by a 
critical areas report. 

b. Recreational vehicle usage in a shoreline erosion hazard area and its 
setback is permitted if otherwise allowed by law.  

c. New or replacement permanent on-site sewage disposal systems, 
including drain fields, shall be prohibited within shoreline erosion hazard 
areas and associated setbacks (portable toilets may be used where 
permanent septic systems are not allowed). 

d. The property owner shall be responsible for ensuring that all sewage is 
removed from a septic tank that is at imminent risk (within 1 year) of 
collapse. 

e. Subdivisions. The division of land in shoreline erosion areas and setbacks 
is subject to the following: 

i. Land that is located wholly within a shoreline erosion hazard area 
or its setback may not be subdivided. Land that is located partially 
within a shoreline erosion hazard area or its setback may be 
divided provided that each resulting lot has sufficient buildable area 
outside of, and will not affect, the shoreline erosion hazard area or 
its setback. 

ii. Access roads and utilities may be permitted within the shoreline 
erosion hazard area and associated setback if the Administrator 
determines that no other feasible alternative exists. 

4. Development Standards for Landslide Hazard Areas 

a. In addition to the provisions below, standards applicable to all erosion 
hazard areas as provided in subsection C.2 above shall also apply to 
landslide hazard areas. 

b. Buffers. A no-touch buffer shall be established from all edges of landslide 
hazard areas. The buffer shall be intended to minimize the risk of property 
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damage, death, or injury resulting from landslides, and to maintain 
ecological functions associated with erosion processes.   

i. The minimum buffer shall be equal to the height of the slope or fifty 
(50) feet, whichever is greater. 

ii. The buffer may be reduced to a minimum of ten (10) feet when a 
qualified professional demonstrates that the reduction will 
adequately protect the proposed development, adjacent 
developments and uses, and adjacent critical areas, including 
sediment transport processes to adjacent waterbodies. 

iii. The buffer shall be increased where a larger buffer is necessary to 
prevent risk of damage to proposed and existing development over 
the next fifty (50) years or to maintain sediment transport 
processes to adjacent waterbodies. 

c. Vegetation Retention. Unless otherwise provided or as part of an 
approved alteration, removal of vegetation from a landslide hazard area or 
related buffer shall be prohibited. When permitted as part of an approved 
alteration, vegetation removal shall be minimized to the extent practicable. 

d. On-site sewage disposal systems, including drain fields, shall be 
prohibited within landslide hazard areas and related buffers. 

e. Clearing and Grading. 

i. Clearing, grading, and other construction activities shall not 
aggravate or result in slope instability or surface sloughing. 

ii. Vegetation and organic soil material shall be removed from a fill 
site prior to the placement of clean earthen material. 

iii. No dead vegetation (slash), fill, or other foreign material shall be 
placed within a landslide hazard area, other than that approved for 
bulkheads or other methods of stream bank stabilization, unless a 
geotechnical report shows that the activity will not exacerbate 
geological hazards. 

iv. Ground disturbance shall be minimized to the extent practicable. 

v. Vegetative cover shall be re-established on any disturbed surface 
to the extent practicable. 

vi. To the extent practicable, disturbed surfaces shall be stabilized 
with appropriate materials when future erosion is likely. 

f. Drainage.  

Commented [AS35]: Is this prudent? (Pacific Crest) 
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i. Surface drainage, including downspouts, shall not be directed 
across the face of a landslide hazard area; if drainage must be 
discharged from the top of a hazard area to its toe, it shall be 
collected above the top and directed to the toe by tight line drain, 
and provided with an energy dissipative device at the toe for 
discharge to a swale or other acceptable natural drainage areas; 
and 

ii. Stormwater retention and detention systems, including percolation 
systems utilizing buried pipe, may be used if a geotechnical 
assessment indicates such a system shall not affect slope stability 
and the system is designed by a licensed civil engineer; the 
licensed civil engineer shall also certify that the system is installed 
as designed. 

g. Subdivisions. The division of land in landslide hazard areas and 
associated buffers is subject to the following: 

i. Land that is located wholly within a landslide hazard area or its 
buffer may not be subdivided. Land that is located partially within a 
landslide hazard area or its buffer may be divided provided that 
each resulting lot has sufficient buildable area outside of, and will 
not affect, the landslide hazard area or its buffer. 

ii. Access roads and utilities may be permitted within the landslide 
hazard area and associated buffer if the Administrator determines 
that no other feasible alternative exists. 

h. Design Standards. 

i. Structures and improvements shall minimize alterations to the 
natural contour of the slope, and foundations shall be tiered where 
possible to conform to existing topography. 

ii. Structures, improvements, and access shall be located to preserve 
the most critical portion of the site and its natural landforms and 
vegetation. 

iii. The proposed development shall not result in greater risk or a need 
for increased buffers on neighboring properties. 

i. Proposals may be exempt from the development standards in this 
subsection through approval by the Administrator if a geotechnical 
analysis, performed by a qualified professional, demonstrates that the 
proposed development will not cause any increased risk to life or property 
or create any significant adverse environmental impacts. 
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5. Development Standards for Mine Hazard Areas. Development within a mine 
hazard area is prohibited. 

6. Development Standards for Seismic and Tsunami Hazard Areas. All 
development within areas that meet the identification criteria for seismic or 
tsunami hazard areas shall comply with the model codes as approved and 
adopted by the State Building Code Council, together with any amendments or 
additions. 

D. Additional Critical Area Report Requirements for Geologically Hazardous 
Areas. 

1. When Required. A critical area report shall be required for the following activities:  

a. Alterations to Shoreline Erosion Hazard Areas.  New construction, 
including, but not limited to new on-site sewer and shoreline stabilization 
measures.  

b. Alterations to Landslide Hazard Areas.  New construction, grading, land 
clearing, or Class IV forest conversion within a landslide hazard area or its 
buffer.  

2. Qualified Professional. A critical area report for a geologically hazardous area 
shall be prepared by an engineer or geologist, licensed in the state of 
Washington, with experience analyzing geologic, hydrologic, and groundwater 
flow systems, and who has experience preparing reports for the relevant type of 
hazard. 

3. Geological Hazards Assessment. In addition to the critical area report 
requirements of subsection 3.L, a critical area report for a geologically hazardous 
area shall contain a geological hazards assessment, including, at a minimum, 
the following information: 

a. An assessment of the geologic characteristics of the soils, sediments, 
and/or rock of the project area and potentially affected adjacent 
properties, and a review of the site history regarding landslides, erosion, 
and prior grading. Soils analysis should be accomplished in accordance 
with accepted classification systems. 

b. A hazards analysis including a detailed description of the project, its 
relationship to the geologic hazard(s), and its potential impact upon the 
hazard area, the subject property, and affected adjacent properties. 

c. A recommendation for the minimum no-disturbance buffer and minimum 
building setback from any geologic hazard. 

4. Mitigation of Long-Term Impacts. When a geological hazards assessment 
indicates that hazard mitigation is required, a mitigation plan shall specifically 
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address how the activity maintains or reduces the pre-existing level of risk to the 
site and adjacent properties on a long-term basis equal to or exceeding the 
projected lifespan of the activity or occupation. 
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SECTION 9. AGRICULTURAL LANDS 

A. Purpose 

The purpose of this section is to conserve agricultural land of long-term commercial 
significance and protect other agricultural land. 

B. Identification 

1. Agricultural Land of Long-Term Commercial Significance. Agricultural land of 
long-term commercial significance includes all land that is devoted to the 
production of aquaculture, cranberries, and/or other bog related crops. These 
areas are zoned as Agricultural District (AG) and are subject to the provisions of 
Chapter 18.28 PCC. 

2. Agricultural Land of Local Importance. Agricultural land of local importance 
includes any diked tideland as listed under soil type nos. 104 and 147 in the Soil 
Survey of Grays Harbor County Area, Pacific County, and Wahkiakum County, 
Washington, 2003, Soil Conservation Service, USDA, that is involved in existing 
and ongoing agricultural activities on the date this Ordinance become effective. 

C. Prohibition against Other Uses 

1. Agricultural Land of Long-Term Commercial Significance. Land that is 
designated as agricultural land of long-term commercial significance on the date 
this Ordinance becomes effective and land that subsequently meets the 
definition of agricultural land of long-term commercial significance shall not be 
used for any other purpose than agriculture. 

2. Agricultural Land of Local Importance. Agricultural land of local importance may 
continue to be used for agricultural activities, including uses pertaining to related 
structures, such as barns and loafing sheds, and may be used for the continued 
occupation of dwelling units in existence on the date this Ordinance becomes 
effective. Any such dwelling units may be replaced, altered, or expanded 
provided that such replacement, expansion, or alteration does not result in an 
increase in the number of dwelling units on the specific parcel which is within 
agricultural land of local importance. Any modification of the sewage disposal 
system must comply with State and Pacific County Board of Health rules. 
Agricultural land of local importance may not be converted to non-agricultural 
uses, activities, and structures, such as the subdivision of land and the 
development of recreation facilities. Subject to the compliance with other 
requirements of law, nothing within this Ordinance prevents the conversion of 
agricultural land of local importance back to tidal land that would be inundated by 
the natural ebb and flow of tidal waters. 
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D. Protection Standards 

  All structures within parcels adjacent to or abutting agricultural land shall maintain 
a minimum setback of (1) one hundred (100) feet from property lines, except for 
structures not requiring building permits, (2) one hundred (100) feet for all wells, 
and (3) two hundred (200) feet for springs; however, the Administrator may reduce 
the setback if the requirements of subsection 3.I, Variance, are met and the 
person requesting the administrative variance records an agricultural easement for 
the benefit of the abutting agricultural land, and grants a right to all normal and 
customary agricultural practices in accordance with Best Management Practices. 
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SECTION 10. FOREST LANDS 

A. Purpose 

The purpose of this section is to conserve productive forest land. Nothing within this 
section shall be construed in a manner inconsistent with Chapter 76.09 RCW and 
Title 222 WAC. 

B. Identification 

1. General. Forest land is land that is not already characterized by urban growth 
and that is significant for the commercial production of timber and forest 
products. 

2. Classification. 

a. Forest Land of Long-Term Commercial Significance. Forest land of long-
term commercial significance means any land designated on the map of 
Pacific County Forest Land as forest land of long-term commercial 
significance (see Exhibit A). These areas are zoned Commercial Forestry 
District (FC) and are subject to the provisions of Chapter 18.16 PCC. 

b. Transitional Forest Land. Transitional forest land means any land 
designated on the map of Pacific County Forest Land as transitional forest 
land (see Exhibit A). These areas are zoned Transitional Forest Land 
District (FT) and are subject to the provisions of Chapter 18.20 PCC. 

C. Protection Standards 

1. Protection Standards for Forest Land of Long-Term Commercial Significance. 

a. Setbacks. All structures within lands adjacent to or abutting forest land of 
long-term commercial significance shall maintain a minimum setback of 
(1) one hundred (100) feet from property lines, except for structures not 
requiring building permits, (2) one hundred (100) feet for all wells, and (3) 
two hundred (200) feet for springs and uses and activities provided under 
subsection 12.B.; however, the Administrator may reduce the setback if 
the requirements of 3.I, Variance, are met and the person requesting the 
administrative variance records a forestry easement for the benefit of the 
abutting forest land of long-term commercial significance, and grants a 
right to all normal and customary forestry practices in accordance with 
Best Management Practices. 

b. Water Supply. 

i. When residential dwellings, other structures, or any other use is 
supplied with water from off-site sources, an easement and right 
running with the land shall be recorded from the property owners 
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supplying the water prior to final plat approval, building permit 
issuance, or regulated use approval. 

ii. Due to the potential to disrupt forest practices on forest land, new 
residential or recreational public water supplies shall comply with 
State standards and shall not be located within one hundred (100) 
feet of forest land of long-term commercial significance without an 
easement from the adjacent or abutting property owner. 

c. Access. No permit from Pacific County shall imply any permanent 
vehicular access to residential properties across non-owned land. 

d. Surveys. Land surveys or other boundary line determinations shall be 
required in conjunction with the issuance of a building permit on property 
subject to the setback requirements set forth in this subsection to 
demonstrate compliance with the required setback. 

2. Protection Standards for Transitional Forest Land. 

a. Setbacks. All residences and commercial/industrial buildings within 
transitional forest land shall maintain a minimum setback of two hundred 
(200) feet from the ordinary high water mark of Willapa Bay. 
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SECTION 11. MINERAL LANDS 

A. Purpose 

The purpose of this section is to conserve mineral lands of long-term commercial 
significance. 

B. Identification 

1. General. Mineral land is land that has long-term significance for the extraction of 
minerals. 

2. Classification. 

a. Mineral land means any area in Pacific County presently covered under a 
valid Washington State Department of Natural Resources (DNR) surface 
mining permit and any beach area where sand is removed for commercial 
purposes. 

b. Any other area shall be classified as mineral land when a surface mining 
permit is granted by the DNR. 

C. Permitted Uses 

1. Primary Uses. The following primary uses are allowed: 

a. Quarrying and mining of minerals or material, including, but not limited to, 
sand, gravel, rock, clay, coal, and valuable metallic and non-metallic 
substances; 

b. The exploitation, primary reduction, treatment, and processing of minerals 
or materials, together with the necessary buildings, structures, apparatus, 
or appurtenances on said property where at least one of the major mineral 
or material constituents being exploited is from said property, including, 
but not limited to, concrete batching, asphalt mixing, brick, tile, terra cotta, 
concrete products, manufacturing plants, rock crushers, and the use of 
accessory minerals and materials from other sources necessary to 
convert the minerals and materials to marketable products; 

c. Agricultural crops, open field grown, stock grazing, and the harvesting of 
any wild crop such as marsh hay, ferns, moss, berries, etc. which may 
coexist with mineral extraction activities within a common ownership; 

d. Existing surface mining operations, operating under the authority of the 
Washington State Surface Mining Act, Chapter 78.44 RCW; 

e. Mining-related activities and structures; 
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f. The maintenance of gas, electric, water, communication, and public utility 
facilities; and 

g. Legal residences existing on the date this Ordinance become effective 
and any accessory uses, including home occupations associated with 
such residences. 

2. Accessory Uses. The following accessory uses are allowed outright where 
directly connected with and in aid of a mining activity: 

a. One single-family dwelling unit per contiguous ownership or one single-
family dwelling unit per five (5) acres of contiguous ownership, whichever 
is the lesser acreage. The lot size/density requirement shall not apply to 
commercial sand removal from beach areas; 

b. Home occupations associated only with mining related activities; 

c. Buildings accessory to a single-family dwelling or mobile home; 

d. Storage of explosives, fuels, and chemicals used for agriculture, mining, 
and forestry subject to all applicable local, state, and federal regulations; 
and 

e. Watershed management facilities including, but not limited to, diversion 
devices, impoundments, dams for flood control, fire control, stock 
watering, and hydroelectric generating facilities, when associated with a 
permitted use or structure. 

3. Incidental Uses. 

a. Required Elements. Incidental uses are permitted where the following 
elements are found: 

i. The use will not significantly affect the overall productivity of the 
mining activity; 

ii. The use is secondary to the principal activity of mining; and 

iii. The use is sited to avoid prime lands where practicable and 
otherwise minimizes the impact to mineral land of long-term 
commercial significance. 

b. Uses Allowed as Incidental Activities. 

i. The growing and harvesting of forest products, the operation of 
portable sawmills and chippers and activities and structures 
incidental to each, and accessory facilities including, but not limited 
to scaling and weight stations, temporary crew quarters, storage 
and maintenance facilities, residue storage and disposal areas, and 
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other uses and facilities involved in the harvesting and commercial 
production of forest products which may coexist with mineral 
extraction activities within a common ownership. 

ii. Public and semi-public buildings, structures, and uses including, 
but not limited to, fire stations, utility substations, pump stations, 
and wells. 

iii. Commercial extraction and processing of oil, gas, and geothermal 
resources. 

iv. Permanent saw mills, shake and shingle mills, plywood mills, green 
veneer plants, particle board plants, other products manufactured 
from wood residues, chippers, pole yards, log sorting and storage, 
buildings for debarking, and drying kilns and equipment. 

v. Structures for agriculture, floriculture, horticulture, general farming, 
dairy, the raising, feeding, and sale or production of poultry, 
livestock, fur bearing animals, honeybees, including feeding 
operations, Christmas trees, nursery stock, floral vegetation, and 
other uses accessory to farming and animal husbandry. 

vi. Forestry, environmental, and natural resource research facilities. 

vii. Telecommunication facilities and electrical transmission lines. 

4. Critical Facilities. Critical facilities are permitted on mining land of long-term 
commercial significance where: 

a. They are identified in an adopted plan of a public agency or regulated 
utility; and 

b. The potential impact on mineral lands is specifically considered in the 
siting process. 

D. Protection Standards 

1. Standards for Existing Permits. All mining sites for which state or federal mining 
permits are required and which are subject to this Ordinance shall be subject to 
the conditions of those permits. 

2. Minimum Density and Lot Area. Prior to full utilization of a designated Mineral 
Land mineral resource potential, subdivisions, short subdivisions, and other 
parcel segregations below five (5) acres are prohibited. This lot size/density 
requirement shall not apply to commercial sand removal from beach areas. 

3. Setbacks. 
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a. Within Designated Mineral Lands. Mining operations which are operating 
under valid state or federal surface mining permits shall use the setback 
and/or buffer standards contained within any reclamation plan required 
pursuant to the state or federal laws pertaining to mining land reclamation. 

b. Within Lands Abutting Mineral Lands. Structures requiring a building 
permit shall maintain a minimum one hundred (100) foot setback from the 
boundary of any designated Mineral Land. 
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SECTION 12. NOTICE ON TITLE FOR RESOURCE LANDS 

A. Applicability 

The provisions of this section apply to development proposed on property on or 
within 500 feet of agricultural land, forest land, and mineral land.  

B. Notice on Title for Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site within agricultural land, forest land, or mineral land shall 
record a title notice with the Pacific County Auditor when a development activity 
covered under this Chapter is submitted. The notice shall be notarized and shall 
be recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

 [Agricultural/Forest/Mineral] Lands Area Title Notification 

 Parcel Number: 

 Parcel Address: 

NOTICE: This parcel lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

2. Land Division Notification. The owner(s) of any site classified as resource land, 
on which a subdivision, short subdivision, or other parcel segregation is 
approved, shall record a notice on the face of the plat or short plat and shall 
record a notice along with any other document filed with the Pacific County 
Auditor. Such notification shall be in the form as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
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as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

 Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that all permits 
issued for regulated activities within designated resource lands contain a notice 
as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

C. Notification on Title for Property Adjacent to Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site adjacent to designated resource lands shall record a 
title notice with the Pacific County Auditor when a development activity covered 
under this section is submitted. The notice shall be notarized and shall be 
recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

Land Adjacent to Resource Lands Title Notification 

Parcel Number: 

Parcel Address: 

 NOTICE: This parcel lies within 500 feet of land designated as 
resource land by Pacific County. A variety of commercial or industrial 
activities occur in the area that may be inconvenient or cause 
discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
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lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

2. Land Division Notification. The owner(s) of any site adjacent to designated 
resource lands on which a subdivision, short subdivision, or other parcel 
segregation is approved, shall record a notice on the face of a final plat or short 
plat and shall record a notice along with any other document filed with the Pacific 
County Auditor. Such notification shall be in the form as set forth below.  

NOTICE: This property lies within 500 feet of land designated as 
resource lands by Pacific County. A variety of commercial and 
industrial activities occur in the area that may be inconvenient or 
cause discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

 Signature(s) of Owner(s) 

 (NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that 
permits issued for regulated activities within 500 feet of land classified as 
agricultural land, forest land, and mineral land contain a notice as set 
forth below. 

NOTICE: This property lies within 500 feet of land designated as resource land 
by Pacific County. A variety of commercial and industrial activities occur in the 
area that may be inconvenient or cause discomfort to area residents. This may 
arise from the use of chemicals; or from spraying or extraction, which 
occasionally generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource lands, and 
residents of adjacent property should be prepared to accept such 
inconveniences or discomfort from normal, necessary commercial resource 
lands operations. 
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Cc: "Kelly Rupp"
Subject: CAO- Stream and Wetland Buffers Suggestions
Date: Wednesday, December 09, 2015 2:34:04 PM
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Hi Everyone
 
I feel both the wetland buffers and stream buffers need to be bigger. I will be making more detailed a suggestions. Kelly if you can please make sure they get submitted back to Watershed, I would greatly appreciate it.
 
The Watershed Company from what I heard over the phone said: “Based on best available science that stream riparian functions could be met with a 100’ buffer and that is why they were only suggesting 130’.  Ann forwarded to
 me what Watershed Company did for Skagit County and what they used as “Best Available Science”. The buffers they recommended for Skagit County were quite different than what they are recommending for Pacific.
 
On all the buffers I feel we need to be meeting at a minimum the state’s recommendations, but we of course can go with bigger buffers.
 
Here are my quick stream buffer suggestions:
 
Type S =200’
Type F >10’ BFW=175’
Type F 5’-10’ BFW =150’
Type F 2’-5’ BFW=125’
NP=100’
NS=75’
 
Here are the DOE wetland buffer suggestions:
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Thanks Key
 
 
 

Key McMurry, Owner
Professional Stream and Wildlife Biologist, PWS
Key Environmental Solutions, LLC.
550 Mill Creek Road
Raymond, Washington 98577
(360) 942-3184 Office
(360) 562-5763 Cell
www.keyenvironmentalsolutions.com
 

From: Tim Crose [mailto:tcrose@co.pacific.wa.us] 
Sent: Wednesday, December 09, 2015 11:21 AM
To: Ann Skelton; Brian Sheldon; Jim Sayce (jimsayce@centurytel.net); Ken Wiegardt; Key McMurry; Phil Martin (pjm3011@gmail.com); Tom Kollasch; Warren Cowell
Cc: Kelly Rupp
Subject: CAO Info
 
Hello All-
 

I want to give you a quick update on the Critical Area Ordinance. The timeline for comments on the 3rd draft has been pushed back from December 14th until January 7th. The Planning Commission hearing draft will be delivered

 to us on January 21st.
 
Shelley from Public Works has put together excellent working maps for tonight’s TAC meeting in Long Beach. She was able to put the 1968, 1980, and 2001 Seashore Conservation Lines. Also the Tsunami Hazard area is identified
 using DNR 2015 data.
 
See you tonight at 5:00. 
 
Tim
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From: Ann Skelton
To: Tess Brandon
Subject: CAO
Date: Sunday, October 25, 2015 6:20:28 AM

HI Tess,
Thanks for taking time to speak with me last week.

Regarding reasonable use and self-created hardship, the section regarding the effective date that I was curious about
 is found in the Sample CAO Language put out by the Department of Commerce which is found on the county
 website. [Section X.10.150, pp. A (12-13), D(4)]. I have seen a version of this in Lewis County.

"The inability of the applicant to derive reasonable economic use of the property is not the result of actions by the
 applicant after the effective date of the Title, or its predecessor". I understand this is just a guide but do you know
 what the rationale is behind this?

Ann LeFors
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Cc: "Tim Crose"; Faith Taylor
Subject: Comments on Pacific County CAO Update
Date: Tuesday, January 12, 2016 9:04:31 PM
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Hi Everyone
 
 
I followed the Ecology Guidelines (link in my last email) which I suggest looking at tables found in a WDFW report (attached) to set buffer distances. Here are a couple of
 helpful tables from that pub.
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Section I. Introduction 
Purpose of this document  
 
This document was developed to provide shoreline planners and managers with a summary of 
current science and management recommendations to inform protection of ecological functions 
of marine riparian areas (defined in Section III). Washington Administrative Code (WAC 173-
26-186(8)) directs that Shoreline Master Programs (SMPs) “include policies and regulations 
designed to achieve no net loss of those ecological functions.”  The Washington State 
Department of Ecology has produced guidelines to help achieve this standard on marine 
shorelines of Washington (http://www.ecy.wa.gov/programs/sea/sma/guidelines/index.html). In 
addition, the state’s Aquatic Habitat Guidelines (AHG) program developed recommendations for 
protecting marine riparian functions: Protecting Nearshore Habitat and Function in Puget Sound: 
An interim Guide (2007) (http://wdfw.wa.gov/hab/nearshore_guidelines/). The AHG program is 
a partnership of state agencies dedicated to providing science guidance for protection of marine, 
freshwater, and riparian ecosystems. The AHG program develops guidance documents that can 
aid local governments updating Shoreline Master Programs (SMP) and Critical Areas 
Ordinances (CAO).  
 
This information contained in this report will help inform local decisions regarding what is 
needed to protect ecological functions of marine riparian areas. Specifically, we summarize the 
range of marine riparian buffer widths (Appendix G) needed to meet particular levels of 
ecosystem function based on a literature review and input from an expert panel workshop.  
 
Protection of marine riparian areas 
 
Puget Sound’s marine shorelines and riparian areas have been altered over the last 160 years by 
human activities including agriculture, forestry and development. Nearly all of the merchantable 
timber along the marine shorelines of Puget Sound was harvested or burned by 1884 (Chasan, 
1981). Although natural regeneration of riparian vegetation occurred in the years that followed, 
human manipulation of vegetation continues to influence marine shorelines today.  
 
During the past three decades, an extensive body of research has emerged documenting the 
importance of riparian areas in providing ecological functions. These functions include: 
 


 Water quality maintenance 


 Fine sediment control  


 Large woody debris (LWD) delivery and retention  


 Microclimate moderation 


 Nutrient delivery and retention 
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 Fish and wildlife habitat creation and maintenance 


 Hydrology/slope stability 


Most riparian research has focused on stream and riverine ecosystems. Attention to marine 
riparian processes and functions has only emerged in the literature during the past decade, and 
research in this area is increasing. Nevertheless, riparian areas provide ecological functions 
regardless of whether they are adjacent to freshwater or marine water bodies (Desbonnet et al. 
1994, 1995; NRC 1996; NRC 2002; Brennan and Culverwell 2004).  
 
Organization of document 
 
In addition to the Introduction above, this document contains the following sections:  


 Methodology used to compile information.  


 Overview of marine riparian areas.  


 Description of the seven most ecologically important riparian functions and 
recommendations for protecting (sustaining?) these functions. 


 Impacts to riparian functions from activities associated with development, agriculture and 
forest practices.  


 Recommendations to protect and sustain marine riparian functions.  
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Section II. Approach/Methods 
This document summarizes our literature review and synthesis of scientific and technical 
information on riparian areas and presents recommendations to help protect marine riparian 
functions from common human activities. The following seven riparian functions are the focus of 
this document:  


 Water quality 
 Fine sediment control  
 Shade/microclimate  
 Large woody debris (LWD)  
 Detritus and nutrients  
 Fish and wildlife habitat  
 Hydrology and slope stability 


 
We addressed the following questions regarding the seven riparian functions listed above:  


 What are the mechanisms or processes by which riparian areas perform each of the seven 
functions? 


 How do human activities (i.e., agriculture, forestry, and development) affect riparian area 
function? 


 What management approaches are most likely to protect each function? 
 What data gaps and uncertainties exist relative to each function? 


 
 
We paid particular attention to buffer-effectiveness research; that is, research focused 
specifically on the performance of buffers of varying widths at protecting riparian function for 
both freshwater and marine settings within and outside the Puget Sound region. We examined 
seven riparian buffer review documents to help determine the buffer widths that have been 
recommended to protect the seven riparian functions. These seven documents were selected 
because we identified them as being among the most thorough, frequently cited, and 
scientifically sound sources available (Appendix B). They were also selected because of their 
relevance to Washington State (Castelle et al. 1992; FEMAT 1993; Knutson and Naef 1997), the 
Puget Sound lowlands (Castelle et al. 1992; May 2000), and coastal systems (Desbonnet et al. 
1994, 1995).  Because some of the review documents did not consider wildlife, we added some 
pre 2000 references dealing with buffer recommendation for protection of wildlife that we 
encountered during the literature review.   
 
We reviewed books, journals, online gray literature from government sites (USGS, US EPA, 
USDA, Washington State Departments of Ecology, Natural Resources, and Fish and Wildlife); 
online databases [Web of Science, CAB Abstracts, ProQuest, ScienceDirect, Agricola], and 
bibliographies [most notably one written by David Correll for the Smithsonian Institution, 
Correll 1999]. A summary of this information is contained in Appendix C, Tables 1-7.   
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In Appendix G, we summarized buffer width recommendations from Appendix C to achieve 80-
100% effectiveness. We did this in three ways. First we report the smallest and largest buffer 
widths recommended in the literature that achieved a minimum of 80% effectiveness for that 
function. For example, the buffer width recommendation for the water quality function ranges 
from 5-600 m (16 -1920 ft) across all water quality studies.  
 
Secondly, we present average values, which are based on the arithmetic mean of all buffer 
widths recommendations from the literature cited in Appendix C that achieve a minimum 
effectiveness of 80%. For example, the mean width to achieve a minimum of 80% effectiveness 
among 11 studies in appendix C for water quality function was 109 m (608 ft). For single studies 
that offer a range of buffer widths to achieve a minimum of 80% effectiveness, we took the 
average of that range before including it with data from other studies. For example, for the water 
quality function, Mayer et al (2006) offer a buffer range of 6-70 m (19 -224 ft) to achieve 91-
99% effectiveness for subsurface flows for a grass forest buffer. We used a value of 38 m (122 ft, 
i.e., the average of 6 and 70 m; 19-224 ft) to represent this study.  
 
Finally we provide buffer width recommendations to meet 80% effectiveness based solely on 
FEMAT curves. The FEMAT curves plot the relationship between the effectiveness of a mature 
forests buffer at providing an ecosystem function at various buffer widths. For example, the 
FEMAT curve for LWD indicates that an approximately 40 m (131 ft) buffer width achieves 
80% effectiveness of the LWD function. In some cases, the FEMAT function curves illustrate 
several parameters e.g., the water quality FEMAT curve shows total suspended solids (TSS), 
sediment, nitrogen and phosphorus. In this case, a range of widths is reflected in the 
recommendations, to address each parameter of concern.  FEMAT curves did not address 
hydrology/slope or wildlife functions.  FEMAT (1993) uses site potential tree height (SPTH) as a 
proxy for buffer width where one SPTH = 61 meters (200 ft). FEMAT defines site potential tree 
as “a tree that has attained the average maximum height possible given site conditions where it 
occurs” (FEMAT 1993). Like other characteristics of Puget Sound marine shorelines, site 
conditions and thus site potential tree heights will vary across Puget Sound region. 
 
We found no effectiveness studies for litter fall or hydrology/slope stability and thus do not 
report on this function in terms of buffer width effectiveness. For all other function, we report on 
the buffer widths that achieve 80% effectiveness as opposed to other values of effectiveness 
simply because most of the studies could be summarized at this level. The description of 
effectiveness at the 80% level does not imply a recommendation for adopting that level of 
effectiveness.  
 
Because much of the literature was related to freshwater riparian systems, we assembled an 
interdisciplinary science panel to inform the process of adapting fresh water studies to marine 
nearshore environments (Marine Riparian Workshop Proceedings 2008; Appendix H ). We used 
FEMAT (1993) curves as a tool to communicate with the science panel.  First developed in 1993 
for freshwater environments, FEMAT curves depict the relationship between ecological 
functions and the width of mature riparian forests along a generalized shoreline. Relationships 
between ecological function and width of riparian zones for specific shorelines may differ from 
this generalized model due to site-specific factors such as slope, soil, geomorphology, plant 
community type, disturbances, anthropogenic alterations, etc. A riparian function curve for 
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wildlife was not developed due to the complexity of life history requirements for the wide 
variety of wildlife found in marine riparian areas, as well as the lack of scientific information on 
this topic.  
 
The decision to adapt FEMAT-style curves for the marine environment was based on the 
assumption that studies used as the basis for developing these curves can be generally applied to 
the marine environment. The rationale for this application relates to the similarities of riparian 
functions between marine and fresh water systems and the support for this application from a 
number of publications (e.g., Desbonnet et al. 1994, 1995; NRC 2002; Brennan and Culverwell 
2004) and the science panel.  
 
The summary of literature reviews, buffer recommendations and adapted FEMAT curves were 
provided to the science panel at a workshop to solicit their opinion as to the applicability of the 
riparian function curves to the marine environment. The workshop was held on November 19, 
2008 at the University of Washington. It included 14 scientists representing multiple disciplines 
relevant to riparian function and processes. A proceedings document entitled Draft Marine 
Riparian Review Technical Workshop Proceedings was produced as a result of this workshop 
and contains the names, affiliations and expertise of science panel members (Appendix H). The 
consensus of the science panel is that freshwater riparian buffer research as generally depicted in 
the FEMAT curves is applicable to the marine environment. Exceptions are noted in the 
workshop proceeding.  The recommendations contained in this guidance document are the result 
of these efforts. 
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Section III. Overview: Riparian Areas and Riparian Buffers 


Riparian areas 


As defined by the National Research Council (NRC 2002):  
 


Riparian areas are transitional between terrestrial and aquatic ecosystems and are 
distinguished by gradients in biophysical conditions, ecological processes and biota. They 
are areas through which surface and subsurface hydrology connect water bodies with 
their adjacent uplands. They include those portions of terrestrial ecosystems that 
influence exchanges of energy and matter with aquatic ecosystems (i.e., zone of 
influence). Riparian areas are adjacent to perennial, intermittent, and ephemeral streams, 
lakes, and estuarine–marine shorelines.         


Riparian buffers  


Riparian buffers are generally recognized as a “separation zone” between a water body and a 
land use activity (e.g., timber harvest, commercial or residential development) for the purposes 
of protecting ecological  processes, structures, functions) and/or mitigating the threat of a coastal 
hazard on human infrastructures (National Wildlife Federation 2007). As used here, buffers are 
defined as separation zones (as above) that are relatively undisturbed by humans and thus 
represent mature vegetation consistent with the potential of the site.  


Why are marine riparian areas important?   


Based in large measure on our understanding of fresh water riparian ecosystems marine riparian 
areas likely play a central role in maintaining the health and integrity of aquatic and terrestrial 
ecosystems (Desbonnet et al 1994; NRC 2002; Brennan and Culverwell 2004). Many of the 
functions of freshwater riparian areas are similar to marine riparian areas, although marine 
riparian areas also provide functions that are unique to nearshore ecosystems due to differences 
in biogeochemical processes, ocean influences and differences in the biota between fresh and 
marine environments. Marine riparian areas provide a broad suite of functions, seven of which 
are the focus of this document. These include water quality (filtration and processing of 
contaminants); fine sediment control; inputs of large woody debris (LWD); shade/microclimate; 
litter fall/organic matter input; hydrology and slope stability; and fish and wildlife habitat (see 
Section IV).  There are a number of other functions provided by marine riparian areas which 
were not reviewed nor discussed here e.g., recreation, cultural and aesthetic resources, carbon 
sequestration, and providing protection from threats of coastal hazards.  
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Section IV. Riparian Functions 


1. Water quality 


a. Technical overview: riparian influence on water quality function 


Of the seven riparian functions addressed in this document, water quality is perhaps best 
understood. Riparian areas provide water quality benefits through a variety of mechanisms 
including:  


 Infiltration and corresponding reduction of surface runoff rates/volumes; 


 Intercepting nutrients, fine sediments and associated pollutants from surface water 
runoff;  


 Binding dissolved pollutants with clay and humus particles in the soil; 


 Conversion of excessive nutrients, pollution, and bacteria from surface and shallow 
groundwater into less harmful forms by riparian vegetation; and 


 Regulating water temperature.  


The water quality function of riparian areas is facilitated by vegetation and soils, which slow the 
flow of surface and subsurface water and increases retention or “treatment” time. Vegetation, 
geology, landform, and soil characteristics can affect the manner and rate at which water flows 
over and through the riparian area and the extent to which groundwater remains in contact with 
plant roots and soil particles (Klapproth and Johnson 2000). Microorganisms found in riparian 
soils and sediments, including bacteria, fungi, and other biota, are capable of metabolizing 
pesticides and transforming nutrients and other chemicals into less toxic forms (Ettema et al. 
1999; Klapproth and Johnson 2000). They can also perform chemical reduction reactions such as 
denitrification (Adamus et al. 1991; Schoonover and Williard 2003; Rich and Myrold 2004). In 
addition to reducing the pollutant load to receiving waters, microorganisms cycle nutrients 
including carbon, nitrogen, and phosphorus. Soils high in very fine materials (e.g., clay) tend to 
be less permeable and may facilitate greater runoff, while sand-dominated soils can facilitate 
rapid draining and therefore limited sediment retention (Hawes and Smith 2005). Fine mineral 
soils or soils with high levels of aluminum or iron may be more likely to perform the nutrient 
removal/transformation function than other soil types (Adamus et al. 1991). 
 
Trees, shrubs and herbaceous plants can trap and retain pollutants from the atmosphere, 
sediments, surface runoff and groundwater (Correll 1997). Plants also help lengthen the 
residence time of water by decreasing flow and velocity, which can increase filtration and soil 
retention potential (Evans et al. 1996; Klapproth and Johnson 2000; Ducros and Joyce 2003). 
Vegetation can help mediate nutrient and pollutant input into receiving waters by stabilizing 
banks to reduce erosion, storing runoff, trapping sediment, and transforming nutrients (Omernik 
et al. 1981; Smith 1992; Osborne and Kovacic 1993; Arthington et al. 1997). 







8 
 


b. Key findings from buffer literature and science panel on water quality  
 
Numerous studies have investigated the role of riparian buffers composed of vegetation such as 
grass and forest in controlling the transport of sediment, nutrients, pesticides, metals, 
microorganisms, and other contaminants to receiving waters (NRC 2002). Most research focuses 
on nonpoint source pollution, particularly nutrients (phosphates/phosphorus, nitrates/nitrogen), 
TSS, and sediments. To a lesser degree, research has also addressed bacteria and other pathogens 
along with oils, pesticides, and herbicides. Appendix C, Table 1 provides a summary of water 
quality buffer recommendations reviewed for this document.  
 
Our review suggests that:  


 The range of buffer widths that met a minimum 80% effectiveness for this function was 5 
– 600 m (16-1920 ft; Appendix G). This wide range relates to the breadth of water quality 
issues. See Appendix C to get more specific widths related to specific water quality 
parameters.  


 Minimum buffer widths to achieve 80% effectiveness for different elements of water 
quality functions can be extrapolated from the literature and are listed in Appendix G.  


 Site characteristics and the amount and nature of the contaminant in the water influence 
the buffer’s capacity to ameliorate those contaminants.  


 
A riparian function curve for water quality was developed for review by the science panel to 
determine its application to the marine environment. Summary data from Desbonnet et al. (1995) 
(Table 1) were used to generate a series of curves for four commonly studied contaminants 
including sediment, TSS, nitrogen and phosphorus (Figure 1). These curves, which are similar to 
those developed by FEMAT (1993), demonstrate function (in terms of % removal of 
contaminant) based on a number of studies at different locations and under different site 
conditions. Note that curves are contaminant-specific despite similarity of shape.    
 
Panelists generally agreed that the function curves are conceptually valid for water quality issues 
originating in marine riparian areas. However the panel distinguished marine riparian from 
freshwater riparian function on the basis of drainage area and relative contribution to Puget 
Sound water contamination. Relative to the dynamics affecting water quality in Puget Sound at 
the watershed and landscape scales, undisturbed marine riparian area’s contribution to 
maintaining water quality is limited to the area that drains directly into Puget Sound. 
 Anthropogenic activities in marine riparian areas include the generation and routing (via water) 
of pathogens, nutrients, toxics, heat, and fine sediment (above normal background levels) that 
can affect water quality. However, the marine riparian area is limited in spatial extent; that is, it 
constitutes a small fraction of the Puget Sound drainage basin. Most contaminants reach Puget 
Sound via streams or drainage networks discharging into the Puget Sound Basin, or pathways 
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that concentrate rainfall and snowmelt from impervious surfaces associated with human 
residential and commercial development and transportation infrastructure. Washington State 
Department of Ecology, United States Environmental Protection Agency, Puget Sound 
Partnership Publication Number 07-10-079 (http://www.ecy.wa.gov/pubs/0710079.pdf ); and 
waste water entering Puget Sound from municipal and industrial facilities. The panel did not 
address nutrient or pathogens from agricultural sources or residential septic systems.  
 
 


Table 1.  Summary data adapted from Desbonnet et al. (1994, 1995) used to generate generalized curve for 
removal effectiveness of various pollutants at different buffer widths. This data is identical to Desbonnet et al 
(1995) with the exception of the zero point which we added for illustrative purposes.   


% Removal Buffer Width in Meters (ft) 


 Sediment TSS Nitrogen Phosphorus 


0 0 0 0 0 


50 0.5 (1.6) 2 (6.6) 3.5 (11) 5 (16) 


60 2 (6.6) 6 (20) 9 (30) 12 (39) 


70 7 (23) 20 (66) 23 (75) 35 (115) 


80 25 (82) 60 (197) 60 (197) 85 (279) 


90 90 (296) 200 (656) 150 (492) 250 (820) 


99 300 (984) 700 (2297) 350 (1148) 550 (1804 
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Figure 1.  Contaminant removal effectiveness of four water quality parameters at various buffer widths 
(adapted from Desbonnet et al. 1995). 


 


c. Conclusions and Recommendations for water quality  


The literature review (see Appendix C) shows removal effectiveness as a function of buffer 
widths. In general, the larger the buffer, the greater its effectiveness in performing a water 
quality function. Long-term studies suggest that contaminant loading can increase over time 
(depending on the site conditions and type of contaminant), thereby reducing the overall 
effectiveness of the buffer.  
 


This document focused on four major water quality contaminants that have received the most 
attention from researchers: nitrogen, phosphorous, total suspended solids and fine sediment. Soil 
characteristics, slope and vegetation cover type are the most important determinants of buffer 
effectiveness to protect water quality. To maximize the buffer’s effectiveness to remove 
contaminants, the following actions are recommended in order of priority:  


 Retain, restore, or enhance vegetation, particularly native vegetation.  


 Manage drainage to ensure that water is moving evenly through the buffer to maximize 
retention time and infiltration, rather than flowing through pipes, culverts, rills, or other 
conveyance mechanisms. Avoid routing drainage to adjacent streams that may transect 
marine riparian areas. 


 Avoid the use of pollutants (petroleum, toxics, pesticides, etc) in or near riparian areas.  


 Avoid construction of impervious surfaces and septic tank drain fields in riparian areas.  
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 Manage agricultural and pasture lands to minimally disturb buffers. 


 Limit or prohibit the application of pesticides and herbicides in or near riparian areas. 


 Avoid disturbance (e.g., grading, compaction, removal) of native soils.  


2. Fine Sediment Control   


a. Technical overview: riparian influence on fine sediment control function 


Riparian areas can play an important role in controlling fine sediment transport into local water 
bodies (fine sediments include fine-grained particles such as silt, clay, sand, and mud particles). 
As described previously, fine sediment plays an important role in ameliorating the effect of toxic 
chemicals and excessive nutrients in water quality.  Fine sediment also is important in 
maintaining soil characteristics necessary for the growth and maintenance of riparian vegetation. 
However, maintaining natural erosion and sediment transport processes is critical to maintaining 
Puget Sound beaches and much of the sediment nourishing these beaches originates in marine 
riparian areas. The delivery of sediment to marine beaches is facilitated by natural driving forces 
(wind and wave action, bluff saturation, leading to slope failures) and it is very important to 
maintain these natural sediment inputs. Thus, there is a need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment 
inputs.  
 
Fine sediments originate from a number of terrestrial sources, both natural and anthropogenic, 
however, the focus of this section is fine sediments originating from development, forestry, and 
agriculture, which can increase fine sediment delivery beyond normative rates. As used here, 
normative rate refers to the rate of sediment delivery in riparian areas undisturbed by human 
activity. Fine sediments become exposed and subject to erosion as a result of vegetation removal, 
excavation and compaction of soils. Once sediments are suspended in surface water, they can be 
delivered through run-off to adjacent waterways unless they settle out or become trapped. 
Undisturbed soils and vegetation in riparian areas act in concert to reduce erosion and slow the 
transport of fine sediment by the following mechanisms (adapted from Greenway 1987; Gray 
and Leiser 1992; and Gray and Sotir 1996): 


 Riparian vegetation intercepts rainfall energy, helping prevent soil compaction; 


 Roots and soils help bind and restrain soil particles and increase sheer strength of the soil;  


 Vegetation slows surface runoff allowing for increased localized sediment deposition and 
decreasing off-site transport; 


 Porous and permeable soils improve water absorption reducing surface flow; and  


 Transpiring vegetation helps moderate soil moisture levels, which increases infiltration 
and decreases saturation that leads to increased surface water run-off.   
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Riparian vegetation can play an even more significant role in sediment and erosion control in 
steep areas through mechanical reinforcement of sediment via roots and stems and by modifying 
hydrology through soil moisture extraction (Gray and Sotir 1996). Mature plant communities can 
be more effective in maintaining slope stability than immature communities. Benefits of 
vegetation increase in areas with several layers of vegetative cover such as herbaceous growth, 
shrubs, and trees (Menashe 2001). 


b. Key findings from buffer literature and science panel  


Most studies include fine sediment control as a component of the water quality function because 
many contaminants adhere to sediments and increasing inputs of sediments to water bodies can 
be considered a water quality problem. Appendix C, Table 1 provides a summary of fine 
sediment control buffer recommendations reviewed for this document. 
 
Our review suggests that:  


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
25-91 meters (Appendix G).  


 Wider buffers are needed in areas with steep slopes. 


 Site specific conditions should be considered when determining buffer width (e.g. soils, 
vegetation type and density, upland/adjacent land uses, and loading).  


 
Two riparian function curves (one for sediment and one for TSS) were developed for review by 
the science panel (Figure 2) using summary data from Desbonnet et al. (1995) (Table 2). Note 
that these curves were included in the water quality section. The data were selected because 
Desbonnet et al’s (1995) work was one of the few sources of summary data for fine sediment 
control at various buffer widths, and represents a number of studies at different locations and site 
conditions. The data show that roughly 90 percent of sediment can be effectively removed by 30-
60 meters (100-200 foot) buffers and roughly 90 percent of TSS can be effectively removed by 
200 meter (650 foot) buffers. 
 
There was general consensus by panelists that function curves for sediment control are 
conceptually valid. Panelists ranked the importance of this function relative to other marine 
riparian functions as low, largely because of the differences in effects of increased sediment 
inputs between freshwater and marine systems. Panelists noted that maintaining natural erosion 
and sediment transport processes is critical to maintaining Puget Sound beaches and much of the 
sediment nourishing these beaches originates in marine riparian areas. Further, they noted that 
delivery of this sediment is facilitated by natural driving forces (wind and wave action, bluff 
saturation, leading to slope failures) and it is very important to maintain these natural sediment 
inputs. Perhaps the biggest current threat to marine riparian systems from human activity is the 
reduction of sediment inputs by armoring shorelines and disrupting natural erosion of bluffs. 
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This is in contrast to freshwater systems, where riparian areas and roads are managed to 
minimize human-induced fine sediment inputs which can impact habitat and water quality of 
freshwater streams. Thus, the panel recognized the need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment 
inputs. Further, the panel recognized marine riparian areas should provide for “normative” 
sediment processes while reducing potentially harmful levels of fine sediments from 
anthropogenic activities. 
 


Table 2.  Summary data adapted from Desbonnet et al. (1994, 1995) used to generate generalized curve 
for removal effectiveness of various pollutants at different buffer widths. This data is identical to 
Desbonnet et al (1995) with the exception of the zero point which we added for illustrative purposes.  
Note that this table is identical to Table 1. 


% Removal Buffer Width in Meters (ft) 


 Sediment TSS Nitrogen Phosphorus 


0 0 0 0 0 


50 0.5 (1.6) 2 (6.6) 3.5 (11) 5 (16) 


60 2 (6.6) 6 (20) 9 (30) 12 (39) 


70 7 (23) 20 (66) 23 (75) 35 (115) 


80 25 (82) 60 (197) 60 (197) 85 (279) 


90 90 (296) 200 (656) 150 (492) 250 (820) 


99 300 (984) 700 (2297) 350 (1148) 550 (1804 


 


 


 
Figure 2.  Sediment and total suspended sediment (TSS) removal effectiveness of two water quality 
parameters at various buffer widths (adapted from Desbonnet et al. 1995). 
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c. Conclusions and Recommendations for sediment 


The literature reviewed for this document (see Appendix C) indicates a range of buffer width 
recommendations. In addition to buffer width, sediment transport through riparian areas is highly 
dependent on slope, land use, rainfall, and vegetation and soil type (Hawes and Smith 2005).    
 
Based on the FEMAT-style figure presented in this section, to achieve 100% effectiveness of the 
buffer to control total suspended solids (TSS) requires a nearly 700 meter (2300 ft) buffer width, 
but will vary depending upon site specific conditions and fine sediment loading.   
 
To maximize the buffer’s effectiveness to control sediment transport, the following actions are 
recommended:  


 Maintain native vegetation cover. 


 Minimize soil disturbance including compaction, plowing, grading and soil removal 
activities.  


 Manage drainage and hydrologic conditions as described for other water quality functions. 


3. Shade/Microclimate 


a. Technical overview: riparian vegetation influence on shade function 


Riparian areas can have microclimates that differ from upland areas and which influence 
physical and biological conditions at a local scale. Marine riparian areas are strongly influenced 
by marine water temperatures during both summer and winter months (warmer in the winter and 
cooler in the summer than upland areas). Living riparian (overstory trees, understory shrubs, and 
ground) vegetation, in turn, can intercept solar inputs and affect microclimate conditions such as 
soil and ambient air temperature, soil moisture, wind speeds, and humidity (FEMAT 1993; 
Knutson and Naef 1997; May 2003; Parkyn 2004). Terrestrial and aquatic microclimates are 
influenced by shade, and temperature fluctuations that can negatively impact both aquatic and 
terrestrial organisms, particularly those that can only survive within a relatively narrow range of 
temperature and moisture conditions. 
 
Solar radiation has long been considered an important limiting factor for organisms in the upper 
intertidal zone of marine environments. Solar radiation affects distribution, abundance, and 
species composition (e.g., Ricketts and Calvin 1968; Connell 1972). Although research is 
limited, studies have quantified the influence of shade on marine organisms such as surf smelt 
(eggs) and talitrids (amphipods) on Puget Sound beaches. In their literature review of causes of 
spatial and temporal patterns in intertidal communities, Foster et al. (1986) found that 
desiccation is the most commonly reported factor responsible for setting the upper elevational 
limits of survival for intertidal animals. More recent studies (Pentilla 2001; Rice 2006) showed 
that a lack of shade on surf smelt spawning beaches results in higher temperatures, drier 
conditions, and increased egg mortality.  
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b. Key findings from buffer literature and science panel  


Recommended buffer widths for the shade function in forested riparian areas include a range of 
values. Appendix C, Table 3 provides a summary of shade buffer recommendations that were 
derived from seven review documents and other literature.   
 
Our review suggests that the range of buffer widths that met a minimum 80% effectiveness for 
this function was 17-38 meters (56 – 125 ft; Appendix G). 
 
The FEMAT curve was selected to represent the shade function because it was the only data that 
depicted shade effectiveness as a continuous function of forested riparian buffer width. The 
values in Table 3 generally agree with values provided by other riparian review and synthesis 
reports. One method for comparing different recommendations among authors is to describe the 
buffer width at a given effectiveness level, such as 80 %.  For example, the FEMAT curve 
suggests approximately 80 percent effectiveness at about 37 meters. Other recommendations for 
achieving 80 percent effectiveness include Wenger (1999) (10-30 meters); Castelle et al. (1992): 
(30 meter minimum); May (2000): (30 meter minimum); and Knutson and Naef (1997) (11-46 
meters to achieve 50-80 percent (Table 3).  
 
Science panelists agreed that shade is an important function for a number of organisms in the 
upper intertidal areas during low tide (when exposed upper intertidal areas are subject to heating; 
see above). On the other hand shade in marine environments is potentially less important in 
moderating water temperature than shade in freshwater systems. Puget Sound water temperatures 
as a whole are unlikely to be affected much by shade cast by riparian vegetation, given the mass 
of water and the exchange rates with water from the Pacific Ocean, primarily through tidal 
actions. Further, shade from riparian areas is likely to cover only a small fraction of the upper 
intertidal area given the shallow gradients on many beaches and mudflats. Panelists noted that 
while increases in solar radiation due to loss of riparian shade could warm shallow intertidal 
waters, particularly pocket estuaries, the amount of warming and effects on biota have not been 
quantified. 
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Table 3. Data used to create generalized curve in Figure 3 indicating percent of riparian shade function 
occurring within varying distances from the edge of a forest stand (adapted from FEMAT 1993). 
 


Effectiveness (%) Buffer Width 
(SPTH) 


Buffer Width 
SPTH m (ft) 


0 0.00 0 (0) 


10 0.07 4 (14) 
20 0.15 9 (30) 


30 0.22 13 (44) 
40 0.29 18 (58) 
50 0.36 22 (72) 


60 0.42 26 (84) 
70 0.50 31 (100) 
80 0.60 37 (122) 


90 0.73 45 (146) 
93 0.80 49 (160) 
95 1.00 61 (200) 


 
 
 


 
Figure 3.  Generalized curve indicating percent effectiveness of riparian shade occurring within varying 
distances from the edge of a forest stand. Tree height (SPTH) is used to indicate buffer width where one 
SPTH = 61 meters (200 ft) (adapted from FEMAT 1993). 


 


c. Conclusions and Recommendations 


The literature review (see Appendix C) indicates a range of buffer width recommendations for 
protecting the shade function. Based on the FEMAT curve reported in this section of the report, 
approximately 1 SPTH (estimated at 61 meters or 200 ft) will provide nearly 100 percent 
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effectiveness of the buffer to protect the intertidal from desiccation, elevated temperatures, and 
other shade-related functions. Of course, in nonforested community types (e.g., prairie and 
grasslands) the shade function from overstory trees may be unattainable.  
 
To maximize the buffer’s effectiveness to provide the shade function, the following actions are 
recommended:  


 Avoid disturbance to native vegetation in riparian areas, especially nearer the water’s edge.  


 Retain, restore, and enhance mature trees and a multi-layered canopy and understory of 
native vegetation at sites that support these types of plant communities. 


 Ensure that riparian areas can be maintained in mature, native vegetation through time.  


 Prevent modifications to banks and bluffs (e.g., armoring) that could disrupt natural 
processes (such as soil creep, development of backshore and overhanging vegetation, 
recruitment of wood and other organic matter to riparian area including beaches and banks.)  


 Prohibit cutting and topping of trees and avoid “limbing” (selective branch cutting to 
enhance views) of trees for view corridors and other purposes within buffers. 


4. Large Woody Debris  


a. Technical overview: riparian influence on large woody debris function  


Forested riparian areas are a significant source of large woody debris (LWD) in freshwater 
systems (Harmon et al. 1986; Sedell et al. 1988; Bilby and Bisson 1998; Hyatt and Naiman 
2001). In marine environments, LWD (also known as ‘driftwood’) originates from both 
freshwater and marine riparian sources. Marine riparian areas contribute LWD to shorelines 
through natural recruitment processes, including windstorms, fires, wave action, and landslides 
(NRC 1996). Most of Puget Sound’s bluffs are naturally unstable and landslides are a common 
occurrence throughout the region (Johannessen and MacLennan 2007).  
 
Large woody debris provides numerous benefits to shorelines and riparian areas including:    


 Moderation of local water temperature and soil moisture;  


 Accumulation of detritus serving as a food source and habitat for invertebrates; 


 Support of terrestrial vegetation (such as nurse logs); 


 Structural complexity that provides habitat for fish and wildlife;  


 Sediment trapping and bank erosion control.   
 
Recent research in the Puget Sound region has shown that marine LWD serves similar functions 
including provision of structural complexity; moderation of local water and soil temperatures; 
and habitat creation. An overview of the marine research by topic area follows.     
 
LWD and Substrate Temperature: Several studies conducted in Puget Sound have shown that 
LWD has a significant effect on substrate temperatures (Higgens et al. 2005; Rice 2006; Tonnes 
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2008). For example, in a study conducted in north Puget Sound, Tonnes (2008) found that mean 
sediment surface temperatures under LWD on accretionary beaches were 7.7° C cooler than 
beach sediments lacking LWD. Mean surface temperatures under driftwood on bluff-backed 
beaches were 2.4° C cooler than nearby sediment. LWD influences sediment temperatures below 
the surface. Mean temperatures were cooler at depths of 5 centimeters and 15 centimeters under 
LWD on both accretionary and bluff-backed beaches (Tonnes 2008).  
 
Detritus:  Driftwood accumulates detritus from both marine and upland sources, which is 
consumed by invertebrates, birds and other organisms (Polis and Hurd 1996; Pank 1997; Dugan 
et al. 2003; Rodil et al 2008).  
 
Invertebrate biomass: Detritus entrained in driftwood has been linked with increased 
invertebrate biomass which, in turn, supports higher level prey for species such as shorebirds. 
Amphipods (Talitridae) are the most abundant macroinvertebrate on Puget Sound beaches. In a 
study of north Puget Sound beaches, Tonnes (2008) found that amphipods represent the 
predominant biomass of invertebrates within the supratidal zone (e.g. within driftwood). 
Amphipods are strongly associated with driftwood, where they find refuge from predators, 
favorable temperature and moisture conditions, and organic matter for consumption. Higher 
densities of amphipods have been found associated with wood than bare sediment.  
 
Structural support: Marine LWD also provides structural support for vegetation similar to nurse 
logs in upland settings. In a survey of  >1 meter (3.28 ft) diameter wood along 3.9 kilometers 
(2.3 miles) of Puget Sound beaches, Tonnes (2008) found that 71 percent supported at least one 
species of terrestrial vegetation. In addition, large wood supported a mean of 2.4 species of 
vegetation with up to 11 species on a single log. Backshore areas can be relatively dry, exposed 
and nutrient deficient, and driftwood may play an important role in providing structural stability, 
moisture and nutrients for establishment of other plant species.  
 
Habitat: Increased vegetation provided by driftwood also increases primary productivity and 
increases structural complexity for fish and wildlife. May et al. (1997) found wood to be one of 
the most important factor in determining habitat for salmonids in fresh water systems. Driftwood 
embedded in beach berms and/or at the toe of banks helps dissipate wave energy and retain 
sediments that, collectively, act to buffer the effects of storm waves and longshore currents by 
moderating or reducing bank erosion. It also provides potential roosting, nesting, refuge and 
foraging opportunities for wildlife; foraging, refuge and spawning substrate for fish; and 
foraging refuge, spawning attachment substrate for aquatic invertebrates and algae. 
 


b. Key findings from buffer literature and science panel  


Numerous studies have investigated the role of riparian areas in providing LWD to adjacent 
water bodies. Appendix C, Table 4 provides a summary of LWD buffer recommendations that 
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were derived from seven review documents and other research. Most studies find that LWD 
originates from within one site potential tree height of the riparian area, although steeper slopes 
may provide LWD from greater distances. Establishing appropriate buffers to maintain the LWD 
function must therefore account for processes affecting the potential for the land-water interface 
to change through time such as sea level rise.  
 
A number of studies and reviews of riparian buffers note that, in addition to considering the 
benefits of LWD in adjacent water bodies, it is important to consider LWD benefits within the 
terrestrial environment, specifically for its contribution of ecological functions e.g., nurse logs, 
habitat, nutrient recycling, and helping maintain soil moisture.  Appendix C, Table 1 provides a 
summary of fine sediment control buffer recommendations reviewed for this document. 
 
Our review suggests that:   


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
17-38 meters (Appendix G).  


 Buffer width effectiveness is strongly influenced by site conditions (such as slope) and 
potential height of mature trees.    


 
The curve adapted from FEMAT (1993) (Appendix D) generally agree with values provided by 
other riparian review and synthesis reports. The FEMAT curve reveals approximately 80% 
effectiveness at about 40 meters; the science panel generally agreed that the curve is 
conceptually valid.   
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Table 4.  Approximated data used to create generalized curve (Figure 4) indicating percent of LWD 
recruitment function occurring within varying distances from the edge of a forest stand (adapted from 
FEMAT 1993).  


Effectiveness (%) Buffer Width 
(SPTH) 


Buffer Width 
m (ft) 


0 0.00 0 (0) 


10 0.07 4 (14) 
20 0.15 9 (30) 


30 0.22 13 (44) 
40 0.29 18 (58) 
50 0.36 22 (72) 


60 0.42 26 (84) 
70 0.50 31 (100) 
80 0.61 37 (122) 


90 0.73 45 (146) 
93 0.80 49 (160) 
95 1.00 61 (200) 


 
 


 
 


 


Figure 4.  Generalized curve indicating percent effectiveness of LWD recruitment from riparian areas occurring 
within varying distances from the edge of a forest stand.  Tree height (SPTH) is used to indicate buffer width.  
One SPTH = 61 meters (200 ft) (adapted from FEMAT 1993).  


 







21 
 


c. Conclusion and Recommendations 


The literature reviewed for this document (see Appendix C) indicates a range of buffer width 
recommendations for protecting the LWD function. Buffer width effectiveness is strongly 
influenced by site conditions (such as slope, vegetation type and age structure, and natural 
disturbance regimes).    
 
There are a range of buffer widths for achieving high levels of effectiveness based on the 
literature in Appendix C ranging from 10 to 130 m (33 – 427 ft). The FEMAT (1993) riparian 
function curve indicates 100 percent effectiveness of the LWD function at approximately 60 
meters (200 ft).   
 
To maximize the buffer’s effectiveness to provide the LWD function, the following actions are 
recommended:  


 Avoid human disturbance in riparian areas.  


 Allow for the accrual of drift wood and other upland sources of LWD on beaches and 
shorelines. 


 Protect, restore, and enhance marine riparian trees to help ensure a long-term source of 
LWD. 


 Provide buffers that allow for long-term source and recruitment of trees (LWD) as 
shorelines retreat, or as a result of soil creep and landslides, and increasing sea levels. 


5. Litter Fall/Organic Matter  


a. Technical overview, riparian influence on litter fall/input of organic matter   


Riparian vegetation provides litter that serves as habitat and food for fishes and aquatic 
invertebrates (Adamus et al. 1991; Levings and Jamieson 2001; Vigil 2003; Lavelle et al. 2005) 
and influences the amount and type of terrestrial invertebrates that fall into aquatic systems. 
Terrestrial invertebrates serve as a major food source for fishes (including salmon) birds, 
mammals, reptiles, and amphibians. Terrestrial insects have recently been shown to be a large 
component of the diet of juvenile salmonids residing in nearshore waters of Puget Sound. In 
addition, some fish and invertebrates feed directly on vegetative detritus (McClain et al. 1998; 
King County DNR 2001; NRC 2002; Vigil 2003; Brennan et al 2004; Lavelle et al. 2005; Fresh 
2007; Duffy et al in review). Nutrient exchange occurs in two directions from the terrestrial to 
aquatic systems and vice versa. Examples of nutrient-energy exchange (marine to terrestrial and 
terrestrial to marine) include:  


1.   Atmospheric input via wet or dry deposition, which can occur through fires, intensive 
farming and agricultural activities, and wind erosion (Lavelle et al. 2005).  


2.   Lateral transfers of nutrients through tidal and wave action, including microalgae and 
macroalgae washed ashore (Adamus et al. 1991).  







22 
 


3.   Decomposing secondary consumers, such as juvenile Pacific herring, Pacific sand lance, 
longfin smelt, surf smelt, sole, salmon, seabirds, and marine mammals, which also 
contribute nutrients. For example, Pacific salmon nutrients are deposited by predators and 
scavengers in excreta, or as carcasses and skeletons (Cederholm et al. 1999; Naiman et al. 
2002; Drake et al. 2006). 


4.   Secondary consumers can transport nutrients to upland areas, facilitating nutrient and 
energy exchange between terrestrial and aquatic food webs (Ballinger and Lake 2006). 
For example, Elliott et al. (2003) examined the relationship between bald eagles and 
Plainfish Midshipman, a demersal fish and intertidal spawner. Between May and June of 
2001, the authors found that eagles consumed about 22,700 ± 3,400 midshipman, 
representing large transfers of nitrogen into upland areas, and the potential to enhance 
community productivity along the shoreline. 


b. Key findings from buffer literature and science panel  


A number of references identify the contributions of organic matter (e.g., forest litter, terrestrial 
insects, woody debris) and food web linkages between freshwater and marine riparian areas and 
adjacent water bodies (Appendix C, Table 5). Most studies conclude that the delivery of leaf and 
other organic matter declines at greater distances away from the water’s edge, and that most 
contributions are made within 30-60 meters (100-200 ft) of the shoreline. Appendix C, Table 5 
provides a summary of litter fall buffer recommendations that were derived from seven review 
documents and other research. 
 
Our review suggests that:   


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
17-38 meters (Appendix G).  


 Most litter contributions are made within 30-60 meters (100-200 ft) of the shoreline. 


 As in fresh water riparian systems, the delivery of leaf and other organic matter 
delivered to the marine intertidal areas declines with distance away from the water’s 
edge. 


A riparian function curve for litter fall was adapted from the original FEMAT curve (Appendix 
D). The FEMAT curve reveals approximately 80 percent effectiveness at about 25 meters. The 
science panel generally accepted that the litter fall curve is a valid representation of marine 
riparian environments. Panelists also generally agreed that riparian areas are likely to produce 
insects that fall into the adjacent waters   
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Table 5. Approximated values for cumulative effectiveness of buffer width for litter fall/organic matter 
inputs used to create Figure 5, based on the original FEMAT curve.  


 


 
 
 
 


 


Figure 5. Effectiveness of riparian litter fall/organic matter input as a function of distances from the 
water’s edge (adapted from FEMAT 1993) where one site potential tree height is approximately 60 meters 
or 200 ft.  


Effectiveness (%) 
Buffer Width 


(SPTH) 
Buffer Width 


 m (ft) 


0 0 0 


10 0.04 2.4 (8) 


20 0.08 4.9 (16) 


30 0.12 7.3 (24) 


40 0.17 10.3 (34) 


50 0.22 13.4 (44) 


60 0.27 16.5 (54) 


70 0.33 20.0 (66) 


80 0.40 24.4 (80) 


90 0.50 30.5 (100) 


95 0.65 40.0 (130) 


98 0.90 55.0 (180) 
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c. Conclusion and Recommendations for litter fall/organic matter inputs 


The literature reviewed for this document (see Appendix C) indicates a range of buffer widths to 
achieve this function. In addition, the function curve derived from FEMAT indicates that 
approximately 100 percent of the litter fall function is achieved at 60 meter (200 ft).  
  
To maximize the riparian function for litter fall/organic matter inputs the following actions are 
recommended:  


 Maintain native riparian vegetation in the riparian area.   


 Avoid human disturbance to vegetation. 


 Allow for natural succession of plant communities and maintain sources and accumulations 
of organic matter within riparian areas and on beaches. 


6. Hydrology/Slope Stability 


a. Technical overview: riparian influence on hydrology/slope stability function  


The role of vegetation in protecting hydrologic processes and slope stability is well documented. 
The information generally falls into two areas: research focusing on the impacts of sediment 
inputs to streams and wetlands; and research focused on protecting human infrastructure from 
anthropogenic disturbances such as logging, agriculture and development.  
 
Sidle et al. (1985) found that tree and shrub root strength contributes to slope stability, and loss 
of root strength following tree death or removal may lead to increased incidence of erosion and 
slides. Vegetation also helps lengthen the residence time of soil moisture by decreasing runoff 
volume and velocity. This in turn can increase filtration and soil retention potential (Evans et al. 
1996; Klapproth and Johnson 2000; Ducros and Joyce 2003) and slope stability (Williams and 
Thom 2001). 
 
Vegetation plays an important role in affecting hydrologic processes and slope stability in the 
following ways (adapted from Gray and Leiser 1982): 


Interception: Foliage and plant litter absorb the energy of precipitation, reducing direct 
impacts on soil.  


Restraint: Root systems bind soil particles and blocks of soils, and filter sediment out of 
runoff. 


Retardation: Plants and litter increase surface roughness, and reduce runoff volume and 
velocity, thereby reducing channelization. 


Infiltration: Roots and plant litter help maintain soil porosity and permeability. 


Transpiration: Plants absorb moisture, delaying the onset of soil saturation and surface 
runoff. 
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Root Reinforcement: Roots mechanically reinforce soil by transferring shear stresses in the 
soil to tensile resistance in the roots. 


Soil Moisture Depletion:  Interception of raindrops by foliage and evapotranspiration limit 
buildup of soil moisture. 


Buttressing and Arching: Tree trunks can act as buttress piles or arch abutments in a slope, 
counteracting shear stresses. 


Surcharge: The weight of vegetation on a slope may exert a destabilizing down slope stress 
and a stress component perpendicular to the slope that increases resistance to sliding. 


Root wedging: Roots invade cracks and fissures in soil or rock that could add restraint 
stability or cause local instability by wedging action.  


Wind throw: Strong winds cause trees to blow down that can disturb slope soils 
 
Soil saturation strongly influences erosion potential on a slope. The more water that can be 
intercepted, absorbed, or otherwise controlled by vegetation, the greater the slope stability. Soil 
composition and slope geometry (slope height and angle) are also major factors determining 
slope stability. Studies have shown that decreasing vegetation cover results in increased soil 
saturation and slope failure during rainfall events. Some slope failures are unrelated to vegetation 
cover, usually as a result of unusually high precipitation, undercutting, strong winds, or other 
factors. However, in studies of slope failures in urbanized areas such as Seattle, over 80 percent 
of slope failures were attributed to human influence such as vegetation removal and poor 
drainage management (Tubbs 1975; Laprade et al. 2000). 
 


b. Key findings from buffer literature and science panel 


None of the buffer research reviewed for this paper provided buffer recommendations for 
maintaining slope stability and natural hydrologic processes see Appendix C, Table 6). However, 
two documents include some analysis that could be helpful in determining buffer widths to 
protect hydrologic functions. Knutson and Naef (1997) include relevant discussion regarding 
erosion control. Additionally, FEMAT (1993) identified the relationship of tree root strength to 
slope stability and provides a generalized effectiveness curve for root strength.  


 
Since a riparian function curve for hydrology and slope stability was not found in the literature, 
data from Griggs et al 1992 as cited in Macdonald and Witek (1994) were used to describe 
setbacks on bluffs or other unstable slopes to protect against property loss. The minimum 
setbacks for different bluff heights and various levels of stability are illustrated in Table 6 and 
Figure 6. These setbacks do not account for ecological functions but rather focus solely on 
protection against property loss. The FEMAT curve developed for this function is estimated 
based on extent of root systems adjacent to a slide scar margin, or “soil stabilizing zone of 
influence” (equal to slide scar width plus half a tree crown diameter). Such information is not 
easily interpreted into a buffer width or under the variable site conditions existing on marine 
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shorelines. It appears that neither FEMAT (1993) nor other literature makes buffer 
recommendations. Much of the shoreline in Puget Sound is composed of bluff-backed beaches, 
which are naturally eroding. Buffers should be based on site-specific slope conditions, with 
steeper slopes having wider buffers. This approach is similar to establishing stream buffers from 
the outside edge of the 100-year floodplain. However, the variability and multitude of factors 
that need to be considered in determining slope stability in the marine shoreline make it difficult 
to develop specific buffer width recommendations for this function. We offer information from 
Griggs et al 1992 as a way of conceptualizing the idea of maintaining riparian function on 
unstable slopes.   
 
All science panel members agreed that the hydrology/slope stability curve developed with data 
from Griggs et al. 1992 as cited in Macdonald and Witek (1994) is applicable in the marine 
environment. Panelists discussed the importance of hydrology, geomorphology, soil type, and 
vegetation type in supporting slope stability functions in Puget Sound, in addition to the human 
safety concerns about slope stability in the region.   
 
Geomorphology 


 Landforms and geology can be more important here than buffer width. For example, in the 


San Juan Islands, there can be a 45 slope on basalt form that can be very stable. 


 Geomorphic shore form is an important consideration – geologic legacy, landscape position, 
density, slope, etc. Use of Shipman (2008) geomorphic classification system may be useful 
(Appendix F). 
 


Soil and Vegetation 


 Riparian areas can increase slope stability (through root structure) and increase water 
interception and absorption. Protecting natural rates of sediment delivery and protecting 
processes and functions of nearshore ecosystems may be achieved by establishing and 
maintaining adequate riparian buffers.   


 Upslope alterations can be contributing factors to slope instability.  


 It is important to consider flow paths; for example, slope stability may be associated more 
with altered upland drainage patterns or precipitation patterns. Buffer width versus landform 
may be the most important factor. For example, steeper slopes, particularly those with 
underlying geologic instability, require wider buffers. 
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Table 6. Setback distances (in ft) from Griggs et al 1992 as cited in Macdonald and Witek (1994) for 
different bluff heights at various levels of stability where geologic stability for 50-years cannot be 
demonstrated. 


Bluff Height 
(ft) 


Stable 
(1:1)(450) 


Moderately 
Stable (2:1)(300) 


Unstable (1:1)(450)+ 
(2:1)(300) 


20 20 40 60 


40 40 80 120 


60 60 120 180 


80 80 160 240 


100 100 200 300 


120 120 240 360 


140 140 280 420 


160 160 320 480 


180 180 360 540 


200 200 400 600 
 


 


 
Figure 6. Construction setbacks for different bluff heights at various levels of stability, where geologic 
stability for 50-years cannot be demonstrated (after Griggs et al 1992 as cited in Macdonald and Witek 
1994). 
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c. Conclusion and Recommendations 


No riparian function curve was developed for this section, due to the high variability of site 
specific conditions that may be encountered and the lack of summary data that could be 
generally applied.  


To maximize the buffer’s effectiveness to maintain hydrologic functions and slope stability, the 
following actions are recommended:  


 Avoid development near naturally eroding bluffs. 


 Avoid engineering approaches that encroach on buffers to create more stable slope 
conditions. 


 Avoid impervious surfaces and compacted soils. 


 Maintain riparian vegetation especially on steep slopes to prevent excessive erosion and 
allow for evapotranspiration. 


 Avoid ‘loading’ of bluffs whereby excessive moisture (from irrigation, septic fields, 
impervious surfaces, and other sources of water) can exacerbate the instability and erosion 
potential of the site.  


 


7. Fish and Wildlife Habitat 


a. Technical overview, riparian influence on wildlife function   


Provision of wildlife habitat has been well documented for freshwater riparian systems (e.g., 
Knutson and Naef 1997; Cederholm et al 2000; NRC 2002, Buchanan et al. 2001). Riparian 
areas provide the resources and structure to meet important life history requirements such as 
feeding, roosting, breeding, refuge, migration corridors and clean water for a variety of wildlife 
species. Knutson and Naef (1997) report that riparian areas contribute to the high productivity 
and species diversity in aquatic and upland areas.  
 
The wildlife function of marine riparian areas is not well documented, although Buchanan et al. 
(2001) Brennan and Culverwell (2004) described a wide variety of fish and wildlife associations 
for marine riparian areas of Puget Sound. Wildlife species have adapted to the natural processes, 
structure, and functions of marine riparian areas and have also played an important role in 
shaping the structure and character of riparian areas. For example, many birds and mammals that 
breed and rear in upland areas forage in intertidal areas. Thus, these species provide marine 
derived nutrients to uplands in the form of feces and carcasses. These marine derived nutrients 
play an important role in forest ecosystem health (Cederholm et al 2000).  
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b. Key findings from buffer literature and science panel 


A number of studies have examined the role of riparian buffers in supporting wildlife. All studies 
reviewed for this document report that marine riparian areas function as important wildlife 
habitat. Appendix C, Table 7 provides a summary of wildlife buffer recommendations that were 
derived from seven review documents and other research.  
 
Our review suggests that buffer requirements for fish and wildlife depend on different species’ 
individual habitat requirements and may be influenced by season, upland habitat quality and 
connectivity with other habitat areas.   
 
The science panel generally agreed that marine riparian areas provide habitat for many wildlife 
species. Some participants pointed out that without buffers, numerous species would not utilize 
marine nearshore areas or cross onto beaches from upland areas. Perhaps more importantly, 
riparian buffers and other nearby relatively undisturbed areas provide habitat for riparian 
obligates (i.e., those that require habitat in close proximity to water bodies such as great blue 
heron). All panel members agreed that marine riparian areas provide a suite of important services 
for wildlife. Pertinent information from that discussion follows.    


Obligate/Optimal Use Species: The science panel was uncertain if obligate species in Puget 
Sound’s marine riparian areas had been identified (but see Buchanan et al. 2001). They 
suggested that most wildlife in marine riparian areas are probably generalists in their habitat 
use, and the marine riparian environment supports a number of important functions and 
processes that create and maintain wildlife habitat. Larger buffers would increase the number 
of wildlife species using the area and benefit animals with larger home ranges.  


Invasive species within riparian areas may reduce buffer effectiveness. Buffers can harbor 
nuisance wildlife species which is a cause for concern with respect to local wildlife and 
human populations. 


 


c. Conclusion and Recommendations 
The literature (see Appendix C) provides a range of buffer width recommendations, although few 
report 100 percent effectiveness.  Relative to the other riparian functions discussed in this 
guidance document, wildlife needs are widely variable.  
 
The ability to recommend a buffer width that would provide 100 percent effectiveness for 
wildlife is limited at this time because inventories of marine riparian wildlife species and their 
habitat requirements are lacking. Based on the literature surveyed for this guidance document, a 
buffer width greater than 200 meters (660 ft) will protect some wildlife habitat functions.  Buffer 
requirements for fish and wildlife depend on the species’ individual requirements and these may 
change or be influenced by season, upland habitat quality and connectivity with other habitat 
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areas. To maximize the buffer’s effectiveness to support wildlife, the following actions are 
recommended:  


 Ensure that wildlife habitat connectivity is maximized though maintenance of riparian 
corridors.   


 Ensure native vegetation diversity is maintained (both species composition and age 
structure) along buffers to offer maximum habitat opportunities to the broadest range of 
species.  


 Allow for natural disturbances such as floods, wind throw and landslides to provide snags, 
LWD and other complex habitat structural features in the buffer.  


 Understand which local species use marine riparian areas by consulting with WDFW 
Priority Habitat and Species lists or other sources so that buffers can be designed with those 
species’ habitat needs in mind. 


Section V.  Impacts to Marine Riparian Functions  


1. Introduction  


Riparian and aquatic ecosystems are currently being altered, impacted, or destroyed at a greater 
rate than at any time in history (Good et al. 1998). Although no comprehensive study has been 
conducted to document the rate and extent of marine riparian loss across the Puget Sound basin 
over time, three studies conducted between 1980 and 2006 provide some perspective on the 
region’s riparian losses. Bortelson et al. (1980 in Levings and Thom 1994) studied eleven major 
river deltas in Washington and documented a 76 percent loss in tidal marshes and riparian habitat 
during the preceding century. The major losses were within highly developed estuaries including 
the Puyallup and Duwamish River deltas (Bortelson et al. 1980 in Levings and Thom 1994). In 
1995, scientists with the Puget Sound Assessment and Monitoring Program (PSAMP) found that 
approximately 33 percent (or 800 miles) of Puget Sound shoreline had been physically altered by 
bulkheads, docks, or other structures. These structures typically impact riparian areas through 
vegetation removal, soil removal and compaction. MacLennan and Johannessen (2008) 
conducted geographically-focused research in the San Juan Islands and found an average 25% 
loss of marine riparian forest cover on San Juan, Orcas, Lopez and Stuart islands between 1977 
and 2006. 
 
Impacts to riparian function from activities associated with development, agriculture and forestry 
are well documented in the literature and are summarized in Appendix E, Tables 1-2. As 
described in Section IV, the level of disturbance to riparian soils and vegetation are key factors 
determining riparian function. A more detailed description of each of these activities and its 
impact on riparian function is included in the next three sections.  
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2. Development 


Modern development along marine shorelines usually involves the removal of native vegetation, 
topsoil and organic matter and the compaction of soils which result from clearing and grading, 
construction of buildings, pavement, and roads. Additional impacts include the introduction of 
nonnative plant species associated with landscaping. Loss of natural vegetation in riparian and 
stream habitats in developed areas is usually permanent, (Booth 1991 in Knutson and Naef 1997) 
and activities associated with development impact all riparian functions (See Appendix E, Tables 
1-2). Thus riparian areas are more highly altered in developed landscapes than in agricultural and 
forested landscapes on a per acre basis (Booth 1991 in Everest and Reeves 2006) although 
agriculture and forestry typically occur over a larger proportion of the landscape than develop 
areas do.  Below we provide a summary of literature addressing development activities and their 
impacts on riparian function.  


a. Water quality  


Development activities within riparian areas can affect water quality. Alteration within the 
riparian areas causes “changes in loading of nutrients, organic matter, and sediments (Valiela et 
al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et al. 2003); increased loading of 
contaminants and pathogens (Siewicki 1997; Inglis and Kross 2000; Mallin et al. 2000); and 
changes in water flow (Hopkinson and Vallino 1995; Jones et al. 2000)” (in Hale et al. 2004). 
The shoreline and upland development of residential, business, and industrial facilities and 
utilities can result in altered topography, removal of vegetation, soil compaction and grading, and 
rerouting of surface and groundwater flows (Knutson and Naef 1997; NRC 2002; Ekness and 
Randhir 2007; Schiff and Benoit 2007). In general, habitat alteration and development creates 
impervious surfaces, which prevents water from infiltrating into the ground and thus the ability 
of soil to intercept toxic substances; increases the volume of surface water; increases the 
magnitude of local flooding (Montgomery et al. 2000 in Johannessen and MacLennan 2007); and 
increases flooding potential (Glasoe and Christy 2005).  
 


b. Fine sediment control  


Development impacts to the fine sediment/erosion control function of riparian areas are well 
documented. Concentration/ channelization of surface runoff can lead to increased soil erosion 
along and downslope of the path of concentrated flow. Clearing of land for development 
produces the largest amount of sediment to aquatic resources (U.S. EPA 1993 in Stanley et al. 
2005), and developed areas can produce 50-100 times more sediment than agricultural areas 
(Jones and Gordon 2000 in Stanley et al. 2005) on a per acre basis. Direct alteration of soils and 
vegetation within riparian areas can change nutrient loading rates, amounts and types of organic 
matter, and sediment dynamics (Valiela et al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et 
al. 2003 in Hale et al. 2004). In sloped areas, these activities can also result in higher frequencies 
of slope failure, a relationship demonstrated through many field and laboratory studies (Gray and 
Sotir 1996; OSB 2007). Permanent loss of vegetative cover increases soil saturation and surface 
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water runoff, causing increased loading of fine sediments. While undisturbed mature native 
vegetation on slopes provides erosion control and slope stabilization benefits, disturbed or 
degraded sites can undergo continual erosion, which may hinder the development of effective 
vegetation cover. Competition by invasive, exotic plants, such as Himalayan blackberry, can also 
retard or preclude natural establishment of “effective” vegetation (Menashe 2001).  
 


c. Shade/microclimate 


The shade function of riparian areas is affected by many activities in the riparian area, 
particularly those occurring near the water’s edge. Vegetation removal can decrease shade 
(Macdonald et al. 1994; Thom et al. 1994; Macdonald 1995; Penttila 1996; Williams and Thom 
2001) and increase water and beach substrate temperatures (Beschta et al. 1987; Williams and 
Thom 2001; Bereitschaft 2007). Rice (2006) and Sobocinski et al. (2003) demonstrated that 
shoreline modifications (such as boat ramps, bulkheads, roads, and parking lots) that involve 
vegetation removal close to the water’s edge not only reduce shade but also lower species 
diversity and abundance. Maintaining native vegetation in the form of mature trees in riparian 
areas can provide more shade than low-lying shrubs and grasses. Decreased shade, via removal 
of trees can result in increased egg mortality of beach-spawning forage fishes (Pentilla 2001; 
Rice 2006) and reductions in diversity and abundance of invertebrate species, as well as loss of 
habitat structure that supports climate sensitive species (Sobocinski et al. 2003; Brennan and 
Culverwell 2004; Tonnes 2008).  
 


d. Large Woody Debris (LWD)  


The reduced supply of LWD to nearshore ecosystems from marine riparian areas is largely the 
result of historic activities; however, impacts from ongoing development activities also affect this 
riparian function. Activities linked to development that affect marine LWD provision include tree 
removal for development within riparian areas (including shoreline armoring); wood removal 
(e.g., for fire fuel, landscaping, artwork, furniture); controlled and uncontrolled beach fires; 
salvage logging; drift log removal from open water; and vegetation removal.  
 
Shoreline armoring can reduce or eliminate the upper intertidal and supratidal zones.  This is turn 
may mobilize LWD and prevent it from settling on the shore. Low levels of LWD have been 
found on armored beaches compared to unaltered beaches (Sobocinski et al. 2003; Higgins et al. 
2005; Dugan and Hubbard 2006; Defeo et al. 2009). Changes in wood abundance and elevated 
beach temperatures have been documented in several studies around Puget Sound (Higgins et al. 
2005; Rice 2006; Tonnes 2008).  


e. Litter fall/organic matter inputs 


Alteration of riparian habitats can cause changes in nutrient loading, organic matter, and 
sediments (Valiela et al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et al. 2003 in Hale et 
al. 2004). In freshwater systems, dams and other water control structures have caused changes in 
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nutrient cycling (Knutson and Naef 1997) through vegetation removal and soil compaction. 
Studies in marine systems show lower levels of terrestrially derived organic litter on armored 
versus unarmored beaches (Sobocinski et al. 2003; Higgins et al 2005; Dugan and Hubbard 
2006; Defeo et al. 2009).  
 


f. Wildlife 


Shoreline modifications can have direct and indirect impacts on wildlife including interfering 
with species behavior, lowering survival, and decreasing habitat quality and quantity.  
 
Habitat Loss/Quality 
Shoreline modifications result in habitat loss, reduction, and or alteration (Paulson 1992; Levings 
and Thom 1994; Williams and Thom 2001; Toft et al. 2004), lower bird biodiversity (Donnelley 
and Marzluff 2004), altered food webs and benthic community composition (Dauer et al. 2000; 
Lerberg et al. 2000 in Hale et al. 2004), creation of passage barriers for salmon and other aquatic 
species (Williams and Thom 2001), and fragmented habitat (Williams and Thom 2001). The 
installation of shoreline armoring structures reduces beach width (decreases habitat), and can 
impede wildlife migration through shoreline corridors (NRC 2002). A reduction in habitat can 
lower diversity and abundance of wildlife, especially in upper intertidal areas. This can in turn 
cause change  trophic relationships  (Sobocinski et al. 2003; Defeo et al. 2009); for example, 
changes in the nearshore habitat can reduce potential spawning grounds for surf smelt and sand 
lance, which are a main component of the Pacific salmon diet (Johannessen and MacLennan 
2007), and a primary food source for marine bird and marine mammals.  
 


e. Hydrology/Slope Stability 


Impacts to the hydrology/slope stability function of marine riparian areas have been widely 
documented in Puget Sound. Urbanization often causes compaction or removal of top soil, 
reducing infiltration and soil storage and increasing runoff.  Erosion may increase downslope of 
concentrated flow outlet (e.g., pipe outfalls, impervious surface runoff) and may increase slope  
failure when this flow discharges to the top of the slope. Vegetation is a critical component in 
maintaining stable slopes (Morgan and Rickson 1995 in Parker and Hamilton 1999; Menashe 
1993), and trees above the top of the slope contribute significantly to the geotectonic stability of 
the slope below (Parker and Hamilton 1999). Tree roots often anchor thin layers of soil to the 
bedrock or provide lateral stability through intertwined roots (Sidle et al. 1985 and Chatwin et al. 
1994 in Stanley et al. 2005). In addition, changes to hydrology from the installation of onshore 
and offshore modifications affects sediment conditions. 
 


3. Agriculture  


Agriculture practices like other land use activities can result in the removal of riparian 
vegetation, addition of pesticides, soil disturbance and thus altered riparian functions. Many 
riparian areas became disconnected from the aquatic environment when tidelands and 
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wetlands/salt marshes were diked and filled to create farmland. In addition, agricultural sources 
of bacterial contamination, fertilizers and pesticides can threaten local water quality.  


a. Water Quality 


Water quality problems associated with agricultural activities include fecal coliform pollution, 
higher water temperatures, and nutrient and pesticide loading from surface and groundwater 
flows (Hashim and Bresler 2005). In some cases, excessive fertilizer use has led to increased 
nutrient levels in aquatic environments, causing algal blooms and eutrophication (Caffrey et al. 
2007). Studies in the Puget Sound region show that agricultural activities can increase 
phosphorus levels in soils and surface runoff (Carpenter et al. 1998 in Stanley et al. 2005) and 
contribute 40 times the amount of nitrogen than forested areas and twice the nitrogen levels of 
developed areas (Ebbert et al. 2000 in Stanley et al. 2005). Agricultural activities that occur 
within, or drain to, riparian areas can negatively impact riparian soils and sediments by causing 
soil loss and erosion (Hashim and Bresler 2005), reductions in native vegetation (Spence et al. 
1996), and altered flow paths leading to increased sediment, nutrient, pathogen, and pesticide 
loading (Sedell and Froggatt 1984). In addition, studies have shown that the conversion of 
riparian areas to cropland has decreased the infiltration potential of riparian soils (NRC 2002).  
 


b. Fine sediment control 


Agricultural activities can negatively affect the soil and sediment stability of marine riparian 
areas. Agricultural activities along Puget Sound shorelines typically result in a loss of native 
vegetation close to the water’s edge because the land is valued for crop production. This loss of 
vegetative cover and root structure can increase erosion rates into receiving waters (Seddell and 
Froggatt 1984).  
 


c. Shade/Microclimate  


Removal of trees within marine riparian areas reduces the amount of shade available (Hashim 
and Bresler 2005). Shade and temperature influence photosynthesis rates of plants and metabolic 
rates of animals. Fluctuations in temperature can alter fish community structure and composition 
(Baltz et al. 1987; Dambacher 1991; Hillman 1991; Reeves et al. 1987). High water temperatures 
can cause behavioral changes in fish by affecting migration timing and patterns (Spence et al. 
1996).  
 


d. Large Woody Debris   


Agricultural activities within riparian areas have resulted in a loss of native vegetation and large 
woody debris, bank instability, and loss of flood-plain function (Spence et al. 1996).  
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e. Litter fall/organic matter inputs 


Agricultural practices have impaired nutrient regulation in riparian areas. For example, the 
conversion of riparian areas to cropland has decreased the infiltration potential of riparian soils 
(NRC 2002), and agricultural activities often require vegetation removal (Everest and Reeves 
2006). Excessive fertilizer use has led to increased nutrient levels in aquatic environments, 
causing algal blooms and eutrophication (Caffrey et al. 2007).  
 


f. Hydrology/slope stability  


Land clearing, tillage, wetland drainage, irrigation and grazing can lead to increased surface 
runoff and greater sediment delivery. Changes in hydrology as a result of agricultural activities 
can result in altered flow regimes, increased sedimentation, and modified and consolidated 
stream channels (Sedell and Froggatt 1984), as well as bank instability (Spence et al. 1996).  
 
Permanent loss of vegetation cover, or replacement by monocrops or other non-native vegetation 
increases soil saturation and surface water runoff. While undisturbed mature native vegetation on 
slopes provides erosion control and slope stabilization benefits, disturbed sites (such as tilled or 
over-grazed land) can undergo continual erosion, and may not establish an effective cover. 
Competition by invasive, exotic plants such as Himalayan blackberry can also retard or preclude 
natural establishment of effective riparian vegetation (Menashe 2001).  
 


g. Wildlife 


Agricultural activities within riparian zones have simplified aquatic and riparian habitats (Spence 
et al. 1996) and may result in lower biodiversity within these areas.  
Grazing practices in riparian areas can damage aquatic habitat through shoreline erosion, 
disturbance (when large animals disrupt stream channels and pools), and deposition of excess 
nutrients and fecal coliform.  


4. Forest Practices 


Coniferous forests are the dominant forest type throughout the Puget Sound basin, with the 
exception of areas with relatively frequent natural disturbance (e.g., landslides, wind stress), or 
soils that would not support conifers (e.g., rocky headlands, shallow soils). The age structure, 
density, diversity, and connectivity of existing riparian forests are important characteristics that 
determine the types and level of functions provided.   
 


a. Water Quality  


Industrial forest practices, including the use of fertilizers and pesticides, timber harvesting, and 
road construction and maintenance, can degrade water quality and cause changes in hydrology 
and riparian vegetation (Jones et al. 2000). Forestry activities within riparian areas negatively 
affect that area’s ability to perform its water quality functions in much the same way that 
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agricultural practices do. Specifically, the removal of riparian vegetation may limit the ability of 
riparian areas to decrease flows and filter, break down, and slow the flow of pollutants. 
Pesticides can be transported to riparian areas via surface and groundwater flows.   
 


b. Shade/Microclimate  


The removal of canopy through logging and thinning practices opens the understory and ground 
to increased light and air flow. The resulting microclimate changes can change the character of 
the plant species, expose soils and beach sediment to desiccation, and/or alter the temperature of 
water bodies below through the removal of shade-inducing foliage. Timber harvesting within 
riparian areas reduces shade and can increase water temperatures (Hashim and Bresler 2005). 
 


c. Large Woody Debris   


Large old-growth trees within marine riparian areas were historically among the first harvested 
in the region because of their close proximity to water and low transport costs (Prasse 2006; 
Brennan 2007; Chiang and Reese undated). Along Puget Sound shorelines and rivers, the 
number, size and species composition of trees has changed dramatically since the mid 1800s due 
to tree harvest, levee construction, development and invasive species colonization (Spence et al. 
1996; Collins et al. 2002; Brennan 2007). As a result, the composition and volume of LWD on 
beaches has changed, with larger, mature logs occurring with less frequency. In a survey of 3.9 
kilometers of beaches in north Puget Sound, fewer than 5 percent of large logs documented were 
considered ‘new’ recruits to the beach. The remaining 95 percent were severely weathered, and 
carbon dating revealed that many were delivered to the aquatic environment between 1700 and 
1920 (Tonnes 2008).  
 
The amount of new wood, especially large logs, delivered to beaches appears to be declining 
(Gonor et al. 1988; Maser and Sedell 1994; MacLennan 2005; Tonnes 2008), Old growth logs 
are decomposing and gradually disappearing from beaches.  In addition, much of the wood 
currently being recruited to beaches consists of end-cut logs, which are more mobile (due to their 
smaller size and lack of a root wad and branches) and therefore provide somewhat different 
functions over shorter temporal and spatial scales (Tonnes 2008).  
 


e. Fine sediment control 


Road construction in forested areas increases sedimentation and reduces bank stability (Everest 
and Reeves 2006). Construction and maintenance activities can increase fine sediment loads and 
mass wasting processes (e.g., debris avalanches, debris flow, and debris torrents), which in turn 
can cause erosion and changes in stream channel (or beach) morphology (Hashim and Bresler 
2005; Everest and Reeves 2006). Logging and burning can destabilize soils, increase the 
frequency and magnitude of erosion, and cause sedimentation (Knutson and Naef 1997). 
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f. Wildlife 


Forest composition, structure and age class strongly influence type of wildlife habitat available 
and the diversity of wildlife that utilize the habitat. Old-growth rain forests of the Olympic 
Peninsula are among the most productive ecosystems in the world (Franklin and Dryness 1973), 
while younger second and third-growth forests provide fewer habitats and harbor a fewer  
numbers of species (Ruggiero et al 1991). Removal of forest cover and associated structure (such 
as snags and downed logs) can lower the habitat quality in riparian areas, reduce the input of 
nutrients into waterways (an essential food source for aquatic invertebrates) and eliminate 
important wildlife migration corridors.   
 
Forestry practices can cause changes in the abundance and diversity of wildlife in riparian areas. 
This occurs through the loss of LWD, canopy and shrub cover, interior forest habitat within and 
adjacent to the riparian zone, sedimentation of the aquatic habitat, and habitat fragmentation 
(Knutson and Naef 1997).  
 


g. Hydrology/Slope stability 


Intact coniferous forests provide a perennial canopy and extensive root structure, which 
intercepts substantial amounts of precipitation, moderates surface and subsurface flows, and 
reduces erosion potential. Removal of forest cover and structure changes the character of the 
surface flow, particularly on steeper slopes where surface run-off accelerates and erosion and 
flash-flooding of small streams can occur.  
 


5. Other Impacts of Concern 


Development, agriculture and forest practices are only three of numerous potential impacts to 
riparian ecosystems. Additional impacts that were outside the scope of this guidance document 
include:     


 Atmospheric deposition of pollutants.  


 Harmful Algal Blooms (HABs) and other marine-borne pathogens and diseases. 


 Non-native/nuisance Species. 


 Recreation (harvest/collection of organism, trampling, wildlife disturbance). 


 Climate change (changes in air/ocean temperature, sea level rise, changes in hydrology. 
and erosion from increased wave action, shoreline retreat, inundation, flooding). 


 Oil and fuel spills from commercial shipping and tanker traffic. 
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Section VI. General Conclusions and Management 
Recommendations for Protecting Marine Riparian Function 
This section is divided into three categories: (1) general conclusions adapted solely from the NRC 
(2002); (2) overarching recommendation; s; and (3) impact-specific recommendations adapted from the 
literature review with input by the science panel as described above. These recommendations are 
intended to offer guidelines and approaches for protecting marine riparian functions addressed in this 
guidance document.   


1. General Conclusions Adapted Solely from the NRC (2002) 


 Riparian areas perform important hydrologic, geomorphic, and biological functions. These areas 
encompass complex above- and below-ground habitats created by the convergence of 
biophysical processes in the transition zone between aquatic and terrestrial ecosystems. 


 Riparian areas cannot be thought of in isolation from associated water bodies.  The characteristic 
geomorphology, plant communities, and associated aquatic and wildlife species of riparian and 
marine systems are intrinsically linked. 


 Natural riparian systems have adapted to specific disturbance regimes.  Managing riparian areas 
without regard to their dynamic patterns and influences of adjacent water bodies ignores a 
fundamental aspect of how these systems function. 


 Riparian areas, in proportion to their area within a watershed, perform more biologically 
productive functions than do uplands.  Riparian areas provide a wide range of functions, such as 
microclimate modification and shade, bank stabilization and modification of sediment processes, 
contributions of organic matter and large wood to aquatic systems, nutrient retention and cycling, 
wildlife habitat, and general food web support for a wide range of aquatic and terrestrial 
organisms. 


 Riparian areas are effective in filtering and transforming materials (such as dissolved and 
particulate nonpoint source pollutants) from hill slope runoff. 


 Because riparian areas are located at the convergence of terrestrial and aquatic ecosystems, they 
are regional hot spots of biodiversity and often exhibit high rates of biological productivity in 
marked contrast to the larger landscape. 


 During the last decade, a patchwork of federal, state, and local laws and programs has come to 
acknowledge the importance of riparian areas and to require or encourage special management to 
restore or protect their essential functions, although the degree of protection, the focus, and the 
spatial coverage of these laws and programs are highly variable among federal, state, and local 
levels.  


2. Overarching Recommendations  


This section contains general management recommendations that broadly address riparian areas.  


 Protect marine riparian soils and vegetation – prevent damage to native riparian soils and 
vegetation, including clearing and grading, compaction, covering (paving) and removal.  


 Restore damaged marine riparian habitat – restore vegetation, soil characteristics.  
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 Account for scale issues (temporal and spatial) when evaluating riparian condition, current 
functions and potential for future functions, and cumulative effects of alterations. The dynamic 
nature and connectivity of riparian areas and linkages between riparian and aquatic systems 
operate at multiple scales.  


 Exclude all major sources of contamination from the riparian buffer, including construction, 
impervious surfaces, mining, septic system drain fields, agricultural activity, clear cutting and 
application of pesticides and herbicides.  


 Manage riparian areas for the long-term. For many sites, substantial time, on the order of years to 
decades, will be required for vegetation to become fully functional (NRC 2002). 


 Require additional structural setbacks (10-30 ft) landward of buffers will allow routine 
maintenance of structures without compromising buffer function integrity.   


 


3. Recommendations to Avoid or Minimize Specific Impacts  


The following recommendations are directed at protecting riparian functions from activities associated 
with development:  


 Avoid vegetation removal on shorelines and bluffs.  If vegetation must be removed, minimize the 
area and amount removed and locate the disturbed area as far from the water as possible.  
Minimize ground disturbance, removal of mature trees, and introduction of nonnative vegetation, 
especially invasive species such as English Ivy.     


 Avoid locating impervious surfaces in riparian buffers. If impervious surfaces must be located in 
riparian areas, minimize footprint, and mitigate impacts through techniques including pervious 
surfaces such as pervious pavers and concrete; bioretention facilities such as rain gardens; green 
roofs, cisterns, etc. Promote infiltration and implement approved methods/designs for controlling 
rates of surface runoff and pollutant loading. Caution should be taken when designing and 
installing bioretention and other facilities that infiltrate water along slopes and bluffs so as to not 
increase the likelihood of mass failures or erosion.    


 Avoid shoreline modification; maintain existing native vegetation, particularly at and near the 
land-water interface. If shoreline alterations must occur they should be done in a way that 
minimizes potential negative impacts to natural functions and should use the least intrusive 
methods including bioengineering or relocating structures where feasible and practicable. All 
adverse impacts should receive full compensatory mitigation to ensure no net loss of ecological 
functions. 


 Remove invasive plant species from marine riparian areas; Purple Loosestrife, Himalayan 
blackberry, English Ivy and other invasive plants compete with native species, particularly in 
disturbed sites along marine bluffs and shorelines. 


 Restore and replant marine riparian areas with native vegetation to improve the connectivity of 
upland and marine riparian habitat, and to restore functions that benefit the nearshore and beach 
ecosystems. Ensure that replanted marine riparian areas are properly maintained to improve plant 
survival. 
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 Avoid building in the riparian buffers.  If building must occur, then minimize footprint, site 
disturbance and locate structures far enough back from the water’s edge to ensure maintenance 
of functional riparian areas. 


 Avoid locating septic and waste water systems in the riparian area.  If they must be located in the 
riparian area, then they should be designed, maintained, and operated in such a way that that 
human waste and nutrients are prevented from leaching into local water bodies.   


 Avoid disturbance to native vegetation in the riparian area, especially near the water’s edge, with 
the goal of maintaining vegetation communities that are resilient to disturbance from surrounding 
land uses and able to regenerate with minimal human intervention; and to help ensure that 
nutrients, pathogens, toxics, and fine sediments associated with land-use practices are prevented 
from entering water bodies. 


 Avoid land use practices in riparian areas that involve the use or generation of nutrients, 
pathogens, and toxics. Avoid salvage or removal of downed trees, LWD or snags in riparian 
areas and on beaches. Maintain complex, multi-aged riparian forest cover and wide buffers to 
allow natural recruitment of LWD over long time frames. 
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APPENDIX A. Researchers who conducted technical and scientific  


literature review on riparian buffers and functions 


 


 
Section Name Affiliation 


Slope stability/erosion control 
Hydrology 


Jessi Kershner UW School of Marine Affairs 


Water quality 
Litter fall/organic matter 
inputs 


Rachel M. Gregg UW; Washington Sea Grant 


Large Woody Debris Dan Tonnes UW School of Marine Affairs, NOAA-
NMFS 


All Functions Jim Brennan UW; Washington Sea Grant 
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APPENDIX B. Brief descriptions of seven buffer review documents 


 
FEMAT 1993 
The Forest Ecosystem Management Assessment Team (FEMAT) was formed in 1993 with a directive to 
assess management options for managing federal lands within the range of the Northern Spotted Owl along 
the west coast of the United States. The forest plan presents buffer effectiveness curves that were created to 
represent the relationship between buffer width and ecosystem function. 
 
Castelle et al. 1992 
This report focuses on the role of wetland buffers and their effectiveness in protecting ecosystem functions, 
and was developed for Washington State agencies to consult when creating policies for wetland protection. 
The report contains a literature review, an agency survey of buffer requirements of areas throughout the 
United States, and a field study of buffers in King and Snohomish counties. 
 
Knutson and Naef 1997 
This review of fish and wildlife habitat requirements was written for the Washington Department of Fish and 
Wildlife. The authors review freshwater riparian habitat functions (e.g., vegetation, litter fall, large woody 
debris, water quality) and assess the vulnerabilities of riparian habitats to human activities. The report 
provides recommendations using riparian habitat area (RHA) widths. 
 
May 2000 
This report covers buffers as means of protection for riparian habitat functions for stream systems in Kitsap 
County. The author summarizes buffer-related research and pays special attention to the preservation of 
salmonid habitat, including riparian wetlands, and instream spawning and rearing areas. 
 
Desbonnet et al. 1994, 1995 
Both papers focus on the role of vegetated buffers in coastal areas and provide recommendations. These 
papers review the benefits of vegetated buffers, their effectiveness in protecting ecosystem functions, and the 
variables that affect buffer effectiveness, including possible impacts from human activities and land use.  
 
Wenger 1999 
The authors reviewed about 140 articles and books for guidelines on riparian buffers with regards to their 
width, extent, and composition. This review was created to provide guidelines for local officials and natural 
resource managers in Georgia.
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APPENDIX C. Literature cited for seven buffer functions 
 
Study  Year  Study type  Review or original 


research 
Pollutant of 


focus 
Buffer 


Composition 
Buffer range  Minimum Width 


Recommendation1 
Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, 
Inc.  


2007  Wetlands 
and streams 
 


Review of science and 
regulatory approaches 
to buffers 
 


Phosphorus  Not specified  Not specified  30 m (100 ft) for steep 
slope, 50 ft for shallow 
slope  


Base minimum recommendations on 
CWP/EPA 2005. 
 
Buffer composition not specified, but 
recommends grass and trees (best for 
sediment‐ bound nutrients, pesticides, 
and pathogens).  


Nitrogen  30 m (100 ft) 


Biocontaminants, 
pesticides 


15 m (50 ft) 


Goates  2006  Freshwater 
streams 


Review of adequacy of 
standard 30m buffers in 
protecting wildlife 


Not specified  Not specified  15‐40 m (49 – 131 ft) (Phillips 
1989) 


Not specified   


Soluble nitrogen  Forest  30m (98 ft) to remove 97‐
100% (Doyle et al. 1975; Pinay 
and Decamps 1988) 


Nitrogen and 
phosphorous 


Not specified  36 m (118 ft) to reduce 
nutrients (Young et al. 1980) 


Mayer et al.   2006  Freshwater 
and 
wetlands 


Summary of 14 regional 
reviews of riparian 
buffer literature 


Nitrogen 
 


Grass  4.6 – 27m (15 – 89 ft)– surface 
flow, ‐27‐76% effective 
10 – 100 m (33 – 328 ft) 
subsurface flow, 60‐100% 
effective 


>30 m (>98 ft) for 
effective reduction 


Soil type, hydrology (flow paths), and 
subsurface biogeochemistry (e.g., organic 
carbon supply, high nitrate inputs) 
influence nitrogen removal in subsurface 
flows. 
 
Surface flows primarily remove nitrogen 
effectively when buffers are wide enough 
and sufficiently vegetated to control 
erosion and filter particulate nitrogen 
forms. Vegetation type (e.g. grass, trees, 
etc.) influences interception potential; for 
example, grass buffers are better at 
trapping sediment, filtering sediment‐
borne nutrients, and reducing sheet flow. 


Grass forest  7.5 – 15 m (25 – 49 ft) – 
surface flow, 28‐41% effective 
6 – 70 m (20 – 230 ft) – 
subsurface flow, 91‐99%  


Forest  30 – 70 m (98 – 230 ft) – 
surface flow, 78‐79% 
10 – 220 m (33 – 722 ft) 
subsurface flow, 58‐100% 


Forest wetland  5.8 – 38 m (19 – 125 ft) – 
subsurface flow, 59‐100% 


Wetland  20 m (66 ft) – surface flow, 12‐
74% 
1 – 200 m (3.28 – 656 ft) – 
subsurface flow, 52‐100% 


Hawes and 
Smith  


2005  Freshwater 
streams 


  Nitrogen and 
phosphorus 
 
Pesticides 


  4.9 – 50 m (16‐164 ft)  
 
 
15 – 100 m (49‐328 ft) 


5‐30 m (16 – 98 ft) of 
dense grassy or 
herbaceous buffers on 
gradual slopes 


Wider buffers will be able to provide 
longer‐term storage. Nitrogen is more 
effectively removed than phosphorous.  
Greater widths necessary for steeper 
slopes 
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Parkyn  2004  Freshwater 
and 
wetlands 


Summary review of 
published research on 
efficiency and 
management of 
riparian buffer zones 


Solids, 
phosphorus, and 
nitrogen 


Vegetated filter 
strips, usually 
consisting of 
rank paddock 
grasses 


4.6 ‐ 9.1 m (15 – 30 ft) for 
removal of 74‐84% of solids, 
61‐79% of phosphorus, 54‐
73% of nitrogen (Dillaha et al. 
1989) 


Not specified   
 
 


May  
 


2003  PNW 
streams 


Review and summary of 
stream buffer literature 
and evaluation of Puget 
Sound lowland streams. 


Sediment and 
erosion control 


Not specified  8 – 183 m (26 – 600 ft)  
 


Not specified   


Pollutant 
removal 


4 – 262 m (13 – 860 ft) 
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Summary of water quality buffer recommendations from selected review documents. 
Study  Year  Study type  Review or original 


research 
Pollutant of 


focus 
Buffer 


Composition 
Buffer range  Minimum Width 


Recommendation1 
Key findings and comments 


Schoonover 
and Williard  


2003  Stream 
buffer 


Original  Nitrate  Not specified  0 – 10 m (0 – 33 ft) 
(at 3.3 m (11 ft), 61‐90% 
nitrate reduction) 


Not specified  Limited samples in original research along 
cane and forested buffers. 
 
In 10 m(33 ft) cane buffer, about 40% of 
observed 99% nitrate reduction may be 
related to dilution by upwelling groundwater. 
Denitrification and plant assimilation – most 
likely reasons for reduction. 
Results varied based on Nitrate‐N input 
(mg/L) and water table depth. 


Review of 
groundwater 
nitrate removal by 
forest riparian 
buffer zones 


Nitrate  Deciduous 
forest 


19 m – 55 m (62 – 181 ft) 
for 90 – 94% removal 


Forest  16 m – 90 m (53 – 296 ft)  
for >90% removal  


Pine forest  5 m (16 ft) 
for 98% removal  


Alder forest 
 


50 m (164 ft)  
for 98% removal  


Pine/deciduous 
forest 


8 m – 15 m (26 – 49 ft) 
for 21‐93% removal  


GEI 
Consultants 
Inc.   
 


2002  Freshwater 
 


Review of riparian 
buffers on WA 
agricultural lands  


Fecal coliform  Not specified  Not specified  3.8 m (12.5 ft) (Doyle et al. 
1975 and Oskendahl 1997)  


 


Borin and 
Bigon  


2002  Stream 
buffers 


Original  Nitrate  Grass and trees  6 m (1.8 ft) 
for 47‐74% reduction 


6 m (1.8 ft)  Subsurface flow 
5m grass strip and 1m wide row of trees 


Kuusemets et 
al.  
 


2001  Stream 
buffers 


Original  Nitrate  Meadow/Alder 
forest 


31 – 51 m (102 – 167 ft)  31 m (102 ft) for 40% removal 
51 m (167 ft) for 85% removal 


 


Phosphorus  31 m (102 ft) for 78% removal 
51 m (167 ft) for 84% removal 


Christensen   2000  Freshwater 
streams and 
rivers 


Literature review of 
studies on 
freshwater buffers 


Nitrogen  Vegetated  7‐60 m (23 – 197 ft) range 
for removal 


30 m (100 ft) most 
recommended minimum 
width to reduce inputs 


Wide range of effectiveness due to slope, 
vegetation composition, and time of year 
 Phosphorus  5‐50 m (16 – 164 ft) range 


for removal/reduction 
USDA  
 


2000    Review of studies 
evaluating buffer 
effectiveness for 
pesticides 


Not specified  Not specified  4.6 – 9 m (15‐30 ft), up to 
50 m (164 ft) for 
multipurpose buffers 
4.8 – 18 m (16‐59 ft) to 
filter chemicals   
5‐262 m (16 – 860 ft) 
(soluble) 


Not specified   


Wenger   1999  Stream 
buffers 


Review and 
summary of the 
primary buffer 
literature and 
evaluation of 
several models for 
evaluating riparian 
function 


Sediment  Not specified  15 – 30 m (49 – 98 ft)  3 options: 
30.5 m (100 ft) + 0.61 m (2 
ft) per 1% slope 
15.2 m (50 ft) + per 1% slope 
30.5 m (100 ft) fixed buffer 
width (recommended for 
governments that find it 
difficult to implement variable 
width buffers) 


Slopes > 25% does not count toward buffer 
width. 
Long‐term studies suggest the need for wider 
buffers. 
All major sources of contamination should be 
excluded from the buffer, including 
construction, impervious surfaces, mining 
activities, septic tank drain fields, agricultural 
fields, waste disposal, livestock, clear cutting, 
application of pesticides and herbicides. 
Buffer effectiveness declines over time, 
primarily due to loading. 
Must control sources of contaminants. 


Nitrate  15 – 30 m (49 – 98 ft) 


Phosphorus  15 – 30 m (49 – 98 ft) 


Other 
contaminants 


9+ – 15+ m  
    (30+ – 49+ ft) 
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Knutson and 
Naef  
 


1997  Freshwater 
systems 


Review and 
summary of 
riparian and buffer 
literature 


Sediment 
filtration 


Not specified  8 – 91m (26 – 300 ft)    42m (138 ft) for sediment 
filtration 


 


Other pollutant 
removal 


4 – 184m (13 – 600 ft)    24 m (78 ft) for pollutant 
removal 


Desbonnet et 
al.  


1994, 
1995 


Coastal 
vegetated 
buffers 


Review and 
summary of 
functions and buffer 
studies conducted 
at different 
locations and under 
different conditions 


Sediment 
TSS 
Nitrogen 
Phosphorus 


Not specified  25 – 700m (82 – 2300 ft) 
for all contaminants 


60 m (197 ft) buffer width for 
80% contaminant removal 
(ultimately recommend 
variable widths to 
accommodate small coastal 
lots) 


Authors provide gradient of effective 
sediment and pollutant removal by m/ft and 
percentage: 


5 m (16 ft) 50% or >  
10 – 15 m (32‐49 ft) 60% or >  
20 – 30 m (66‐98 ft) >70%  
50m (164 ft) 75% or >  
75 – 100 m (246‐328 ft) 80% or > 200 m 


(656 ft) 90% or >  
600 m (1968 ft) 99% or >  


FEMAT   1993  Streams 
and rivers 


Based 
recommendation 
primarily on 
literature review by 
Castelle et al (1992) 


  Not specified  3.7 – 262m (12 – 860 ft)   61 m (200 ft) (logging 
operations) 
 
91 m (300 ft) slope distance 
for fish bearing streams  


Widths vary as a function of geomorphic 
characteristics such as slope and soil type and 
by vegetative structure and cover 


Castelle et al.  
 


1992  Wetland 
buffers 


Review and 
summary of 
literature, agency 
survey, and a field 
study on wetland 
buffer use and 
effectiveness 


  Not specified  3.7 – 262m (12 – 860 ft)  
 
19 – 88m (62 – 288 ft) to 
achieve 50‐92% pollutant 
removal effectiveness 


30.5 m (100 ft) or greater  Buffer effectiveness increases with buffer 
width. 
Slope and vegetation cover are most 
important factors for reducing water quality 
impacts (<15% slope and dense vegetative 
cover are most effective). 
Buffers less than 15m (50 ft) are generally 
ineffective in protecting wetlands. 


1Unlike some other authors, Knutson and Naef (1997) does not offer minimum buffer width recommendations based on individual functions, but instead recommend Riparian Habitat Area (RHA) widths based on stream type. 
Authors note that WDFW does not identify minimum (RHA) widths because minimal conditions do not offer adequate habitat to support healthy fish and wildlife in the long run. 
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Summary of fine sediment control buffer recommendations from selected review documents. 
Study  Year  Study type  Review or 


original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, Inc.  


2007  Wetlands 
and streams 
 


Review of 
science and 
regulatory 
approaches to 
buffers 


Not specified    3 m (100 ft) for 
steep slope (5‐15%) 
15 m (50 ft) for 
shallow slope (<5%) 


Base recommendations on CWP/EPA 2005 


Hawes and 
Smith 


2005  Freshwater 
streams 


  Not specified  10 – 45 m (33‐
148 ft) (Army 
Corps   
       1991) 
9 – 61 m (30‐200 
ft) (Fisher and  
       Fischenich 
2000) 
15 – 65 m (49‐
213 ft)     
(Broadmeadow 
and Nisbet 2004) 


  Depends on soil type, slope, land use, rainfall, the rate at which water can be 
absorbed into the soil, type of vegetation in the buffer, the amount of 
impervious surfaces, and other characteristics specific to the site.  
Mixed buffers of trees, shrubs, and grasses are more effective than single 
buffer vegetation type. 


May  2003  PNW streams  Review and 
summary of 
stream buffer 
literature and 
evaluation of 
Puget Sound 
lowland streams 


Not specified  8 – 183 m (26 – 
600 ft) for 
sediment 
removal/erosion 
control 
 


30m (98 ft)   


Pentec 
Environmental 


2001  Freshwater 
in City of 
Everett 


Review  Not specified  15 – 91 m (50‐
300 ft) 


15 m (50 ft) for 60% 
removal 
30 m (98 ft) for 70% 
removal 
91 m (300 ft) for 
80%+ removal 


 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of 
buffer 
recommendation
s for fish habitat 
 


Not specified  9‐90 m (30 – 295 
ft) 


30‐90 m (98 – 295 
ft) 


Ability of buffers to remove sediment varies depending on vegetation type 
and density, type of soil, slope and placement of the filter.  
Grass more effective at removing coarse sediments.  
Non‐linear relationship between buffer width and % sediment removal.  


USDA   2000    Review of studies 
evaluating 
effectiveness of 
buffers to trap 
pesticides 
entering water 


Not specified  4.6 – 15 m (15‐
50 ft) 


4.6 – 9 m (15‐30 ft) 
cited as adequate, 
but for 
sedimentation and 
erosion, wider 
buffers are 
recommended 
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Study  Year  Study type  Review or 
original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature 
review of 
studies on 
freshwater 
buffers 


Not specified  3 – 122 m (10‐
400 ft)  


31 m (100 ft)   


Wenger  1999  Stream 
buffers 


Review and 
summary of the 
primary buffer 
literature and 
evaluation of 
several models 
for evaluating 
riparian function 


Not specified  18‐30 m (49‐98 
ft) 


15 – 30m (49 – 98 ft)  Ability to trap suspended solids is negatively correlated with slope. 
Significant evidence from long‐term analysis that wider buffers are 
necessary to maintain sediment control.  
Buffers are less effective in stopping sediment transported by concentrated 
or channelized flow. 


Knutson and 
Naef 


1997  Freshwater 
systems 


Review and 
summary of 
riparian and 
buffer literature 
 


Not specified  8 – 91m (26 – 
300 ft) for 
sediment 
filtration 
31 – 38 m (100‐
125 ft) erosion 
control 


42 m (138 ft) 
 
 


 


Desbonnet et 
al. 


1994, 
1995  


Coastal 
vegetated 
buffers 


Review and 
summary of 
riparian 
functions and 
buffer studies 
conducted at 
different 
locations and 
under different 
conditions 
(composite of 
data). 
 


Not specified  0.6 – 304 m (1.98 
– 997 ft) for 4 – 
99% removal of 
TSS and 
sediment 


25m (82 ft) for 80% 
removal efficiency 


For TSS removal, an approximate increase in buffer width by a factor of 3.0 
provides a 10% increase in removal efficiency; buffer width must increase by 
a factor of 3.5 to achieve a 10% increase in sediment removal. 
TSS and sediment removal values high in forested buffers. 
Application of vegetated buffers for residential and other developing lands 
has not been adequately addressed in existing implementation efforts. 
Much of the coast is developed (or developing) to the water’s edge, providing 
little means for long‐term protection of coastal water quality, shoreline and 
aquatic habitat, and visual appeal. 
Mechanisms that apply to inland riparian buffers should similarly apply to 
coastal buffers. 


FEMAT  1993  Streams and 
rivers 


  Not specified  3.7 – 262 m (12 – 
860 ft) 


None offered specific 
to sediment 
removal/ water 
quality, other than 
the following: 
61 m (200 ft.) (one 
site potential tree 
height to control 
sediment from  
logging operations) 
two site potential 
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Study  Year  Study type  Review or 
original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


trees, or 91 m (300 
ft) slope distance for 
fish bearing streams 
(for maintaining 
general riparian 
functions) 


Castelle et al.  1992  Wetland 
buffers 
 


Review and 
summary of 
literature review, 
agency survey, 
and a field study 
on wetland 
buffer use and 
effectiveness 
Sediment/soil 
erosion control 
recommendation 
is part of general 
water quality 
buffer 
recommendation 


Not specified  3.7 – 262 m (12 – 
860 ft) 
19 – 88m (62 – 
288 ft) to achieve 
50‐92% 
pollutant 
removal 
effectiveness 


30.5 m (100 ft) or 
greater 


Buffers are essential for wetlands protection. 
Buffer effectiveness increases with buffer width. 
Slope and vegetation cover are most important factors for reducing water 
quality impacts (<15% slope and dense vegetative cover are most effective). 
Buffers less than 15 m (50 ft) are generally ineffective in protecting wetlands. 
Buffer widths effective in preventing significant water quality impacts to 
wetlands are generally 30.5 m (100 ft) or greater. 
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Summary of shade buffer recommendations from selected review documents. 
 


Study 
 


Year 
 


Study focus 
 


Review or 
original 
research 


 
Buffer 


Composit
ion 


 
Buffer Range 


 
Minimum Buffer Width 
Recommendation1 


 
Key findings and Comments 


Hawes and 
Smith 


2005  Freshwater 
streams 


  Not 
specified 


9 – 70 m (30 ft – 230 ft) 
 
 


9 m (30 ft) – adequate, 
may need 70 m (230 ft) 
to completely control 
temperature 


“ The amount of shade required is related to the size of the 
channel. The type of vegetation in the buffer regulates the 
amount of sunlight reaching the stream channel. Generally, a 
buffer that maintains 50% of direct sunlight and the rest in 
dapple shade is considered preferable.” 


Parkyn  2004  Freshwater 
and wetlands 


Summary 
review of 
published 
research on 
efficiency and 
management of 
riparian buffer 
zones 


Vegetated 
filter 
strips, 
usually 
consisting 
of rank 
paddock 
grasses 


5 – 30 m (16‐ 98 ft) 
(for reduced air 
temperatures – Meleason 
and Quinn 2004) 


5 m (16 ft) reduced air 
temp by 3.25ºC 
 
30 m (98 ft) reduced air 
temp by 3.42ºC 


Narrow buffers can maintain cool air temperatures 
 
 
 


>10 m (33 ft)  
(for water temperature 
moderation – Davies and 
Nelson 1994) 


10 m (33 ft) or greater  


45 m (148 ft) or >  
(to maintain natural 
microclimate following 
timber harvest – 
Brosofske et al. 1997) 


45 m + (148+ ft) 


May  2003  Freshwater 
streams 


Literature 
review of 
freshwater 
riparian buffers 


Not 
specified 


11 – 43 m (36 – 141 ft) 
for water temperature 
moderation 


30 m (98 ft)  Buffer width recommendations should be qualified with 
vegetation type and SPTH of trees. “For example, 30 m (98 ft) of 
mature forest may provide a natural level of shade, but the same 
width of deciduous trees (willow, alder, etc.) or shrubs may not. 
With respect to shade and temperature control, a buffer 
composed of grasses, shrubs, and/or small trees is not 
equivalent to a natural riparian forest of mixed, mature 
coniferous and deciduous trees. Buffer quality is as important as 
buffer quantity.”  


 
45 – 200 m (148 – 656 
ft) for microclimate 


 
100 m (328 ft) 


Eastern 
Canada Soil 
and Water 
Conservatio
n Centre 


2002  Freshwater 
streams and 
rivers 


Literature 
review of buffer 
strips 


Not 
specified 


17 – 24 m (56 – 79 ft)  24 m (79 ft) with dense 
trees will maximize 
shading and 17 m (56 ft) 
will supply 90% of shade 
(Belt et al. 1992) 


Loss of vegetation may increase water temperature by 2 to 
100C(Belt et al. 1992).  
Recommend large dense trees and bushes (based on Carlson et 
al. 1992). 
The amount of shade is more dependent on the height and 
density of the buffer than actual width. 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature 
review of 
studies on 
freshwater 
buffers 


Not 
specified 


11 – 43 m (36 – 141 ft)  30 – 43 m (98 – 141 ft) 
for 50‐100% 
temperature moderation  
11 – 24 m (36 – 79 ft) 
and 15 – 30 m (49 – 98 
ft) (36 – 141 ft) for 60‐


11 – 43 m (36 – 141 ft): ranges represent between 60 and 100% 
of shading that is similar to levels of light below the canopy of 
old‐growth riparian trees 
 
22 – 46 m (72‐150 ft) range of effective buffers, 31 m (100 ft) 
min buffer width. “provide shade equivalent to mature forest 
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Study 


 
Year 


 
Study focus 


 
Review or 
original 
research 


 
Buffer 


Composit
ion 


 
Buffer Range 


 
Minimum Buffer Width 
Recommendation1 


 
Key findings and Comments 


80% temperature 
moderation  
23 – 38 m  
for 80% temperature  
        moderation  


conditions, and maintian background water temperatures” 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of 
buffer 
recommendatio
ns for fish 
habitat 
 


Not 
specified 


15 – 30 m (49 – 98 ft) 
(for water temperature 
moderation) 


15 m (49 ft)   
Not specific, but use Dosskey et al. (1997) to recommend  shrub 
and trees to yield high level of effectiveness for temperature 
moderation. Grass ranks low. 
 


Wenger 
  


1999  Stream buffers  Review and 
summary of the 
primary buffer 
literature. 


Not 
specified 


10 – 30 m (33 – 98 ft)  10 m (33 ft) 
(based primarily on 
review by Osborne and 
Kovacic 1993) 


Must be forested and continuous along all stream channels 
Forested buffers of native vegetation are vital to the health of 
stream biota 


Knutson and 
Naef 
  


1997  Fish and 
wildlife 
associated 
with 
freshwater 
systems 


Review and 
synthesis of 
riparian and 
buffer 
literature. 
 
 


Not 
specified 


Temperature Control: 
11‐46 m (35‐151 ft) for 
50‐80% shading 
 
Microclimate 
Maintenance: 61 ‐ 160 m 
(200 – 525 ft) 


Temperature 
27 m (90 ft) 
 
Microclimate: 126 m 
(412 ft) 


Perpendicular distance from stream 
NOTE: Authors (WDFW) do not identify minimum Riparian 
Habitat Area (RHA) widths because minimal conditions do not 
offer adequate habitat to support healthy fish and wildlife in the 
long run. 
 


FEMAT    1993  Streams and 
rivers 


Based 
recommendatio
n primarily on 
Beschta et al. 
1987; 
Steinblums 
1977; Chen 
1991. 
 


Not 
specified 


3.7 – 262 m (12‐860 ft)  None offered specific to 
shade/microclimate, 
other than the following: 
‐ 100 ft.+ to provide as 
much shade as 
undisturbed late 
successional forest 
(Steinblums 1977) 
‐  
 


Buffer width correlates well with degree of shade (citing Beschta 
et al. 1987). 
 
Temperature and microclimate characteristics are influenced by 
season, time of day, aspect and extent of tree removal. 
 
Few reported field observations of microclimate in riparian 
zones, but Chen (1991) documented change in soil and air 
temperature, soil moisture, relative humidity, wind speed, and 
radiation as a function of distance from clear‐cut edge into 
upslope forest. 


Castelle et al.    1992  Wetland 
buffers 


Review and 
summary of 
literature, 
agency survey, 
and a field 
study on 
wetland buffer 
use and 
effectiveness. 


Not 
specified 


15 – 30 m (50‐98 ft) 
(Broderson 1973; Lynch 
et al. 1985 and Brazier 
and Brown 1973) 
 


30.5 m (100 ft) or greater 
for multiple functions; no 
recommendation specific 
to shade 


Buffers are essential for wetlands protection 
Buffer effectiveness increases with buffer width 
Slope, exposure, and canopy cover are considerations for 


establishing buffers on a case‐by‐case basis. 
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Summary of large woody debris (LWD) buffer recommendations from selected review documents. 
 Study  Year  Study type  Basis for Buffer 


Recommendation 
Buffer 


Composition 
Buffer Range  Minimum Buffer Width 


Recommendation1 
Key comments and findings 


May  2003  Freshwater 
streams 


Review and summary of 
stream buffer literature 
and evaluation of Puget 
Sound lowland streams 


Not specified  10 – 100 m (33 – 328 ft) 
 
20‐30 m (Murphy and Koski 1989) 
15‐46 m (McDade et al. 1990) 
45 m (148 ft) (Harmon et al. 1986) 
46 m (151 ft) (Robison and Beschta 
1990) 
50m (Van Sickle and Gregory 1990; 
Collier et al. 1995) 
55m (Thomas et al. 1993) 
200 m (656 ft) Hennings 2001 
(required to minimize non‐native 
veg. intrusion) 


50 m (164 ft)  Approximates one site tree height and is based on 
long‐term, natural levels of LWD 
 
 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐100  m (16 – 328 ft)   
 


 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature review of 
studies on freshwater 
buffers 


Not specified  10 – 100 m (33 – 328 ft)  
provides approximately 80‐90% 
LWD 
 
30 m (98 ft) (Murphy and Koski 
1989) 
31 m (102 ft) (Bottom et al. 1983) 
30‐46 m (98 – 151 ft) (Mc Dade et al. 
1990) 
45 m (148 ft) (Harmon et al. 1986) 
50 m (164 ft) (Collier et al. 1995; 
Robison and Beschta 1990; Van 
Sickle and Gregory 1990) 


46 m (150 ft)   
 
 


Wenger   1999 
  


Stream 
buffers 


Review and summary of 
the primary buffer 
literature 


Not specified  15 – 130 m (49 – 427 ft) (Murphy et 
al 1986) 
 
1 SPTH for LWD input – 3 SPTH for 
stability (allow for wind throw) 
(Collier et al 1995) 


No specific 
recommendation 


LWD is the most important factor in determining 
habitat for salmonids and related fish (May et al. 
1997) 
Of all the ecological functions of riparian areas, 
the process of woody debris loading requires the 
longest time for recovery after harvest (Gregory 
and Ashkenas 1990) 


Knutson and 
Naef 


1997  Freshwater 
systems 


Review and synthesis of 
riparian and buffer 
literature. 
Used average of 
reported widths  


Not specified  30.5 – 61 m (100 – 200 ft)  45m (147 ft) 
 


Perpendicular distance from stream 
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 Study  Year  Study type  Basis for Buffer 
Recommendation 


Buffer 
Composition 


Buffer Range  Minimum Buffer Width 
Recommendation1 


Key comments and findings 


FEMAT  1993  Streams and 
rivers 


Based recommendation 
on the probability that a 
falling tree will enter 
the stream is a function 
of slope distance from 
the channel in relation 
to tree height (citing 
multiple authors). 
Note: does not account 
for steep and unstable 
slopes that would 
increase the likelihood 
of delivery from greater 
distances. 


Not specified  No range provided  None offered specific to 
LWD, other than the 
following: 
Estimation of values 


provided in generalized 
curves indicates 
approximately 70% 
cumulative effectiveness 
for LWD at 0.5 SPTH 
(30.5 m; 100 ft) 
Delivery of wood is low 


at distances greater than 
approximately one tree 
height away from stream 
channel 
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Summary buffer recommendations for input of litter fall/organic matter from selected review documents.  
Study  Year  Study type  Basis for Buffer 


Recommendation 
Buffer 


Composition 
Buffer Range  Minimum Buffer Width 


Recommendation1 
Key comments and findings 


Hawes and 
Smith 


2005  Freshwater 
streams 


Review of buffer 
recommendations 


Not specified  3 – 100 m (10‐328 ft) 
 
Majority of studies 
reviewed fall within 15 – 
31 m (50‐100ft) 


3‐10 m (10 – 33 ft)   Use general rec widths of Jontos 2004 
(modified from Fisher and Fischenich 2000) 
 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐100 m (16 – 328 ft)    
 


 
 


Wenger  1999  Stream 
buffers 
 


Citing primary literature, 
specifically Davies and 
Nelson (1994) 


Not specified  15 – 130 m (49 – 427 ft) 
(Murphy et al. 1986) as 
part of combined 
discussion of litter and 
LWD 


30m (98 ft)  Removal of riparian forests has a profoundly 
negative effect on stream biota. 
Results in significant decrease in 
macroinvertebrate and fish abundance 
Forested buffers of native vegetation are vital 
to the health of stream biota. 


Knutson and 
Naef 


1995  Freshwater 
systems 


Review and synthesis of 
riparian and buffer 
literature 
Discussed as 
“contributions to the 
food web” and in relation 
to LWD 
Used average of reported 
widths  


Not specified  30 – 61 m (100 – 200 ft) 
(same as LWD) 


45m (147 ft) – none offered 
specific to this function, but 
discussed along with 
LWD/Structural Diversity 
 


Riparian areas are the dominant contributor 
to the aquatic food web (approximately half 
dissolved compounds, half particulate matter) 


Desbonnet et al.  1994, 
1995 


Coastal 
vegetated 
buffers 


  Not specified  This function not reviewed 
by these authors 


Not specified   


FEMAT  1993  Streams and 
rivers 


Based recommendation 
primarily on Erman et 
al. (1977) and “best 
professional judgment.” 
Erman et al. reported 
that composition of 
benthic invertebrate 
communities in streams 
with riparian buffers 
greater than 30.5m (100 
ft.) were 
indistinguishable from 
streams flowing 
through unlogged 
watersheds. 


Not specified  No range offered, but 
produced effectiveness 
curve consistent with 
Erman et al (1977) and 
“best professional 
judgment” 


30.5 m (100 ft) or more (one‐
half site potential tree height, or 
more) to maintain biotic 
community structure in stream 


Distance from which litter originates depends 
on site‐specific conditions 
Delivery of leaf and other particulate organic 
matter declines at distances greater than 
approximately one‐half tree height from 
stream channel 
Riparian forests of widths equal or greater 
than 30.5 m (100 ft) retained sufficient litter 
inputs to maintain biotic community 
structures in the stream. 
 


Castelle et al  1992  Wetland 
buffers 


Review and summary of 
literature review, agency 


Not specified  This function not reviewed 
by these authors 


30.5 m (100 ft) or greater for 
multiple functions; no 


Vegetation provides a food source through leaf 
litter and insect drop and provides cover 
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Study  Year  Study type  Basis for Buffer 
Recommendation 


Buffer 
Composition 


Buffer Range  Minimum Buffer Width 
Recommendation1 


Key comments and findings 


survey, and a field study 
on wetland buffer use 
and effectiveness 
 


  recommendation specific to 
inputs of organic matter   


through deposition of large organic debris. 
Buffer effectiveness increases with buffer 
width.  Slope, exposure, and canopy cover are 
considerations for establishing buffers on a 
case‐by‐case basis. 
Cite Erman et al. (1977) and Newbold (1980), 
who found that a 30 m (98 ft) buffer was 
successful in maintaining background levels of 
benthic invertebrates in streams adjacent to 
logging activity 
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Summary of hydrology/slope stability buffer recommendations from selected review documents. 
Study  Year  Study type  Review or original 


research 
Buffer 


Composition 
Buffer Range  Minimum Buffer 


Width 
Recommendation1 


Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, Inc.  


2007  Wetland and stream 
 


Review of science and 
regulatory approaches 
to buffers 


Not specified  Not specified  Not specified  Best vegetation type: shrubs and trees  
 


Hawes and 
Smith 


2005  Freshwater  Review  Not specified  9 – 30 m (30‐98 ft)  10‐20 m (based on 
Jontos 2004) 


 


May   2003  PNW streams  Review and summary 
of stream buffer 
literature 


Not specified  Not specifically 
reviewed by this 
author. Some 
information may be 
derived from 
summary of sediment 
removal and 
streambank erosion 
control: 
 
8‐183 m (26‐600 ft)  
for sediment control 


30 m (98 ft) 
 
 


 


 


Bavins et al.   2000  Fish habitat 
(freshwater and 
marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐125 m (16‐410 ft) 
for stabilization of 
bank erosion 


5 m (16 ft) (of 
vegetated buffer 
required to protect 
riverbank stability) 
 


“The Guidelines for Queensland Streambank Stabilisation 
with Riparian Vegetation recommend a naturally 
diverse and dense vegetation community within a 
buffer zone width determined by the minimum width of 
5 m (16 ft) (the basic allowance) plus the height 
allowance and the establishment allowance. An example 
of a ‘decision tree’ is provided in the guidelines to assist 
the determination of riparian zone widths. It should 
also be acknowledged that erosion processes are 
natural and even healthy vegetated streambanks are 
not static, and should not be expected to remain 
unchanged by erosive forces over time.” 


Christensen  2000  Freshwater  Review  Not specified  Not specified  31 m (100 ft)    


Wenger   1999 
 


Stream buffers  Review and summary 
of the primary buffer 
literature and 
evaluation of several 
models for evaluating 


Not specified  Author did not 
review these 
functions specifically.  
However, the review 
of sediment and 


30 m (98 ft) (general 
buffer 
recommendation) 


Buffer effectiveness increases with buffer width 
Long‐term studies have suggested that much wider 
buffers (than those recommended) are necessary for 
sediment control. 
Efficiency of buffers can be expected to vary based on 
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Study  Year  Study type  Review or original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


riparian function  surface runoff is 
relevant to these 
topics.   


slope, soil infiltration rate, and other factors.  Width 
may be extended to account for steep slopes and land 
uses that yield excessive erosion. 
One of the most important roles of protected riparian 
buffers is to stabilize banks. 
 


Knutson and 
Naef 


 1997 
  


Freshwater systems  Review and summary 
of riparian and buffer 
literature. 
 


Not specified  Authors provide 
some relevant 
review, but no 
recommendations 
specific to these 
topics. However, 
discussion and 
recommendations for 
erosion control are 
relevant. 
 
30 – 38 m (98‐125 ft) 
for erosion control 


34 m (12 ft ) 
 
NOTE: Authors 
(WDFW) do not 
identify minimum 
Riparian Habitat Area 
(RHA) widths because 
minimal conditions 
do not offer adequate 
habitat to support 
healthy fish and 
wildlife in the long 
run. 


Riparian areas assist in regulating stream flow by 
intercepting rainfall, contributing to water infiltration, 
and using water via evapotranspiration – vegetation 
helps to trap water flowing on the surface, storing it in 
the soil and later releasing it to streams, moderating 
peak stream flows. 
Used average of reported widths.  
Note that larger buffer in range is for controlling mass 
wasting. 
 


Desbonnet et al   1994, 
1995 


Coastal vegetated 
buffers 


  Not specified  These functions not 
reviewed by these 
authors 


Not specified   


FEMAT  1993  Streams and rivers    Not specified  No range offered, but 
produced 
effectiveness curve 
for slope stability 
based on an estimate 
of tree root strength. 


Not specified  Based recommendation on the width of a slide scar plus 
half a tree crown diameter, which is an estimate of the 
extent to which root systems of trees adjacent to the 
slide scar margin affect soil stability. 
Steep hill slope areas are common initiation sites of 
debris slides and debris flows (Dietrich and Dunne 
1978). 
Root strength provided by trees and shrubs contribute 
to slope stability; and loss of root strength following 
tree death by harvest or other causes may lead to 
increased incidence of slides (Sidle et al. 1985) 


Castelle et al.  1992  Wetland buffers  Summary of literature 
review, agency survey, 
and a field study on 
wetland buffer use and 
effectiveness 


Not specified  This function not 
specifically reviewed 
by these authors 
 


30.5 m (100 ft)  or 
greater for multiple 
functions; no 
recommendation 
specific to hydrology 
and slope stability.   


Buffers play a role in moderating water level 
fluctuations…vegetation impedes the flow of runoff and 
allows it to percolate into the ground. The soil then 
yields this water to the wetland over an extended 
period of time, resulting in stable, natural ecosystems. 
Buffer effectiveness increases with buffer width 
Slope, exposure, and canopy cover are considerations 
for establishing buffers on a case‐by‐case basis. 
The best functioning buffers were the most stable, and 
buffer stability was in turn enhanced by high 
percentage vegetative cover and dense stands of trees, 
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Study  Year  Study type  Review or original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


rather than by sparse vegetation or individual trees 
protruding above an understory (citing Darling et al 
1982). 


1Unlike some other authors, Knutson and Naef (1997) do not offer minimum buffer width recommendations based on individual functions, but instead recommend Riparian Habitat Area (RHA) widths 
based on stream type.  Authors do not identify minimum (RHA) widths because minimal conditions do not offer adequate habitat to support healthy fish and wildlife in the long run. 
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Summary of wildlife buffer recommendations from selected review documents. Buffer composition was not specified. 
Study  Year  Study type  Review or 


original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


City of 
Boulder PDS 
and 
Biohabitats, 
Inc.  


2007  
 


Wetland and 
streams 
 


Review of 
science and 
regulatory 
approaches to 
buffers 


 


    31 m (100 ft) for 
unthreatened species 
 
61 – 91 m (200‐300 ft) for 
rare, threatened and 
endangered  
 
15 m (50 ft) for species 
diversity in rural areas; 
31 m (100 ft) for species 
diversity in developed 
areas 


Base recommendations on CWP/EPA 2005 
 


Goates  2006  Freshwater 
streams 


Review of 
adequacy of 
standard 30m 
buffers in 
protecting 
wildlife 


  30.5 m (only 44% of nests and 
hibernation burrows of turtles 
in South Carolina (Burke and 
Gibbons 1995) 
 
30 m (98 ft) buffer inadequate 
to maintain bird species in 
logged areas of western WA 
(Pearson and Manuwal 2001) 


73 m (240 ft) required to 
protect 90% of 
hibernation and nesting; 
275 m (902 ft) to protect 
100% (Burke and Gibbons 
1995) 
 
45 m (148 ft) buffer 
required to maintain bird 
community (Pearson and 
Manuwal 2001) 


30m minimum protect from timber harvests (Castelle et al. 1994; 
Semlitsch and Bodie 2003; Lee et al. 2004) 
 
Recommend that managers consider temporal constraints, long‐term 
analyses, sex, and location. 
 


Hawes and 
Smith 


2005  Freshwater  Review    10 – 50 m (33‐164 ft)     


Parkyn  2004  Freshwater 
and wetlands 


Summary 
review of 
published 
research on 
efficiency and 
management of 
riparian buffer 
zones 


  3‐107 m (10 ft ‐ 351 ft) 
(depending on particular 
resource needs of invidiual 
species – Castelle et al. 1994) 
 
 


  Will differ depending on needs of species 


May   2003  PNW streams    Yes  15‐100 m (49 – 328 ft)  100 m (328 ft)  Compiled different recommendations from authors, including: 
30m for macroinvertebrates, Chinook salmon, Cutthroat trout  
>30m for macroinvertebrates and salmonids  
30‐70 m (98 – 230 ft) for salmonids  
30‐70 m (98 – 230 ft) and 67‐93 m (220 – 305 ft) for small mammals  
100 m (328 ft) min for migration corridor for large mammals and for 
interior habitat and migration corridor 
50‐125 m (164 – 410 ft) for nesting, migrating, and feeding habitat for 
birds  
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Study  Year  Study type  Review or 
original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


200 m (656 ft) for eagle nest and heron rookery, deer and elk habitat 
Bavins et al.   2000  Fish habitat 


(freshwater 
and marine) 


Summary of 
buffer 
recommendatio
ns for fish 
habitat 
 


Yes, but 
primarily 
limited to 
fish 


5‐106 m (16 – 348 ft)  for 
species diversity and 
distribution (e.g., connectivity 
between marine and 
freshwater environments; 
continuous lines of vegetation; 
migration pathways) 
15‐45 m (49 – 148 ft) for 
provision of other wildlife 
habitat (wildlife corridors) 
5‐100 m (16 – 328 ft) for 
provision of remnant 
vegetation 
30 m (98 ft) or > for salmonid 
eggs to develop normally 


Not specified, but 
recommend vegetated 
buffers 


 
 
 
 
 
 
 


Wenger  1999  Stream 
buffers 


  Yes  Ranges reported for different 
wildlife types 


Generally: 15‐100+m (49 – 
328+ ft) 


100m (328 ft)  While not practical on all streams, there should be some with 90‐300m 
riparian corridors, along with large blocks of upland forest targeted 
for preservation. 


Knutson and 
Naef 


1997  Freshwater 
systems 


  Yes  8‐300 m (26 – 984 ft)  88m (average of reported 
widths) 


“Buffers” described as “Riparian Habitat Area” widths 


Desbonnet et 
al 


1994, 
1995 


Coastal 
vegetated 
buffers 


  Yes  15‐200 m (49 – 656 ft)  No single buffer 
recommendation offered 


Reported buffer widths were intended as minimum values to meet 
desired objective 
5 m (16 ft) poor habitat value; useful for temporary use by wildlife 
10 m (33 ft) minimal protection for stream habitat, useful for 
temporary use by wildlife 
15 m (49 ft) minimal wildlife and avian value 
20 m (66 ft) minimal value for habitat, some for avian habitat 
30 m (98 ft) maybe useful as travel corridor for wildlife and avian 
habitat 
50 m (164 ft) minimal habitat value 
75 m (246 ft) fair to good wildlife and avian habitat value 
100 m (328 ft) good wildlife habitat, may even protect significant 
wildlife habitat 
200 m (656 ft) excellent wildlife value, likely to support a diverse 
community 
600 m (1968 ft) excellent wildlife habitat value, supports diverse 
community, protects significant species 


Castelle et al.  1994  Wetland 
buffers 


  Yes  2‐110 m (7‐361 ft) wildlife     


Johnson and 
Ryba 


1992  Stream 
buffers 


  Yes  10‐200 m (33‐656 ft)     Birds require larger buffers than other wildlife groups.  
Salmonids require ~30 m (100 ft) buffer. 
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Study  Year  Study type  Review or 
original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


 
Castelle et al  1992  Wetland 


buffers 
  Yes  Ranges varied by wildlife type  33‐98 m (108 – 321 ft)  Draws conclusion from WA Dept. of Wildlife (1992) Buffer needs of 


wetland wildlife. 
Groffman et 
al 


1990      Yes  32‐100 m (105 – 328 ft) (or 
more) 


No single buffer 
recommendation offered. 
32‐100 m (or more in 
case of threatened or 
endangered species) 


Buffer model is offered, based on 4 factors: 1) habitat suitability; 2) 
wildlife spatial requirements; 3) access to upland and/or transitional 
habitats; 4) noise impacts on feeding, breeding, and other life 
functions. 
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APPENDIX D. Original FEMAT curves. 
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APPENDIX E: Literature summary documenting the impacts of development, agriculture and 


forest practices on riparian functions 
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Land use impacts on riparian function (Development, Agriculture and Forestry) 


La
n
d
 u
se
  


Riparian function impaired 


Specific activities 
associated with 
land use category 


Impact findings on function  Literature cited 


W
at
er
 Q
ua
lit
y 


Sh
ad
e/
M
ic
ro
cl
im
at
e 


LW
D
 


Li
tt
er
 fa
ll 


Fi
ne
 s
ed
im
en
t  
co
nt
ro
l 


W
ild
lif
e 


H
yd
ro
lo
gy
/s
lo
pe
 s
ta
bi
lit
y 


D
ev
el
op
m
en
t 


X  X  X  X  X  X  X 


Clearing and 
grading/vegetation 
removal 
 
Construction of 
homes, buildings, 
roads/Impervious 
surfaces 
 
Shoreline armoring 
(docks, bulkheads, 
etc.) 
 
Landscaping (non‐
native plants) 
 
Recreational 
activities (hiking, 
biking, 
beachcombing, etc.) 
 


Riparian areas are more highly altered in developed landscapes than in 
agricultural and forested landscapes 


Booth 1991 (in Everest and Reeves 2006)  


Direct alteration within the riparian area (vegetation removal/reduction, soil 
compaction, grading) causes changes in loading of nutrients, organic matter 
and sediments; reduces capacity of riparian area to filter/absorb pollutants; 
increases sediment loading 


Valiela et al 1992; Wahl et al. 1997; Jones et al. 
2000; Jordan et al. 2003 (in Hale et al. 2004) 


Creation of impervious surfaces (e.g., parking lots, paved streets, sidewalks, 
roads), vegetation removal, and soil compaction cause surface water to 
increase in volume and magnitude. Increased runoff decreases the ability of 
soils and vegetation to infiltrate and intercept pollutants , increases flooding 
potential.  


Knutson and Naef 1997; Montgomery et al. 
2000 (in Johannessen and MacLennan 2007); 
Glasoe and Christy 2005; 
Hashim and Bresler 2005; Ekness and Randhir 
2007; Schiff and Benoit 2007 


Construction of boat landings, docks, and piers creates increased slopes, 
causing increased and concentrated water flows; construction of domestic, 
residential and industrial facilities and utilities in and near riparian areas can 
result in altered topography, removal of vegetation, and rerouting of surface 
and groundwater flows 


Knutson and Naef 1997; NRC 2002; Ekness and 
Randhir 2007; Schiff and Benoit 2007 


Construction close to the water’s edge (bulkheads, docks, etc.) reduce shade 
as well as species diversity and abundance 


Sobocinski et al. 2003; Rice 2006 


Areas with high levels of impervious surface coverage (>50%) correlated 
with low macrobenthic diversity and abundances 


Lerbert et al. 2000 


Vegetation removal causes decreased shade and increased temperatures 
 


Beschta et al. 1987; Macdonald et al. 1994; 
1995; Thom et al. 1994; Penttila 1996; Williams 
and Thom 2001; Bereitschaft 2007 


Removal of vegetation cover also reduces LWD and canopy cover, which 
serve to dissipate flow energy and control temperature by shading 


Booth et al. 2006 


Increases of light levels in the upper intertidal zone results in higher levels of 
mortality and dessication of insects, invertebrates, and the eggs of intertidal 
spawning fish like Pacific sand lance and surf smelt. 


Pentilla 1996, 2000; Rice 2006 


Low levels of organic litter and LWD have been found on armored beaches   Sobocinski et al. 2003; Dugan and Hubbard 
2006; Defeo et al. 2009 


Increased surface runoff of toxins  
Toxins can affect wildlife through physiological and behavior changes, 


Klapproth and Johnson 2000; Krebs and Bums 
1977; Krebs and Valiela 1978; Moore et al. 1979 
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reduced density and species richness  (in Adamus et al. 1991); Firehock and Doherty 
1995 (in Klapproth and Johnson 2000); Hashim 
and Bresler 2005; PSAT 2007 


Vegetation is a critical component in maintaining stable slopes .  
Roots anchor thin layers of soil to the bedrock or provide lateral stability 
through intertwined roots. 


Morgan and Rickson 1995 (in Parker and 
Hamilton DATE); Sidle et al. 1985 and Chatwin 
et al. 1994 (in Stanley et al. 2005). 


Decreased wood abundance and elevated beach temperatures have been 
documented in several studies around Puget Sound.  


Higgens et al. 2005; Rice 2006; Tonnes 2008 


Low levels of LWD and organic litter have been found on armored beaches as 
compared with unaltered beaches  


Sobocinski et al. 2003; Dugan and Hubbard 
2006; Defeo et al. 2009 


Dams and other water control structures have caused changes in nutrient 
cycling 


Knutson and Naef 1997 


Offshore structures (e.g., breakwaters, jetties) can cause increased 
deposition of beachwrack .  


Martin et al. 2005 in Defeo et al. 2009 


Shoreline modifications result in 
1. wildlife habitat loss, reduction, and or alteration  
2. lowered bird biodiversity 
3. altered food webs and benthic community composition  
4. creation of passage barriers for salmon and fragmented habitat 


connectivity  
5. lowered abundance of wildlife which can cause harm to upper 


trophic levels, like Pacific salmon 
 


1. Paulson 1992; Levings and Thom 1994; 
Williams and Thom 2001; Toft et al. 2004; 
Griggs 2005 


2. Donnelley and Marzluff 2004 
3. (Dauer et al. 2000; Lerberg et al. 2000 in 
Hale et al. 2004),  


4. Williams and Thom 2001).  
5. Sobocinski et al. 2003; Johannessen and 
MacLennan 2007; Defeo et al. 2009 


Habitat alteration can cause increased loading of contaminants and 
pathogens  


Siewicki 1997; Inglis and Kross 2000; Mallin et 
al. 2000 (in Hale et al. 2004) 


Habitat alteration can cause changes in water flow  Hopkinson and Vallino 1995;  Jones et al. 2000 
(in Hale et al. 2004) 


Clearing of land for development produces the largest amount of sediment to 
aquatic resources; developed areas can produce 50‐100 times more 
sediment than agricultural areas  


U.S. EPA 1993 (in Stanley et al. 2005); Jones and 
Gordon 2000 (in Stanley et al. 2005 
 


A
gr
ic
u
lt
u
re
 


X    X    X  X  X 


Clearing and 
grading/vegetation 
removal 
 
Application of 
pesticides/fertilizers 
 
Tillage/irrigation 
practices 


Loss of native vegetation and LWD, bank instability and loss of floodplain 
function 


Spence et al. 1996 (in Everest and Reeves 2006) 


Increased phosphorus and nitrogen levels in soils and surface runoff; 40 
times the amount of nitrogen in agricultural land than forested areas and two 
times the nitrogen levels of urban areas in Puget Sound  


Carpenter et al. 1998 (in Stanley et al. 2005); 
Ebbert et al. 2000 (in Stanley et al. 2005  


Excessive fertilizer use has led to increased nutrient levels in aquatic 
environments, causing algal blooms and eutrophication  


Caffrey et al. 2007 


Activities can cause soil loss and erosion  Hashim and Bresler 2005 
Loss of vegetation cover, changes in hydrology cause altered flow regimes; 
increased sedimentation 


Seddell and Froggatt 1984 (in Everest and 
Reeves 2006) 


Activities within riparian areas have simplified aquatic and riparian habitats  Spence et al. 1996 (in Everest and Reeves 2006) 
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Direct alteration can cause increased loading of contaminants and pathogens  Inglis and Kross 2000 (in Hale et al. 2004)  


Conversion of riparian areas to cropland can decrease the infiltration 
potential of riparian soils 


NRC 2002 


Fo
re
st
ry
 


X  X      X  X  X 


Introduction of 
pesticides and 
fertilizers 
 
Impervious surfaces 
(roads etc) 
 
Vegetation removal 
(timber harvesting) 


Timber harvesting within riparian areas reduces shade  Hashim and Bresler 2005 


Timber harvesting within riparian areas increases sedimentation  Everest and Reeves 2006 
Timber harvesting within riparian areas reduces bank stability  Everest and Reeves 2006 
Road construction and maintenance activities can increase fine sediment 
loads and mass wasting processes, and can reduce bank stability 


Hashim and Bresler 2005; Everest and Reeves 
2006 


Forestry practices can cause changes in the abundance and diversity of 
wildlife in riparian areas. This occurs through the loss of LWD, canopy and 
shrub cover, interior forest habitat within and adjacent to the riparian zone, 
sedimentation of the aquatic habitat, and habitat fragmentation. 


Knutson and Naef 1997 


Removal of trees within marine riparian reduces available shade (thereby 
increasing water temperatures); temperature changes affect water quality 
and changes in fish/wildlife behavior, structure, and composition. 


Hashim and Bresler 2005 
Vigil 2003; Everest and Reeves 2006 


Forestry practices, including use of fertilizers and pesticides, timber 
harvesting, and road construction and maintenance, degrade water quality 
and can cause extensive changes in hydrology and riparian vegetation 


Jones et al. 2000 
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Impact of specific activities on riparian function 
Specific 
activities 


Typically 
associated 
with land 
use 


Riparian function impaired  Finding  Literature cited 


 W
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ua
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Sh
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e/
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e 


LW
D
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tt
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Fi
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on
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W
ild
lif
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H
yd
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gy
/s
lo
pe
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ta
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y 


Clearing and 
grading/ 
vegetation 
removal 
(including 
timber 
harvesting) 


Development 
Agriculture 
Forestry 


X  X  X    X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Common development practices can result in conditions that produce unhealthy plants 
that require excessive fertilizers and pesticides 


WDOE 2007 


The reduction or removal of slope vegetation can result in either increased rates of soil 
erosion or higher frequencies of slope failure. 


OSB 2007 


Permanent loss of vegetation cover or replacement by ineffective vegetation increases soil 
saturation and surface water runoff. Disturbed or degraded sites undergo continual 
erosion and may not establish an effective cover. 


Menashe 2001 


Vegetation removal decreases shade, leading to increased temperatures that can impact 
wildlife survival 


Macdonald et al. 1994; Thom 
et al. 1994; Macdonald 1995; 
Penttila 1996, 2000; Williams 
and Thom 2001; Rice 2006; 
Bereitschaft 2007 


Can cause extensive changes in hydrology and riparian vegetation.  Jones et al. 2000 
Timber harvesting within riparian areas reduces shade; agricultural activities can degrade 
water quality by increasing fecal coliform levels, temperatures and nutrient/pesticide 
loading. 


Hashim and Bresler 2005 


Timber harvesting within riparian areas reduces bank stability  Everest and Reeves 2006 
Agricultural activities within riparian zones have resulted in a loss of native vegetation 
and LWD, bank instability, and loss of floodplain function. 


Spence et al. 1996 (in Everest 
and Reeves 2006) 


Agricultural activities within riparian areas have simplified aquatic and riparian habitats  Spence et al. 1996 (in Everest 
and Reeves 2006) 


Construction 
and 
maintenance 
of impervious 
surfaces (e.g. 
roads, homes 
and buildings) 
 


Development 
Agriculture 
Forestry 


X        X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Can degrade water quality (including increased temperatures) and cause extensive 
changes in hydrology 


Jones et al. 2000 


Direct alteration can cause increased loading of contaminants and pathogens  Mallin et al. 2000 (in Hale et 
al 2004) 


Can increase fine sediment loads and mass wasting processes, which can cause erosion.  Hashim and Bresler 2005 
Direct alteration within the riparian area causes changes in loading of nutrients, organic 
matter and sediments 


Valiela et al 1992;  Wahl et al. 
1997; Jones et al. 2000; 
Jordan et al. 2003 (in Hale et 
al. 2004) 


Areas with high levels of impervious surface coverage (>50%) correlated with low 
macrobenthic diversity and abundances. 


Lerbert et al. 2000 
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Impervious surfaces cause increased volume and magnitude of surface water runoff, 
decreasing the ability of soil and vegetation to absorb/intercept pollutants 


Montgomery et al. 2000 (in 
Johannessen and MacLennan 
2007) 


Impervious surfaces increase flooding potential  Glasoe and Christy 2005 
Increased sedimentation has also been shown to affect juvenile and filter‐feeding fish.   Williams and Thom 2001 


Shoreline 
armoring (e.g. 
docks, 
bulkheads, etc) 


Development  X 
 


        X    The construction of boat landings, docks, and piers often creates increased slopes, which 
causes increased and concentrated water flows. Shoreline armoring structures, such as 
rip‐rap, concrete, and bulkheads, can require the removal of vegetation and can also 
impede the movement of wildlife that utilize the shoreline as migration corridors. 


NRC 2002 


The installation of shoreline armoring structures reduces beach width, resulting in the 
loss of wildlife habitat (in upper intertidal areas) 


Griggs 2005 


Associated with low levels of organic litter and LWD  Sobocinski et al. 2003; Dugan 
and Hubbard 2006; Defeo et 
al. 2009 


Alters hydrologic processes, which affects sand transport rates, erosion and beach 
accretion processes 


Defeo et al. 2009 


Shoreline modifications result in habitat loss, reduction, and or alteration* lowered bird 
biodiversity** (altered food webs and benthic community composition*** creation of 
passage barriers for salmon and fragmented habitat connectivity****  


 


*Paulson 1992; Levings and 
Thom 1994; Williams and 
Thom 2001; Toft et al. 2004 
** Donnelley and Marzluff 
2004 
***Dauer et al. 2000; Lerberg 
et al. 2000 in Hale et al. 2004 
****Williams and Thom 2001 


Construction 
and 
maintenance 
of impervious 
surfaces (e.g. 
roads, homes 
and buildings) 
 


Development 
Agriculture 
Forestry 


X        X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Can degrade water quality (including increased temperatures) and cause extensive 
changes in hydrology 


Jones et al. 2000 


Direct alteration can cause increased loading of contaminants and pathogens  Mallin et al. 2000 (in Hale et 
al 2004) 


Can increase fine sediment loads and mass wasting processes, which can cause erosion.  Hashim and Bresler 2005 
Direct alteration within the riparian area causes changes in loading of nutrients, organic 
matter and sediments 


Valiela et al 1992; Wahl et al. 
1997; Jones et al. 2000; 
Jordan et al. 2003 (in Hale et 
al. 2004) 


Areas with high levels of impervious surface coverage (>50%) correlated with low 
macrobenthic diversity and abundances. 


Lerbert et al. 2000 


Impervious surfaces cause increased volume and magnitude of surface water runoff, 
decreasing the ability of soil and vegetation to absorb/intercept pollutants 


Montgomery et al. 2000 (in 
Johannessen and MacLennan 
2007) 


Impervious surfaces increase flooding potential  Glasoe and Christy 2005 
Increased sedimentation has also been shown to affect juvenile and filter‐feeding fish.   Williams and Thom 2001 


Shoreline 
armoring (e.g. 
docks, 
bulkheads, etc) 


Development  X          X    The construction of boat landings, docks, and piers often creates increased slopes, which 
causes increased and concentrated water flows. Shoreline armoring structures, such as 
rip‐rap, concrete, and bulkheads, can require the removal of vegetation and can also 
impede the movement of wildlife that utilize the shoreline as migration corridors. 


NRC 2002 
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The installation of shoreline armoring structures reduces beach width, resulting in the 
loss of wildlife habitat (in upper intertidal areas) 


Griggs 2005 


Associated with low levels of organic litter and LWD  Sobocinski et al. 2003; Dugan 
and Hubbard 2006; Defeo et 
al. 2009 


Alters hydrologic processes, which affects sand transport rates, erosion and beach 
accretion processes 


Defeo et al. 2009 


Shoreline modifications result in habitat loss, reduction, and or alteration* lowered bird 
biodiversity** (altered food webs and benthic community composition*** creation of 
passage barriers for salmon and fragmented habitat connectivity****  


 


*Paulson 1992; Levings and 
Thom 1994; Williams and 
Thom 2001; Toft et al. 2004 
** Donnelley and Marzluff 
2004 
***Dauer et al. 2000; Lerberg 
et al. 2000 in Hale et al. 2004 
****Williams and Thom 2001 


Tillage and 
irrigation 
practices 


Agriculture  X              Can result in soil loss and erosion as well as the transport of pesticides and fertilizers to 
surface and groundwater 


Hashim and Bresler 2005 


Introduction of 
pesticides and 
fertilizers 


Development 
Agriculture 
Forestry 


X              Can degrade water quality and cause extensive changes in hydrology and riparian 
vegetation 


Jones et al. 2000 


Agricultural activities result in fecal coliform pollution, and nutrient and pesticide loading  Hashim and Bresler 2005 


Recreational 
activities 
(trails, etc) 


Development              X  Trampling of riparian soils leads to compaction, erosion and the destruction of soil 
microbial communities 


NRC 2002 
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APPENDIX F. Puget Sound Shore Form Tables (adapted from Shipman 2008) 


 
 


Shoreline Type Landforms Characteristic Regional Location(s) Characteristic Human 
Modifications 


Rocky Coasts 
(resistant bedrock 
with limited upland 
erosion) 


Plunging 
(rocky shores within minimal erosion/deposition 
and no erosional bench or platform) 


San Juan Islands  
 
Strait of Juan de Fuca 


Intertidal fill 
Armoring of pocket beaches 


Platform 
(wave-eroded platform/ramp, but no beach) 
Pocket Beaches 
(isolated beaches contained by rocky headlands) 


Beaches 
(shorelines consisting 
of loose sediment and 
influenced by wave 
action) 
             
              


Bluffs 
(formed by landward retreat of the shoreline) 
 


Main Basin, most of Puget Sound 
Whidbey Basin  
Northern Straits 
South Sound 
San Juan Islands 


Armoring 
Intertidal and backshore fills 
Groins and jetties 
Overwater structures 
Slope stabilization 
Fill at base of bluff 
Upland hydrologic changes 
Inlet stabilization 


Barriers 
(formed where sediment accumulates seaward of 
earlier shoreline) 


Embayments 
(protected from wave 
action by small size 
and sheltered 
configuration) 
 


Open coastal inlets 
(small inlets protected from wave action by their 
small size or shape, but not extensively enclosed 
by a barrier beach) 


Northern Straits 
Main Basin 
South Sound  
Kitsap bays and inlets  
Hood Canal  
 
Includes Port Madison, Discovery 
Bay, Eld Inlet, Kala Point, Point 
Monroe, Foulweather Bluff, 
Beckett Point 
 
 
 


Watershed modifications: 
hydrology, sediment loading 
Fill 
Bank armoring 
Inlet modifications: relocation, 
stabilization, closure, dredging 
Wetland and intertidal fill 
Barrier modification 


Barrier estuaries 
(tidal inlet largely isolated by a barrier beach and 
with a considerable input of freshwater from a 
stream or upland drainage) 
Barrier lagoons 
(tidal inlet largely isolated by a barrier beach and 
with no significant input of freshwater) 
Closed lagoons and marshes 
(back-barrier wetlands with no surface 
connection to the Sound) 


Large Deltas 
(long-term deposition 
of fluvial sediment at 
river mouths) 
 


River-dominated 
(extensive alluvial valleys with multiple 
distributaries and significant upstream tidal 
influence) 


Strait of Juan de Fuca  
Stilliguamish River 
Elwha River 
Dosewallips River 
Hood Canal (South of Foulweather 
Bluff) 


Diking 
Draining 
Cultivation 
Watershed changes 
Dredging 
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Wave-dominated 
(deltas heavily influenced by wave action, 
typically with barrier beaches defining their 
shoreline) 
Tide-dominated 
(deltas at heads of bays where tidal influence is 
much more significant than fluvial factors, 
typically with wedge-shaped estuary) 
Fan deltas 
(steep, often coarse-grained deltas with limited 
upstream tidal influence) 


 







102 
 


APPENDIX G.  A summary of buffer width recommendations from Appendix C. 


See Section II for a description of how this table was created. 


 
 
 


Function Buffer width 
recommendation to 


achieve ≥ 80% 
effectiveness 


Literature cited Average of all literature 
(to achieve ≥ 80% 


effectiveness) 
 
 


Minimum buffer width  
(approximate) based on 


FEMAT curve to 
achieve ≥ 80% 
effectiveness 


Water quality 5-600 m (16 – 1,968 
ft) 


(Appendix C contains 
specific buffer widths 


for different water 
quality parameters)  


5 m (16 ft):  Schooner and 
Williard (2003) for 98% removal 
of nitrate in a pine forest buffer 


109 m (358 ft) 
 
 


25 m (82 ft) sediment 
60 m (197 ft) TSS 
60 m (197 ft) nitrogen 
85 m (279 ft) 
phosphorus 


600 m (1969 ft):  Desbonnet et al 
(1994/1995) for 99% removal 


Fine sediment 
control 


25-91 m (92 – 299 ft) 25 m (82 ft): Desbonnet et al 
(1994/1995) for 80% removal 


58 m (190 ft) 
 


25 m (82 ft) (sediment) 
60 m (197 ft) (TSS) 


91 m (299 ft): Pentec 
Environmental (2001) for 80% 
removal 


Shade 17-38 m (56 – 125 ft) 17 m (56 ft): Belt et al 1992 IN 
Eastern Canada Soil and Water 
Conservation Centre (2002) for 
90% 


24 m (79 ft) 37 m (121 ft) (.6 
SPTH*) 


38 m (125 ft): Christensen (2000) 
for 80% temperature moderation 


LWD 10-100 m (33 – 328 
ft) 


10 m (33 ft): Christensen (2000) 
for 80-90% effectiveness 


55 m (180 ft) 40 m (131 ft) (.65 
SPTH*) 
 100 m (328 ft): Christensen (2000) 
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for 80-90% effectiveness 
Litter fall No studies found  N/A N/A 24 m (79 ft) (.4 SPTH*) 
Hydrology/slope 
stability 


No studies found  N/A N/A N/A 


Wildlife 73-275 m (240 – 902 
ft) 


73 m (240 ft): Goates (2006) for 
90% of hibernation and nesting 


174 m (571 ft) N/A 


275 m (902 ft): Burke and 
Gibbons 1995 IN Goates 2006 for 
100% of hibernation and nesting 


* Tree height (SPTH) is used to indicate buffer width where one SPTH = 61 meters or 200 ft (adapted from FEMAT 1993)
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SECTION I:  Introduction/Background  


 
The Marine Riparian Technical Review Workshop (riparian workshop) was held on November 19, 
2008 at the University of Washington’s School of Aquatic and Fishery Sciences. The goal of the 
workshop was to solicit expert scientific opinion to help the state’s Aquatic Habitat Group (AHG) 
develop management guidelines to protect marine riparian functions. The AHG is a multi-agency 
panel assembled to provide guidance for local governments updating Shoreline Master Programs and 
Critical Areas Ordinances to better protect ecological functions, including marine riparian functions. 
The riparian workshop included a panel of 14 scientists (including three members of the AHG) with 
expertise in riparian functions and processes. Panelists were asked to help determine how best to apply 
knowledge about freshwater riparian functions to protect marine riparian functions and processes. 
Seven specific riparian functions were addressed during the workshop, including: 
 


A. Water Quality 


B. Shade/Microclimate 


C. Large Woody Debris (LWD) recruitment 


D. Litter Fall/Provision of allochthonous inputs 


E. Fine Sediment Control  


F. Wildlife  


G. Hydrology/Slope Stability 


 
The names, affiliations, and expertise of panelists (including the three members of the AHG who also 
served as panelists) are included in Appendix A.  
 
The riparian workshop was the second of a three-phase project. Phase I involved a literature review 
and the development of draft riparian guidance document; Phase II (the riparian workshop) is the focus 
of these proceedings. Phase III will involve finalizing the guidance document based in part on expert 
input solicited during Phase II. Although shoreline managers utilize a variety of tools to protect 
aquatic and riparian ecosystems, this project is focused on providing guidance on establishing 
appropriate buffers for protection of marine riparian area functions.   
 
In preparation for the workshop, the AHG modified the functional effectiveness curves (also known as 
riparian function curves) designed and used by FEMAT (1993) to characterize the relationship 
between buffer width and riparian functions in freshwater environments of the Pacific Northwest (see 
original curves at end of Appendix A). These regenerated riparian function curves are based on the 
results of function studies conducted primarily in freshwater systems and are presented as analogs for 


                                                 
 Allochthonous inputs are organic matter brought in from outside a system.  
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marine riparian areas. The relevance of freshwater riparian functions to marine riparian functions has 
been recognized and supported in a number of publications (e.g., Adamus et al. 1991; Desbonnet et al. 
1994, 1995; NRC 2002; Brennan and Culverwell 2004; Lavelle et al. 2005). The curves plot the 
relationship between buffer width (X axis) and its relative effectiveness (Y axis) in maintaining or 
providing a particular function (e.g., pollution abatement/water quality, LWD recruitment, wildlife 
habitat). These curves are particularly well suited to define tradeoffs between buffer width or size and 
function loss based on the following assumptions:   
 


1. By virtue of their location, riparian areas mediate important ecological processes and functions 
that benefit adjacent water bodies (and vice versa).   


2. The functional effectiveness of buffers at various widths illustrated by the riparian function 
curves reflects a generic or typical setting (i.e., a prototypical morphology and physical setting 
of a relatively undisturbed vegetation community growing adjacent to a water body).  


 
Most studies focus on receiving waters to measure and observe how riparian functions are manifested 
in the ecosystem, yet many of these ecological functions occur within the riparian area as well. For 
example, the curve describing LWD recruitment is measured from the middle or edge of the stream, 
not within the riparian area. For some functions, site potential tree height (SPTH) was used as a proxy 
for buffer width, whereas other buffer width determinations are provided as simple linear 
measurements. More details about how the riparian function curves were used to solicit expert opinion 
during the riparian workshop is included in the following section. Input gathered from panelists during 
the workshop on the applicability of riparian research to protect marine riparian functions is intended 
to meet the state’s best available science criteria. 
 


SECTION II:  Workshop Objectives and Approach  


 
The four key objectives for the workshop were to: 
  


1. Solicit expert opinion on the applicability (or fit) of using freshwater riparian function curves 
to protect marine riparian functions.  


2. Solicit expert opinion on the uncertainties associated with the application of buffers in different 
physical or ecological settings (e.g., geomorphology, vegetation type and cover, exposure, 
etc.). 


3. Identify literature that could help inform the development of buffers for marine riparian areas. 
4. Identify data gaps, uncertainties, and research needs associated with marine riparian areas. 


 
To achieve these objectives, the workshop was divided into three facilitated sessions as described 
below. 
 
Session I: Background/context 
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Panelists were provided with background information on marine riparian protection efforts in the 
Puget Sound region. This was followed by an overview and summary of scientific information for 
each of the seven riparian functions addressed in the workshop. Riparian function curves for six of the 
seven riparian functions (wildlife was not included, see details in section III d) were presented along 
with underlying science used to generate the curves, providing a context for how applicable the 
function curves could be for marine settings.  
 
Session II: Riparian function curve review 
Panelists were asked to review the riparian function curve generated for each riparian function and to 
respond to three questions: 
 


1. Does the riparian function curve “fit” (e.g., is it applicable) in marine settings? The 
applicability of a particular function curve refers to how well the curve describes the functions 
of marine riparian areas in a prototypical shoreform/beach type in Puget Sound.  
 


2. How important is this riparian function in marine settings? Panelists were asked to provide 
their opinion on the capacity of undisturbed marine riparian areas to provide each function or 
process on a scale of 1 (lowest) to 10 (highest). For example, for the hydrology/slope stability 
function, participants were asked to assign points based on their understanding of marine 
riparian areas’ ability to protect hydrology and slope stability functions derived from riparian 
vegetation. This information was used to generate discussion and help the workshop organizers 
better understand where and why opinion differed among panel members.  
 


3. How should the curve be modified to better characterize the marine riparian environment?  If 
the panelists thought a function curve did not accurately describe a relationship, they were 
asked how the curve should be modified to better describe it.  Panelists were asked to provide 
supporting information for suggested modifications.  


 
Session III: Additional information (caveats, controlling factors, missing literature, and data gaps):    
 
For each of the seven functions, panelists were asked:  
 


1. Which controlling factors (e.g., shore form, slope, disturbance, vegetation type, aspect, soils, 
etc) are most important in determining the specific relationship between buffer width and this 
function?  
 


2. What additional literature would be informative? 
 


3. What data gaps exist?  
 







109 
 


SECTION III: Overview of Riparian Functions and Key Findings of 
Science Panel    
 
A. Water Quality 


 
Overview   
 
The water quality function of riparian areas is well understood and widely documented, although much 
of the literature is focused on freshwater systems. Riparian vegetation and soils bordering both 
freshwater and marine systems act in concert to intercept and absorb water; absorb and process 
nutrients, sediments, and pollutants; store and transmit water; and retain or decompose pollutants 
(Correll 1997; Wenger 1999; Vigil 2003; Brennan and Culverwell 2004; Hawes and Smith 2005). 
Vegetation and soils decrease surface and subsurface water velocity and flow, thereby increasing the 
potential for retention, filtration, and/or transformation of sediments and other contaminants. A 
number of factors have a strong influence on buffer effectiveness for water quality, including 
vegetation type and density, topography and slope (i.e., geomorphology), contaminant load, amount of 
impervious surface, ability to provide sheet flow (as opposed to channelized flow), 
infiltration/absorption capacity, organic and moisture content of soils, and soil texture (permeability).  
 
Riparian function curve for water quality 
The data (Table 1) and graph (Figure 1) below were adapted from Desbonnet et al. (1995) to provide a 
generalized representation of buffer width recommendations for water quality.  It is considered a good 
synopsis of the findings of several buffer review and synthesis papers, and was one of the few sources 
of summary data for water quality effectiveness at various buffer widths.
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Table 1. Summary data used to produce a generalized curve for effectiveness of vegetated buffers to remove various pollutants at different 
widths (adapted from Desbonnet et al. 1995). TSS = total suspended sediment. We found no information available on composition of 
vegetation within the buffer. 


% Removal 
Buffer Width (m) 


Sediment TSS Nitrogen Phosphorus 
50 0.5 2 3.5 5 
60 2 6 9 12 
70 7 20 23 35 
80 25 60 60 85 
90 90 200 150 250 
99 300 700 350 550 


 


 
Figure 1. Contaminant removal effectiveness of four water quality constituents at various buffer widths (adapted from 
Desbonnet et al. 1995).
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Key science panel findings 
 
Water quality is an important function of marine riparian areas, but relative to the dynamics affecting 
water quality in Puget Sound at the watershed and landscape scales, many panelists concluded that an 
undisturbed marine riparian area’s contribution to maintaining water quality is proportional to the 
upland area. Anthropogenic activities in marine riparian areas undoubtedly include the generation and 
routing (via water) of pathogens, nutrients, toxics, heat, and fine sediment (above normal background 
levels) that can affect water quality. However, the marine riparian area is limited in spatial extent; that 
is, it constitutes a small fraction of the Puget Sound drainage basin. Most contaminants reach Puget 
Sound via: 
  


1) Streams or drainage networks discharging into the Puget Sound Basin, or pathways that 
concentrate rainfall and snowmelt from impervious surfaces associated with human residential 
and commercial development and transportation infrastructure; and  


 
2) Waste water entering Puget Sound from municipal and industrial facilities (i.e. municipal 


sewage treatment plants and direct discharge from industrial facilities).  
 


Thus, while minimizing impervious surfaces and controlling harmful inputs into surface and 
groundwater is as important in marine riparian areas on an acre for acre basis as it is across the entire 
Puget Sound basin, many panelists believed that relative to the larger watersheds that deliver 
pollutants to Puget Sound, marine riparian areas contribute a small fraction of the ecological function 
in mitigating water quality impacts at a landscape scale. However, given their proximity to nearshore 
development and their role in influencing shoreline habitats and species, the panel generally agreed 
that marine riparian areas do play a role in protecting water quality (i.e., site specific, along marine 
shorelines) and contribute to the cumulative watershed influences. One aspect of residential 
development in marine riparian areas not addressed during the workshop included pollution from 
failing septic systems including bacteria and nutrients.  
 
Panelists generally agreed that the curve in Figure 1 is conceptually valid for water quality issues 
originating in marine riparian areas.  
   
B. Shade/Microclimate 


 
Overview  
 
Marine riparian areas have unique natural climate control mechanisms that differ from upland areas 
and which influence both physical and biological conditions at a local scale. Riparian vegetation can 
intercept solar inputs and help create microclimate conditions (soil and ambient air temperature, 
moisture, solar radiation, wind, humidity) in both terrestrial and aquatic environments (FEMAT 1993; 
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Knutson and Naef 1997; May 2003; Parkyn 2004). Forested buffers have an insulating effect, helping 
to moderate ambient air, soil, and water temperatures, keeping them warmer in the winter and cooler 
in the summer (Castelle et al. 1992; FEMAT 1993; Osborne and Kovacic 1993; Knutson and Naef 
1997; Chen et al. 1999; Wenger 1999; Bavins et al. 2000; Rice 2006; Tonnes 2008). 
 
Riparian function curve for shade    
In order to develop a graphic representation of shade effectiveness (Figure 2), the generalized curve 
from FEMAT (1993) (Appendix D) was used to generate the data needed (Table 2) to create a plot of 
buffer width effectiveness at varying distances from the edge of a forest stand. 
 
 
Table 2. Approximated data used to create a generalized curve (Figure 3) indicating percent of 
riparian shade function occurring within varying distances from the edge of a forest stand (adapted 
from FEMAT 1993) (SPTH = site potential tree height). 


Cumulative 
Effectiveness (%) 


Buffer Width 
(SPTH) 


SPTH m(ft) 


0 0.00 0(0) 
10 0.07 4(14) 
20 0.15 9(30) 
30 0.22 13(44) 
40 0.29 18((58) 
50 0.36 22(72) 
60 0.42 26(84) 
70 0.50 31(100) 
80 0.61 37(122) 
90 0.73 45(146) 
93 0.80 49(160) 
95 1.00 61(200) 
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Figure 2. Generalized curves representing cumulative effectiveness of microclimate attributes as a 
function of distances of the edge of a forest stand (after Chen 1991). One tree height equals 200ft 
(61m) (from FEMAT 1993).   
 
 
Key science panel findings 
 
Panelists unanimously agreed that shade/microclimate is an important marine riparian function. In 
contrast to freshwater environments, where shade can help moderate stream water temperatures, shade 
in marine environments was considered less important in moderating water temperature than in 
moderating temperatures of beach substrates in the supratidal zone and in intertidal zones during low 
tides, especially during summer months. Panelists noted that while increases in solar radiation due to 
loss of riparian shade could warm shallow intertidal waters, the effects of this warming have not been 
quantified. They pointed to studies indicating that riparian vegetation plays an important role in the 
survival of forage fish spawn (Penttila 2001; Rice 2006) by reducing either heat or desiccation stress. 
They also noted that solar radiation is an important limiting factor for most rocky intertidal organisms 
(Ricketts and Calvin 1968; Connell 1972), and that shade may be particularly important for climate-
sensitive species. Panelists also noted that ultraviolet radiation is an important consideration because it 
will persist, even on cloudy days.    
 
Additional panel comments include:   


 Overall, vegetation community type is an important consideration for assessing the shade 
function as some shorelines, even in an undisturbed state, do not support forest community 
types.  







114 
 


 Important factors that influence marine riparian shade include aspect, SPTH, bank 
morphology, and other site characteristics that affect plant growth. 


 Loss of overstory trees can increase solar radiation to the patch and to the upper beach – an 
effect that may persist for decades or even longer.  


 The continuity of the vegetated community structure over time is an important component 
of the shade characteristics it provides (as well as other functions) and is influenced by 
natural processes and disturbances. In the Puget Sound marine environment, where 
slumping cliffs and erosion are common shoreline characteristics, the shade function 
depends on a recruitment process. For example, the setback distance of a tree that is 50 feet 
from the shoreline today will shrink over time as a result of bank erosion, or surface soil 
creep. This differs from the shade function in freshwater environments, which may be 
relatively more stable, but is somewhat analogous to a relocation of the stream channel in a 
floodplain, albeit with somewhat greater predictability because the shoreline only migrates 
in one direction. 


 
Data gaps 


 Limited knowledge exists on survival thresholds for climate-sensitive species, especially in the 
marine environment.  


 Microclimate data are typically derived from upland research. Applying upland climatic data to 
the marine environment where many buffers are simply one-sided is a large data gap. 


 Research is needed on the influence of shade to groundwater (some of which is discharged to 
beaches via surface flows) on shorelines. 


 
C. Large Woody Debris (LWD) Recruitment and other functions of wood 


 
Overview 
 
The contribution of large woody debris (LWD) into marine environments is considered an important 
function of marine riparian areas, although the relative proportion of wood delivered from the marine 
setting compared to river systems is not well documented (Brennan and Culverwell 2004; Tonnes 
2008). The role of upland riparian areas in providing LWD in freshwater environments, however, has 
been very well studied. It is generally believed that LWD provides similar functions in both freshwater 
and marine systems (Harmon et al. 1986; Sedell et al. 1988; Bilby and Bisson 1998; Hyatt and Naiman 
2001; Latterell and Naiman 2007) including: 


 Accumulation of organic matter and sediments. 


 Habitat structure for periphyton (Coe et al. 2009), invertebrates, fish, and wildlife. 


 Bank stability and erosion control. 


 Substrate (such as “nurse logs”) for recruitment of plant species.  


 Moderation of local benthic temperatures and moisture regimes on beaches. 
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The source of LWD in streams and rivers is riparian forest growth both adjacent to and upland from 
the stream channel. Similarly, the natural source of marine LWD (also known as “driftwood”) comes 
from adjacent marine riparian areas, or is delivered from rivers, streams, and other shoreline areas via 
marine currents. In recent decades, the volume and quality (wood variety and dimensions) of LWD 
from natural sources appear to have been reduced due to historic and current logging practices, the 
conversion of shoreline areas for agriculture and flood control levees, and urbanization (Tonnes 2008). 
Persistence and residency time of LWD are controlled by decomposition rates of different wood types, 
size and dimensions of the wood, their ability to become trapped or anchored, and the exposure to 
hydraulic forces (e.g., river flows, tides, waves, currents).  
Riparian function curve for LWD 
For the LWD riparian function curve (Figure 3), cumulative effectiveness of LWD recruitment data 
(Table 3) was plotted as a function of potential tree height (based on the FEMAT 1993). 
 
Table 3. Approximated data used to create generalized curve (Figure 3) indicating percent of LWD 
recruitment function occurring within varying distances from the edge of a forest stand (adapted from 
FEMAT 1993).  Note that one SPTH equals 200 feet (61 meters). 


Cumulative 
Effectiveness (%) 


Buffer 
Width 


(SPTH) 
SPTH 
m(ft) 


0 0 0 
10 0.09 6(18) 
20 0.18 11(36) 
30 0.25 15(50) 
40 0.32 20(64) 
50 0.4 24(80) 
60 0.47 29(94) 
70 0.55 34(110) 
80 0.65 40(130) 
90 0.8 49(160) 
93 0.85 52(170) 
95 0.9 55(180) 
99 1 61(200) 
99 1.2 73(240) 
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Figure 3. Generalized curve indicating percent effectiveness of LWD recruitment from riparian areas 
occurring within varying distances from the edge of a forest stand. Tree height (SPTH) is used to 
indicate buffer width. One SPTH is equal to 200ft (61m) (FEMAT 1993). 
 
Key science panel findings 
 
In general, the science panel agreed that the LWD effectiveness curve is conceptually valid although 
the proportion of marine LWD entering via shorelines versus river systems is largely unknown. The 
panel recognized that the quantity and availability of marine LWD is likely to be lower now than 
historically, particularly in the largest diameter classes, as a result of historic harvest, urbanization, 
salvage logging, and efforts by the U.S. Army Corps of Engineers to remove floating logs that pose 
navigation hazards. Wood entering beaches from coastal shorelines may be more stable since this 
LWD often includes root balls, or may be anchored in the bank, which could reduce its mobility 
during high tide and storm events. Dan Tonnes discussed his thesis research in Whidbey Basin, where 
he found that 1.4 percent of the LWD on sediment bluff beaches originated from adjacent unstable 
bluffs. Additional points raised by the panel included: 


 LWD is important for many nearshore organisms that use wood as food and habitat. 


 LWD helps stabilize beaches and reduce wave-cut erosion of bluffs. 


 The shape of the function curve is primarily based on downhill delivery, within a distance of a 
single tree height and for more stable and less steep. The shape of the curve would be different 
under steeper and less stable slope conditions. 
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D.  Litter Fall/Provision of Allochthonous Inputs 


 
Overview 
 
Riparian areas contribute significantly to material creation, cycling, and movement between terrestrial 
and aquatic systems (Lavelle et al. 2005; Ballinger and Lake 2006). Although the exchange of energy 
and nutrients between aquatic and terrestrial systems is identified as an important ecological process 
for maintaining productivity, most studies of these interactions focus on the influence of allochthonous 
inputs of organic material on stream systems. The contribution of these inputs to marine systems and 
influence on productivity and other ecological functions is not well understood.   
 
Riparian vegetation provides organic litter that serves as habitat and food for fishes and aquatic 
invertebrates (Adamus et al. 1991; Vigil 2003; Lavelle et al. 2005;; Ballinger and Lake 2006). Aquatic 
invertebrates are important components of stream systems and are often used as indicators of stream 
health (Wenger 1999). Riparian vegetation influences the amount and type of terrestrial invertebrates 
that fall into aquatic systems which in turn serve as a major food source for freshwater fishes birds, 
mammals, reptiles, and amphibians (Romanuk and Levings 2003; Sobocinski 2003). Terrestrial insects 
are an important food source for many salmonids in streams, and have recently been shown to be a 
large component of the diet in juvenile salmonids while residing in marine nearshore waters of Puget 
Sound (Sobocinski 2003; Brennan et al. 2004; Duffy et al. 2005; Fresh et al. 2006; Fresh 2007). In 
addition, some fish and invertebrates feed directly on vegetative detritus (McClain et al.1998; King 
County DNR 2001; Vigil 2003; Lavelle et al. 2005). 
 
 
Riparian function curve for allochthonous inputs  
The FEMAT (1993) “litter fall” buffer effectiveness curve was used to recreate a generalized graphic 
representation of allochthonous inputs because data required to generate a graph were not available 
from other sources.  
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Table 4. Approximated data used to create generalized curve (Figure 5) indicating percent of riparian 
allochthonous input function occurring within varying distances from the edge of a forest stand 
(adapted from FEMAT 1993). 


Cumulative 
Effectiveness (%) Buffer Width (SPTH) SPTH m(ft) 


0 0 0 
10 0.04 2.4(8) 
20 0.08 4.9(16) 
30 0.12 7.3(24) 
40 0.17 10.3(34) 
50 0.22 13.4(44) 
60 0.27 16.5(54) 
70 0.33 20(66) 
80 0.4 24.4(80) 
90 0.5 30.5(100) 
95 0.65 40(130) 
98 0.9 55(180) 


 
 
 


 
                                                 
 An estimate of values from FEMAT 1993 plotted on an X and a Y axis, or extrapolating from FEMAT graphs to come up with specific 
numbers to plot on a new graph. See guidance document for more detail.   
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Figure 4. Generalized curve indicating percent effectiveness of riparian allochthonous input and litter 
fall occurring within varying distances from the edge of a forest stand. One site potential tree height is 
equal to 200ft (61m) (adapted from FEMAT 1993).  
 
Key science panel findings 
 
Overall there was a general acceptance that organic nutrient exchange is a relevant function of marine 
riparian areas and that the conceptual curve is a valid representation of marine allochthonous input 
functions. In addition, there was a consensus on the following:   


 Energy and nutrient exchange is a multi-dimensional characteristic across the aquatic and terrestrial 
interface. For example, litter fall/allochthonous input is not limited to leaves, but includes other 
matter such as plant stems, insects, and other organic matter.  


 Riparian areas are likely an important area of emergence for insects, and some flying insects may 
be introduced to marine waters via wind and stream inputs. Panelists noted that some of the insects 
found on beaches and in the diet of juvenile salmonids do not fly and are not as likely to become 
airborne and transported via wind.  


 Nutrient exchange is not simply unidirectional, but bi-directional. Marine derived nutrients are also 
transported into the terrestrial environment via multiple pathways including:  


o Atmospheric input via wet or dry deposition, which can occur through fires, intensive 
farming and agricultural activities, and wind erosion (Lavelle et al. 2005).  


o Lateral transfers of nutrients through water flows, including microalgae and macroalgae 
washed ashore (Adamus et al. 1991; McLachlan and Brown 2006).  


o Decomposing secondary consumers, such as juvenile Pacific herring, Pacific sand 
lance, longfin smelt, surf smelt, sole, salmon, seabirds, and marine mammals, also 
contribute nutrients. For example, in freshwater systems, Pacific salmon nutrients are 
deposited by predators and scavengers in excreta, or as carcasses and skeletons 
(Cederholm et al. 1999; Naiman et al. 2002; Drake et al. 2006). 


o Secondary consumers can transport nutrients to upland areas, facilitating nutrient and 
energy exchange between terrestrial and aquatic food webs (Ballinger and Lake 2006). 
For example, Elliott et al. (2003) examined the relationship between bald eagles and 
Plainfish Midshipman, a demersal fish and intertidal spawner. Between May and June 
of 2001, the authors found that eagles consumed about 22,700 ± 3,400 midshipman, 
representing large transfers of nitrogen into trees, and the potential to enhance 
community productivity along the shoreline.  


 


The overall relevance of this function curve was ranked in the middle, likely because many panelists 
did not feel knowledgeable enough to make an informed ranking due to a lack of empirical studies in 
marine riparian systems. 
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E. Fine Sediment Control 


 
Overview 
 
One of most studied functions of riparian areas is fine sediment control. Fine sediments enter 
waterways from a number of terrestrial sources, both natural and anthropogenic. The human-derived 
fine sediments originate primarily from construction sites, suburban and urban developed areas, 
forestry and agricultural practices, and unpaved roads that drain into waterways. Sediments become 
exposed and subject to erosion as a result of vegetation removal, excavation, road wash from unpaved 
roads, and compaction of soils. Once sediments are suspended in and moved by surface water runoff, 
they can be delivered to waterways unless they settle out or become trapped.  
 
Excess amounts of sediment, particularly fine sediments, can have numerous deleterious effects on 
water quality and aquatic biota. The following list briefly summarizes several major effects from 
anthropogenically-produced sediment (adapted from Wenger 1999): 


 Sediment deposited in rivers and streams can reduce habitat for fish and invertebrates. 


 Suspended sediment reduces light transmittance, which decreases primary productivity. 


 High concentrations of fine suspended sediments cause direct mortality, or impairment 
(such as suffocation and/or reductions in food supply) for many fish and invertebrates. 


 Excess suspended sediments can interfere with filter feeders’ apparatus thus reducing the 
abundance and diversity of filter-feeding organisms, including mollusks and some 
arthropods. 


 Sediments absorb chemical compounds, serving as a delivery mechanism for contaminants 
to water bodies.   


 
Riparian buffers composed of dense vegetation can act as a “line of defense” for reducing or 
eliminating anthropogenic sedimentation of waterways in a number of ways by (adapted from Wenger 
1999): 
 


 Displacing sediment-producing activities away from a water body;  


 Trapping terrestrial sediments in surface runoff; 


 Reducing the velocity of sediment-bearing storm flows, allowing sediments to settle out of 
water and be deposited on land; 


 Creating sheet flow of surface waters, reducing channelization (which can increase 
conveyance and erosion); 


 Stabilizing banks and bluffs, preventing landslides and other erosion; 


 Intercepting and absorbing precipitation in the canopy, understory, and ground cover, 
thereby reducing the amount of water that can displace sediments; and/or 
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 Contributing LWD, which helps to trap sediments, support vegetation, and reduce erosion 
from stream flows and waves.  


 
Research on buffer effectiveness has examined both forested buffers (composed of native vegetation) 
and grass buffers, although results are mixed as to which is most effective at controlling fine 
sediments. Riparian buffers composed of dense vegetation can reduce the velocity of sediment bearing 
storm flows, help reduce channelization, and intercept precipitation in the canopy thereby reducing the 
amount and energy of water that can displace sediments. In addition, composition and density of 
riparian vegetation (both standing and as LWD) are important elements for controlling surface flows, 
trapping sediments, and reducing erosion. Riparian soils also play an important role in absorbing water 
and trapping sediments.  
 
An important factor in determining the sediment removal capabilities of riparian areas is slope. 
Riparian areas with steeper slopes require wider buffers to provide the same level of sediment removal 
(similarly with contaminant removal). Capacity is also an important consideration. High levels of 
sediments can exceed the capacity of riparian areas to trap sediments. If overloaded, riparian 
effectiveness can be reduced to a point where this function is essentially lost. 
 
Riparian function curve for fine sediment control  
To illustrate fine sediment control in generalized curves for riparian buffer effectiveness at various 
widths, the summary data from Desbonnet et al. (1995) (Table 5) were used to generate a scatter plot 
(Figure 5) and associated curves, similar to the riparian buffer curves developed by FEMAT (1993).  
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Table 5. Summary data used to generate generalized curves for sediment control effectiveness at 
different buffer widths (adapted from Desbonnet et al. 1995). 


 
 
 


 
 
 
 
 
 
 


 
Figure 5. Generalized curve illustrating sediment removal effectiveness at various buffer widths 
(adapted from Desbonnet et al. 1995). 
 
 
Key science panel findings 
 
There was general consensus by panelists that the riparian function curve for sediment control is 
conceptually valid. The panelists discussed the relationship between sediment delivery and land use, 
the role of sediment, the definition of sediment (e.g., size, class), and the source and function of 
natural versus unnatural causes of sedimentation. Panelists ranked the relevancy of this function as it 
relates to other marine riparian functions as low, largely because there is a strong contrast in natural 
and anthropogenic sediment issues in freshwater and marine systems. Panelists noted that maintaining 
natural erosion and sediment transport processes are critical to maintaining beaches in Puget Sound. 


% 
Removal 


Buffer Width(m) 
Sediment TSS 


50 0.5 2 
60 2 6 
70 7 20 
80 25 60 
90 90 200 
99 300 700 
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They also noted that much of the sediment nourishing Puget Sound beaches originates in marine 
riparian areas, facilitated by natural driving forces (wind and wave action, bluff saturation, leading to 
slope failures).  The panelists felt strongly that it was very important to maintain natural sediment 
inputs from marine riparian areas into Puget Sound – that perhaps the biggest threat to marine systems 
from human activity is the reduction of sediment inputs by armoring shorelines and disrupting natural 
erosion of bluffs. This is in sharp contrast to freshwater systems, where riparian areas are managed to 
minimize human-induced fine sediment inputs which substantially impact habitat and water quality of 
freshwater streams. Thus, the panel recognized the need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment inputs. 
Further, while the risks of human induced inputs of fine sediments into marine shorelines have not 
been as well studied as freshwater systems, the panel recognized marine riparian areas as important for 
ensuring “normative” sediment processes and reductions of potentially harmful levels of fine 
sediments from anthropogenic activities. 
 
Additional key comments and questions raised by the science panel are provided under the following 
topics: 
 
Definition of Sediment 


 Most reviews of the water quality functions in riparian areas incorporate a discussion of sediment 
control as part of the discussion of other contaminants. Associating sediment control functions 
with other water quality functions may help reduce the confusion concerning natural sediment 
delivery and transport processes versus excessive fine sediment inputs from anthropogenic 
sources. 


 How sediment is defined (e.g., size, class) can change the role and function within the ecosystem 
as a whole. Perhaps identifying “anthropogenically-derived fines” would help clarify this. 


 Sediment delivery is critical to sustaining Puget Sound beaches and is part of the natural 
watershed process that shapes the shoreline. 


 
Land Use 


 Land use practices influence the characteristics, timing, and magnitude of sediment input, and can 
increase annual sediment loads reaching streams by several factors.  


 
Role of Sediment 


 The role of sediment in nearshore processes of Puget Sound needs to be acknowledged and not 
confused with controlling fine sediment (and associated contaminant) delivery to marine waters. 
The compounds that bind to sediment (such as phosphorus) are delivered to the nearshore aquatic 
environment (where they may play an important ecological role), thus natural levels of sediment 
delivery should be an important component of riparian management. 
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F. Wildlife 


 
Overview 
 
In a review of eight separate reports synthesizing much of the literature on riparian functions and 
buffers, all include a discussion of the importance of riparian areas to wildlife and offer either a range 
of reported buffer widths, and/or specific buffer recommendations for protection of wildlife habitat. 
The provision of wildlife habitat is commonly identified as one of the most important functions of 
riparian areas by meeting important life history requirements such as feeding, breeding, refuge, and 
migration corridors.  
 
Riparian function curve for wildlife 
FEMAT (1993) did not generate a riparian function curve for wildlife. Although a number of other 
publications describe the importance of riparian areas for supporting wildlife, functional effectiveness 
data are specific to individual species life history requirements, so it was not possible to generate a 
function curve. Some researchers have attempted to use physical criteria (plant community, 
microclimates) as a surrogate for identifying unique riparian habitat attributes for wildlife.  
 
 
Key science panel findings 
 
Although no riparian function curve for wildlife was available for panel review, there was general 
consensus that marine riparian areas provide a suite of functions for wildlife as habitat buffers and 
migration corridors. Some participants pointed out that there are a number of species that would not 
utilize marine nearshore areas, or cross onto beaches, if a buffer did not exist, which led to a 
discussion of obligate versus facultative uses. All panel members agreed that marine riparian areas 
provide a suite of important services for wildlife and this function was rated high across the panel. 
Discussion on the wildlife function included:  
 
Obligate/Optimal Use Species 


 There are few known marine riparian obligate species and it was unclear if the process of 
identifying obligate species in marine riparian areas had been carried out. It is believed that most 
wildlife in these areas are generalized in their use and preference, although few studies have 
focused on this set of questions for marine riparian areas. The unique aspect about the marine 
riparian environment is that it supports a number of important functions and processes that create 
and maintain wildlife habitat. Diversity was mentioned frequently with regard to riparian areas; 
many wildlife species are generalists in their use of ecotones, so increased local species diversity 
may or may not lead to high regional diversity. Heightened local diversity occurs because 
structural diversity and vegetation are linked closely with the aquatic system. Larger buffers 
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would benefit bigger animals with wider ranges, and are important for wildlife sensitive to human 
disturbances. See Marzluff (2005), Sax and Gaines (2003), and Scott and Helfman (2001).  


 Invasive species within riparian areas need to be considered as they may reduce buffer 
effectiveness. Buffers can harbor nuisance species and any pathogens that are transported along 
with their introduction, which is a cause for concern with respect to local wildlife and human 
populations. 


 
Additional Key Comments: 


 It may be helpful to provide more information on the functions of ecotones in the guidance 
document (e.g., define and provide information on multiple functions of ecotones).  


 Need to consider obligate versus facultative use species in the buffer. For example, some 
shorebird species may be obligate users of the marine riparian zone during migration periods. 


 Address seasonal variability as it relates to wildlife usage; 


 Need to consider supralittoral (i.e. the splash/spray zone above spring high tide line, not 
submerged by water) use by plovers, seals, otters, deer, and other animals. 


 Buffer areas could disrupt or enhance migratory pathways, depending on the species life history 
requirements and habits. 


 Functional connectivity between habitats does not always have to be continuous; some animals 
can leap-frog areas. 


 Some structural elements may need to be considered for specific wildlife needs (may vary with 
beach and/or buffer type). 


 Wildlife may have important roles, through selective feedings and deposition of nutrients, in 
shaping the structure and productivity of marine riparian areas (Naiman and Rogers 1997). 


 
 
G. Hydrology/Slope Stability 


 
Overview 
 
Substantial literature exists on the role of vegetation in controlling hydraulic processes and increasing 
slope stability. Much of this literature addresses the impacts (such as sedimentation, siltation, and 
excessive flow volumes) of logging, agriculture, urbanization, and other practices to streams and 
wetlands. A significant portion of the literature on impacts has little to do with maintaining or 
protecting ecological functions of riparian or aquatic systems, but rather focuses on how these impacts 
affect human infrastructure. Regardless of the system (freshwater or marine), or the focus of the 
research and assessment reports (ecological or social implications), the general consensus is that 
vegetation can play an important role in controlling hydrologic processes and slope stability in the 
following ways (adapted from Griggs et al. 1992: IN Macdonald and Witek 1994): 
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 Interception: Foliage and plant litter absorb the energy of precipitation, reducing direct impacts 
on soil. 


 Restraint: Root systems bind soil particles and blocks of soils, and filter sediment out of runoff. 


 Retardation: Plants and litter increase surface roughness, and reduce runoff volume and velocity, 
reducing channelization. 


 Infiltration: roots and plant litter help maintain soil porosity and permeability. 


 Transpiration: plants absorb moisture, delaying the onset of soil saturation and surface runoff. 


 
In addition, the influences of woody plants on mass movement may include: 


 Root Reinforcement – Roots mechanically reinforce soil by transferring shear stresses in the soil 
to tensile resistance in the roots. 


 Soil Moisture Depletion – Interception of raindrops by foliage as well as evapotranspiration limit 
buildup of soil moisture. 


 Buttressing and Arching – Tree trunks can act as buttress piles or arch abutments in a slope, 
counteracting shear stresses. 


 Surcharge – The weight of vegetation on a slope may exert a destabilizing down slope stress and 
a stress component perpendicular to the slope that increases resistance to sliding. 


 Root wedging – Roots invade cracks and fissures in soil or rock that could add restraint stability 
or cause local instability by wedging action. 


 Wind throw – Strong winds exert an overturning movement on trees causing blow down (usually 
of aged, diseased, or undermined trees) that disturb slope soils. 


 
Riparian function curve for hydrology and slope stability 
No data could be found plotting the functional effectiveness of the hydrology/slope stability function, 
so data were generated following the model provided by Griggs et al. (1992) (IN  Macdonald and 
Witek 1994) were used to create Table 6 and Figure 6. This study addresses setbacks on bluffs and 
other unstable slopes to protect against property loss.  
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Table 6. Setback distances (ft.) for different bluff heights at various levels of stability where geologic 
stability for 50 years cannot be demonstrated (after Griggs et al. 1992). 
 


Bluff 
Height 


(ft) 
Stable 


(1:1)(450) 


Moderately 
Stable 


(2:1)(300) 


Unstable 
(1:1)(450)+ 
(2:1)(300) 


20 20 40 60 
40 40 80 120 
60 60 120 180 
80 80 160 240 
100 100 200 300 
120 120 240 360 
140 140 280 420 
160 160 320 480 


180 180 360 540 
200 200 400 600 


 
 


 
Figure 6. Construction setbacks for different bluff heights at various levels of stability, where 
geologic stability for 50 years cannot be demonstrated (after Griggs et al. 1992). 
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Key science panel findings 
 
All participants agreed that the hydrology/slope stability graphic is applicable in the marine 
environment. Panelists discussed the importance of hydrology, geomorphology, soil type, and 
vegetation type in supporting slope stability functions in Puget Sound, in addition to the human safety 
concerns about slope stability in the region.   
 
Geomorphology 


 Landforms and geology can be more important here than buffer width. For example, in the San 


Juan Islands, there can be a 45 slope on basalt form that can be very stable. 


 Consider geomorphic shore form (e.g., geologic legacy, landscape position, density, slope, etc.). 
Use of Shipman (2008) geomorphic classification system may be useful. 


 
Soil and Vegetation 


 Soils and vegetation play important roles in slope stability and hydrology. 


 The relationship of riparian vegetation and slope stability is very specific to hydrologic and 
geologic conditions. It is important to consider flow paths; for example, stability may be 
associated more with altered upland drainage patterns or precipitation patterns. Therefore, this 
relationship may be site-specific.  


 Need to consider the role of vegetation on the slope itself versus above the slope, which would 
yield different functions. The relative importance of vegetation at each location, given site-
specific conditions and methods of protection need to be determined. Similar to the discussion of 
“sediment” above, management should allow for normative rates of LWD recruitment and erosion 
to provide sediments and wood to beaches. 


 Buffer width versus landform may be the most important factor. For example, steeper slopes, 
particularly those with underlying geologic instability, require wider buffers. 


 Need to maintain normative rates of sediment delivery by using setbacks and buffers – should 
avoid interfering with natural processes. 


 Upslope alterations are large contributing factors to slope instability.  


 Home protection and public hazard considerations are likely to garner public support for buffers. 


 Riparian areas can increase slope stability (through root structure) and increase water interception 
and absorption. Protecting natural rates of sediment delivery and protecting processes and 
functions of nearshore ecosystems may be achieved by establishing and maintaining adequate 
riparian buffers. 
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SECTION IV:  Summary and Conclusions 


The purpose of this workshop was to solicit expert opinion on how best to apply riparian science to 
protect marine riparian functions and processes with a particular emphasis on buffers. The science 
panel included fourteen scientists with expertise related to riparian ecosystems. Panelists were asked 
for input on a variety of questions related to seven specific riparian functions and/or processes.    
 
In general, panelists agreed that findings from studies of freshwater riparian areas are transferable to 
marine riparian areas, although some processes and functions are unique to marine riparian areas.   
 
A summary of panelist responses to the key questions follows (note: questions were asked for each of 
seven riparian functions). 
 
1. Is there general agreement that this function applies in the marine environment?  On a scale 


of 1-10 (low to high), what is the relative importance of this particular function in the marine 
environment? 


 
General consensus was reached that each of the seven functions reviewed during the workshop applies 
in both freshwater and marine riparian environments, although their relative importance varied. For 
example, three functions (LWD, litter fall, and hydrology) emerged as having higher relative 
importance to marine environments, based on a subjective ranking process. Many panelists noted that 
marine riparian science would be greatly improved with additional research. It was also generally 
agreed these areas should be viewed and managed holistically to address multiple processes and 
functions at small and large spatial and temporal scales 
 
Water Quality – The panel agreed that while water quality is an important function of marine riparian 
areas overall, the relative contribution of these areas is minor at a larger scale compared to the 
freshwater inputs from the Puget Sound drainage basin as a whole. However, water quality functions 
provided by marine riparian areas may be very important, especially at a site specific level, depending 
upon land use practices and the integrity of the riparian area.  
 
Shade/Microclimate – According to the panel, shade is of medium relative importance to marine 
riparian areas in Puget Sound relative to water temperatures in the marine environment, which was 
judged to be less sensitive to solar inputs than waters in freshwater systems. However, shade has been 
shown to play a role in survival of upper intertidal organisms in Puget Sound. Additional research is 
needed to fully understand its role. Erosion and tree removal within and outside the riparian buffer can 
disrupt the shade function in the marine environment. In addition, the limited knowledge on the 
survival thresholds for climate-sensitive species in the marine nearshore environment is a major data 
gap. 
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LWD Recruitment – LWD in the marine nearshore provides important functions but it was unclear 
how much of that wood comes from marine riparian areas versus rivers. LWD is known to supply 
nutrients, stabilize beaches and banks, reduce wave erosion, enhance establishment and growth of 
vegetation, and provide refuge, nesting and foraging habitat for a variety of species. There is an overall 
general lack of information specific to the marine environment, but sources of LWD to beaches 
include freshwater riparian material, logging activity, and marine riparian areas. Recruitment of 
marine LWD requires buffers that allow for natural erosion and recruitment over extended time 
periods as banks and bluffs recede.   
 
Litter Fall/Provision of Allochthonous Inputs – These inputs are relevant to both marine and 
freshwater environments. Terrestrial source nutrients have been shown to be important to the 
nearshore ecosystem, and some studies have determined that riparian areas serve as emergence habitat 
for fish prey and support a number of trophic levels in the nearshore food web. Nutrient and energy 
exchange is not unidirectional and marine derived nutrients find their way to terrestrial environments. 
Some panelists noted that the contribution of allochthonous inputs to and their influence on 
productivity in marine systems is a data gap. 
 
Fine Sediment Control/Delivery – This process is important in both marine and freshwater systems. 
Sediment delivery to the Puget Sound via river systems and eroding marine bluffs (convergence 
zones) is critical to beach forming processes. Fine sediments originating from anthropogenic sources 
need to be distinguished from natural sources and background levels. Riparian areas can help control 
harmful levels of fine sediment and associated contaminant delivery to the aquatic environment while 
allowing natural processes to continue. 
 
Wildlife – Marine riparian areas provide a suite of habitat functions for wildlife including feeding, 
breeding, and migration corridors. Some panelists pointed out that there are a number of species that 
would not cross into the nearshore area if a marine riparian buffer did not exist. Few studies have 
focused on wildlife utilization of marine riparian areas, but much of what has been studied about the 
life history requirements in other areas would apply to those species that occur in these areas. Some 
species may be highly adapted to marine riparian areas and could be considered obligate species, 
although survey data are lacking.    
 
Hydrology and Slope Stability – Vegetation can play an important role in controlling runoff, 
maintaining slope stability, and maintaining normative rates of erosion. From this perspective, one 
function of a riparian area is protecting people from landslides. The safety factors provided by buffers 
may resonate with people more directly if the argument is framed in terms of the need for normative 
rates of erosion and sediment delivery to beaches along with protection of human structures.  
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2. Does the FEMAT-style curve adapted for this function “fit” for the marine environment? 
(Yes or No)   


 
Nearly every panelist agreed that all six of the FEMAT-style curves adapted for riparian processes and 
functions (a wildlife functional effectiveness graph was not provided) were a reasonable “fit” or 
conceptually valid for the marine environment, notwithstanding site and scale controlling factors. 
Several exceptions and caveats were included, such as the LWD function (every panelist felt that the 
curve’s “fit” would vary at a site specific scale); and the shade function (participants pointed to many 
factors that needed to be considered, including aspect and temporal/spatial variability.  
 
3. Which controlling factors are most important in determining the specific relationship 


between buffer width and function (e.g., shore form, slope, vegetation type, aspect, soils)?      
 
Responses to this question are summarized in Table 7 below. The discussion of these topics was very 
limited due to time constraints.   
 
Table 7. Controlling factors for riparian buffer functions.  


Process/Function Controlling Factors 
Water Quality  anthropogenic activities 


 flow concentration 
 slope (highly relevant to flow 


concentration) 
 vegetation type and density 


LWD  condition of vegetation – species, 
size, presence, age, structure 


 landslides 
 climatic events, wind action, 


precipitation, ice storms 
 anthropogenic disturbances: 


forestry/logging 
 trigger trees (cause others to fall) 
 soils 
 geology 
 groundwater/hydrology 
 condition of wood (insects, root rot, 


disease) 
 fire (consideration of fine scale 


disturbances versus catastrophes) 
 invasive species 


Litter  vegetation species, type, age, 
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Fall/Allochthonous 
Inputs 


structure 
 vertical diversity (big trees versus 


understory, ground cover) 
 climatic events, wind action 
 slope (degree) 
 shoreform type 
 anthropogenic disturbances 


Hydrology/Slope 
Stability 


 soils  
 geology 
 erosion rates 
 presence of vegetation 
 groundwater/hydrology 
 anthropogenic disturbances and 


upland activities 
 topography 
 climatic events, wind and wave 


exposure, storm severity (climate 
impacts/change) 
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Parking Lot Ideas 


Throughout the workshop, panelists brought up ideas, issues, concerns, and questions. A number of 
these topics and considerations were outside the scope of the workshop but were noted as “Parking 
Lot” issues. They fell into two main topic areas: buffer management and research gaps and needs, and 
have been grouped by these two categories below.    


Guidance on Buffer Management 


 Many uncertainties exist in managing marine riparian areas. Using a precautionary approach 
and adaptively managing these areas is important. 


 Management of marine riparian areas must consider a time element.  Like many other 
ecological elements, the processes and functions of marine riparian areas evolve over extended 
time periods, which need to be considered for developing appropriate management actions. For 
example, since plants and plant communities (extent, age since last disturbance, composition) 
are important determinants of riparian functions, managers need to consider the time it takes 
for large trees to grow and plant communities to become established and maintained through 
time.  Similarly, the time it takes to reestablish following a disturbance event (natural or 
anthropogenic) should be incorporated into the management strategy (e.g., for protection, 
enhancement, restoration, recreation).  


 Management of marine riparian areas must consider multiple spatial scales.  Connectivity is an 
important characteristic of riparian areas for maintaining ecological functions. Fragmentation 
and narrowing of buffers can have larger-scale effects. Because shoreline development and 
permitting typically occur on a site-by-site basis, current management does not account for 
cumulative and large-scale impacts. In addition, bluffs may continue to erode over time, sea 
levels will rise and existing buffers will likely become narrower as a result of human or natural 
disturbance, thereby providing reduced functions. This should be a management consideration 
for creating sustainable processes and functions. 


 In addition to ecological functions, riparian areas have important social, cultural, economic, 
and recreational values and these should be important management consideration.   


 Riparian buffers need to be recognized as being important for human safety in addition to their 
ecological importance. A large portion of Puget Sound shorelines is naturally eroding, which 
potentially threatens human infrastructure and safety. The effects of climate change are likely 
to increase erosion rates and threaten existing infrastructure.  


 Sediment (including mass wasting) is important for maintaining beaches in Puget Sound and 
should not be confused with fine “anthropogenic” sediments that could have adverse 
environmental effects. One of the key functions of riparian areas is pollution abatement (e.g., 
trapping fine sediments, treatment of contaminants associated with fine sediments, absorption 
and treatment of water-borne contaminants). Natural sedimentation and transport processes 
should be maintained, at normative rates, while also ensuring that riparian functions are 
protected. 
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 The term “large wood” has not been precisely defined within the nearshore setting. “Small 
wood” (i.e. under 1 m long) has been found to moderate beach temperatures and support richer 
communities of macroinvertebrates. 


 Invasive and nuisance species can have a profound effect on riparian functions .  Many 
invasive and nuisance species are well-adapted to disturbance and once established, may alter 
natural processes and functions, and/or may prevent native species from reestablishing.  


 Marine riparian buffers should not be the sole mechanism by which the marine nearshore 
ecosystems are protected.  


 Resiliency of vegetation in marine riparian areas is a function of patch size. As vegetation 
patches become smaller (thinner) and more isolated by human development, they are more 
likely to experience disturbances that can change structure and function of that plant 
community. Isolated patches of relatively undisturbed vegetation may be more susceptible to 
wind-throw, or invasion of nonnative species, such as English ivy. Further, these patches may 
become isolated to the point where they suffer from a lack of recruitment of new propagules. 
They can also be eliminated altogether as a consequence of bluff retreat. 
 


Research Needs and Data Gaps 


 Link riparian processes and functions to a geomorphic classification for Puget Sound.  A 
geomorphic classification (e.g., Shipman 2008) may be helpful in developing a riparian 
classification scheme and may also be informative for identifying important marine riparian 
functions and processes 


 Determine a standard for describing buffer widths. Some investigators have used site potential 
tree height (SPTH) for determining buffer widths. 


 The influence of groundwater on trees and vegetation in the riparian zone. 


 Relative contribution of litter fall/allochthonous inputs from the riparian zone versus rivers and 
other outside areas. 


 Value of litter fall/allochthonous inputs and relative food web energetic contribution to the 
riparian system. 


 Identification of priority pollutants in the Puget Sound nearshore system. The panelists noted 
the need to understand the role of septic systems as likely primary pollutant sources in marine 
riparian areas; in freshwater systems, septic pollution has been shown to affect fish community 
structure (Moore et al. 2003). 


 Identification of optimal use and obligate species in marine riparian areas  


 Classification of the intensity, frequency, and conditions that could give rise to massive slope 
stability failures in Puget Sound. 


 Vegetation dynamics and the effects on riparian function in areas surrounded by human 
developed lands. 
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 Riparian condition related to volumes/timing and types of terrestrial insects delivered to 
nearshore settings. 


 The geomorphic functions of driftwood along various Puget Sound shoreline types. 
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Appendix B. Agenda 


TIME TOPIC PRESENTER/ 
FACILITATOR 


8:00-8:20  Welcome, introductions, agenda review Hilary  


8:20-8:45  Background, goals, objectives, 
terminology  


Hilary   


8:45-9:45  Summary of riparian functions and 
applicability to marine shorelines 


Jim 


9:45-10:00  Break  
10:00-Noon Detailed discussion of functions 


Key questions for each function: 


 Does the FEMAT-style buffer curve 
derived from the freshwater science 
for this function “fit” for the marine 
environment?   


 Why or why not?   


 How is the relationship between 
buffer width and this function likely 
to be different in marine compared 
with freshwater systems?   


 What data exists to support each of 
the differences identified in answer 
to question the question above?  


Hilary/Panel 


Noon-1:00  Lunch  
1:00-3:00  Detailed discussion of functions 


Key questions for each function: 
 Does the FEMAT-style buffer curve 


derived from the freshwater science 
for this function “fit” in the marine 
environment?   


 Why or why not?   


Hilary/Panel 
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 How is the relationship between 
buffer width and this function likely 
to be different in marine compared 
with freshwater systems?   


 What data exists to support each of 
the differences identified in answer 
to question the question above?  


3:00-3:15  Break  


3:15-4:45  Controlling factors discussion for 
functions 


 Which controlling factors are most 
important in determining the 
specific relationship between buffer 
width and this function? (e.g., shore 
form, slope, vegetation type, aspect, 
soils) 


 What are the most important data 
gaps and uncertainties associated 
with the relationship between buffer 
width and this function?   


 How certain are we of the 
relationship presented?  


Hilary 


4:45-5:00  Wrap-up, next steps 
 Summarize key 


thoughts/recommendations 


 Summarize next steps 
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Appendix D.  Original FEMAT curves (FEMAT 1993) 
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SECTION 1. GENERAL PROVISIONS 

A. Statement of Authority 

This Ordinance is established pursuant to RCW 36.70A.060 and RCW 36.70A.170. 

B. Statement of Purpose 

The purpose of this Ordinance is to define, identify, and protect critical areas and 
resource lands as required by the Growth Management Act of 1990 (Chapter 17, 
Laws of 1990), as amended. 

C. Statement of Policy 

1. It is a policy of Pacific County that the beneficial functions, and structure, and 
values of critical areas and resource lands be protected as identified in this 
Ordinance, and further that potential dangers or public costs associated with 
inappropriate use of such areas be minimized by reasonable regulation of uses 
within, adjacent to, or directly affecting such areas. Reasonable regulation shall 
be achieved by the balancing of individual and collective interests. Best 
available science shall be used in the administration of this Ordinance. 

2. Requirements of this Ordinance shall not remove a person’s obligation with 
respect to the applicable provisions or any other Federal, State, or local law or 
regulation, including, but not limited to, the acquisition of any other required 
permit or approval. 

D. Coordination with Other County Ordinances 

The development regulations for critical areas and resource lands, as set forth in 
this Ordinance, shall be reviewed during consideration of the adoption of any land 
use development regulations. 

E. Savings and Severability 

If any provision, or portion thereof, contained in this Ordinance is held to be 
unconstitutional, invalid, or unenforceable, said provisions, or portion(s) thereof, 
shall be deemed severed and the remainder of this Ordinance shall not be affected 
and shall remain in full force and effect. 
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SECTION 2. DEFINITIONS 
2.1 Adjacent 

“Adjacent” means within a radius of five hundred (500) feet from the exterior 
boundaries of designated resource lands and critical areas. 

2.2 Administrator 
“Administrator” means the Director of the Department of Community 
Development or his or her designee(s). 

2.3 Agricultural Activities, Existing and Ongoing 
“Existing and ongoing agricultural activities” means those activities conducted on 
lands defined in RCW 84.34.020(2), and those activities involved in the 
production of crops and/or raising or keeping livestock. Agricultural activities 
include associated activities, including the operation and maintenance of farm 
and stock ponds, drainage ditches, operation and maintenance of ditches, 
irrigation systems including irrigation laterals, canals, or irrigation drainage 
ditches, and normal operation, maintenance, and repair of existing serviceable 
agricultural structures, facilities, or improved areas, and the practice of 
aquaculture. Agricultural activities include, but are not limited to aquaculture, 
growing mint, bulb farming, haying, growing blueberries, cranberries, hybrid 
poplars, Christmas trees, and other nursery and horticultural activities which may 
involve up to a ten-year rotation, not otherwise classified as a forest practice. To 
ensure preservation of agricultural land, the ability to switch from one crop or 
activity to another to meet market forces is essential and shall be considered 
"existing and ongoing agricultural" use when such conversions occur. Further, 
land devoted to agricultural purposes shall be considered existing and ongoing 
even if in-between crop activities are limited to haying or grazing. Forest 
practices regulated under Chapter 76.90 RCW and Title 222 WAC are not 
included in this definition. 

2.4 Agricultural Land 
“Agricultural land” means any land which contains existing and ongoing 
agricultural activities, or which is classified as agricultural land of long-term 
commercial significance or agricultural land of local importance. 

2.5 Agricultural Land of Local Importance 
“Agricultural land of local importance” includes any diked tidelands as listed 
under soil type nos. 104 and 147 in the Soil Survey of Grays Harbor County 
Area, Pacific County, and Wahkiakum County, Washington, 1986, Soil 
Conservation Service, USDA, that is involved in existing and ongoing agricultural 
activities on the date this Ordinance became effective. 

2.6 Agricultural Land of Long-Term Commercial Significance 
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“Agricultural land of long-term commercial significance” means all land that is 
devoted to the long-term commercial production of aquaculture, cranberries, 
and/or other bog related crops. 

2.7 Best Available Science 
“Best available science” means current scientific information used in the process 
to designate, protect, or restore critical areas, that is derived from a valid 
scientific process as defined by WAC 365-195-900 through 925. 

2.8 Best Management Practices 
“Best Management Practices” means conservation practices or systems of 
practices and management measures that: 

(1) Control soil loss and reduce water quality degradation; and 

(2) Minimize adverse impacts to surface water and ground water flow, 
circulation patterns, and to the chemical, physical, and biological 
characteristics of wetlands. 

2.9 Buffer 
“Buffer” means an undisturbed area of native vegetation which serves to protect 
the integrity, functions, and values of a critical area from potential adverse 
impacts. 

2.10 Conservation 
“Conservation” means measures designed to assure that natural resource lands 
will remain available to be used for commercial production of the natural 
resources designated. 

2.11 Critical Aquifer Recharge Area 
“Critical aquifer recharge area” means an area with a critical recharging effect on 
aquifers used for potable water, including areas where an aquifer that is a source 
of drinking water is vulnerable to contamination that would affect the potability of 
the water, or is susceptible to reduced recharge. For the purposes of this 
Chapter, any land within Pacific County that contains the following soil types as 
listed in the Soil Survey of Grays Harbor County Area, Pacific County, and 
Wahkiakum County, Washington, 1986, Soil Conservation Service, USDA, is 
designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 
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132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2.12 Critical Area Functions 
“Critical area functions” means the physical, chemical, and biological processes 
or attributes of a critical area. 

2.13 Critical Area Report 
“Critical area report” means a site-specific evaluation and report prepared by a 
qualified professional to determine the presence, type, class, size, function, 
and/or value of an area subject to this Chapter. The report provides a site-
specific evaluation of how to protect critical area functions and values. 

2.14 Critical Area Values 
“Critical area values” means the critical area processes or attributes that are 
environmentally or ecologically valuable or beneficial to society. 

2.15 Critical Areas 
“Critical areas” include the following: wetlands; areas with a critical recharging 
effect on aquifers used for potable water, referred to in this Chapter as critical 
aquifer recharge areas; fish and wildlife habitat conservation areas; frequently 
flooded areas; and geologically hazardous areas. 

2.16 Critical Facilities 
“Critical facilities” means any development that pertains to schools; hospitals; 
police, fire, and emergency response installations; sewage and water treatment 
facilities; electrical substations and other utility infrastructure; or installations 
which produce, use, or store hazardous waste 

2.17 Dangerous Wastes 
"Dangerous wastes" means those wastes designated in WAC 173-303-070 
through 173-303-120 as dangerous or extremely hazardous or mixed waste. As 
used in Chapter 173-303 WAC, the words "dangerous waste" refer to the full 
universe of wastes regulated by that chapter. 

2.18 Debris Flow 
"Debris flow" means the rapidly downslope-moving mass of a viscous water-
saturated mixture of rock fragments, soil, vegetation, and mud. 

2.19 Delineation 
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"Delineation" means a formal demarcation of the boundary of a critical area by 
the Department of Community Development or other qualified critical area 
professional. 

2.20 Department of Community Development 
"Department of Community Development" means the Pacific County Department 
of Community Development. 

2.21 Determination 
"Determination" means an action by the Department of Community Development 
or a qualified critical area professional to identify, characterize, and/or locate a 
critical area. 

2.22 Emergency 
“Emergency” means an activity necessary to prevent an immediate threat to 
public health, safety, or welfare, or that poses an immediate risk of damage to 
private property and that requires remedial or preventative action in a timeframe 
too short to allow for compliance with the requirements of this Chapter. 

2.23 Erosion Control 
“Erosion control” means on-site and off-site control measures that are used to 
control conveyance and/or deposition of earth or sediments associated with 
development. 

2.24 Flood or Flooding 
“Flood” or “flooding” means a general or temporary condition of partial or 
complete inundation of normal dry-land areas from the overflow waters. 

2.25 Flood, 100 Year or Base Flood 
“100 year flood” or “base flood” means the flood having one (1) percent chance 
of being equaled or exceeded in any given year. For purposes of this Chapter, 
Pacific County adopts the Federal Emergency Management (FEMA) flood 
hazard classifications. 

2.26 Forest Land of Long-Term Commercial Significance 
“Forest land of long-term commercial significance” means any land designated 
on the map of Pacific County Forest Land as forest land of long-term commercial 
significance. These areas are zoned Commercial Forestry District (FC) and are 
subject to the provisions of Chapter 18.16 Pacific County Code. 

2.27 Forest Land, Transitional 
Transitional forest land means any land designated on the map of Pacific County 
Forest Land as transitional forest land. These areas are zoned Transitional 
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Forest Land District (FT) and are subject to the provisions of Chapter 18.20 
Pacific County Code. 

2.28 Forest Practice 
"Forest practice" means any activity regulated by Chapter 76.09 RCW and Title 
222 WAC. 

2.29 Frequently Flooded Areas 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 

(1) Those areas of special flood hazard identified by the Federal Emergency 
Management Agency (FEMA) in a scientific and engineering report 
entitled “The Flood Insurance Study for Pacific County and Incorporated 
Areas” dated May 18, 2015, and any revisions thereto, with an 
accompanying Flood Insurance Rate Map (FIRM) dated September 27, 
1985, or, and any revisions thereto; and those floodways and associated 
floodplains delineated by a comprehensive flood hazard management 
plan adopted by the Pacific County Board of County Commissioners, as 
being with the 100-year floodplain or having experienced historic flooding, 
are hereby adopted by reference and designated as frequently flooded 
areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of 
Community Development. The best available information for flood hazard 
area identification as outlined in Pacific County Code (PCC) 15.08.140(B) 
shall be the basis for regulation until a new FIRM is issued that 
incorporates the data utilized under PCC 15.08.140(B). 

(2) When base flood elevation data have not been provided (A and V zones) 
the Administrator, in consultation with the Pacific County Engineer, shall 
obtain, review, and reasonably utilize any base flood elevation and 
floodway data available from a federal, state, or other source. If such 
documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under 
this Ordinance shall provide a flood hazard study prepared by a qualified 
critical area professional assessing the extent of the 100-year floodplain, 
which shall be subject to approval by the County Engineer. 

2.30 Geologically Hazardous Areas 
“Geologically hazardous areas” means areas that because of their susceptibility 
to erosion, sliding, earthquake, tsunami, or other geological events, pose a 
health and safety threat when incompatible commercial, residential, or industrial 
development occurs. 

2.31 Groundwater 
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“Groundwater” means that part of the subsurface water that is in the zone of 
saturation (below the water table), as distinct from vadose water (above the 
water table). 

2.32 Health Officer 
“Health Officer” means the legally designated Health Officer of the Pacific 
County Board of Health or his or her designee(s). 

2.33 Highest Astronomical Tide (HAT) 
“Highest Astronomical Tide” means the highest water level which can be 
predicted to occur at a particular location under average meteorological 
conditions. The water elevation of the highest astronomical tide is expected to 
occur at a specific location. For Willapa Bay, official readings are observed at 
Toke Point Station over a nineteen (19) year period and reduced to mean 
values, then corrected to local tide stations at Nahcotta and Raymond. In the 
Willapa Bay Conservancy Shoreline Environment in the Pacific County Shoreline 
Master Program, HAT is used as a benchmark to establish setbacks and buffers 
for development proposals on shorelands landward of the ordinary high water 
mark within shoreline jurisdiction. 

2.34 In-Kind Mitigation 
“In-kind mitigation” means replacement or substitute resources that are of the 
same type and kind as those being impacted. For example, in-kind mitigation 
requires category I wetlands to be mitigated with category I wetlands, and 
category II wetlands to be mitigated with category II wetlands. 

2.35 Land Alteration 
“Land Alteration” means a human induced action which materially affects the 
physical condition of land or improvements including, but not limited to, those 
activities which are commonly referred to as clearing, grubbing, excavation, 
filling, grading, surfacing, paving, compaction, stockpiling, and stabilizing. 

2.36 Mineral Land 
Mineral land means any area in Pacific County presently covered under a valid 
Washington State Department of Natural Resources (DNR) surface mining 
permit and any beach area where sand is removed for commercial purposes. 
Any other area shall be classified as mineral land when a surface mining permit 
is granted by the DNR. 

2.37 Mitigation 
“Mitigation” means measures prescribed and implemented to avoid, minimize, 
lessen, or compensate for adverse impacts. 

"Mitigation" means: 
(1) Avoiding the impact altogether by not taking a certain action or parts of an action; 
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(2) Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation, by using appropriate technology, or by taking affirmative steps to avoid or reduce 
impacts; 

(3) Rectifying the impact by repairing, rehabilitating, or restoring the affected environment; 
(4) Reducing or eliminating the impact over time by preservation and maintenance operations 

during the life of the action; 
(5) Compensating for the impact by replacing, enhancing, or providing substitute resources or 

environments; and/or 
(6) Monitoring the impact and taking appropriate corrective measures. 

 

 

2.38 Mitigation Project 
“Mitigation project” means actions necessary to replace project-induced critical 
area and associated buffer losses, including planning, land acquisition, 
construction, monitoring, and contingency actions. 

2.39 Native Vegetation 
“Native vegetation” means plant species which are indigenous to the site in 
question. 

2.40 Ordinary High Water Mark 
“"Ordinary high water mark" on all lakes, streams, and tidal water is that mark that will be 
be found by examining the bed and banks and ascertaining where the presence and 
action of waters are so common and usual, and so long continued in all ordinary years, 
as to mark upon the soil a character distinct from that of the abutting upland, in respect 
to vegetation as that condition exists on June 1, 1971, as it may naturally change 
thereafter, or as it may change thereafter in accordance with permits issued by a local 
government or the department: PROVIDED, That in any area where the ordinary high 
water mark cannot be found, the ordinary high water mark adjoining salt water shall be 
the line of mean higher high tide and the ordinary high water mark adjoining fresh water 
shall be the line of mean high water; 

Ordinary high water mark” means the mark on lakes, streams, and tidal waters, 
found by examining the beds and banks and ascertaining where the presence 
and action of waters are so common and usual, and so long continued in all 
ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland with respect to vegetation, as that condition exists on the 
effective date of this Chapter, or as it may naturally change thereafter. The 
following definitions apply where the ordinary high water mark cannot be found: 

(1) The ordinary high water mark adjoining marine water is the elevation at 
mean higher high tide; and 

(2) The ordinary high water mark adjoining freshwater is the line of mean high 
water. 
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2.41 Out-of-Kind Mitigation 
“Out-of-kind mitigation” means replacement or substitute resources that, while 
related and of a different quality, species mix, or even species type, are of equal 
or greater overall value to the ecology of the impacted species or ecological 
region. Out-of-kind mitigation may involve mitigation of one function to 
compensate for an impact on another function. For example, out-of-kind 
mitigation for impacts to a depressional or riverine wetland could involve creation 
of an estuarine wetland. 

2.42 Person 
“Person” means an individual, a partnership (including partners and managers), 
a corporation (including board members, officers, and managers), or any other 
entity of any kind. “Person” also includes an applicant, a re-applicant, a permit 
holder, an authorized agent of any entity, or any third party acting on behalf of 
any entity. 

2.43 Protection 
“Protection” means action to avoid or mitigate impacts to critical areas consistent 
with the requirements of this Chapter in order to preserve the structure, values, 
functions, and processes of the natural environment. 

2.44 Qualified Critical Area Professional or Qualified Professional 
“Qualified critical area professional” or “qualified professional” means a person 
with experience, education, and professional degrees and training pertaining to 
the critical area in question, and with experience in performing delineations, 
analyzing critical area functions and values, analyzing critical area impacts, and 
recommending critical area mitigation and restoration. The Administrator shall 
require professionals to demonstrate the basis for qualifications and shall make 
final determination as to qualifications. Demonstration of qualifications may 
include, but shall not be limited to, professional certification. 

2.45 Resource Lands 
“Resource lands” means areas designated as agricultural, forest, or mineral 
lands. 

2.46 Sensitive, Threatened, and Endangered Species 
“Sensitive, threatened, and endangered species” means the categorization set 
forth in WAC 232-12-011 and WAC 232-12-014. 

2.47 Septage Application 
“Septage application” means application of the mixture of solid wastes, scum, 
sludge, and liquids pumped from within the septic tanks, pump chambers, 
holding tanks, and other on-site sewage system components. 
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2.48 Setback 

“Setback”  

The distance from a lot, parcel, tract, critical area or resource land boundary, beyond which the 
footprint or foundation of a structure shall not extend, except as provided in this chapter.  

 
means the part of a facility that lies between the active area and the property 
boundary, or between a building and the area being protected, including, but not 
limited to, critical areas, shorelines, and associated buffers. 

2.49 Single-Family Residence or Single-Family Dwelling 

“Single-family residence” or “single-family dwelling” means a detached dwelling 
designed for and occupied by one family including those structures and 
developments within a contiguous ownership which are a normal appurtenance. 
An “appurtenance” is necessarily connected to the use and enjoyment of a 
single-family residence and is located upland of the perimeter of a marsh, bog, 
or swampwetlands or the ordinary high water mark. Normal appurtenances 
include a garage, deck, driveway, septic system, utilities, fences, and grading 
which does not exceed two hundred fifty (250) cubic yards (except to construct a 
conventional drainfield). 

2.502.49 Stormwater Management Facilities 
"Stormwater management facilities" means biofiltration swales, filter strips, 
bubble diffusers, detention ponds, retention ponds, wet ponds, and similar 
facilities designed and intended to control and treat stormwater, and include 
ditches designed and intended primarily for conveyance. 

2.512.50 Streams 
“Streams” mean those areas where surface waters flow sufficiently to produce a 
defined channel or bed which demonstrates clear evidence of the passage of 
water, including, but not limited to, bedrock channels, gravel beds, sand and silt 
beds, and defined-channel swales.  The channel or bed need not contain water 
during the entire year.  This definition does not include water courses which were 
created entirely by artificial means, such as irrigation ditches, canals, roadside 
ditches, or storm or surface water run-off features, unless the artificially created 
water course contains salmonids or conveys a stream that was naturally 
occurring prior to the construction of the artificially created water course. For 
regulatory purposes under this Chapter, once streams are identified, the streams 
are typed following the Washington State Department of Natural Resources 
Stream Typing System found in WAC 222-16-031, as now or hereafter 
amended. 

2.522.51 Utility Lines 

Commented [WH31]: Facility is confusing maybe use 
Regulated Development or some other word to better clarify 
the meaning? 

Formatted: Defs,  No bullets or numbering

Commented [WH32]: Add after “ditches” Frequently 
flooded areas and Drainage basins. 

Commented [TB33]: Added to be consistent with stream 
typing used in Section 5 FWHCAs 



11 
 

"Utility lines" means a pipe, conduit, cable, or other similar facility by which 
services are conveyed to the public or individual recipients. Such services shall 
include, but are not limited to, water supply, electrical power, gas, 
communications, and stormwater or sanitary sewer transport facilities. 

2.532.52 Watershed 
"Watershed" means an area draining to the surface water systems of Willapa 
Bay, the Columbia River, and the Pacific Ocean. 

2.542.53 Wetland or Wetlands 
"Wetland” or “wetlands" means areas that are inundated or saturated by surface 
water or ground water at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. Wetlands do not include those artificial 
wetlands intentionally created from nonwetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention facilities, 
wastewater treatment facilities, farm ponds, and landscape amenities, or those 
wetlands created after July 1, 1990, that were unintentionally created as a result 
of the construction of a road, street, or highway. Wetlands shall include those 
artificial wetlands intentionally created from nonwetland areas to mitigate 
conversion of wetlands.  

2.552.54 Wetland Creation 
“Wetland Creation” means the conversion of non-wetland (upland) area to Class 
I, Class II, Class III, or Class IV wetlands and the associated alterations to soil, 
vegetation and/or hydrology required to establish and maintain the resultant 
wetland in a perpetually self-sustaining state. 

2.562.55 Wetland Enhancement 
“Wetland Enhancement” The manipulation of the physical, chemical, or biological characteristics of a 
wetland site to heighten, intensify, or improve specific function(s) or to change the growth stage or 
composition of the vegetation present. Enhancement is undertaken for specified purposes such as water 
quality improvement, flood water retention, or wildlife habitat. Enhancement results in a change in some 
wetland functions and can lead to a decline in other wetland functions, but does not result in a gain in 
wetland acres. Activities typically consist of planting vegetation, controlling non-native or invasive species, 
modifying site elevations or the proportion of open water to influence hydroperiods, or some combination 
of these activities.means quantifiable improvement to the functions and values of an 
existing undisturbed wetland. Such enhancement may be achieved via alterations to the 
soils, vegetation, hydrology and/or land uses within the wetland, and must result in a 
quantifiable net gain in wetland functions and values. 

2.57 Wetland Mosaic 

“Wetland mosaic”  
Each patch of wetland is less than 1 ac (0.4 ha), AND  
 Each patch is less than 100 ft (30 m) away from the nearest wetland, AND  
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 The total area delineated as vegetated wetland is more than 50% of the total area of 
and uplands, open water, and river bars around which you can draw a polygon (see Figure 6), 
AND  
 There are at least three patches of wetland that meet the size and distance thresholds.  
 

means an area with a concentration of multiple small wetlands, in which each 
patch of wetland is less than one acre; on average, patches are less than 100 
feet from each other; and areas delineated as vegetated wetland are more than 
50 percent of the total area of the entire mosaic, including uplands and open 
water. 

2.582.56 Wetland Restoration 

2.57 The manipulation of the physical, chemical, or biological characteristics of a site with the goal of 
returning natural or historic functions to a former or degraded wetland. For the purpose of tracking net 
gains in wetland acres, restoration is divided into: 

2.58 � Re-establishment: The manipulation of the physical, chemical, or biological characteristics of a 
site with the goal of returning natural or historic functions to a former wetland. Re-establishment 
results in a gain in wetland acres (and functions). Activities could include removing fill material, 
plugging ditches, or breaking drain tiles. 

2.59 � Rehabilitation: The manipulation of the physical, chemical, or biological characteristics of a site 
with the goal of repairing natural or historic functions of a degraded wetland. Rehabilitation results in a 
gain in wetland function but does not result in a gain in wetland acres. Activities could involve 
breaching a dike to reconnect wetlands to a floodplain or return tidal influence to a wetland.“Wetland 
Restoration” means the quantifiable improvement to the functions and values of an 
existing disturbed wetland. Such restoration may be achieved via alterations to the 
soils, vegetation, hydrology and/or land uses of the wetland, and must result in a 
quantifiable net gain in wetland functions and values. 
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SECTION 3. GENERAL REQUIREMENTS 

A. Applicability 

1. This Ordinance classifies and designates critical areas and resource lands in 
Pacific County and establishes regulations for the protection of critical areas and 
resource lands.  

2. Designated critical areas in Pacific County include wetlands; fisheries habitat; 
wildlife habitatfish and wildlife habitat conservation areas; frequently flooded 
areas; aquifer recharge areas; and geologically hazardous areas. Designated 
resource lands in Pacific County include agricultural lands, forest lands, and 
mineral lands.  

3. The provisions of this chapter shall apply to all lands, all land uses and 
development activities, and all structures and facilities in the County, whether or 
not a permit or authorization is required, and shall apply to every person, firm, 
partnership, corporation, group, governmental agency, or other entity that owns, 
leases, or administers land within the County. No person, company, agency, or 
applicant shall alter a resource land, critical area, or critical area buffer except as 
consistent with the purposes and requirements of this Ordinance. 

4. Pacific County shall not grant any permit, license or other development approval 
to alter the condition of any land, water, or vegetation, or to construct or to alter 
any structure or improvement, nor shall any person alter the condition of any 
land, water, or vegetation, or construct or alter any structure or improvement, for 
any development proposal which requires a governmental permit regulated by 
this Ordinance, except in compliance with the provisions of this Ordinance. In 
addition, any cumulative filling, grading, or clearing activity in excess of twenty 
(20) cubic yards of material per parcel is also subject to the requirements of this 
Ordinance.  

5. Failure to comply with the provisions of this Ordinance shall cause the violator to 
be subject to enforcement procedures under subsection 3.G, Penalties and 
Enforcement.  

B. Relationship to Other Regulations 

1. Areas characterized by a particular critical area or resource land may also be 
subject to other regulations. In the event of any conflict between this Ordinance 
and any other ordinance of the County, the regulation which provides the greater 
protection for the particular critical area or resource land shall apply.  

2. Satisfying the requirements of this Ordinance does not affect a person’s 
obligation to comply in all respects with other federal, state, and local statutes. 

3. Relationship to Shoreline Master Program (SMP) 

Commented [TB36]: Added for clarity 

Commented [TB37]: Added to clarify that CAO applies 
whether or not a permit is required, per WAC. 

Commented [RM38]: How is any grading, filling, etc. not 
covered by the first sentence?   
 
Why this threshold?  Lesser fill and grading amounts can 
have significant deleterious effects to critical areas.  



14 
 

a. Provisions in this Ordinance do not apply to uses and modifications 
occurring waterward of the ordinary high water mark (OHWM) of Type 1 
waters, as defined by WAC 222-16-031, which are regulated exclusively 
under the SMP. 

b. Provisions in this Ordinance apply to uses and modifications landward of 
the OHWM within shoreline jurisdiction, in addition to applicable use and 
modification provisions or allowances in the SMP. 

c. Provisions in this Ordinance apply to all land and water areas of the 
County outside of shoreline jurisdiction. 

C. Authority 

1. The Director of the Department of Community Development or his or her 
designee(s) shall be the Administrator of this Ordinance and is given the 
authority to interpret and apply, and the responsibility to administer and enforce, 
this Ordinance to accomplish the stated purposes. 

2. The County may withhold, condition, or deny development permits or approvals 
to ensure that the proposed action is consistent with this Ordinance. 

3. The Administrator and any other applicable County officials may develop and 
implement rules and regulations that are consistent with and effectuate the 
purpose of this Ordinance and prepare and require the use of such forms as 
necessary for its administration. 

D. Critical Areas and Resource Lands Review Procedures 

1. The Administrator first must determine whether the proposed activity fits within 
any of the exemptions to this Ordinance found in subsection 3.E. If the proposed 
activity meets any of the listed exemptions, including best management practices 
and/or restoration requirements, no critical areas and resource land checklist or 
other critical areas and resource land review is required. 

2. If the proposed activity is not exempt, then a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., shall 
complete a critical areas and resource lands checklist on the forms to be 
provided by the Department of Community Development. Staff will then review 
the checklist together with the maps and other critical areas resources identified 
in the relevant sections of this Ordinance and make a site visitation to determine 
whether critical areas, resource lands, or their required buffers are affected by 
the proposed activity. The person seeking to develop is responsible for providing 
the County with sufficient information so that the Administrator can make this 
determination. 

3. If the checklist, maps, other references, site visitation, consultation with resource 
agencies, and other information supplied by a person seeking a development 
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permit, or otherwise engaging in an activity covered under subsection 3.A., do 
not indicate the presence of any critical areas or resource lands associated with 
the project, the review required pursuant to this Ordinance is complete. 

4. If at any time prior to completion of the applicable public input process on the 
proposed project, the Administrator receives new evidence that critical areas or 
resource lands may be associated with the proposed project, the Administrator 
shall reopen the critical areas and resource lands review process pursuant to this 
Ordinance and shall require the requisite level of critical areas and resource 
lands review and mitigation as is required by this Ordinance.  

5. If the checklist, maps, site visitation, and other references indicate that critical 
areas or resource lands are associated with the proposed project area, then a 
critical area report shall be completed pursuant to subsection 3.L.  

6. Once the public input process on the associated permit or approval is completed 
and the record is closed, then the County's determination regarding critical areas 
and resource lands pursuant to this Ordinance shall be final, unless appealed as 
described in subsection 3.F. of this Ordinance. 

7. If, as a result of the critical area report recommendations, a person believes that 
he or she is entitled to a variance from one or more of the requirements of this 
Ordinance, then a person may request a variance as described in subsection 3.I. 

8. If, as a result of the critical area report recommendations, a person believes that 
the requirements of this Ordinance, including any request for a variance, leave 
the applicant with no economically viable use of his property, then a person may 
apply for a reasonable use exception pursuant to subsection 3.J. of this 
Ordinance. 

E. Exemptions 

1. All exempted activities shall use reasonable methods to avoid potential impacts 
to critical areas and resource lands. Exemption from this Ordinance does not 
give permission to degrade a critical area or ignore risk from natural hazards. 
Any incidental damage to, or alteration of, a critical area that is not a necessary 
outcome of the exempted activity shall be restored, rehabilitated, or replaced at 
the responsible party’s expense.  

2. The following developments, activities, and associated uses shall be exempt 
from the provisions of this Ordinance provided that they are otherwise consistent 
with the applicable provisions of other Pacific County ordinances: 

a. Emergencies. Emergencies are those activities necessaries to prevent an 
immediate threat to public health, safety, or welfare, or that pose an 
immediate risk of damage to private or public property and that require 
remedial or preventative action in a timeframe too short to allow for 
compliance with the requirements of this Ordinance. 
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i. Emergency actions that create an impact to any critical area or its 
buffer shall use reasonable methods that have the least impact to 
the critical area or its buffer and shall restore the critical area and 
buffer after the emergency to the maximum extent practicable. 

ii. Persons undertaking such action shall notify the Administrator 
within one working day following commencement of the emergency 
activity. Following such notification, the Administrator shall 
determine if the action taken was within the scope of the 
emergency actions allowed in this subsection. If the Administrator 
determines that the action taken or any part of the action taken was 
beyond the scope of allowed emergency actions, then the 
enforcement provisions of subsection 3.G shall apply. 

iii. After the emergency, the person or agency undertaking the action 
shall fully fund and conduct necessary restoration and/or mitigation 
for any impacts to the critical area and buffers resulting from the 
emergency action in accordance with an approved critical area 
report and mitigation plan. The person or agency undertaking the 
action shall apply for review, and the alteration, critical area report, 
and mitigation plan must be reviewed by the Administrator. 
Restoration and/or mitigation activities shall be initiated within one 
year of the date of the emergency, and completed in a timely 
manner. 

3. Agricultural operations. Existing and on-going agricultural operations including 
related development and activities which do not result in expansion into a critical 
area or its buffer or do not result in an increase in impact to a critical area are 
exempt. New development and/or expansion of existing operations shall comply 
with the provisions of this Ordinance. Existing and ongoing agricultural activities, 
however, shall comply with best management practices contained within any 
conservation plan between the property owner and the Department of Ecology 
pursuant to Chapter 89.08 RCW. 

4. Maintenance, repair, and operation. Maintenance, repair, and operation of 
existing structures, utilities, sewage disposal systems, water systems, drainage 
facilities, ponds, flood control facilities, electric and communications facilities, 
public and private roads and driveways, and improved areas accessory to a 
single family residential use including, but not limited to, landscaping, yard 
maintenance, and gardening are exempt. However, any person engaging in 
maintenance or repair activities shall use reasonable methods with the least 
amount of potential impact to critical areas. Any impacted critical area or its 
buffer shall be restored after the completion of maintenance/repair activities to 
the maximum extent practicable. 

5. Modification of buildings. Modification of an existing building that does not 
expand the building footprint area by more than fifteen (15) percent or increase 
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septic effluent according to Chapter 246-272 WAC and that does not exacerbate 
nonconformity with critical area setbacks or buffer standards within this 
Ordinance is exempt except when the modification occurs on or adjacent to 
designated erosion hazard areas, landslide hazard areas, or mine hazard areas, 
as described and designated in Section 8 of this Ordinance. Replacement of 
manufactured homes that does not increase the number of bedrooms or 
exacerbate nonconformity with critical area setbacks or buffer standards within 
this Ordinance also is exempt. A person who is granted an exemption under this 
subsection for a particular building cannot receive another exemption under this 
subsection for the same building unless ten (10) years has elapsed from the date 
of the previous exemption. 

6. Navigation aids and boundary markers. Construction or modification of 
navigational aids and boundary markers are exempt. 

7. Site investigation. Site investigation work which is necessary for land use  
applications such as surveys, soil logs, percolation tests and other related 
activities is exempt. However, critical area impacts shall be minimized and 
disturbed areas shall be restored to the maximum extent practicable. 

8. Non-development activities. Passive recreational uses, sport and commercial 
fishing, hunting, scientific and educational endeavors, or similar minimal impact, 
non-development activities are exempt. 

9. Spartina alterniflora. Activities aimed at controlling Spartina alterniflora are 
exempt. 

10. Forest practices. Forest practices covered under Chapter 76.09 RCW and Title 
222 WAC are exempt. 

F. Appeals 

1. The provisions of this Ordinance shall be administered according to a Type I 
process under Ordinance No. 145, unless a higher level review process is 
mandated by this Ordinance or Ordinance No. 145, or any amendment thereto. 

2. Any decision of the Administrator or other County official in the administration of 
this Ordinance may be appealed according to the provisions of Ordinance No. 
145, or any amendment thereto. 

G. Penalties and Enforcement 

1. A person who violates the provisions of this Ordinance or who fails to comply 
with any of its requirements shall be subject to the procedures and sanctions set 
forth in Ordinance No. 141, or any amendment thereto. 

2. In addition to the civil penalty provisions provided in Ordinance No. 141, or any 
amendment thereto, any person who violates any of the provisions of this 
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Ordinance is guilty of a misdemeanor, and each day or portion thereof during 
which a violation is committed, continued, or not permitted shall constitute a 
separate offense. The penalty for each violation is a fine of not more than $1,000 
or imprisonment for not more than 90 days, or both. The principles of liability 
contained in Chapter 9A.08 RCW, including, but not limited to, liability for 
conduct of another shall apply to the enforcement of this Ordinance as shall all 
judicial interpretations thereof.  

3. When a court determines that a person has committed a civil infraction under 
this Ordinance and Ordinance No. 141 or any amendment thereto, Pacific 
County may collect penalties, assessments, costs, and/or fines by any procedure 
established for the collection of debts that are owed to the County. 

4. Any disposition of a violation pursuant to this Ordinance and Ordinance No. 141, 
or any amendment thereto, shall not absolve a person from correcting or abating 
a violation and shall not prevent the prosecuting authority from pursuing criminal 
prosecution, other civil action including, but not limited to, injunctive relief, license 
revocation, and abatement, or all of the above. If Pacific County prevails in a 
separate civil action, the Court may award the County reasonable costs 
including, but not limited to, the costs of the responsible officials' time, witness 
fees, attorney fees, court costs, and the costs to the County of abatement or of 
enforcement of an injunction, or both. 

5. Any or all of the remedies articulated in subsection 3.G, Penalties and 
Enforcement, may be used by the County to enforce this Ordinance. Nothing 
contained in this Ordinance shall prevent the County, by and through the 
prosecuting authority, from taking such other lawful action as is necessary to 
prevent or remedy any violation. 

H. Nonconforming Activities 

An established use or existing structure that was lawfully permitted prior to adoption 
of this Ordinance, but which is not in compliance with this Ordinance, may continue 
subject to the following: 

1. Nonconforming uses and existing structures shall not be expanded or altered in 
any manner which will increase the nonconformity without a permit or other 
approval issued pursuant to the provisions of this Ordinance except as allowed 
under subsection 3.E, Exemptions; 

2. Activities or uses which are discontinued for twelve (12) consecutive months 
shall be allowed to resume only if they are in compliance with this Ordinance; 
and 

3. Nonconforming structures destroyed by fire, explosion, or other casualty may be 
replaced or restored if reconstruction of the same facility is commenced within 
twelve (12) months of such damage. The reconstruction or restoration shall not 
serve to expand, enlarge, or increase the extent of the nonconformity. 
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I. Variance 

1. The Administrator shall process variance requests according to a Type II 
procedure delineated in Ordinance No. 145. The burden of proof shall be on the 
person requesting the variance to bring forth evidence in support of the variance.  

2. The Administrator shall grant a variance if the person requesting the variance 
demonstrates that the requested variance conforms to all of the criteria set forth 
below: 

a. That special conditions and circumstances exist which are peculiar to the 
land;  

b. That literal interpretation of the provisions of this Ordinance would deprive 
the person seeking the variance of rights commonly enjoyed by other 
properties conforming to the terms of this Ordinance;  

c. That the special conditions and circumstances do not result from the 
actions of the person seeking the variance; 

d. That the granting of the variance requested will not confer on the person 
seeking the variance any special privilege that is denied by this Ordinance 
to other lands, structures, or buildings under similar circumstances;  

e. That the variance requested is the minimum necessary to afford relief; 
and 

f. That to afford relief the requested variance will not create significant 
impacts to critical areas and resource lands and will not be materially 
detrimental to the public welfare or contrary to the public interest. 

3. In granting any variance, the Administrator shall prescribe such conditions and 
safeguards as are necessary to secure protection of critical areas from adverse 
impacts. 

J. Reasonable Use Exception 

1. If the application of this Ordinance would result in denial of all economically 
reasonable use of a property, and if such economically reasonable use of the 
property cannot be obtained by consideration of a variance pursuant to 
subsection 3.I. to one or more individual requirements of this Ordinance, then a 
person may seek a reasonable use exception from the standards of this 
Ordinance.   

2. An application for a reasonable use exception shall be made to the County and 
shall include a critical area checklist; critical area report, including mitigation plan, 
if necessary; and any other related project documents. The application shall be 
processed according to a Type II process under Ordinance No. 145. 
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3. Reasonable use exception requests shall only be granted if the following criteria 
are met: 

a. The application of this Ordinance would deny all economically reasonable 
use of the property so that there is no economically reasonable use with a 
lesser impact on the critical area than that proposed; 

b. The proposed development does not pose a threat to the public health 
and safety; and 

c. Any proposed modification to critical areas and resource land will be the 
minimum necessary to allow economically reasonable use of the property. 

K. General Critical Area Protection Standards 

1. Applicability. The general critical area protection standards found in this 
subsection apply to all critical areas, as designated in Sections 4, 5, 6, 7, and 8 
of this Chapter. These standards do not apply to resource lands, as designated 
in Sections 9, 10, and 11 of this Chapter. 

2. Buffers. 

a. As described in more detail in each relevant section, buffers in some 
cases have been determined to be necessary and appropriate to protect 
critical areas and their functions or to prevent risk from a critical area 
hazard. In those sections of this Ordinance where specific buffers are 
identified, those buffers are deemed "required" or "standard" buffers. If a 
project does not propose any alteration of those buffers or of the 
associated critical area, then no additional mitigation will be required to 
protect the critical area. 

b. If a person seeks a variance to reduce buffers or to alter the critical area 
or its required buffer, then the person shall demonstrate why such buffer 
and/or critical area modification, together with such alternative mitigation 
proposed in the critical areas assessment, is sufficient to adequately 
protect the critical area function. If necessary, variances shall provide for 
long-term buffer protection. 

c. The critical area report, as described in subsection 3.L, and the 
conditions of approval shall provide for long-term buffer protection. In 
land division, critical areas and their associated buffers may be placed in 
separate tracts to be owned by all lot owners in common, by a 
homeowners association, or some other separate legal entity such as a 
land trust. 

d. Periodic inspection of the buffers may be required if necessary to ensure 
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3. Building Setbacks.  

a. Unless otherwise provided, buildings and other structures shall be set 
back a distance of 15 feet from the edges of all critical area buffers or 
from the edges of all critical areas if no buffers are required. 

b. The following may be allowed in the building setback area: landscaping; 
uncovered decks; fences, building overhangs, if such overhangs do not 
extend more than 18 inches into the setback area; and impervious 
ground surfaces, such as driveways and patios. 

4. Land Divisions. 

a. No land division, subdivision, short subdivision, or other parcel 
segregation which is not exempt under Pacific County’s land division 
ordinance shall be approved by Pacific County until a determination has 
been made by the Administrator as to whether critical areas exist on the 
property in question. 

b. If critical areas exist on the property in question, a critical areas 
delineation must be completed before Pacific County shall approve a 
subdivision, a short subdivision or any other parcel segregation. 

b. Land that is constrained by critical areas and buffers shall not be 
subdivided to create parcels that are only buildable through a variance or 
reasonable use exception. 

5. Critical Area Signs. The boundary at the outer edge of the critical area or buffer 
shall be identified with temporary signs prior to any site alteration. Such 
temporary signs shall be replaced with permanent signs prior to occupancy or 
use of the site. These sign provisions may be modified or waived by the 
Administrator based on critical area type and/or site conditions. 

6. Notice on Title for Critical Areas. 

a. In order to inform subsequent purchasers of real property of the 
existence of critical areas, the owner of any property containing a critical 
area or buffer on which a development proposal is submitted shall file a 
notice with the County Recording Department according to the direction 
of the County. The notice shall state the presence of the critical area or 
buffer on the property and the fact that limitations on actions in or 
affecting the critical area or buffer may exist. The notice shall “run with 
the land.” 

b. This notice on title shall not be required for a development proposal by a 
public agency or public or private utility: 

i. Within a recorded easement or right-of-way; 
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ii. Where the agency or utility has the right to an easement or right-
of-way; or 

iii. On the site of a permanent public facility. 

c. The applicant shall submit proof that the notice has been filed for public 
record before the County approves any site development or construction 
for the property or, in the case of subdivisions, short subdivisions, 
planned unit developments, and binding site plans, at or before 
recording. 

L. Critical Area Report 

1. Minimum Report Contents. At a minimum, the report shall contain the following, 
as applicable: 

a. The name and contact information of the applicant, a description of the 
proposal, and identification of any permits known to be required; 

b. A site plan for the development proposal including a map to scale 
depicting critical areas, buffers, resource lands, and the development 
proposal, including any areas to be cleared; 

c. A description of the proposed stormwater management plan for the 
development and consideration of impacts to drainage alterations; 

d. The dates, names, and qualifications of the persons preparing the report 
and documentation of any fieldwork performed on the site; 

e. Identification and characterization of all critical areas, wetlands, 
waterbodies, and buffers adjacent to the proposed project area; 

f. A statement specifying the accuracy of the report, and all assumptions 
made and relied upon; 

g. An assessment of the probable cumulative impacts to critical areas 
resulting from the proposed development; 

h. A description of reasonable efforts made to apply mitigation sequencing 
pursuant to subsection 3.M.2, Mitigation Sequencing; 

i. Plans for adequate mitigation, as needed, to offset any impacts, in 
accordance with subsection 3.M.3, Mitigation Plan Requirements; 

j. A discussion of the performance standards applicable to the critical area 
and proposed activities; 

k. Financial guarantees to ensure compliance; and 
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l. Any additional information required for a specific type of critical area as 
indicated by this Ordinance. 

M. Critical Area Mitigation Requirements 

1. General Requirements. 

a. The applicant shall avoid all impacts that degrade the functions and 
values of critical areas to the maximum extent practicable. Unless 
otherwise provided in this Ordinance, all proposed critical areas 
alterations shall include mitigation sufficient to maintain the functional 
values of the critical area or to prevent risk from a critical area hazard 
and shall give adequate consideration to the economically viable use of 
the property.  

b. Mitigation of one critical area impact should not result in unmitigated 
impacts to another critical area.  

c. Mitigation may include, but is not limited to: increasing or enhancing 
buffers, instituting limits on clearing and grading, implementing best 
management practices for erosion control and maintenance of water 
quality, or other conditions appropriate to avoid or mitigate identified 
adverse impacts.  

d. Subject to the viable reasonable use exception provisions of subsection 
3.J, any proposed critical area alteration that cannot adequately mitigate 
its impacts to a critical area shall be denied. 

2. Mitigation Sequencing. Applicants shall demonstrate that all reasonable efforts 
have been examined with the intent to avoid and minimize impacts to critical 
areas. When an alteration to a critical area is proposed, such alteration shall be 
avoided, minimized, or compensated for in the below sequential order of 
preference. Mitigation for individual actions may include a combination of the 
below measures. 

a. Avoid the impact altogether by not taking a certain action or parts of an 
action. 

b. Minimize the impacts by limiting the degree or magnitude of the action 
and its implementation by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts. 

c. Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment to the conditions existing at the time of the initiation of the 
project. 

d. Minimize or eliminate the hazard by restoring or stabilizing the hazard 
area through engineered or other methods. 
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e. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

f. Compensate for the impact by replacing, enhancing, or providing 
substitute resources or environments. 

g. Monitor the impact and the compensation projects and take appropriate 
corrective measures. 

3.  Mitigation Plan Requirements. When mitigation is required, the applicant shall 
submit for approval a mitigation plan as part of the critical area report. The 
mitigation plan shall include: 

a. A description of what mitigation, specifically is proposed; 

b. An analysis of how the proposed mitigation will maintain the critical area 
function; 

c. A delineation description of any ongoing monitoring and/or inspection that 
may be required, depending on the outcome of that ongoing monitoring 
and/or inspection; 

d. A notation of any required critical area expertise necessary to install, 
monitor, or inspect the proposed mitigation; and 

e. A listing of other security required to ensure performance and/or 
maintenance of the proposed mitigation. 

4. Mitigation Monitoring. 

a. The Administrator shall have the discretion to withhold issuance of 
development permit approval until required mitigation has been 
completed. In the alternative, the Administrator may require a refundable 
cash payment which will ensure compliance with the mitigation plan if 
there will be activity (e.g., monitoring or maintenance) or construction to 
take place after the issuance of the County's permit.  

b. The amount of the cash payment shall not exceed 150 percent of the 
estimated cost of the uncompleted actions or construction as 
determined by the Administrator.  

c. When the Administrator determines that the mitigation plan has been 
successfully completed, the cash payment shall be refunded to the 
applicant.  

d. If the mitigation plan is not successfully completed, the County shall be 
entitled to keep all or part of the cash payment to the extent necessary 
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SECTION 4. WETLANDS 

A. Purpose 

 The purpose of this section is to ensure no net loss of wetland functions and values.  

B. Identification 

1. Identification of wetlands and delineation of their boundaries pursuant to this 
Ordinance shall be done in accordance with the approved federal wetland 
delineation manual and applicable regional supplements. All areas within the 
County meeting the wetland designation criteria in that procedure are hereby 
designated critical areas and are subject to the provisions of this Ordinance.  

2. If Pacific County has reason to believe that a wetland may exist within one 
hundred (300) feet of a proposed development activity, a written determination 
regarding the existence or nonexistence of wetlands within one hundred (300) 
feet of a proposed development activity must be submitted to the Department of 
Community Development. Pacific County will only accept a written determination 
by the U.S. Army Corps of Engineers, the Washington State Department of 
Ecology, the Natural Resources Conservation Service, or a qualified critical 
areas professional as to whether wetlands exist on or within one hundred (300) 
feet of a specific parcel. 

C. Classification 

1. Wetland Rating Classes. Wetlands shall be classified into category I, category II, 
category III, and category IV according to the Washington State Wetland Rating 
System for Western Washington (Ecology publication number 14-06-029 or as 
revised and approved by Ecology) and are accordingly defined: 

a. Category I Wetlands. Category I wetlands are those that 1) represent a 
unique or rare wetland type; or 2) are more sensitive to disturbance than 
most wetlands; or 3) are relatively undisturbed and contain ecological 
attributes that are impossible to replace within a human lifetime; or 4) 
provide a high level of functions. 

b. Class Category II Wetlands. Category II wetlands are difficult, though not 
impossible, to replace, and provide high levels of some functions. These 
wetlands occur more commonly than Category I wetlands, but still need a 
relatively high level of protection. 

c. Category III Wetlands. Category III wetlands are 1) wetlands with a 
moderate level of functions (scores between 16-19 points), 2) can often 
be adequately replaced with a well-planned mitigation project, and 3) 
interdunal wetlands between 0.1 and 1 ac in size. Wetlands scoring 
between 16-19 points generally have been disturbed in some ways, and 
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are often less diverse or more isolated from other natural resources in the 
landscape than Category II wetlands.  

d. Category IV Wetlands. Category IV wetlands have the lowest levels of 
functions (scores fewer than 16 points) and are often heavily disturbed. 
These are wetlands that we should be able to replace, and in some cases 
be able to improve. However, experience has shown that replacement 
cannot be guaranteed in any specific case. These wetlands may provide 
some important functions, and also need to be protected. 

2. Illegal modifications. Wetland rating categories shall not change due to illegal 
modifications made by the applicant or with the applicant’s knowledge. 

3. The following types of wetlands are exempt from the buffer provisions contained 
in subsection 4.E and the normal mitigation sequencing process in subsection 
3.M.2. They may be filled if impacts are fully mitigated based on provisions in 
subsection 4.F, Additional Mitigation Requirements for Wetlands. If available, 
impacts should be mitigated through the purchase of credits from an in-lieu fee 
program or mitigation bank, consistent with the terms and conditions of the 
program or bank. In order to verify the following conditions, a critical area report 
meeting the requirements of subsection 4.G must be submitted. 

a. All isolated category III and IV wetlands less than 1,000 square feet that: 

i. Are not associated with riparian areas or buffers; 

ii. Are not part of a wetland mosaic; and 

iii. Do not contain habitat identified as essential for local populations 
of priority species identified by the Washington Department of Fish 
and Wildlife or species of local importance. 

D. Regulated Activities 

1. For any regulated activity, a critical areas report (see subsections 3.L and 4.G of 
this Ordinance) may be required to support the proposed activity. 

2. Any land use or development activity shall be subject to the provisions of this 
Section, including, but not limited to, the following activities that are directly 
undertaken or originate in a regulated wetland or its buffer, unless exempted 
under subsection 3.E of this Ordinance: 

a. The removal, excavation, grading, or dredging of soil, sand, gravel, 
minerals, organic matter, or material of any kind. 

b. The dumping of, discharging of, or filling with any material. 

c. The draining, flooding, or disturbing of the water level or water table. 
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d. Pile driving. 

e. The placing of obstructions. 

f. The construction, reconstruction, demolition, or expansion of any 
structure. 

g. The destruction or alteration of wetland vegetation through clearing, 
harvesting, shading, intentional burning, or planting of vegetation that 
would alter the character of a regulated wetland. 

h. Activities that result in: 

i. A significant change of water temperature. 

ii. A significant change of physical or chemical characteristics of the 
sources of water to the wetland. 

iii. A significant change in the quantity, timing, or duration of the water 
entering the wetland. 

iv. The introduction of pollutants. 

3. Subdivisions. The subdivision and/or short subdivision of land in wetlands and 
associated buffers are subject to the following: 

a. Land that is located wholly within a wetland or its buffer may not be 
subdivided. 

b. Land that is located partially within a wetland or its buffer may be 
subdivided provided that an accessible and contiguous portion of each 
new lot is: 

i. Located outside of the wetland and its buffer; and 

ii. Meets the minimum lot size requirements of Title 18, Zoning, of 
Pacific County Code. 

4. The following activities are allowed in wetlands and wetland buffers. These 
activities do not require submission of a critical area report, except where such 
activities result in a loss of the functions and values of a wetland or wetland 
buffer. 

a. Those activities and uses conducted pursuant to the Washington State 
Forest Practices Act and its rules and regulations, WAC 222-1-030, where 
state law specifically exempts local authority, except those developments 
requiring local approval for Class IV – General Forest Practice Permits 
(conversions) as defined in RCW 76.09 and WAC 222-12. 
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b. Conservation or preservation of soil, water, vegetation, fish, shellfish, 
and/or other wildlife that does not entail changing the structure or 
functions of the existing wetland. 

c. The harvesting of wild crops in a manner that is not injurious to natural 
reproduction of such crops and provided the harvesting does not require 
tilling of soil, planting of crops, chemical applications, or alteration of the 
wetland by changing existing topography, water conditions, or water 
sources. 

d. Drilling for utilities/utility corridors under a wetland or buffer, with 
entrance/exit portals located completely outside of the wetland buffer, 
provided that the drilling does not interrupt the groundwater connection to 
the wetland or percolation of surface water down through the soil column. 
Specific studies by a hydrologist shall be required to determine whether 
the groundwater connection to the wetland or percolation of surface water 
down through the soil column will be disturbed. 

e. Enhancement of a wetland through the removal of non-native invasive 
plant species. Removal of invasive plant species shall be restricted to 
hand removal unless permits from the appropriate regulatory agencies 
have been obtained for approved biological or chemical treatments. All 
removed plant material shall be taken away from the site and 
appropriately disposed of. Plants that appear on the Washington State 
Noxious Weed Control Board list of noxious weeds shall be handled and 
disposed of according to a noxious weed control plan appropriate to that 
species. Revegetation with appropriate native species at natural densities 
is allowed in conjunction with removal of invasive plant species. 

5. In addition to the activities listed in subsection 4.D.2 above, the following 
activities may be allowed within a wetland buffer, but not within a wetland, in 
accordance with the review procedures of this Ordinance, provided they are 
conducted in a manner so as to minimize impacts to the buffer and adjacent 
wetland: 

a. Passive recreation. Public and private trails and wildlife viewing structures 
that are designed and in accordance with an approved critical area report 
may be allowed in the outer twenty-five percent (25%) of the wetland 
buffer, provided that: 

i. The trail surface is limited to pervious surfaces no more than five 
(5) feet in width; and 

ii. They are located to avoid removal of significant trees. 

b. Educational and scientific research activities. 
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c. Stormwater management facilities. Stormwater management facilities are 
limited to stormwater dispersion outfalls and bioswales. They are not 
allowed in buffers of Category I or II wetlands, but may be allowed within 
the outer twenty-five percent (25%) of the buffer of Category III or IV 
wetlands provided that: 

i. No other location is feasible; and 

ii. The location of such facilities will not degrade the functions or 
values of the wetland. 

d. Normal and routine maintenance and repair of any existing public or 
private facilities within an existing right-of-way, provided that the 
maintenance or repair does not increase the footprint or use of the facility 
or right-of-way. 

e. Normal and routine maintenance of non-conforming uses or structures, 
where legally established within the buffer, provided they do not increase 
the degree of nonconformity. 

6. An applicant proposing to construct new public or private roads and/or bridges 
within a wetland or its buffer shall submit an analysis of the cumulative wetland 
and buffer impacts that can reasonably be expected to occur as a result of 
approval of the proposed project. The Administrator shall consider the 
cumulative impacts of proposed projects and shall give preference to use and/or 
expansion of existing roadways over the construction of new roadway wetland 
crossings.  

E. Wetland Buffers 

1. Standard Buffer Widths. Buffers are necessary to protect wetlands from impacts 
generated by nearby land uses. The standard buffers in table 4-1 shall be 
required for regulated wetlands, and are based on category of wetland, the 
intensity of the adjacent proposed land use, and the habitat score as determined 
by a qualified wetland professional using the Washington State Wetland Rating 
System for Western Washington. 

a. The standard buffer widths assume that the buffer is vegetated with a 
native plant community appropriate for the ecoregion. If the existing buffer 
is unvegetated, sparsely vegetated, or vegetated with invasive species 
that do not perform needed functions, the buffer should either be planted 
to create the appropriate plant community or the buffer should be widened 
to ensure that adequate functions of the buffer are provided. 

b. In determining wetland buffer widths, land use intensity shall be defined 
as follows: 
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i. High-intensity land uses include commercial, urban, industrial, 
institutional, retail, residential (>1 unit/acre), high-intensity 
agriculture, and high intensity recreation such as ball fields. 

ii. Moderate-intensity land uses include residential (1 unit per acre or 
less), moderate-intensity open space, moderate-intensity 
agriculture, paved trails, logging roads, and maintained utility 
corridors. 

iii. Low-intensity land uses include forest practices, low-intensity open 
space, unpaved trails, and low-maintenance utility corridors. 

Table 4-1: Standard Wetland Buffer Widths. 

Wetland Category Habitat 
Score 

Land Use Intensity 

Low Moderate High 

Category I: Bogs NA 125 ft 190 ft 250 ft 

Category I: Wetlands with 
a high conservation value 

NA 125 ft 190 ft 250 ft 

Category I: Estuarine NA 100 ft 150 ft 200 ft 

Category I: Coastal 
Lagoons 

NA 100 ft 150 ft 200 ft 

Category I: Forested Base buffer width on habitat function 

Category I (other than 
above) 

8-9 150 ft 225 ft 300 ft 

 5-7 75 ft 110 ft 150 ft 

 <5 50 ft 75 ft 100 ft 

Category II: Interdunal NA 75 ft 110 ft 150 ft 

Category II: Estuarine NA 75 ft 110 ft 150 ft 

Category II (other than 
above) 

8-9 150 ft 225 ft 300 ft 

 5-7 75 ft 110 ft 150 ft 

 <5 50 ft 75 ft 100 ft 

Category III 5-7 75 ft 110 ft 150 ft 

 <5 40 ft 60 ft 80 ft 

Category IV NA 25 ft 40 ft 50 ft 

2. Measurement of Wetland Buffers. All buffers shall be measured perpendicular from the 
wetland boundary as surveyed in the field. Only fully vegetated buffers will be considered. 
Lawns, walkways, driveways, and other mowed or paved areas will not be considered 
buffers or included in buffer width or area calculations. 
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3.2. Increased Wetland Buffer Widths. The County shall have the authority to 
increase the standard buffer width on a case-by-case basis when there is sound evidence 
that a larger buffer is required. 

4.3. Buffer Width Averaging. 

a. Buffer averaging to improve wetland protection may be permitted only if: 

i. The wetland contains variations in sensitivity due to existing physical 
characteristics; and 

ii. The buffer is increased adjacent to the higher-functioning area of habitat or 
more-sensitive portion of the wetland and decreased adjacent to the lower-
functioning or less-sensitive portion as demonstrated by a critical areas 
report from a qualified professional. 

b. Buffer averaging to allow reasonable use of a parcel may be permitted only if: 

i. There are no feasible alternatives to the site design that could be 
accomplished without buffer averaging; and 

ii. The averaged buffer will not result in degradation of the wetland’s functions 
and values as demonstrated by a critical areas report from a qualified 
wetland professional. 

c. The total area of the buffer after averaging shall be equal to the area required 
without averaging. 

d. The buffer at its narrowest point shall never be less than either 75 percent (75%) of 
the standard width or 75 feet for category I and II, 50 feet for category III, and 25 
feet for category IV, whichever is greater. 

e. The buffer area proposed to be designated in buffer width averaging shall be 
contiguous to the original buffer area and shall not include on-site septic systems, 
public or private roadways, structures, or above-ground utilities. Existing disturbed 
areas may not be approved for use as a buffer width averaging area unless a buffer 
restoration or buffer enhancement plan has been submitted that conforms to the 
specifications of subsection 4.F.4 

5.4. Temporary Buffer Alterations. Where temporary buffer disturbance has or will occur 
in conjunction with approved permitted activities, revegetation of the buffer with native 
vegetation shall be required. Revegetation shall occur within thirty (30) days of project 
completion, unless explicitly extended by the Administrator. 

6.5. Buffer Reduction. The Administrator shall have the authority to reduce the required 
buffer widths, within a defined area, provided that: 

Commented [WH79]: What does sound evidence mean? 
Define better. 
Perhaps use language that Ecology already has. (3 
conditions) 
Volume 2 ecologies managing and repairing wetlands 
 
 

Commented [TB80]: The width of buffer required to 
adequately protect a wetland can vary greatly based on 
specific site conditions and surrounding land use. 

Commented [TB81]: Existing averaging provisions 
the two purposes listed below, which is confusing in 
implementation (specifically, (a) and (b) may not occur 
simultaneously). Revised for clarity and to incorporate BAS. 

Commented [TB83]: From existing code, 4.D.2.f 

Commented [WH82]: Should be F.4. 
 

Commented [WH84]: Cannot remove vegetation in a 
wetland buffer. 
 
Language (above) in previous notes is meant to protect uses 
that were existing when the new CAO has been implemented. 
Perhaps. 
 
Maybe add language here for fire protection.  
(27.5)  
 
Look at the definition of temporary impact. 
 



33 
 

a. The wetland buffer to be reduced is physically isolated from its corresponding 
wetland by a preexisting barrier, such as a bulkhead, paved public roadway, flood 
control structure, or building; and 

b. The buffer is reduced by no more than fifty twenty-five percent (2550%) of 
the standard buffer width; and 

c. The applicant demonstrates, through submission of a special report by a 
qualified professional, that the buffer reduction does not have any adverse 
impact on the existing functions and values of the wetland. 

7.6. Landward Residential Addition. For proposed development 
consisting of an expansion of an existing single family residential structure within 
a wetland buffer, for which the proposed expansion is on the landward side of 
the structure farthest from the wetland, no mitigation shall be required for such 
expansion, provided that: 

a. The width of the expanded structure parallel to the wetland boundary is 
not increased; and 

b. The applicant demonstrates, through submission of a critical areas report 
that the addition will not result in reduction of buffer function or in adverse 
impacts to wetland functions and values. 

F. Additional Mitigation Requirements for Wetlands 

1. Where a project requires disruption of wetlands, wetland functions and values 
shall be maintained through compensatory mitigation as specified in this 
subsection. 

2. For the purposes of this subsection, an insufficient buffer under subsection 4.E 
Wetland Buffers shall be treated as a loss of wetlands to the extent of the 
deficiency. 

3. Mitigation Sequencing. Before impacting any wetland or its buffer, an applicant 
shall demonstrate compliance with subsection 3.M.2, Mitigation Sequencing. 
Compensatory mitigation for alterations to wetlands shall be used only for 
impacts that cannot be avoided or minimized, and shall achieve equivalent or 
greater functions and values. 

4. Compensatory mitigation plans shall be consistent with Wetland Mitigation in 
Washington State, Part 1: Agency Policies and Guidance (Version 1, Ecology 
Publication #06-06-011a), or as amended, and best available science. 

5. Mitigation Ratios. The following ratios shall apply to compensatory mitigation that 
meets all other requirements in this subsection, is the same category of wetland, 
and has a high probability of success. The first number in each cell of table 4-2 
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below specifies the acreage of wetland mitigation and the second specifies the 
acreage of wetland alteration. 

Table 4-2: Wetland Mitigation Ratios. 
Category and 
Type of Wetland 

Creation or Re-
establishment Rehabilitation1 Enhancement1 

Category I: 
Bog, Natural 
Heritage site, 
Coastal Lagoon 

Not considered 
possible 6:1 Case by case 

Category I: 
Forested 6:1 12:1 24:1 

Category I: 
Based on functions 4:1 8:1 16:1 

Category I: 
Estuarine Case by case 6:1 Case by case 

Category II: 
Estuarine Case by case 4:1 Case by case 

Category II: 
Interdunal 2:1  

Compensation has  
to be interdunal  
wetland 

4:1  
Compensation  
has to be  
interdunal  
wetland 

Not considered  
possible 

Category II: all 
other 3:1 6:1 12:1 

Category III 2:1 4:1 8:1 
Category IV 1.5:1 3:1 6:1 

1 Ratios for rehabilitation and enhancement may be reduced when combined with 1:1 
replacement through creation or re-establishment. See “Table 8C-11. Mitigation ratios 
for projects in western Washington” in Wetlands in Washington State Volume 2 – 
Protecting and Managing Wetlands, Appendix 8-C, Guidance on Buffers and Ratios – 
Western Washington.  

6. Types of Mitigation. Mitigation for lost or diminished wetland and buffer functions 
shall rely on the types below in the following order of preference: 

a. Restoration, including reestablishment and rehabilitation, of wetlands; 

b. Creation, or establishment, of wetlands; 

c. Enhancement of significantly degraded wetlands, in combination with 
restoration or creation; 

d. Preservation of high-quality, at-risk wetlands, in combination with 
restoration, creation, or enhancement, provided that a minimum of 1:1 
acreage replacement is provided by creation or reestablishment. 

d.e.  

7. Location of Mitigation.  
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a. Compensatory mitigation actions shall be conducted within the same sub-
drainage basin and on the site of the alteration except when all of the 
following conditions apply: 

i. There are no reasonable opportunities on-site or within the sub-
drainage basin, or opportunities on-site or within the sub-drainage 
basin do not have a high likelihood of success; and 

ii. On-site mitigation would require elimination of high-quality upland 
habitat; and 

iii. Off-site mitigation has a greater likelihood of providing equal or 
improved wetland functions than the altered wetland. 

b. Off-site locations shall be in the same sub-drainage basin unless: 

i. Established watershed goals for water quality, flood storage or 
conveyance, habitat, or other wetland functions have been 
established by the County and strongly justify location of mitigation 
at another site; or 

ii. Credits from a state-certified wetland mitigation bank are used as 
compensation, and the use of credits is consistent with the terms of 
the certified bank instrument and with subsection 4.F.10 of this 
Ordinance; or 

iii. Fees are paid to an approved in-lieu fee program to compensate 
for the impacts. 

c. The design for the compensatory mitigation project shall be appropriate 
for its location (i.e. position in the landscape), and shall not result in the 
creation, restoration, or enhancement of an atypical wetland that does not 
match the type of wetland that would naturally be found in the geomorphic 
setting of the site. 

8. Timing of Mitigation.  

a. It is preferred that compensatory mitigation projects be completed prior to 
activities that will disturb wetlands. At the least, compensatory mitigation 
shall be completed immediately following disturbance and prior to use or 
occupancy of the action or development.  

b. Construction of mitigation projects shall be timed to reduce impacts 
existing fisheries, wildlife, and flora. 

9. Monitoring. Mitigation monitoring shall be required for a period necessary to 
establish that performance standards have been met, but not for a period less 
than five years. If a scrub-shrub or forested vegetation community is proposed, 
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monitoring may be required for ten years or more. The project mitigation plan 
shall include monitoring elements that ensure certainty of success for the 
project’s natural resource values and functions. If the mitigation goals are not 
obtained within the initial five-year period, the applicant remains responsible for 
restoration of the natural resource values and functions until the mitigation goals 
agreed to in the mitigation plan are achieved. 

10. Wetland Mitigation Banks. Credits from a wetland mitigation bank may be 
approved for use as compensation for unavoidable impacts to wetlands when all 
of the following conditions are satisfied: 

a. The bank is certified under state rules. 

b. The bank creates new wetlands or reestablishes, rehabilitates, or 
enhances existing disturbed wetlands. Credits shall not be approved for 
use from those portions of a wetland mitigation bank which preserve 
existing undisturbed wetlands. 

c. The wetland mitigation bank credits are located within the same surface 
water drainage basinsame service area as the wetland impacts, as 
determined by the Administrator in consultation with the Pacific County 
Engineer. 

d. The County determines that the wetland mitigation bank provides 
appropriate compensation for the authorized impacts. 

e. The proposed use of credits is consistent with the terms and conditions of 
the certified bank instrument. 

f. Replacement ratios are consistent with subsection 4.F.5, unless the 
applicant can demonstrate that the use of the mitigation bank is of greater 
value to wetland functions and values. 

g. Impacts are limited to the following types: 

i. Category I, II, III, or IV wetland buffer impacts; 

ii. Category II, III, or IV wetland impacts; 

iii. Category I wetland impacts from public infrastructure projects. 

G. Additional Critical Area Report Requirements for Wetlands 

1. When Required. If the County determines that a wetland exists within 300 feet of 
the site of a proposed development activity, a wetland report prepared by a 
qualified professional shall be required. The expense of preparing the wetland 
report shall be borne by the applicant. 
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2. Report Contents. In addition to the general critical area report requirements 
under subsection 3.L, critical area reports for wetlands shall include, at a 
minimum: 

a. A description of the methodologies used to conduct the wetland 
delineations, rating system forms, or impact analyses, including 
references. 

b. Identification and characterization of all critical areas, wetlands, water 
bodies, shorelines, floodplains, and buffers on or adjacent to the proposed 
project area. For areas off site of the project site, conditions within 300 
feet of the project boundaries shall be estimated using the best available 
information. 

c. For each wetland identified on site and within 300 feet of the project site, 
the report shall provide: the wetland rating, including a description of and 
score for each function; required buffers; hydrogeomorphic classification; 
wetland acreage based on a professional survey from the field delineation 
(acreages for on-site portion and entire wetland area including off-site 
portions); Cowardin classification of vegetation communities; habitat 
elements; soil conditions based on site assessment and/or soil survey 
information; and to the extent possible, hydrologic information such as 
location and condition of inlets/outlets, estimated water depths within the 
wetland, and estimated hydroperiod patterns based on visual cues (e.g. 
algal mats, drift lines, flood debris, etc.). The report shall provide acreage 
estimates, classifications, and ratings based on entire wetland complexes, 
not only the portion present on the proposed project site. 

d. A description of the proposed actions, including an estimation of acreages 
of impacts to wetlands and buffers based on the field delineation and 
survey and an analysis of site development alternatives, including a no-
development alternative. 

e. A discussion of measures, including avoidance, minimization, and 
compensation, proposed to preserve existing wetlands and restore any 
wetlands that were degraded prior to the current proposed land use 
activity. 

f. A conservation strategy for habitat and native vegetation that addresses 
methods to protect and enhance on-site habitat and wetland functions. 

g. A copy of the site plan for the project, including maps (to scale) depicting 
delineated and surveyed wetland and required buffers; the development 
proposal; other critical areas; grading and clearing limits; areas of 
proposed impacts (including square footage estimates); and a depiction of 
the proposed stormwater management facilities for the development. 

3. Qualified Professional Requirements. 
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a. Delineation. Pacific County shall only accept a delineation performed by 
the U.S. Army Corps of Engineers, Washington State Department of 
Ecology, Natural Resources Conservation Service, or a qualified 
professional for wetlands who has been approved by the Department of 
Community Development. 

b. Report. The report shall be prepared by a qualified professional for 
wetlands. A qualified professional for wetlands must be a Professional 
Wetland Scientist with at least two years of full-time work experience as a 
wetlands professional, including delineating wetlands using the state or 
federal manuals; preparing wetland reports; conducting function 
assessments; and developing and implementing mitigation plans. 

H. Maps and References 

The following references may provide an indication of wetland locations. However, 
these and other similar resources were not prepared at a level of detail sufficient to 
accurately portray the exact location and extent of wetlands in Pacific County, and 
cannot be used in place of an on-site field determination of wetlands. Many 
wetlands in Pacific County will not appear on these resources. 

1. National Wetland Inventory. 

2. Natural Resources Conservation Service (formerly the Soil Conservation 
Service), soils map for Pacific County, hydric soils designations. 
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SECTION 5. FISH AND WILDLIFE HABITAT CONSERVATION AREAS 

A. Purpose 

The purpose of this section is to protect fish and wildlife habitat by land 
management which maintains sensitive, threatened, endangered species in suitable 
habitats within their natural geographic distribution, and to ensure the protection of 
shellfish, kelp, eelgrass, herring, and smelt spawning areas by regulating 
incompatible upland uses and development, and by controlling associated non-point 
pollution impacts. 

B. Identification 

1. Fish and wildlife habitat conservation areas (FWHCAs) include: 

a. Areas with which endangered, threatened, and sensitive species have a 
primary association. Pacific County adopts the designations listed in WAC 
232-12-014 (Endangered), WAC 232-12-011 (Threatened and Sensitive), 
and federally-designated threatened or endangered species categories. 

b. Habitats and species of local importance. 

c. Commercial and recreational shellfish areas. These areas include all 
public and private tidelands or bedlands suitable for shellfish harvest, 
including shellfish protection districts established pursuant to Chapter 
90.72 RCW. 

d. Kelp and (native?) eelgrass beds; herring and smelt spawning areas. 

e. Naturally occurring ponds under twenty (20) acres and their submerged 
aquatic beds that provide fish or wildlife habitat. 

f. Waters of the State. Waters of the state include lakes, rivers, ponds, 
streams, inland waters, underground waters, salt waters, and all other 
surface waters and watercourses within the jurisdiction of the state of 
Washington, as classified in WAC 222-16. 

g. Lakes, ponds, streams, and rivers planted with game fish by a 
governmental or tribal entity. 

h. State Natural Area Preserves (NAP) and Natural Resource Conservation 
Areas (NRCA). In Pacific County, these include the Bone River, 
Gunpowder Island, Niawiakum, and Willapa Divide NAPs and the 
Ellsworth Creek, South Nemah, and Teal Slough NRCAs. 
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C. Classification and Designation 

1. Waters of the State. Waters of the State shall be classified using the Department 
of Natural Resources' interim water typing (WAC 222-16-031). Once the fish 
habitat water type maps described in WAC 222-16-030 are adopted by the 
Forest Practices Board, the permanent water typing criteria described in WAC 
222-060-030 will apply.   

2. Habitats and Species of Local Importance. 

a. Characteristics of Habitats and Species of Local Importance: 

i. Local populations of native species that are likely to become 
endangered, are vulnerable, or declining. 

ii. Species or habitats with recreational, cultural, and/or economic 
value to citizens of Pacific County. 

iii. Protection by other County, State, or federal policies, laws, 
regulations, or non-regulatory tools are not sufficient to prevent 
degradation of the habitat or decline of the species. 

iv. Habitats of local importance represent either high-quality native 
habitat or habitat that has a high potential to recover to a suitable 
condition and which is limited in availability, highly vulnerable to 
alteration, or provides landscape connectivity that contributes to the 
integrity of the surrounding landscape. 

b. Process of Designation. 

i. Habitats and species may be nominated by any person. The 
nomination shall include the following: 

a) Identification of specific habitat features to be protected (for 
example, nest sites, breeding areas, and nurseries), or if a 
habitat or ecosystem is being nominated in its entirety, a 
description and map of the geographic boundaries 
encompassed in the nomination.   

b) Documentation of how the proposed species or habitat meets 
each of the applicable characteristics described in subsection 
5.C.2.a. 

c) Management strategies, supported by the best available 
science, that if implemented would measurably help to conserve 
the species or habitat. 

Commented [TB119]: Same water typing as in current 
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ii. The Administrator shall review and evaluate the nomination and 
make a recommendation to the planning commission. 

iii. The planning commission shall hold a public hearing on the 
proposal and make a recommendation to the Board of 
Commissioners. 

iv. After receiving the recommendation of the planning commission, 
the Board of Commissioners shall vote on the nomination. 

D. Protection Standards 

1. Buffers for Waters of the State. 

a. Standard Buffer Widths. The following buffers from the ordinary high 
water mark are required. 

Table 5-1: Required buffers for Waters of the State 

Interim Water 
Typing Buffer (ft) 

1 (S) See SMP 5.2 
2, 3 (F) 130 
4 (Np) 65 
5 (Ns) 50 

i. Measurement. The buffer shall be measured horizontally, landward 
in every direction from the ordinary high water mark. 

ii. Steep slopes. Where lands adjacent to a stream display a 
continuous slope of twenty-five percent (25%) or greater, the buffer 
shall include such sloping areas.  For Type 1, 2, and 3 streams, 
where the horizontal distance of the sloping area is greater than the 
required standard setback, the buffer shall be extended to a point 
twenty-five (25) feet beyond the top of the bank of the sloping area. 

b. Buffer Averaging. Buffer widths may be averaged within a property 
provided all of the following standards are met. 

i. Averaging provides additional protection to the species or habitat 
by conserving intact or unique habitat features; 

ii. Averaging will not adversely affect the protected species or habitat 
relative to the use of the standard buffer alone; 

iii. The total area contained in the buffer area after averaging is no 
less than that which would be contained within the standard buffer; 
and 

Commented [TB120]: No species have been designated to 
date. This provision allows a clear mechanism to develop 
species and habitats of local importance if warranted in the 
future. 
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Jim:  Stated that the CAO can trump if the buffer is protecting 
the Critical Area 
 

Commented [TB125]: Consistent with BAS that buffers are 
less effective in filtering water quality over steep slopes. 



42 
 

iv. The buffer width is not reduced by more than twenty-five percent 
(25%) of the standard buffer in any location. 

c. Buffer Reduction. The Administrator may approve a reduction of the 
standard buffer on a case-by-case basis if an applicant demonstrates 
through a critical areas report based on best available science that the 
following conditions and criteria have been met: 

i. The applicant has proposed habitat restoration or enhancement 
activities that would result in improved habitat, water quality or 
water flow processes or functions of the adjacent stream; 

ii. The buffer reduction is necessary to accomplish the purpose of a 
proposed project and no reasonable alternative is available given 
specific site characteristics;  

iii. The applicant has demonstrated application of the avoidance and 
minimization standards; and 

iv. The standard buffer width shall not be reduced by more than 25 
percent for any stream or aquatic habitat.  

d. Interrupted Buffers. Where a legally established and constructed public 
roadway transects a riparian buffer, the Administrator may approve a 
modification of the standard buffer width to the edge of the roadway, 
provided the isolated part of the buffer provides insignificant biological, 
geological or hydrological buffer functions relating to the riparian area. 

2. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA 
other than Waters of the State as necessary to protect the ecological integrity, 
structure and functions of the resource from Development induced impacts. 
Buffer widths shall reflect the sensitivity of the species or habitat present and the 
type and intensity of the proposed adjacent human use or activity, consistent 
with the following guidance. 

Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Areas with a primary association with endangered, 
threatened, and sensitive species 

For non-fish species, buffers shall be based on site-
specific conditions; management recommendations 
provided by the Washington State Department of 
Fish and Wildlife PHS Program, if applicable; and 
the recommendation of a Qualified Professional. 

Commercial and recreational shellfish areas; kelp 
and eelgrass beds; herring and smelt spawning 
areas 

Standard shoreline buffers apply, in addition to 
Marine and Estuarine Water Quality Protection 
Zone provisions (Section 5.D.6).  

State Natural Area Preserves and Natural These areas are assumed to encompass the land 

Commented [WH126]: CAO TAC: Recommendation that 
the buffer and setback could be reduced, but the setback 
would need to be protected first leaving the buffer.   
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Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Resource Conservation Areas required for species preservation; therefore, 
additional buffers shall not be required adjacent to 
these areas. The Administrator may impose a new 
buffer or increase the applicable buffer if it is 
determined that a proposed development would 
inhibit use of the property for species preservation. 

Species and Habitats of Local importance The need for and dimensions of buffers for 
approved species and habitats of local importance 
shall be determined on a case-by-case basis by the 
Administrator according to adopted plans for the 
specific resource. 

3. Buffer Composition. 

a. Buffers shall be maintained in an undeveloped state and shall consist of 
an undisturbed area of native vegetation or restoration areas established 
to protect the integrity, functions, and values of the affected habitat.  
Unless specifically permitted or exempted in this section or the SMP, all 
structures and activities shall be located outside of a fish and wildlife 
habitat conservation area and its associated buffer.   

b. No non-native vegetation shall be deliberately introduced into a buffer. 

4. Subdivisions. The subdivision and short subdivision of land in FWHCAs and 
associated buffers is subject to the following: 

a. Land that is located wholly within a FWHCA or its buffer may not be 
subdivided. 

b. Land that is located partially within a FWHCA or its buffer may be 
subdivided provided that the developable portion of each new lot and its 
access is located outside of the habitat conservation area or its buffer and 
meets the applicable zoning requirements. 

5. Permitted Activities within FWHCAs and Buffers. The following activities are 
permitted within FWHCAs and their associated buffers: 

a. Limited public park or public recreational access; provided, that all of the 
following are satisfied: 

i. The access is part of a public park that is dependent on the access 
for its location and recreational function; and 

ii. The access is limited to the minimum necessary to accomplish the 
recreational function; and 

Commented [WH130]: Anne: would like to see definitions 
for “mowing”, “thinning”.  How do you maintain the buffer?  
Chris mentioned that verbiage could be referenced from the 
City of Ilwaco’s CAO.   
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iii. The removal of trees and native vegetation is minimized. 

b. Low-impact uses and activities that are consistent with the purpose and 
function of the buffer when such improvements are limited to the minimum 
amount necessary and do not detract from its integrity may be permitted 
within the buffer depending on the sensitivity of the habitat involved; 
provided, that such activity shall not result in a decrease in FWHCA 
functions and values and shall not prevent or inhibit the buffer’s recovery 
to at least pre-altered condition or function.  

c. Removal of hazard trees. The removal of trees or portions of trees from 
critical areas and buffers that are hazardous, posing a threat to public 
safety, or posing an imminent risk of damage to private property.  The 
following standards must be met.  

i. A report from a certified arborist or professional forester documents 
the hazard and provides a replanting schedule, if tree removal is 
proposed, with the exception that hazard trees determined to pose 
an imminent threat or danger to public health or safety, to public or 
private property, or of serious environmental degradation may be 
removed or pruned prior to receiving written approval from the city 
provided that within 14 days a restoration plan is submitted that 
demonstrates compliance with the provisions of this chapter. 

ii. Tree cutting shall be limited to pruning and crown thinning, unless 
otherwise justified by a qualified professional.  

iii. Any trees that are removed must be replaced with new trees at a 
ratio of two replacement trees for each tree removed within one 
year, in accordance with an approved restoration plan. 

iv. If a tree to be removed provides critical habitat, such as an eagle 
perch, a qualified wildlife biologist shall be consulted to determine 
timing and methods for removal that will minimize impacts. 

d. Standards Applicable to Type 2, 3, 4, and 5 Waters of the State and their 
Buffers. 

i. The following modifications may be permitted in accordance with 
an approved critical area report that demonstrates that proposed 
measures follow mitigation sequencing and will not degrade fish or 
wildlife habitat conservation areas functions or processes on-site or 
in the surrounding area. 

a) Erosion Control Measures. New, replacement, or substantially 
improved erosion control measures. 

Commented [WH134]: DNR has language 
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b) Streambank Stabilization. Streambank Stabilization through 
bioengineering or soft armoring techniques. 

c) Docks. Repair and maintenance of an existing dock or pier. 

d) Roads, Trails, Bridges, and Rights-of-Way, provided: 

1) There is no other feasible alternative route with less impact 
on the environment; 

2) Crossings minimize interruption of downstream movement of 
wood and gravel; 

3) Roads shall not run parallel to the water body; 

4) Trails shall be located on the outer edge of the riparian area 
or buffer, except for limited viewing platforms and crossings; 

5) Crossings, where necessary, shall only occur as near to 
perpendicular with the water body as possible; 

e) Utility facilities, including utility lines, facilities, and stormwater 
conveyance, provided: 

1) FWHCAs shall be avoided to the maximum extent possible; 

2) Installation shall be accomplished by boring beneath the 
scour depth and hyporheic zone of the water body and 
channel migration zone, where feasible; 

3) The utilities shall cross at an angle greater than sixty (60) 
degrees to the centerline of the channel in streams or 
perpendicular to the channel centerline whenever boring 
under the channel is not feasible; 

4) Crossings shall be contained within the footprint of an 
existing road or utility crossing where possible; 

5) The utility route shall avoid paralleling the stream or 
following a down-valley course near the channel; and 

6) The utility installation shall not increase or decrease the 
natural rate of shore migration or channel migration. 

f) Clearing and Grading. When clearing and grading is permitted 
as part of an authorized activity or as otherwise allowed in these 
standards, the following shall apply: 
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1) Grading is allowed only during the dry season, which is 
typically regarded as beginning on May 1 and ending on 
October 1, provided that the city may extend or shorten the 
dry season on a case-by-case basis, determined on actual 
weather conditions.  

2) The soil duff layer shall remain undisturbed to the maximum 
extent possible. Where feasible, any soil disturbed shall be 
redistributed to other areas of the project area. 

3) The moisture-holding capacity of the topsoil layer shall be 
maintained by minimizing soil compaction or reestablishing 
natural soil structure and infiltrative capacity on all areas of 
the project area not covered by impervious surfaces. 

4) Erosion and sediment control that meets or exceeds city 
standards must be provided. 

6. Marine and Estuarine Water Quality Protection Zone. 

a. Purpose. The purpose of the Marine and Estuarine Water Quality 
Protection Zone is to protect water quality conditions that support 
shellfish, kelp, eelgrass, herring, and smelt spawning areas.1 

b. Applicability. All property located within three hundred (300) feet landward 
from the OHWM2 of marine waters of the Pacific Coast or estuarine 
waters of Willapa Bay falls within the Marine and Estuarine Water Quality 
Protection Zone.   

c. Protection Standards applicable within the Marine and Estuarine Water 
Quality Protection Zone.  The following protection standards apply within 
areas designated as the Marine and Estuarine Water Quality Protection 
Zone. 

i. The design of new and repair of on-site sewage systems shall 
incorporate  all known, available, and reasonable methods of 
prevention, control, and treatment (AKART) for microbial 
contaminants, consistent with standards of WAC 246-272A.     

ii. No reduction from the 100 foot horizontal separation standard 
between on-site septic system disposal components and surface 
water shall be approved for new septic systems. 

                                            
1 Defined per WAC 365-190-130, although kelp beds and smelt spawning areas are not known to be 
present in Pacific County waters. 
2 The Highest Astronomical Tide elevation shall be used instead of the OHWM on the eastern side of 
the Long Beach Peninsula. 

Commented [TB138]: Shoreline provisions apply to Type I 
Waters. This provision allows for unavoidable and water 
dependent uses. 
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iii. On-site sewage system permit applications shall be held by the 
Pacific County Health Officer or his/her designee for evaluation 
during the high winter water table season, if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272 WAC, Pacific County On-Site 
Sewage System Regulations, and this Ordinance.  

iv. Applications for Preliminary Plat subdivisions, or for construction of 
any new office complex, school facility, industrial facility, or 
commercial building shall require preparation and submittal of a 
storm water collection, biofiltration, and disposal system designed 
by a Professional Engineer.  Infiltration of storm water shall be 
encouraged, except where the practice would be injurious or 
potentially injurious to the quality of ground water in designated 
Critical Aquifer Recharge Areas.  

v. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

E. Additional Critical Area Report Requirements for Fish and Wildlife Habitat 
Conservation Areas 

1. When Required. A critical area report for fish and wildlife habitat conservation 
areas shall be required when a project area is located in or a distance equal to or 
less than the potential critical area buffer and building setback width of a fish and 
wildlife habitat conservation area. 

2. Additional Requirements: In addition to general requirements of Section 3.L, 
Critical Area Reports, critical area reports for fish and wildlife habitat 
conservation areas must meet the requirements of this subsection.  

a. Preparation by a Qualified Professional. A critical area report for a fish 
and wildlife habitat conservation area shall be prepared by a qualified 
professional biologist with experience preparing reports for the relevant 
type of habitat. 

b. Habitat Assessment. A critical area report for a habitat conservation area 
shall contain, at a minimum, the following information: 

i. A detailed description of vegetation on and adjacent to the project 
area and within the fish and wildlife conservation area and its 
associated buffer. 

ii. Identification of any endangered, threatened, or sensitive species 
that have a primary association with habitat on or adjacent to the 
project area. Identification of any habitats of local importance 
occurring on or adjacent to the site. 

Commented [TB143]: Specific design standards left to 
WAC 246-272A 
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iii. A discussion of any federal, state, or local special management 
recommendations, including Washington Department of Fish and 
Wildlife habitat management recommendations, that have been 
developed for species or habitats located on or adjacent to the 
project area, and a description of how the project employs with 
those recommendations.   

iv. A detailed discussion of the direct and indirect potential impacts on 
habitat by the project, including both site-specific and landscape-
scale impacts and impacts to water quality. 

c. Additional Information May Be Required. When appropriate due to the 
type of habitat or species present or the project area conditions, the 
county planner may also require the following: 

i. An evaluation by an independent qualified professional regarding 
the applicant’s analysis and the effectiveness of any proposed 
mitigating measures or programs, to include any recommendations 
as appropriate; or 

ii. A request for consultation with the Washington Department of Fish 
and Wildlife or other appropriate agency or tribe. 

F. Additional Mitigation Requirements for Fish and Wildlife Habitat Conservation 
Areas 

1. Mitigation is required when a fish and wildlife habitat regulated under this section 
is temporarily or permanently affected as a result of project approval or activity.  
Mitigation is further required when a fish and wildlife habitat regulated under this 
section has been altered prior to project approval unless the alteration was not 
prohibited by law. 

2. On-site and in-kind mitigation is preferred so as to ensure, to the greatest extent 
practicable, that the plan results in mitigation for direct impacts resulting from the 
alteration. 

3. Off-site mitigation will be used only in those situations where on-site mitigation is 
not possible or where it is demonstrated that off-site mitigation would provide 
greater benefit to the affected species.  When off-site mitigation is allowed, it 
should occur within the same subbasin as the project impact. 

4. Contiguous Corridors. Mitigation sites shall be located and designed to the 
extent possible to preserve or achieve contiguous wildlife habitat corridors to 
minimize the isolating effects of development on habitat areas. 

5. Mitigation shall be completed prior to granting of temporary or final occupancy, or 
the completion or final approval of any development activity for which mitigation 
measures have been required. 

Commented [TB144]: New section, added per BAS and 
best practices. Where relevant, each critical area has its own 
specific reporting/assessment requirements on top of the 
general requirements of section 3. 
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6. This subsection constitutes general rules which may be modified upon the 
recommendations of a qualified critical area professional as to the scope and 
nature of the mitigation which is needed to protect the habitat system, functions, 
and values at issue for the project. Commented [TB145]: As with critical area reports, 

FWHCAs have their own mitigation requirements on top of 
general requirements in Section 3. Provisions here taken from 
existing CARL general mitigation provisions and BAS. 
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SECTION 6. FREQUENTLY FLOODED AREAS 

A. Purpose 
The purpose of the frequently flooded areas section is to minimize public and private 
losses due to flood conditions in specific areas and to protect the functions and 
values of frequently flooded areas. 

B. Identification 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 
1. Those areas of special flood hazard identified by the Federal Emergency 

Management Agency (FEMA) in a scientific and engineering report entitled “The 
Flood Insurance Study for Pacific County and Incorporated Areas” dated May 18, 
2015, and any revisions thereto, with an accompanying Flood Insurance Rate 
Map (FIRM) dated September 27, 1985, or, and any revisions thereto; and those 
floodways and associated floodplains delineated by a comprehensive flood 
hazard management plan adopted by the Pacific County Board of County 
Commissioners, as being with the 100-year floodplain or having experienced 
historic flooding, are hereby adopted by reference and designated as frequently 
flooded areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of Community 
Development. The best available information for flood hazard area identification 
as outlined in Pacific County Code (PCC) 15.08.140(B) shall be the basis for 
regulation until a new FIRM is issued that incorporates the data utilized under 
PCC 15.08.140(B). 

2. When base flood elevation data have not been provided (A and V zones) the 
Administrator, in consultation with the Pacific County Engineer, shall obtain, 
review, and reasonably utilize any base flood elevation and floodway data 
available from a federal, state, or other source. If such documentation is not 
adequate to allow the County Engineer to make such delineation, the person 
seeking development which is covered under this Ordinance shall provide a flood 
hazard study prepared by a qualified critical area professional assessing the 
extent of the 100-year floodplain, which shall be subject to approval by the 
County Engineer. 

C. Protection Standards 
All development within designated frequently flooded areas shall comply with the 
Pacific County Flood Damage Prevention Ordinance No. 167, codified as Chapter 
15.08 PCC, as now or hereafter amended; and/or the Pacific County Shoreline 
Master Program, as now or hereafter amended. 

 

Commented [WH146]: Remove this add the new firm map 
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SECTION 7. CRITICAL AQUIFER RECHARGE AREAS 

A. Purpose 

The purpose of this section is to establish protection measures for aquifers that are 
susceptible to contamination due to physical (hydrogeologic) factors. 

B. Identification 

Aquifer recharge areas are those areas with geologic and hydrologic conditions that 
promote rapid infiltration of recharge waters to groundwater aquifers. The following 
classifications define critical aquifer recharge areas. 

1. For the purposes of this Ordinance, any land within Pacific County that contains 
the following soil types as listed in the Soil Survey of Grays Harbor County Area, 
Pacific County, and Wahkiakum County, Washington, 1986, Soil Conservation 
Service, USDA, is designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 

132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2. Special aquifer recharge protection areas include: 

a. Sole-source aquifers designated by the U.S. Environmental Protection 
Agency in accordance with the Safe Drinking Water Act of 1974 (Public 
Law 93-523); 

b. Special protection areas designated by the Washington Department of 
Ecology under Chapter 173-200 WAC; 

c. Wellhead protection areas determined in accordance with delineation 
methodologies specified by the Washington Department of Health under 
authority of Chapter 246-290 WAC; and 

d. Groundwater management areas designated by the Washington 
Department of Ecology in cooperation with local government under 
Chapter 173-100 WAC. 

Commented [FT151]: Jim Sayce – comment needs to use 
the USGS Blake Moore Thomas report needs to be referred 
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C. Protection Standards 

1. New Development Prohibitions. The following types of new development shall 
not be permitted within designated critical aquifer recharge areas: 

a. Solid waste landfills; 

b. Septage application; 

c. Underground storage of heating oil in excess of 1,100 gallons for 
consumptive use on the parcel where stored; 

d. Creosote manufacturing or treatment;  

e. Chemical manufacture or reprocessing of any extremely hazardous waste 
as defined by RCW 70.105.010(6) and listed in Chapter 173-303 WAC; 

f. Mining of any type below the water table; 

g. Processing, storage, and disposal of radioactive substances; and 

h. Dry cleaning; 

i. Auto wrecking facilities; 

j. Hazardous Waste Transfer Treatment & Treatment; 

h.k. Hydrocarbon extraction. 

2. Development Standards. 

a. Lots in new subdivisions and new short subdivisions in critical aquifer 
recharge areas outside of Urban Growth Areas shall require a minimum 
net land area of one acre when gravity on-site septic systems are 
proposed, thirty thousand (30,000) square feet when pressure distribution 
or equivalent treatment systems are proposed, and fifteen thousand 
(15,000) square feet or equivalent when sand filter or equivalent treatment 
is proposed. For the purposes of this section "net lot area" shall mean the 
total lot area minus areas covered by surface water lying water-ward of 
the ordinary high water mark, and those areas contained within rights of 
way, and road and/or utility easements. 

b. New and/or repair of on-site sewage systems in critical aquifer recharge 
areas on existing lots of less than one net acre in size shall be designed 
by a Licensed Designer, Registered Sanitarian, or Professional Engineer, 
and shall consist of a pressure distribution drainfield system, and shall 
meet the requirements of Chapter 246-272A WAC, On-Site Sewage 
Systems. 

Commented [TB157]: Additional standards for 
consideration: 
 
-Where possible, requiring new wells within the County to be 
completed in the deeper, semi-confined aquifer where the 
aquifer may be better protected by the confining bed; and 
Considering alternatives for limiting areas of new wells. 
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c. On-site sewage system permit applications in critical aquifer recharge 
areas shall may be held by the Health Officer for evaluation during the 
high winter water table season (December - February), if necessary to 
ensure that native soil depth and vertical separation are consistent with 
the requirements of Chapter 246-272A WAC and any Pacific County 
Ordinance pertaining to on-site sewage disposal. 

d. New subdivisions and new short subdivisions in critical aquifer recharge 
areas shall require a storm water collection, treatment, and disposal 
system designed by a Professional Engineer and approved by the County 
Engineer. This requirement does not apply to short subdivisions in which 
each lot is at least one acre in size. 

e. New development in areas of existing wells shall remove any abandoned 
wells present in the area of development using approved well 
abandonment methods as defined in WAC 173-160. 

D. Additional Critical Area Report Requirements for Critical Aquifer Recharge 
Areas. 

1. When Required. A person seeking the following types of new construction 
activities is responsible for preparing a critical area report for critical aquifer 
recharge areas: 

a. Industrial and commercial agricultural facilities applying fertilizers or 
pesticides in excess of agronomic rates; 

b. Golf courses or other recreational or institutional facilities that involve 
extensive turf cultivation or maintenance; 

c. Above ground storage tanks, with the exception of water tanks; 

d. Industrial or commercial facilities that, when completed, will use, store, or 
handle dangerous wastes in quantities in excess of five (5) gallons or 
twenty-five (25) pounds or more of any one substance, or in aggregate 
quantities of twenty (20) gallons or 100 pounds or more of all dangerous 
wastes; 

e. Fossil fuel exploration or development; and 

f. Commercial underground storage tanks in excess of 1,100 gallons. 

2. Report Contents. In addition to the critical area report requirements of subsection 
3.L of this Ordinance, the report shall include the following information: 

a. A detailed description of the project including all processes and other 
activities which have the potential for contaminating groundwater; and 

Commented [FT162]: Jim Sayce – comment that he would 
like to see a Aquifer Recharge Report (Hydrologic Report or 
Site Evaluation Report)) to long subdivisions, so that a report 
is done – are water quality and discharge standards being 
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b. A hydrogeologic evaluation that includes, at a minimum, a description 
and/or evaluation of the following: 

i. Site location, topography, drainage, and surface water bodies; 

ii. Soils and geologic units, underlying the site; 

iii. Ground water characteristics of the area, including flow direction, 
gradient, and existing groundwater quality; 

iv. The location and characteristics of wells and springs within 300 feet 
of the perimeter of the property; 

v. An evaluation of existing on-site groundwater recharge; and 

vi. An evaluation of the potential impact of the proposal on 
groundwater quality, both short and long term, based on an 
assessment of the cumulative impacts of the proposal in 
combination with existing and potential future land use activities. 

3. Qualifications of Report Preparers. Critical area reports for critical aquifer 
recharge areas shall be prepared by a Professional Engineer registered by the 
State of Washington, and trained and qualified to analyze geologic, hydrologic, 
and ground water flow systems, or by a geologist or hydrogeologist who has 
received a degree from an accredited four-year college or university and who has 
relevant training and experience in analyzing geologic, hydrologic, and ground 
water flow systems. Such qualifications shall be demonstrated to the satisfaction 
of the Administrator. 
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SECTION 8. GEOLOGICALLY HAZARDOUS AREAS 

A. Purpose 

The purpose of this section is to minimize hazards to the public from development 
activities on or adjacent to areas of geological hazard. Geologically hazardous areas 
include the following: erosion hazard areas; landslide hazard areas; seismic hazard 
areas; mine hazard areas; and tsunami hazard areas. 

B. Identification 

1. Erosion Hazard Areas. Erosion hazard areas are at least those areas identified 
by the U.S. Department of Agriculture’s Natural Resources Conservation Service 
as having a “severe” or “very severe” erosion hazard. Erosion hazard areas are 
also those areas impacted by shoreline and/or stream bank erosion, coastal 
wave erosion zones, and those areas within a river’s channel migration zone. 
The legislative authority of Pacific County may also designated by resolution 
erosion hazard areas. 

2. Landslide Hazard Areas. Landslide hazard areas are those areas meeting any of 
the following criteria: 

a. Areas of historic failure, such as areas designated as quaternary slumps, 
earthflows, mudflows, or landslides on maps published as the United 
States Geological Survey or Department of Natural Resources Division of 
Geology and Earth Resources. 

b. Those areas mapped by the Washington State Department of Ecology 
(Coastal Zone Atlas) or the Washington State Department of Natural 
Resources (slope stability mapping) as unstable (U or class 3), unstable 
old slides (UOS or class 4), or unstable recent slides (URS or class 5). 

c. Any area with all of the following characteristics: 

i. A slope greater than fifteen percent (15%); 

ii. Hillsides intersecting geologic contacts with a relatively permeable 
sediment overlying a relatively impermeable sediment or bedrock; 
and 

iii. Springs or groundwater seepage. 

d. Slopes that are parallel or sub-parallel to planes of weakness (such as 
bedding planes, joint systems, and fault planes) in subsurface materials. 

e. Slopes having gradients greater than eighty percent (80%) subject to rock 
fall during seismic shaking. 
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f. Areas potentially unstable as a result of rapid stream incision and stream 
bank erosion. 

g. Areas located in a canyon or on an active alluvial fan, presently or 
potentially subject to inundation by debris flows or catastrophic flooding. 

h. Any area with a slope of forty percent (40%) or steeper and with a vertical 
relief of ten (10) or more feet except areas composed of solid rock. A 
slope is delineated by establishing its toe and top and measured by 
averaging the inclination over at least ten (10) feet of vertical relief. 

3. Mine Hazard Areas. Mine hazard areas are those areas within one hundred 
(100) horizontal feet of a mine opening at the surface. 

4. Seismic Hazard Areas. For the purposes of this Ordinance, the entire County is 
designated as a seismic hazard area. 

5. Tsunami Hazard Areas. Tsunami hazard areas are shoreline or coastal areas 
susceptible to flooding and inundation as the result of excessive wave runup 
action derived from seismic or other geologic events. 

C. Applicability 

The provisions of this section shall apply only to land use development permits. 
However, the expansion of preexisting structures shall be exempt so long as the 
intrusion into an erosion or landslide hazard area does not increase. 

D. Protection Standards 

1. General Development Standards. 

a. Alterations of geologically hazardous areas or associated buffers shall 
only occur for activities that: 

i. Will not increase the threat of the geological hazard to adjacent 
properties beyond pre-development conditions; 

ii. Will not adversely impact other critical areas; 

iii. Are designed so that the hazard to the project is eliminated or 
mitigated to a level equal to or less than pre-development 
conditions; and 

iv. Are certified as safe as designed and under anticipated conditions 
by a qualified engineer or geologist, licensed in the state of 
Washington. 

b. Critical facilities shall not be sited within or below geologically hazardous 
areas unless there is no other practical alternative. 
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2. Development Standards for Erosion and Landslide Hazard Areas. 

a. Clearing and Grading. 

i. Clearing, grading, and other construction activities shall not 
aggravate or result in slope instability or surface sloughing; 

ii. Vegetation shall be preserved to the extent practicable; 

iii. No dead vegetation (slash), fill, or other foreign material shall be 
placed within a landslide hazard area, other than that approved for 
bulkheads or other methods of stream bank stabilization under the 
Shoreline Master Program unless a geotechnical report shows that 
the activity will not exacerbate landslide hazards; and 

iv. Ground disturbance shall be minimized to the extent practicable. 

b. Ground Surface Erosion Control Management. 

i. There shall be minimum disturbance of vegetation in order to 
minimize erosion and maintain existing stability of hazard areas; 

ii. Vegetation removal on the slopes of banks between the ordinary 
high-water mark and the top of the banks shall be minimized 
because of the potential for erosion; 

iii. Vegetation and organic soil material shall be removed from a fill 
site prior to the placement of clean earthen material; 

iv. Vegetative cover shall be re-established on any disturbed surface 
to the extent practicable; and 

v. To the extent practicable, groundcovers such as filter fabrics, rip-
rap, etc. shall be placed on any disturbed surface when future 
erosion is likely. 

c. Drainage 

i. Surface drainage, including downspouts, shall not be directed 
across the face of a hazard area; if drainage must be discharged 
from the top of a hazard area to its toe, it shall be collected above 
the top and directed to the toe by tight line drain, and provided with 
an energy dissipative device at the toe for discharge to a swale or 
other acceptable natural drainage areas; and 

ii. Stormwater retention and detention systems, including percolation 
systems utilizing buried pipe, may be used if a geotechnical 
assessment indicates such a system shall not affect slope stability 
and the system is designed by a licensed civil engineer; the 
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licensed civil engineer shall also certify that the system is installed 
as designed. 

d. Lot Size. For the purpose of determining lot sizes within erosions and 
hazard areas, the Administrator shall review available information, analyze 
necessary geotechnical assessments, and make a decision on a case-by-
case basis based on the reports. 

e. Buffers 

i. An undisturbed fifty (50) foot buffer, as measured on the surface, is 
required from the top, toe, and along all sides of any existing 
landslide or erosion hazard area; 

ii. Based on the results of a geotechnical assessment, the 
Administrator may increase or decrease the buffer;  

iii. The buffer may be reduced to a minimum of ten (10) feet when a 
geotechnical assessment demonstrates that the reduction will 
adequately protect the proposed development, adjacent 
developments, and the subject critical area. 

iv. The buffer shall be clearly staked before any construction or 
clearing takes place. 

f. Design Guidelines. 

i. Foundations shall conform to the natural contours of the slope and 
foundations should be stepped/tiered where possible to conform to 
existing topography of the site; 

ii. Roads, walkways, and parking areas shall be designed with low 
gradients or be parallel to the natural contours of the site; and 

iii. To the extent practicable, access shall be in the least sensitive 
area of the site. 

g. No critical facilities shall be constructed or located within an erosion or 
landslide hazard area. 

h. Proposals may be exempt from the development standards in this 
subsection through approval by the Administrator if a geotechnical 
analysis, performed by a qualified professional, demonstrates that the 
proposed development will not cause any increased risk to life or property 
or create any significant adverse environmental impacts. 

3. Additional Development Standards for Erosion Hazard Areas. 
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a. No new structures shall be located on a permanent foundation within an 
erosion hazard area, unless the foundation is located at a distance 
landward of the ordinary high water mark that is greater than or equal to 
the amount of land that is expected to erode within the next thirty (30) 
years as determined by the Administrator. 

b. New septic system drainfields in an erosion hazard area shall be located 
landward of any new structure. 

c. Recreational vehicle usage in an erosion hazard area is permitted if 
otherwise allowed by law.  

4. Development Standards for Mine Hazard Areas. Development within a mine 
hazard area is prohibited. 

5. Development Standards for Seismic and Tsunami Hazard Areas. All 
development within areas that meet the identification criteria for seismic or 
tsunami hazard areas shall comply with the model codes as approved and 
adopted by the State Building Code Council, together with any amendments or 
additions. 

E. Additional Critical Area Report Requirements for Geologically Hazardous 
Areas. 

1. When Required. A critical area report for geologically hazardous areas shall be 
required when an erosion or landslide hazard area is located within 200 feet of a 
project area, or if an erosion or landslide hazard area located farther than 200 
feet from a project area may impact the proposal. 

2. Qualified Professional. A critical area report for a geologically hazardous area 
shall be prepared by an engineer or geologist, licensed in the state of 
Washington, with experience analyzing geologic, hydrologic, and groundwater 
flow systems, and who has experience preparing reports for the relevant type of 
hazard. 

3. Geological Hazards Assessment. In addition to the critical area report 
requirements of subsection 3.L, a critical area report for a geologically hazardous 
area shall contain a geological hazards assessment, including, at a minimum, 
the following information: 

a. An assessment of the geologic characteristics of the soils, sediments, 
and/or rock of the project area and potentially affected adjacent 
properties, and a review of the site history regarding landslides, erosion, 
and prior grading. Soils analysis should be accomplished in accordance 
with accepted classification systems. 
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b. A hazards analysis including a detailed description of the project, its 
relationship to the geologic hazard(s), and its potential impact upon the 
hazard area, the subject property, and affected adjacent properties. 

c. A recommendation for the minimum no-disturbance buffer and minimum 
building setback from any geologic hazard. 

4. Mitigation of Long-Term Impacts. When hazard mitigation is required, a 
mitigation plan shall specifically address how the activity maintains or reduces 
the pre-existing level of risk to the site and adjacent properties on a long-term 
basis equal to or exceeding the projected lifespan of the activity or occupation. 

F. Maps and References 

1. Erosion Hazard Areas. The USDA Natural Resources Conservation Service 
(NRCS) maps the location and extent of erosion hazard areas as part of their soil 
survey. Current survey data is available through the NRCS Web Soil Survey. 

2. Landslide Hazard Areas. The Web Soil Survey may be relied upon by the 
Administrator as a basis for requiring field investigation and special reports. In 
the event of a conflict between information contained in the Web Soil Survey and 
information shown as a result of a field investigation, the latter shall prevail. 

3. Seismic Hazard Areas.  

a. The U.S. Geological Survey maps probabilistic earthquake ground motion 
for the United States. As shown on these maps, the earthquake peak 
ground acceleration (PGA) that has a five percent chance of being 
exceeded in 50 years is above 38 g for the entire County. 

b. The Administrator may require site specific field studies or special reports 
for the siting of critical facilities within Pacific County. 

4. Tsunami Hazard Areas. The Washington Department of Natural Resources 
maps modeled tsunami inundation from a Cascadia Subduction Zone 
Earthquake for Washington State. The map covering the Pacific County 
shoreline is Tsunami Hazard Map of the Southern Washington Coast, Walsh et 
al. 2000. 
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SECTION 9. AGRICULTURAL LANDS 

A. Purpose 

The purpose of this section is to conserve agricultural land of long-term commercial 
significance and protect other agricultural land. 

B. Identification 

1. Agricultural Land of Long-Term Commercial Significance. Agricultural land of 
long-term commercial significance includes all land that is devoted to the 
production of aquaculture, cranberries, and/or other bog related crops. These 
areas are zoned as Agricultural District (AG) and are subject to the provisions of 
Chapter 18.28 PCC. 

2. Agricultural Land of Local Importance. Agricultural land of local importance 
includes any diked tideland as listed under soil type nos. 104 and 147 in the Soil 
Survey of Grays Harbor County Area, Pacific County, and Wahkiakum County, 
Washington, 1986, Soil Conservation Service, USDA, that is involved in existing 
and ongoing agricultural activities on the date this Ordinance become effective. 

C. Prohibition against Other Uses 

1. Agricultural Land of Long-Term Commercial Significance. Land that is 
designated as agricultural land of long-term commercial significance on the date 
this Ordinance becomes effective and land that subsequently meets the 
definition of agricultural land of long-term commercial significance shall not be 
used for any other purpose than agriculture. 

2. Agricultural Land of Local Importance. Agricultural land of local importance may 
continue to be used for agricultural activities, including uses pertaining to related 
structures, such as barns and loafing sheds, and may be used for the continued 
occupation of dwelling units in existence on the date this Ordinance becomes 
effective. Any such dwelling units may be replaced, altered, or expanded 
provided that such replacement, expansion, or alteration does not result in an 
increase in the number of dwelling units on the specific parcel which is within 
agricultural land of local importance. Any modification of the sewage disposal 
system must comply with State and Pacific County Board of Health rules. 
Agricultural land of local importance may not be converted to non-agricultural 
uses, activities, and structures, such as the subdivision of land and the 
development of recreation facilities. Subject to the compliance with other 
requirements of law, nothing within this Ordinance prevents the conversion of 
agricultural land of local importance back to tidal land that would be inundated by 
the natural ebb and flow of tidal waters. 
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D. Protection Standards 

  All structures within parcels adjacent to or abutting agricultural land shall maintain 
a minimum setback of (1) one hundred (100) feet from property lines, except for 
structures not requiring building permits, (2) one hundred (100) feet for all wells, 
and (3) two hundred (200) feet for springs; however, the Administrator may reduce 
the setback if the requirements of subsection 3.I, Variance, are met and the 
person requesting the administrative variance records an agricultural easement for 
the benefit of the abutting agricultural land, and grants a right to all normal and 
customary agricultural practices in accordance with Best Management Practices. 

E. Maps and References 

Agricultural land areas shall be field-located based on applicable criteria. 
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SECTION 10. FOREST LANDS 

A. Purpose 

The purpose of this section is to conserve productive forest land. Nothing within this 
section shall be construed in a manner inconsistent with Chapter 76.09 RCW and 
Title 222 WAC. 

B. Identification 

1. General. Forest land is land that is not already characterized by urban growth 
and that is significant for the commercial production of timber and forest 
products. 

2. Classification. 

a. Forest Land of Long-Term Commercial Significance. Forest land of long-
term commercial significance means any land designated on the map of 
Pacific County Forest Land as forest land of long-term commercial 
significance (see Exhibit A). These areas are zoned Commercial Forestry 
District (FC) and are subject to the provisions of Chapter 18.16 PCC. 

b. Transitional Forest Land. Transitional forest land means any land 
designated on the map of Pacific County Forest Land as transitional forest 
land (see Exhibit A). These areas are zoned Transitional Forest Land 
District (FT) and are subject to the provisions of Chapter 18.20 PCC. 

C. Protection Standards 

1. Protection Standards for Forest Land of Long-Term Commercial Significance. 

a. Setbacks. All structures within lands adjacent to or abutting forest land of 
long-term commercial significance shall maintain a minimum setback of 
(1) one hundred (100) feet from property lines, except for structures not 
requiring building permits, (2) one hundred (100) feet for all wells, and (3) 
two hundred (200) feet for springs and uses and activities provided under 
subsection 12.B.; however, the Administrator may reduce the setback if 
the requirements of 3.I, Variance, are met and the person requesting the 
administrative variance records a forestry easement for the benefit of the 
abutting forest land of long-term commercial significance, and grants a 
right to all normal and customary forestry practices in accordance with 
Best Management Practices. 

b. Water Supply. 

i. When residential dwellings, other structures, or any other use is 
supplied with water from off-site sources, an easement and right 
running with the land shall be recorded from the property owners 
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supplying the water prior to final plat approval, building permit 
issuance, or regulated use approval. 

ii. Due to the potential to disrupt forest practices on forest land, new 
residential or recreational public water supplies shall comply with 
State standards and shall not be located within one hundred (100) 
feet of forest land of long-term commercial significance without an 
easement from the adjacent or abutting property owner. 

c. Access. No permit from Pacific County shall imply any permanent 
vehicular access to residential properties across non-owned land. 

d. Surveys. Land surveys or other boundary line determinations shall be 
required in conjunction with the issuance of a building permit on property 
subject to the setback requirements set forth in this subsection to 
demonstrate compliance with the required setback. 

2. Protection Standards for Transitional Forest Land. 

a. Setbacks. All residences and commercial/industrial buildings within 
transitional forest land shall maintain a minimum setback of two hundred 
(200) feet from the ordinary high water mark of Willapa Bay. 
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SECTION 11. MINERAL LANDS 

A. Purpose 

The purpose of this section is to conserve mineral lands of long-term commercial 
significance. 

B. Identification 

1. General. Mineral land is land that has long-term significance for the extraction of 
minerals. 

2. Classification. 

a. Mineral land means any area in Pacific County presently covered under a 
valid Washington State Department of Natural Resources (DNR) surface 
mining permit and any beach area where sand is removed for commercial 
purposes. 

b. Any other area shall be classified as mineral land when a surface mining 
permit is granted by the DNR. 

C. Permitted Uses 

1. Primary Uses. The following primary uses are allowed: 

a. Quarrying and mining of minerals or material, including, but not limited to, 
sand, gravel, rock, clay, coal, and valuable metallic and non-metallic 
substances; 

b. The exploitation, primary reduction, treatment, and processing of minerals 
or materials, together with the necessary buildings, structures, apparatus, 
or appurtenances on said property where at least one of the major mineral 
or material constituents being exploited is from said property, including, 
but not limited to, concrete batching, asphalt mixing, brick, tile, terra cotta, 
concrete products, manufacturing plants, rock crushers, and the use of 
accessory minerals and materials from other sources necessary to 
convert the minerals and materials to marketable products; 

c. Agricultural crops, open field grown, stock grazing, and the harvesting of 
any wild crop such as marsh hay, ferns, moss, berries, etc. which may 
coexist with mineral extraction activities within a common ownership; 

d. Existing surface mining operations, operating under the authority of the 
Washington State Surface Mining Act, Chapter 78.44 RCW; 

e. Mining-related activities and structures; 



66 
 

f. The maintenance of gas, electric, water, communication, and public utility 
facilities; and 

g. Legal residences existing on the date this Ordinance become effective 
and any accessory uses, including home occupations associated with 
such residences. 

2. Accessory Uses. The following accessory uses are allowed outright where 
directly connected with and in aid of a mining activity: 

a. One single-family dwelling unit per contiguous ownership or one single-
family dwelling unit per five (5) acres of contiguous ownership, whichever 
is the lesser acreage. The lot size/density requirement shall not apply to 
commercial sand removal from beach areas; 

b. Home occupations associated only with mining related activities; 

c. Buildings accessory to a single-family dwelling or mobile home; 

d. Storage of explosives, fuels, and chemicals used for agriculture, mining, 
and forestry subject to all applicable local, state, and federal regulations; 
and 

e. Watershed management facilities including, but not limited to, diversion 
devices, impoundments, dams for flood control, fire control, stock 
watering, and hydroelectric generating facilities, when associated with a 
permitted use or structure. 

3. Incidental Uses. 

a. Required Elements. Incidental uses are permitted where the following 
elements are found: 

i. The use will not significantly affect the overall productivity of the 
mining activity; 

ii. The use is secondary to the principal activity of mining; and 

iii. The use is sited to avoid prime lands where practicable and 
otherwise minimizes the impact to mineral land of long-term 
commercial significance. 

b. Uses Allowed as Incidental Activities. 

i. The growing and harvesting of forest products, the operation of 
portable sawmills and chippers and activities and structures 
incidental to each, and accessory facilities including, but not limited 
to scaling and weight stations, temporary crew quarters, storage 
and maintenance facilities, residue storage and disposal areas, and 
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other uses and facilities involved in the harvesting and commercial 
production of forest products which may coexist with mineral 
extraction activities within a common ownership. 

ii. Public and semi-public buildings, structures, and uses including, 
but not limited to, fire stations, utility substations, pump stations, 
and wells. 

iii. Commercial extraction and processing of oil, gas, and geothermal 
resources. 

iv. Permanent saw mills, shake and shingle mills, plywood mills, green 
veneer plants, particle board plants, other products manufactured 
from wood residues, chippers, pole yards, log sorting and storage, 
buildings for debarking, and drying kilns and equipment. 

v. Structures for agriculture, floriculture, horticulture, general farming, 
dairy, the raising, feeding, and sale or production of poultry, 
livestock, fur bearing animals, honeybees, including feeding 
operations, Christmas trees, nursery stock, floral vegetation, and 
other uses accessory to farming and animal husbandry. 

vi. Forestry, environmental, and natural resource research facilities. 

vii. Telecommunication facilities and electrical transmission lines. 

4. Critical Facilities. Critical facilities are permitted on mining land of long-term 
commercial significance where: 

a. They are identified in an adopted plan of a public agency or regulated 
utility; and 

b. The potential impact on mineral lands is specifically considered in the 
siting process. 

D. Protection Standards 

1. Standards for Existing Permits. All mining sites for which state or federal mining 
permits are required and which are subject to this Ordinance shall be subject to 
the conditions of those permits. 

2. Minimum Density and Lot Area. Prior to full utilization of a designated Mineral 
Land mineral resource potential, subdivisions, short subdivisions, and other 
parcel segregations below five (5) acres are prohibited. This lot size/density 
requirement shall not apply to commercial sand removal from beach areas. 

3. Setbacks. 
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a. Within Designated Mineral Lands. Mining operations which are operating 
under valid state or federal surface mining permits shall use the setback 
and/or buffer standards contained within any reclamation plan required 
pursuant to the state or federal laws pertaining to mining land reclamation. 

b. Within Lands Abutting Mineral Lands. Structures requiring a building 
permit shall maintain a minimum one hundred (100) foot setback from the 
boundary of any designated Mineral Land. 

E. Maps and References 

Mineral land areas shall be field-located based on applicable criteria. 
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SECTION 12. NOTICE ON TITLE FOR RESOURCE LANDS 

A. Applicability 

The provisions of this section apply to development proposed on property on or 
within 500 feet of agricultural land, forest land (not including transitional forest land), 
and mineral land.  

B. Notice on Title for Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site within agricultural land, forest land of long-term 
commercial significance, or mineral land shall record a title notice with the Pacific 
County Auditor when a development activity covered under this Chapter is 
submitted. The notice shall be notarized and shall be recorded prior to approval 
of any development proposal for the site. Such notification shall be in the form as 
set forth below. 

 [Agricultural/Forest/Mineral] Lands Area Title Notification 

 Parcel Number: 

 Parcel Address: 

NOTICE: This parcel lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

2. Land Division Notification. The owner(s) of any site classified as resource land 
(not including transitional forest land), on which a subdivision, short subdivision, 
or other parcel segregation is approved, shall record a notice on the face of the 
plat or short plat and shall record a notice along with any other document filed 
with the Pacific County Auditor. Such notification shall be in the form as set forth 
below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
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inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

 Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that all permits 
issued for regulated activities within designated resource lands (not including 
transitional forest lands) contain a notice as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

C. Notification on Title for Property Adjacent to Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site adjacent to designated resource lands (not including 
transitional forest lands) shall record a title notice with the Pacific County Auditor 
when a development activity covered under this section is submitted. The notice 
shall be notarized and shall be recorded prior to approval of any development 
proposal for the site. Such notification shall be in the form as set forth below. 

Land Adjacent to Resource Lands Title Notification 

Parcel Number: 

Parcel Address: 

 NOTICE: This parcel lies within 500 feet of land designated as 
resource land by Pacific County. A variety of commercial or industrial 
activities occur in the area that may be inconvenient or cause 
discomfort to area residents. This may arise from the use of 

Commented [TB199]: Title Notification sections for each of 
the three types of resource lands combined here. 
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chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

2. Land Division Notification. The owner(s) of any site adjacent to designated 
resource lands (not including transitional forest lands), on which a subdivision, 
short subdivision, or other parcel segregation is approved, shall record a notice 
on the face of a final plat or short plat and shall record a notice along with any 
other document filed with the Pacific County Auditor. Such notification shall be in 
the form as set forth below.  

NOTICE: This property lies within 500 feet of land designated as 
resource lands by Pacific County. A variety of commercial and 
industrial activities occur in the area that may be inconvenient or 
cause discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

 Signature(s) of Owner(s) 

 (NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that 
permits issued for regulated activities within 500 feet of land classified as 
agricultural land, forest land (not including transitional forest land), and 
mineral land contain a notice as set forth below. 

NOTICE: This property lies within 500 feet of land designated as resource land 
by Pacific County. A variety of commercial and industrial activities occur in the 
area that may be inconvenient or cause discomfort to area residents. This may 
arise from the use of chemicals; or from spraying or extraction, which 
occasionally generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource lands, and 
residents of adjacent property should be prepared to accept such 
inconveniences or discomfort from normal, necessary commercial resource 
lands operations. 





















































From: Tim Crose
To: Tess Brandon; Ann Skelton; Brian Sheldon; Jim Sayce (jimsayce@centurytel.net); Ken Wiegardt; Key McMurry;

 Phil Martin (pjm3011@gmail.com); Tom Kollasch; Warren Cowell
Subject: FW: Draft CAO Stream Buffers
Date: Thursday, March 10, 2016 11:50:10 AM

Great comments from WDFW.
 

From: Burkle, Bob L (DFW) [mailto:Bob.Burkle@dfw.wa.gov] 
Sent: Thursday, March 10, 2016 10:24 AM
To: Tim Crose <tcrose@co.pacific.wa.us>
Cc: Faith Taylor <ftaylor@co.pacific.wa.us>
Subject: RE: Draft CAO Stream Buffers
 
Hi Tim, I’m sorry we haven’t neem able to be very helpful lately with the SMP and CAO updates.  We
 are still lacking a Habitat Biologist to cover Pacific County, our first interview session was unable to
 produce one, so we have had to re-advertise the position and likely won’t be ready to interview
 again until near the end of March.  Being so long with two biologists to deal with Grays Harbor and
 Pacific Counties when it has always taken at least 3 has left us scrambling to cover things, especially
 in this winter of numerous emergencies due to high water and waves.
 
That said, we certainly don’t mean to drop our involvement in the CAO off the plate, and I have been
 looking into the CAO buffer issue since I attended the session when they were introduced by your
 consultant.  While it does seem that BAS was carefully researched to arrive at their buffer proposals,
 I am not entirely convinced that the buffer of 130 feet is large enough for a type F stream, for the
 following reasons:
 
First, that buffer is based largely upon the Forest/Fish agreement as is consistent with buffers that
 we agreed to for forest lands.  However, the CAO buffer is not intended to buffer lands that will be
 re-planted entirely with trees and left that way, with little or no impervious surface added to the
 landscape.  Instead this buffer is going to be backed by developments containing mostly impervious
 surfaces, such as roads, houses, decks, outbuildings, and even lawns that are maintained in a
 manner that fairly dramatically reduces infiltration of runoff.  This is completely different than the
 way a forest, even a new forest, works in terms of runoff infiltration, treatment, and detention.  In
 order to accomplish this effectively, buffers adjacent to developments will need to be larger than
 those adjacent to forests.
 
Second, while buffer averaging is also used in forestry situations (these are called Alternate Plans),
 buffer reduction is generally accompanied by specific mitigation measures, agreed to by the
 forester, DNR, WDFW, DOE, and the affected tribe as part of an interdisciplinary review team. 
 There is no such system set up for IDT review and mitigation for buffer averaging, instead it is left to
 a formula that may not produce a favorable result for fish and wildlife.  One problem with the buffer
 averaging approach that I have frequently seen is the removal of trees and vegetation along the
 most favorable low bank access corridor in exchange for extra buffer left on steeper hillsides.  This
 certainly meets the intent of the buffer averaging rule, but unfortunately allows runoff to follow the
 developed path with even more inadequate infiltration and detention than it would if it flowed

mailto:tcrose@co.pacific.wa.us
mailto:TBrandon@watershedco.com
mailto:anniskelton@comcast.net
mailto:oysters@willapabay.org
mailto:jimsayce@centurytel.net
mailto:oysterman73@hotmail.com
mailto:key@keyenvironmentalsolutions.com
mailto:pjm3011@gmail.com
mailto:tkollasch@willapabay.org
mailto:tblom@wwest.net


 through the entire buffer.  The opposite is generally allowed in Alternate Plans, where extra buffer is
 left in the swales in exchange for less buffer on ridgetops.
 
Finally, site potential tree height greatly exceeds 130 feet in most site classes found in Pacific
 County.  There is no provision in the rules for requiring houses and other valuable developments to
 be set back from the buffer.  So if a tree say right along the stream where it will do the most good if
 it falls, is instead leaning towards the house, and because the tree is taller than the buffer is wide
 could hit the house if it falls, this tree could be removed as a “danger tree”, leaving a less substantial
 buffer to the detriment of fish and wildlife habitat.
 
So far all these reasons we at WDFW feel that a 130 foot buffer will likely be inadequate.  A buffer
 less than 150 feet is also inconsistent with those agreed to in neighboring counties.  All things
 considered, we would be more comfortable with a buffer of at least 150 feet, as even that extra 20
 feet will help to incrementally reduce some of the impacts I described above.
 

Hope that helps and I will try to attend the meeting on the 17th.  Is it going to be in the Courthouse
 again?
 
Thanks for reaching out to me with an opportunity to comment,
 
Bob Burkle
Washington Department of Fish and Wildlife
Assistant Region 6 Habitat Program Manager
48 Devonshire Road
Montesano, WA  98563
(360) 249-1217
 
 

From: Tim Crose [mailto:tcrose@co.pacific.wa.us] 
Sent: Wednesday, March 09, 2016 1:11 PM
To: Burkle, Bob L (DFW)
Cc: Taylor-Eldred, Faith (DOHi)
Subject: Draft CAO Stream Buffers
 
Hello Bob,
 
The Pacific County CAO Technical Advisory Committee will be meeting next Thursday night in
 South Bend at 5:00 P.M. to discuss wetland and stream buffers. I have included the proposed
 section pertaining to stream buffers. We never have received written comments from WDFW
 regarding the adequacy of the proposed stream buffers. Can you please take a look at these and
 let us know if you have specific comments regarding what is proposed. You or a representative a
 certainly welcome to join our workshop.
 
Thank you,
 
Tim

mailto:tcrose@co.pacific.wa.us


 
 
 
 
Protection Standards

1. Buffers for Waters of the State.
a. Standard Buffer Widths. In addition to the setback requirements of Subsection 3.K.3,

 the following buffers from the ordinary high water mark are required.

Table 5-1: Required buffers for Waters of the State1

Interim Water Typing
(WAC 222-16-031)

Permanent Water Typing
(WAC 222-16-030)

Buffer (ft)

1 S See SMP Section 5.2
2, 3 F 130
4 Np 65
5 Ns 50

1 Standard buffer widths do not apply to existing manmade canals (see Section 5.E.1.f).
i. Measurement. The buffer shall be measured horizontally, landward in every

 direction from the ordinary high water mark.
ii. Steep slopes. Where lands adjacent to a stream display a continuous slope of

 thirty percent (30%) or greater, the buffer shall include such sloping areas. For
 Type 1, 2, and 3 streams, where the horizontal distance of the sloping area is
 greater than the required standard buffer, the buffer shall be extended to a
 point twenty-five (25) feet beyond the top of the bank of the sloping area.

a. Buffer Averaging. Buffer widths may be averaged within a property provided all of the
 following standards are met.

i. Averaging provides additional protection to the species or habitat by conserving
 intact or unique habitat features;

ii. Averaging will not adversely affect the protected species or habitat relative to
 the use of the standard buffer alone;

iii. The total area contained in the buffer area after averaging is no less than that
 which would be contained within the standard buffer; and

iv. The buffer width is not reduced by more than twenty-five percent (25%) of the
 standard buffer in any location.

b. Buffer Reduction. The Administrator may approve a reduction of the standard buffer
 on a case-by-case basis if an applicant demonstrates through a critical areas report
 based on best available science that the following conditions and criteria have been
 met:

i. The applicant has proposed habitat restoration or enhancement activities that
 would result in improved habitat, water quality or water flow processes or
 functions of the adjacent stream;

ii. The buffer reduction is necessary to accomplish the purpose of a proposed
 project and no reasonable alternative is available given specific site
 characteristics;

iii. The applicant has demonstrated application of the avoidance and minimization



 standards; and
iv. The standard buffer width shall not be reduced by more than 25 percent for any

 stream or aquatic habitat.
c. Interrupted Buffers. Where a legally established and constructed public roadway

 transects a riparian buffer, the Administrator may approve a modification of the
 standard buffer width to the edge of the roadway, provided the isolated part of the
 buffer provides insignificant biological, geological or hydrological buffer functions
 relating to the riparian area.

d. In addition to applicable buffer standards presented in this subsection (5.E.1.),
 additional water quality protection provisions in Subsection 5.E.4. Marine and
 Estuarine Water Quality Zone Provisions apply to all lands adjacent to marine and
 estuarine waters.

e. Buffer Exemption for Existing Manmade Canals. Manmade canals are exempt from the
 buffer provisions contained in this Section. Where wetlands are present adjacent to
 these canals, the provisions of Section 4.E.7, Buffers for Wetlands Adjacent to Existing
 Manmade Canals, apply.

1. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA other than Waters
 of the State as necessary to protect the ecological integrity, structure and functions of the
 resource from development induced impacts. Buffer widths shall reflect the sensitivity of the
 species or habitat present and the type and intensity of the proposed adjacent human use or
 activity, consistent with the following guidance.

 
 
 



From: Key McMurry
To: kelly.rupp@leadtoresults.com; jimsayce@centurytel.net; Anne Lefors; pjm3011@gmail.com; "Brian Sheldon";

 warren cowell; Ken Wiegardt; Faith Taylor; Tim Crose; tkollasch@willapabay.org; Sarah Sandstrom; Tess
 Brandon; "Dale Beasley"; Dan Nickel; "Molly Bogeberg"; "Mike Nordin"

Subject: FW: Stream Buffers: PC CAO
Date: Wednesday, January 06, 2016 5:38:38 PM
Attachments: Riparian literature review_Section9.pdf

Pollock_Kennard.pdf
WalterASCEIR09.pdf
Lit Review. buffers. streams.010515.docx
Lit Review.xlsx

Hi Everyone
 
Thank you for the CAO agenda and powerpoint, I look forward to our meeting tomorrow.
 
As most of you know, I have raised concerns with some of our Pacific County’s “draft” wetland and
 stream buffers widths, so I asked Molly and Ann to help me look into other literature and compare
 some other counties buffers.
 
Question for Watershed-Why does the Skagit County Wetland Buffers and best available science
 differ significantly than what is being proposed for Pacific County and best available science?
http://www.skagitcounty.net/PlanningAndPermit/Documents/CAO/030807/Best Available Science
 Docs/Best Available Science Wetland Fish and Wildlife.pdf
 
Kelly if you could please get these into the DropBox and put them in with the public comments, I
 would greatly appreciate it.
 
Thanks Key
 

Key McMurry, Owner
Professional Stream and Wildlife Biologist, PWS
Key Environmental Solutions, LLC.
550 Mill Creek Road
Raymond, Washington 98577
(360) 942-3184 Office
(360) 562-5763 Cell
www.keyenvironmentalsolutions.com
 

From: Molly Bogeberg [mailto:molly.bogeberg@TNC.ORG] 
Sent: Wednesday, January 06, 2016 3:35 PM
To: Key
Cc: Tom Kollasch
Subject: Stream Buffers: PC CAO
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SUMMARY 


 
While the effect of riparian management practices on larger streams and their biota have been 
researched extensively in the last 30 years, very little is known about the physical, chemical and 
biological linkages between headwaters and higher order streams in drainage networks 
(Richardson 2000).  This annotated bibliography is an attempt at compiling recent literature that 
extends our knowledge on the ecological function of headwaters and other types of small streams 
in drainage networks, how riparian management practices might affect these small streams, and, 
in turn, affect the larger streams further downstream in the drainage network. 
 
There are four major features of small headwater streams that could have implications for 
anadromous and high value resident fish species in these and higher order streams.  Headwaters, 
even those that do not contain fishes, are potentially important sources of sediments, water, 
nutrients, and organic matter to downstream areas that do contain fish (Gomi et al. 2002). 
 
Sediments. Disruption of the riparian zone of headwaters and small streams, either through 
natural events and/or riparian management, can facilitate release of fine and larger sediments 
downstream to fish bearing waters (Naiman et al. 2000).  Soil moisture and windthrow play a 
role in these changes. Loss of riparian shade can exacerbate loss of soil moisture through a 
decrease in relative humidity, leading to an increase in the amount of fine sediment released 
downstream during flooding (Naiman et al. 2000).  Increases in windthrow can increase the 
availability of fine sediments from exposed root wads (Kelsey 1996). An increase in erosion can 
increase the rate of channel incision which may increase the amount of drying of soils and 
decrease root biomass leading to further erosion (Toledo and Kauffman 2001). An increase or 
decrease in the rate of natural disturbance of small streams can alter the rate of sediment 
delivery, causing changes in the rate of change to downstream channel morphology (Naiman et 
al. 2000; Gomi et al. 2002). Riparian buffers were effective at maintaining pre-logging particle 
size distributions and channel habitat distributions in first and second order streams (Jackson et 
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al. 2001). 
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Water. Disruption of the riparian zone can increase variability in the flow regime (higher peak 
flows and lower base flows) that can alter delivery of sediments, water, nutrients and organic 
matter to from small headwater streams to downstream areas (e.g., Archer and Newson 2001).  
Water temperature may also become more variable (higher summer highs and lower winter lows; 
see Amaranthus et al. 1989 and Chen et al. 1998), potentially shifting the timing of significant 
life history events of fishes and macroinvertebrates (spawning, hatching, smoltification; see 
Chen et al. 1998, Macdonald et al. 2003, Moring 1975). However, stream temperature changes 
can be moderated by tributaries or lakes (Mellina et al. 2002). 
 
Nutrients. Disruption of the riparian zone can change the moisture content of surrounding soils, 
potentially changing the delivery rates of sediments and necessary nutrients (Toledo and 
Kaufmann 2001).  Increased sunlight can switch streams from primarily allochthonous-based to 
autochthonous-based production (many references including Bilby and Bisson 1992 and Hetrick 
et al. 1998).  Changes in the source of production can alter macroinvertebrate communities 
although densities of the resultant communities may be the same or higher than pre-disturbance 
conditions (Cole et al. 2003, Price et al. 2003, Paradise et al. 2002, Sponseller et al. 2001). 
 
Organic Matter.  Disruption of the riparian zone can alter the amount and timing of litter fall and 
large woody debris (LWD) delivery to downstream areas (e.g., Bilby and Bisson 1992, Bragg 
2000, Piccolo and Wipfli 2002, Young et al. 1999).  Litter fall and LWD processed in headwater 
areas can contribute substantial organic matter inputs to downstream fish bearing areas (Wipfli 
and Gregovich 2002).  Riparian buffer design and management are well founded for assuring a 
source of LWD to streams, but there was no consistent relationship between buffer width and the 
amount of leaf litter provided to a stream (Grady 2001). 
 
Although there have been recent studies implicating riparian management actions in changes to 
fish (Fitzgerald et al. 1997, Hetrick et al. 1998 and Young et al. 1999) and amphibian 
populations (Corn and Bury 1989, Dupuis and Steventon 1999, Willson and Dorcas 2003, 
Wilkins and Peterson 2002), there remains a lack of studies on the cumulative effects of riparian 
management activities on small headwater streams, the linkages between these headwaters and 
higher order streams (Sidle et al. 2000), and their biota (Richardson 2000).  Nonetheless, there 
are several good overviews of the importance of riparian area management on small streams (see 
Gomi et al. 2002, Young 2000, Naiman et al. 2000, Richardson 2000, Raphael et al. 2002, and 
Bisson et al. 2002.) that should be considered when developing management prescriptions for 
these types of streams. 
 
References were primarily determined from online databases available to Alaska state 
government (http://www.library.state.ak.us/index/index.html).  Databases used in the search 
were:  Fish and Fisheries Worldwide, Arctic and Antarctic Regions, Wildlife and Ecology 
Studies Worldwide, Water Resources Abstracts, BasicBIOSIS, Aquatic Science and Technology 
Abstracts, and GEOBASE.  References were also sought from the Stream Riparian Bibliography 
housed at the University of Washington (http://riparian.cfr.washington.edu/).  The compiled 
reference list is also available electronically as a Procite 5 database.  When possible and 
available, PDF files of articles were also compiled; these references are noted with an asterisk 
following the citation. 
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Adjacent headwater streams were monitored for postfire shade, summer streamflow and 
maximum water temperature following the 40,000 ha Silver Complex fire in southern Oregon.  
Average postfire shade (30 percent) for the three streams was considerably less than prefire 
shade (est.>90 percent).  Dramatic increases in direct solar radiation resulted in large but variable 
increase in maximum water temperature.  Increase was greatest in Stream C where temperature 
increased 10.0oC.  Stream B increased 6.2oC. Stream A increased 3.3oC.  Variation in maximum 
water temperature increase was strongly correlated to summer streamflow (r2 = 0.98) and 
percent total streamside shade (r2 = 0.80).  The greatest maximum water temperature increase 
was associated with lowest summer streamflow and total postfire shade.  Shade from dead 
vegetation provided the most shade averaged for all three streams.  Shade from dead vegetation 
was more than three times greater than shade from topography and two times greater than shade 
from live vegetation.  Considerable loss of live vegetation and large but variable increases in 
maximum water temperature can accompany intense wildfire in headwater streams.  Review of 
the Silver Fire Complex indicates, however, that less than 5 percent of the headwater streams 
burned in this summer. 
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hydrological and instream habitat impacts of upland afforestation and drainage. Journal of 
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Although the impact of plantation forestry and ground-preparation drainage on headwater runoff 
response has been widely studied, there are remaining uncertainties concerning the time scale of 
changes, scale effects of Catchment size and impacts on flow variability. Flow variability, along 
with changes in sediment loads and water quality, is likely to be a defining element of the overall 
instream habitat quality of headwater catchments. In this paper a method is described for the 
characterization of flow variability using 15-min data on the 1.5 km2 Coalburn catchment, from 
1967 to 1998, over a period of change from natural moorland to closed canopy coniferous forest. 
The method is based on annual number, and average and total duration of pulses above selected 
threshold flows but decouples the effects of variable annual rainfall. The number of pulses 
increased from pre- to post-drainage but pulse number has declined steadily and pulse duration 
increased with forest growth-the catchment has become more, then less 'flashy'. The method 
provides a comprehensive, continuous and quantitative picture of changes in hydrological regime 
that is relevant to current assessments of instream physical habitat and 'environmentally 
acceptable flows'. It is possible that low invertebrate numbers and low levels of fish recruitment 
in the Coalburn channel may be in part attributable to changes in flow regime. (c) 2002 Elsevier 
Science B.V. All rights reserved. 
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Annual organic matter inputs and production of stocked coho salmon Oncorhynchus kisutch, 
coastal cutthroat trout O. clarki clarki, and shorthead sculpin Cottus confusus from spring 
through early autumn were monitored in two headwater tributaries of the Deschutes River, 
Washington. One site was bordered by old-growth coniferous forest; the other was an area clear-
cut without buffer strips 7 yr before the study. Allochthonous organic matter (terrestrial origin) 
dominated inputs to the old-growth site and contributed c300 g/m-2yr-1, while autochthonous 
organic matter totaled 100 g/m-2yr-1. In the clear-cut site, autochthonous inputs contributed 175 
g/m-2yr-1, but allochthonous inputs contributed only 60 g/m-2yr-1 owing to loss of riparian 
vegetation. Although combined allochthonous and autochthonous inputs were almost twofold 
greater in the old-growth site, fish production was greater in the clear-cut site. Production of 
coho salmon and shorthead sculpin during early summer was largely responsible for differences 
between sites. Fish populations appeared to depend upon food derived from autotrophic 
pathways during spring and summer in the presence or absence of forest canopy. -from Authors. 
Bilby, R.E. and Fransen, B.R. 1992. Effect of habitat enhancement and canopy removal on the 
fish community of a headwater stream. Ann. Meeting, Northwest Science Association, 
Bellingham, WA (USA) 24-28 Mar 1992. 
 
The riparian trees along a 2km section of stream in western Oregon were logged in 1985, in 
violation of forest practice regulations. As part of the judgment against the landowner, wood was 
placed in the channel to improve habitat in 1988. Fish populations and habitat have been 
monitored since 1986 at 3 sites: the enhanced area, an non-enhanced reach without a canopy and 
a non-enhanced reach with a canopy. Pool area increased 20% as a result of the wood addition at 
the enhanced site. Pool area during summer also increased at the site with the canopy due to 
beaver activity. Speckled dace (Rhinichthys osculus) have exhibited the greatest response, 
increasing in numbers at all 3 sites, with greatest gains in the enhanced reach. Salmonid density 
at all three sites also has increased since 1988. Age 0+ steelhead (Oncorhynchus mykiss) exhibit 
an inverse relationship between density and growth. "  
 
Bisson, P.A., Raphael, M.G., Foster, A.D., and Jones, L.L.C. 2002. Influence of site and 
landscape features on vertebrate assemblages in small streams. General Technical Reports 
of the US Department of Agriculture, Forest Service PNW-GTR-563 : 61-72.* 
 
The relative influence of site- and landscape-level habitat features on fishes and stream-dwelling 
amphibians was evaluated at 62 headwater streams on the Olympic Peninsula in Washington 
state. Watershed areas at the study sites ranged from 16 to 2,817 ha (average 265 ha) and the 
catchments had varied geologic, land use, and natural disturbance histories. Site-level features 
included stream habitat type, channel substrate, and riparian forest condition. Landscape-level 
features included forest age, drainage characteristics, elevation, road density, and landslide 
frequency. There were important differences in habitat associations among species within the 
two major headwater vertebrate groups (fishes and amphibians) as well as between the two 
groups themselves. In general, fishes were more strongly influenced by in-stream habitat 
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parameters than by riparian or watershed variables. Stream-dwelling amphibians, however, were 
influenced by riparian and watershed features and were less affected by in-stream habitats. Thus, 
fishes may be the best overall indicators of site-scale stream conditions; amphibians seem to be 
more sensitive indicators of landscape-scale riparian and upland features. Preliminary 
comparison of the information value of different landscape-level variables (their importance to 
stream-dwelling vertebrates relative to the cost of obtaining them) showed that certain variables 
had much greater utility for landscape-scale assessments than others. 
 
 
Bonin, H.L., Griffiths, R.P., and Caldwell, B.A. 2000. Nutrient and microbiological 
characteristics of fine benthic organic matter in mountain streams. Journal of the North 
American Benthological Society 19: 235-249. 
 
Fine benthic organic matter (FBOM) was collected over a 10-mo period from 14 1st-order 
streams in the Cascade Mountains of western Oregon to investigate 1) relationships between 
FBOM substrate quality and microbial activity, 2) links between organic matter sources and 
FBOM substrate quality, and 3) how FBOM is influenced by riparian vegetation, elevation, and 
season. Streams drained forests in 3 successional age classes: old-growth forest dominated by 
Douglas-fir (Pseudotsuga menziesii) and western hemlock (Tsuga heterophylla), and young 
regenerating stands, either 10 y old with a large riparian herbaceous component, or 30 y old and 
surrounded by deciduous trees such as red alder (Alnus rubra). Seasonal trends showed a major 
autumn depression in carbon:nitrogen ratios (C:N) and an increase in microbial activities, a 
likely result of increased leaf inputs after an early fall storm. Decreases in C:N, total C, total N, 
and organic P were correlated with reciprocal increases in respiration, ß-glucosidase and 
phosphatase activities, and acetylene reduction, all of which are relative indicators of microbial 
activity. Lower C:N and higher denitrification potentials, respiration rates, ß-glucosidase and 
phosphatase activities, and mineralizable N were observed in young stands compared to old 
growth, suggesting higher quality FBOM and faster decomposition rates in young stands. An 
exception to this trend was acetylene reduction, which was greater in FBOM from old-growth 
streams. Significantly lower C:N at high elevations (1220-1280 m) versus low elevations (580-
800 m) suggested the presence of more herbaceous vegetation and alder in high-elevation 
riparian zones. Lower total N and total C, and elevated denitrification potentials, acetylene 
reduction, respiration rates, and phosphatase activity at low elevations (580-800 m) suggested 
greater decomposition rates at low elevations. Organic P was 3.6 and 2.2 mg P/g organic matter 
at high and low elevations, respectively, a significant difference probably resulting from the 
young geologic age of parent material at high elevations. Data from this study suggest a potential 
link, mediated by shifts in FBOM, between headwater forest management and dynamics of 
stream food webs. 
 
 
Bragg, D.C. 2000. Simulating catastrophic and individualistic large woody debris 
recruitment for a small riparian system. Ecology 81: 1383-1394. 
 
Surprisingly little research has been done to partition the contribution of catastrophic disturbance 
from that of small-scale individualistic mortality events on riparian large woody debris (LWD) 
recruitment. This study compared the impact of both processes on recruitment through 
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simulation of several catastrophic disturbances (a spruce beetle outbreak, a moderately intense 
fire, and a clearcut) and undisturbed (individualistic mortality only) old growth for a small 
headwater stream in the Intermountain West of the United States. All scenarios progressed 
through a two-stage process, with the Forest Vegetation Simulator growth and yield model 
controlling forest dynamics and a postprocessor (CWD, version 1.2) predicting riparian LWD 
recruitment. Projections indicate that individualistic only conditions delivered 2.5 m3 LWD·100 
m reach-1·10-yr·cycle-1; while the spruce beetle-, fire-, and clearcut-affected stands averaged 
2.9, 3,2, and 1.5 m3 LWD·100 m reach-1·cycle-1, respectively. Stands impacted by natural 
catastrophic disturbance significantly (P < 0.05) increased cumulative (300 yr) LWD recruitment 
over the individualistic-only scenario, whereas clear-cutting significantly decreased total 
delivery. In-stream LWD loads, relatively stable in undisturbed riparian zones, fluctuated sharply 
under catastrophic disturbance. Peak channel loads associated with natural perturbation occurred 
30 yr after the event while debris volumes under clear-cutting immediately declined. The post-
event recruitment and in-stream LWD stocks of all disturbance scenarios eventually fell below 
undisturbed conditions, requiring decades to recover historical volumes. Catastrophic 
disturbances induced such steep oscillations in riparian LWD load that the systems experiencing 
frequent large-scale perturbations never achieved a long-term steady state, as some have 
postulated. Because of the inflation in cumulative LWD delivery, it may prove advantageous to 
encourage (or imitate) some catastrophic disturbance in forests along streams noticeably 
depauperate of LWD. 
 
 
Bramblett, R.G., M.D. Bryant, B.E. Wright, and R.G. White. 2002.  Seasonal use of small 
tributary and main-stem habitats by juvenile steelhead, coho salmon, and Dolly Varden in 
a southeastern Alaska drainage basin. Transactions of the American Fisheries Society 
131:498-506.* 
 
The movement of juvenile salmonids between small tributaries and main-stem habitats in 
southeast Alaska watersheds is poorly understood. We observed movements of steelhead 
Oncorhynchus mykiss, coho salmon O. kisutch, and Dolly Varden Salvelinus malma between 
mainstem and tributary habitats at weirs located on tributaries in the Staney Creek watershed in 
southeast Alaska. We used seasonal relative abundance (catch per unit effort) in eight main-stem 
reaches and eight tributaries to corroborate observed movement in the two streams with weirs. 
We observed juvenile steelhead and coho salmon moving through the weirs into tributaries 
during the fall as flows increased and temperatures decreased. The relative abundance of 
steelhead was greater in main-stem sites than in tributaries during the summer, whereas during 
spring and fall relative abundance in the tributaries was similar to that in the main stem. Juvenile 
coho salmon were abundant in tributaries during all seasons. The relative abundance of Dolly 
Varden was greater in the tributaries than in the main-stem during all seasons. These results 
underscore the significance of links between main-stem habitats and small tributaries for 
production of juvenile salmonids.  
 
 


  89







  


Brookshire, E.N.J. and Dwire, K.A. 2003. Controls on patterns of coarse organic particle 
retention in headwater streams. Journal of the North American Benthological Society 22: 
17-34. 
 
Organic matter retention is an integral ecosystem process affecting C and nutrient dynamics and 
biota in streams. Influences of discharge (Q), reach-scale channel form, and riparian vegetation 
on coarse particulate organic matter (CPOM) retention were analyzed in 2 headwater streams in 
northeastern Oregon. Ginkgo biloba leaves were released in coniferous forest reaches and 
downstream floodplain meadow reaches during spring high flow and summer baseflow. 
Transitional reaches were also analyzed during summer baseflow. Paper strips, simulating sedge 
blade retention, were released in meadow reaches during high flow. Mean transport distances 
(Sp) were calculated as the inverse of the longitudinal loss rate (k) of leaves in transport. The 
metrics Sp, width-specific discharge (Qw = Q/stream width), and the mass transfer coefficient 
(vdep = Qw/Sp) were used to investigate retention. Values of Sp (0.9-97 m) were 2 to 11 times 
longer during high flow than baseflow. Mean Sp in forest reaches (29.3 m) was significantly 
shorter than in meadow reaches (68.9 m) during high flow but not during baseflow. 
Standardizing k for the scaling effects of Q by analyzing the relationship between Qw and Sp, in 
which the slope equaled the inverse of mean vdep of all Ginkgo releases, indicated times when 
vdep was higher or lower than predicted by Q. Values of Sp were driven largely by Q, yet most 
experiments in which values of vdep exceeded those predicted by Qw occurred during high flow. 
Values of vdep (0.3-32 mm/s) across experiments were generally inversely related to Sp but did 
not differ between forest and meadow reaches during high flow. Unlike meadow reaches, mean 
vdep in forest reaches was higher during high flow (5.2 mm/s) than baseflow (1.1 mm/s). Values 
of vdep were positively related to large wood volume and negatively related to the extent of 
floodplain inundation during high flow. Yet, in the meadow reach that had lower relative channel 
constraint, paper strips were transported farther onto the floodplain as Q rose, resulting in long-
term (~1.5 mo) retention. Despite downstream increases in Q, there were no differences in mean 
baseflow Sp or vdep among reaches in either stream, indicating some longitudinal compensation 
in retention. Alternating associations between retention metrics and structural elements of the 
stream channels between flow periods suggests dynamic reach-scale hydrologic-retention 
thresholds in response to changes in Q. Analysis of vdep across experiments indicated that 
channel morphology, stream wood, and riparian vegetation are major controls on CPOM 
retention. 
 
 
Chen, Y.D., McCutcheon, S.C., Norton, D.J., and Nutter, W.L. 1998. Stream temperature 
simulation of forested riparian areas: II. Model application. Journal of Environmental 
Engineering - ASCE 124: 316-328. 
 
The SHADE-HSPF modeling system described in a companion paper has been tested and 
applied to the Upper Grande Ronde (UGR) watershed in northeast Oregon. Sensitivities of 
stream temperature to the heat balance parameters in Hydrologic Simulation Program-
FORTRAN (HSPF) and the riparian shading parameters in SHADE were analyzed for stream 
temperature calibration. Solar radiation factors (SRF), as well as diurnal, seasonal, and 
longitudinal variations, were evaluated to verify the accuracy and reliability of SHADE 
computations. Simulated maximum values of stream temperature, on which the riparian 
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restoration forecasts are based, are accurate to 2.6-3.0 ºC compared with 8-10 ºC exceedences 
over stream temperature goals for salmon habitat restoration under the present riparian 
vegetation conditions. Hourly simulations have approximately the same accuracy and precision. 
Stream temperature regimes were simulated for different hydroclimatic conditions and 
hypothetical restoration scenarios of riparian vegetation. Regardless of natural weather cycles, 
the restoration of riparian vegetation is needed along many headwater streams to significantly 
alleviate the lethal and sublethal stream temperatures currently associated with salmon habitat in 
the UGR basin. 
 
 
Cheng, J.D., Lin, L.L., and Lu, H.S. 2002. Influences of forests on water flows from 
headwater watersheds in Taiwan. Forest Ecology and Management 165: 11-28. 
 
Forests cover 59% of Taiwan island where disastrous floods, landslides and debris flows occur 
often due to heavy typhoon-season rainstorms, steep terrain, fragile geologic formations and 
frequent earthquakes. This study evaluated the hydrologic influences of forests on Taiwan's 
headwaters watersheds and supports the century-old policy of designating protection forests for 
streamflow regulation and soil conservation. Despite rainfall intensity that often exceeds 100 
mm/h overland flow rarely occurs on Taiwan's permeable forest soils. High evapotranspiration 
totaling 800-1200 mm annually contributes to reduced streamflows. In Taiwan forests reduce 
stream sedimentation from landslides by enhancing slope stability with roots and protect water 
quality by minimizing stream temperature fluctuation, regulating nutrient concentration and 
filtering contaminants. Floods in Taiwan are mainly caused by heavy rainstorms exceeding 250 
mm and are not significantly affected by the currently low level of annual forest removal. Rapid 
urbanization of some forested watersheds may cause increased peak flows and decreased low 
flows due to significantly reduced soil infiltration capacities. Forests' influences are minimal on 
landslides, debris flows or floods caused by extreme natural events such as the 7.3 Richter-scale 
earthquake in September 1999 or the rainstorms exceeding 1000 mm during Typhoon Herb in 
August 1996. (c) 2002 Elsevier Science B.V. All rights reserved. 
 
 
Clarke, K.D. and Scruton, D.A. 1997. Use of the Wesche method to evaluate fine-sediment 
dynamics in small boreal headwater streams. North American Journal of Fisheries 
Management 17: 188-193.* 
 
Fine-sediment infiltration was monitored by the Wesche sediment method in the Copper Lake 
watershed, Newfoundland, Canada, from June 1990 October 1994 as part of a multidisciplinary 
forest harvesting buffer zone research project. Initial study in Copper Lake has focused on 
evaluating the ability of this method to measure sediment dynamics in small boreal forest 
streams and in developing methods for data analyses and interpretation. The Wesche method 
discerned expected differences in sediment yield among sites due to logging-road construction 
and seasonal trends. Stream reaches impacted by bridge construction and culvert installation had 
significantly higher sediment accumulation than streams not affected by road construction. The 
Wesche method was a relatively simple and inexpensive way to compare fine sediment yield in 
streams with similar hydrologic regimes and was easily used in remote locations. Due to the 
nonparametric nature of the data collected with this method, randomization techniques were used 
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to develop 95% confidence intervals around the mean. Use of these statistics allowed a 
significance level to be used in comparisons between stream reaches, an approach easily 
understood by the multidisciplinary audience interested in fishery-forestry research and 
management. 
 
 
Cole, M.B., Russell, K.R., and Mabee, T.J. 2003. Relation of headwater macroinvertebrate 
communities to in-stream and adjacent stand characteristics in managed second-growth 
forests of the Oregon Coast Range mountains. Canadian Journal of Forest Research 33: 
1433-1443. 
 
Although headwater streams constitute a significant portion of stream length within watersheds, 
their aquatic fauna, contributions to regional biodiversity, and responses to forest management 
have been understudied. Macroinvertebrate communities, physical habitat, and water chemistry 
were sampled from 40 headwater streams in managed forests in the Oregon Coast Range 
mountains. We characterized functional and structural attributes of macroinvertebrate 
communities in relation to physical, chemical, and biological gradients. Substrate composition, 
specific conductance, and riparian forest age showed the strongest correlations with resultant 
ordination patterns in macroinvertebrate community composition. Among individual metrics of 
community structure and composition, total macroinvertebrate density and dominance by three 
taxa showed the strongest correlations with forest age. No community measures were related to 
densities of torrent salamanders (Rhyacotriton kezeri) or crayfish (Pacifastacus leniusculus), 
suggesting these potential predators had little influence on overall macroinvertebrate community 
structure. Rare taxa were sampled from several reaches, including Rhyacophila probably viquaea 
for which little information is available, and an Eobrachycentrus species, previously known to 
occur only in the Cascade mountains. Headwater streams within these managed forests of 
northwestern Oregon appear to be taxa rich, continue to support taxa limited to headwater 
streams, and harbor taxa about which little is known. 
 
 
Connolly, P.J. and Hall, J.D. 1999. Biomass of coastal cutthroat trout in unlogged and 
previously clear-cut basins in the central coast range of Oregon. Transactions of the 
American Fisheries Society 128: 890-899.* 
 
Populations of coastal cutthroat trout Oncorhynchus clarki clarki were sampled in 16 Oregon 
headwater streams during 1991-1993. These streams were above upstream migration barriers and 
distributed among basins that had been logged 20-30 and 40-60 years ago and basins that had not 
been logged but had burned 125-150 years ago. The objective of our study was to characterize 
the populations and habitats of age-1 or older cutthroat trout within these three forest 
management types. Streams within unlogged basins had relatively low levels and a small range 
of trout biomass (g/m2). Streams in basins logged 40-60 years ago supported low levels but an 
intermediate range of trout biomass. Streams in basins logged 20-30 years ago supported the 
widest range of biomass, including the lowest and highest biomasses among all streams sampled. 
The variable that best explained the variation of trout biomass among all 16 streams was the 
amount of large woody debris (LWD). All streams were heavily shaded during at least part of the 
year by mostly closed tree canopies. Deciduous trees were more prominent in canopies over 
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streams in logged basins, while conifers were more prominent in the stream canopies of 
unlogged basins. Our results suggest that trout production in basins extensively clear-cut 20-60 
years ago may generally decrease or remain low over the next 50 or more years because of 
decreasing loads of remnant LWD, persistent low recruitment potential for new LWD, and 
persistent heavy shading by conifers. These logged basins are not likely to show an increase in 
trout biomass over the next 50 years unless reset by favorable natural disturbances or by habitat 
restoration efforts. 
 
 
Cooper, A.B. 1990. Nitrate depletion in the riparian zone and stream channel of a small 
headwater catchment.  Hydrobiologia 202: 13-26. 
 
A mass balance procedure was used to determine rates of nitrate depletion in the riparian zone 
and stream channel of a small New Zealand headwater stream. In all 12 surveys the majority of 
nitrate loss (56-100%) occurred in riparian organic soils, despite these soils occupying only 12% 
of the stream's border. This disproportionate role of the organic soils in depleting nitrate was due 
to two factors. Firstly, they were located at the base of hollows and consequently a 
disproportionately high percentage (37-81%) of the groundwater flowed through them in its 
passage to the stream. Secondly, they were anoxic and high in both denitrifying enzyme 
concentration and available carbon. Direct estimates of in situ denitrification rate for organic 
soils near the upslope edge (338 mg N/m2/h) were much higher than average values estimated 
for the organic soils as a whole (0.3-2.1 mg N/m2/h) and suggested that areas of these soils were 
limited in their denitrification activity by the supply of nitrate. The capacity of these soils to 
regulate nitrate flux was therefore under-utilized. The majority of stream channel nitrate 
depletion was apparently due to plant uptake, with estimates of the in situ denitrification rate of 
stream sediments being less than 15% of the stream channel nitrate depletion rate estimated by 
mass balance. This study has shown that catchment hydrology can interact in a variety of ways 
with the biological processes responsible for nitrate depletion in riparian and stream ecosystems 
thereby having a strong influence on nitrate flux. This reinforces the view that those seeking to 
understand the functioning of these ecosystems need to consider hydrological phenomena.  
 
 
Corn, P.S. and Bury, R.B. 1989. Logging in western Oregon: responses of headwater 
habitats and stream amphibians. Forest Ecology and Management 29: 39-57. 
 
Occurrence  and  abundance  of four species of aquatic amphibians were compared  between  23  
streams  flowing  through  uncut  forests and 20 streams flowing through forests logged between 
14 and 40 years prior to the  study.  Species richness was highest in streams in uncut forests. 
Eleven streams  in  uncut forests contained all four species, and only two  streams  had  fewer  
than three species present. Eleven streams in logged stands had one or no species present, and 
only one contained all four   species.   Density   and   biomass  of  all  four  species  were 
significantly  greater  (2-7X)  in  streams  in uncut forests. Physical comparisons between types 
of streams were similar, except that streams in  logged  stands  had  generally  smaller  substrata,  
resulting from increased   sedimentation.   Densities  of  Pacific  giant  salamanders 
(Dicamptodon  ensatus) and Olympic salamanders (Rhyacotriton olympicus) were  positively  
correlated with stream gradient in logged stands, but not  in  uncut  forests,  suggesting  that  the  


  93







  


disruptive  effects of increased  sedimentation  are  greatest in low-gradient streams. Tailed frogs 
(Ascaphus  truei)  and  Dunn's  salamanders  (Plethodon  dunni) occurred  more  often in streams 
in logged stands when uncut timber was present  upstream,  but neither density nor biomass of 
any species were related  to  either  presence  of  uncut timber upstream or years since logging.  
Logging upstream from uncut forests also had no effect on the presence, density or biomass of 
any species. Tailed frogs and Olympic salamanders may be extirpated from headwaters 
traversing clearcuts; these streams should be afforded some protection in plans for managed 
forests. 
 
 
Dupuis, L. and Steventon, D. 1999. Riparian management and the tailed frog in northern 
coastal forests. Forest Ecology and Management 124: 35-43. 
 
Although the importance of aquatic environments and adjacent riparian habitats for fish has been 
recognized by forest managers, headwater creeks have received little attention.  The tailed frog, 
Ascaphus truei, inhabits permanent headwaters, and several U.S. studies suggest that its 
populations decline following clear-cut logging practices.  In British Columbia, this species is 
considered to be at risk because little is known of its abundance, distribution patterns in the 
landscape, and habitat needs.  We characterized nine logged, buffered and old-growth creeks in 
each of six watersheds (n=54).  Tadpole densities were obtained by area-constrained searches.  
Despite large natural variation in population size, densities decreased with increasing levels of 
fine sediment (<64 mm diameter), rubble, detritus and wood, and increased with bank width.  
The parameters that were correlated with lower tadpole densities were found at higher levels in 
clear-cut creeks than in creeks of other stand types.  Tadpole densities were significantly lower in 
logged streams than in buffered and old-growth creeks; thus, forested buffers along streams 
appear to maintain natural channel conditions.  To prevent direct physical damage and 
sedimentation of channel beds, we suggest that buffers be retained along permanent headwater 
creeks.  Creeks that display characteristics favoring higher tadpole densities, such as those that 
have coarse, stable substrates, should have management priority over less favorable creeks.  
Measures should also be taken to minimize fine sediment inputs from roads and stream 
crossings. 
 
 
Elliott, S. 2000.  The impact of riparian disturbance on physiochemical characteristics of 
seston.  M.S.thesis, University of Washington, Seattle. 
 
Suspended particulate matter (seston) plays an important role in the trophic ecology of forested 
streams. Forest management in and along the riparian corridor alters existing levels of 
allochthonous and autochthonous contributions to the lotic system, ultimately changing various 
physicochemical characteristics of seston. This thesis is divided into two chapters, the first 
providing a subject background on seston dynamics and the second detailing the results of my 
study of physicochemical parameters of seston at summer baseflow. In this study, my objectives 
were to describe the effects of riparian condition on physicochemical parameters of seston at 
summer baseflow, to assess the utility of seston analysis as an indicator of riparian recovery, and 
to develop a conceptual model of baseflow seston dynamics following logging disturbance in the 
riparian corridor. To achieve this, I sampled seston at summer baseflow from 19 streams on the 
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Olympic Peninsula of Washington state. The riparian condition of each stream was characterized 
by harvest history and other parameters to determine the successional condition of the canopy. I 
analyzed total seston concentration, percent organic matter, chlorophyll-a concentration, and the 
carbon to nitrogen (C:N) ratio at baseflow discharge, to determine trends related to riparian 
condition. Seston was visually characterized using the scanning electron microscope (SEM). 
Consistent with other studies, summer baseflow seston concentrations and percent of organic 
matter were not correlated with any single or combination of riparian factors, consistent with 
other studies. Chlorophyll-a concentrations were generally low (<1.0 µg Chl-a·Lą), and were 
found to be correlated with canopy closure (p<0.01, r˛ = 0.45), particularly when streams of 1st 
and 2nd order were considered alone (p<0.01, r˛ = 0.64). C:N ratios ranged from 7.6 to 25.6, 
with average values at coniferous sites significantly higher than those at alder-dominated 
deciduous sites (p<0.01, ANOVA) or at sites with no appreciable riparian cover (p<0.02, 
ANOVA). Visually, diatoms were a significant proportion of the total seston at each riparian 
cover type (range = 47-66% of the number of particles), although significantly higher 
concentrations of diatoms were found in sites lacking cover. Wood particles were not well-
represented (range 2-4% of seston particles) and concentrations did not vary among site cover 
types nor by any other potentially related parameter. Visual characterization of seston using the 
Shannon-Wiener diversity index (H') for each site, revealed a greater diversity of particles (by 
type and size) in the mature coniferous sites (p<0.01, ANOVA). Physicochemical parameters of 
seston at summer baseflow, specifically those which are directly influenced by riparian 
characteristics, could prove valuable as a tool for assessing riparian integrity. 
 
 
Fiebig D.M, Lock M.A, and Neal C. 1990. Soil water in the riparian zone as a source of 
carbon for a headwater stream. Journal of Hydrology 116: 217-237. 
 
Conflicting views on the potential importance of soil water as a source of dissolved organic 
carbon (DOC) in headwater streams are addressed by comparing organic chemistries of soil 
waters in the riparian zone with an adjacent stream at an upland site in mid-Wales during one 
year. DOC, which as a whole is relatively refractory, was contrasted with the labile dissolved 
free amino acids (DFAAs). It is concluded that the riparian zone can contribute substantial 
amounts of DOC to a stream ecosystem, and that the streambed must be a key area of chemical 
reactivity where much of this material is initially processed.  
 
 
Fitzgerald, D.G., Kott, E., Lanno, R.P., and Dixon, D.G. 1997. A quarter century of change 
in the fish communities of three small streams modified by anthropogenic activities. 
Journal of Aquatic Ecosystem Stress and Recovery 6: 111-127. 
 
Anthropogenic modification of small stream habitats in southern Ontario has occurred with little 
concern for indigenous, non-game fish communities. The combined effects of urbanization, 
impoundment, and agriculture on the fish communities of three small streams, from headwaters 
to near-confluence locations, were evaluated by comparing current fish community structure to 
historical records (species lists) collected over the last quarter century. Comparisons using 
cluster analysis showed that spatial and temporal shifts in fish community composition did not 
occur immediately after stream modifications but took up to 10 years. Replacement of common 
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species by formerly rare or absent species was evident in two streams subjected to urbanization 
and impoundment; stream sections subjected to primarily agriculture land use demonstrated 
minimal change during this study period. Urban zones and sections downstream of 
impoundments were dominated by species tolerant of controlled flows, siltation, channelization, 
homogenous spawning substrates, and elevated temperatures. Barrier-free headwater and 
agriculture zones with abundant riparian vegetation supported communities that were intolerant 
of controlled flows, dependent on lower summer water temperatures, and require high dissolved 
oxygen levels. Greater understanding of the causative forces shaping fish communities can be 
used to facilitate integration of greater biological realism into any future conservation or 
restoration programs in anthropogenically-modified streams. 
 
 
Forsey, E.S. and Baggs, E.M. 2001. Winter activity of mammals in riparian zones and 
adjacent forests prior to and following clear-cutting at Copper Lake, Newfoundland, 
Canada. Forest Ecology and Management 145: 163-171. 
 
A study of winter tracks carried out to determine mammal usage of boreal habitats in response to 
clear-cutting on three headwater streams.  Species considered were the endangered 
Newfoundland marten (Martes americana atrata), short-tailed weasel (Mustela erminea), red fox 
(Vulpes vulpes), red squirrel (Tamiasciurus hudsonicus), and the snowshoe hare (Lepus 
americanus).  Track abundances were significantly (p<0.05) higher in the forest interior than in 
riparian habitats.  A shift in activity on the transects was noted following prescribed cutting.  
Tracks were more abundant along transects within riparian buffers than along those within clear-
cut/open areas.  A significant change in activity (displacement) of the pine marten was recorded.  
The results suggested that for environmentally sensitive species, i.e., American marten, small 
disturbances or alterations in habitat caused immediate and significant effects. 
 
 
France, R.L. 1998. Density-weighted δ13C analysis of detritivory and algivory in littoral 
macroinvertebrate communities of boreal headwater lakes. Annales Zoologici Fennici 35: 
187-193. 
 
Investigations of the incorporation of terrestrial detritus into aquatic macroinvertebrates through 
δ13C analysis are becoming frequent for streams and wetlands, but comparatively little 
information exists for forest-fringed oligotrophic lakes. Although the most accurate assessment 
of community patterns in carbon dependency will be made through an organism density-
weighted analysis of δ13C, this has never previously been undertaken for any freshwater system. 
Littoral macroinvertebrates (predominantly amphipods, ephemeropterans and dipterans, as well 
as odonates and trichopterans) from boreal lakes in northwestern Ontario, Canada displayed 
ranges of 6‰ to 9‰ in δ13C, all centered about -26‰. The closer agreement between the 
density-weighted δ13C distribution for these macroinvertebrates to tree rather than epilithon 
values, suggests that these organisms may be relying more substantially upon allochthonous 
detritivory than upon autochthonous algivory for energy sustenance. This finding therefore 
challenges the precept in some timber management guidelines that dismisses riparian trees as an 
important energy source for lake foodwebs. 
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Fuchs, S.A., Hinch, S.G., and Mellina E. 2003. Effects of streamside logging on stream 
macroinvertebrate communities and habitat in the sub-boreal forests of British Columbia, 
Canada. Canadian Journal of Forest Research 33: 1408-1415. 
 
Much of the future timber supply in the Northern Hemisphere will come from boreal and sub-
boreal forests, yet there has been little investigation of how aquatic communities in these regions 
would be affected by logging. We conducted an empirical, comparative study to investigate the 
effects of streamside clear-cut logging on benthic macroinvertebrates, algal standing stock, and 
in-stream physical and chemical habitats in the sub-boreal central interior region of British 
Columbia. We found that streams that flowed through old-growth forests (sites termed "not 
logged") did not differ from streams flowing through older logged forests (where the riparian 
zones were harvested 20–25 years before our sampling; sites termed "older logged") with respect 
to macroinvertebrate total density or biomass, feeding guild density or biomass, and chlorophyll 
a biomass. However, streams flowing through newly logged forests (where the riparian zones 
were harvested within 5 years of our sampling; sites termed "recently logged") had nearly twice 
the macroinvertebrate biomass as those in not logged or older logged sites and higher chlorophyll 
a biomass. There were no differences among the three stream categories in regard to structural 
aspects of the physical habitat (e.g., substrate composition, large organic debris density, 
dimensions of pools and riffles). Streamside logging in sub-boreal forests appears to enhance 
primary and secondary production, but this phenomenon may only be evident for the first two 
decades following logging. 
 
 
Gill, R. E. 1996.  Sediment delivery to headwater stream channels following road 
construction and timber harvest in the Blue Mountains, Oregon. Interagency Committee 
on Water Data. Proceedings of the Sixth Federal Interagency Sedimentation Conference. 
Vol. 2, X38-X45. US, US Government.  
 
The objectives of this study were: 1) to determine the amount and rate of sediment delivery to 
ephemeral (first and second order) stream channels following road construction and logging, and 
2) to evaluate the WWSED sediment yield predictions. 
 
 
Gomi, T., Bryant, M.B., Sidle, R.C., and Woodsmith, R.D. 2003. Characteristics of channel 
steps and reach morphology in headwater streams, southeast Alaska. Geomorphology 51: 
225-242. 
 
The effect of timber harvesting and mass movement on channel steps and reach morphology was 
examined in 16 headwater streams of SE Alaska. Channel steps formed by woody debris and 
boulders are significant channel units in headwater streams. Numbers, intervals, and heights of 
steps did not differ among management and disturbance regimes. A negative exponential 
relationship between channel gradient and mean length of step intervals was observed in the 
fluvial reaches (<0.25 unit gradient) of recent landslide and old-growth channels. No such 
relationship was found in upper reaches (≥0.25 gradient) where colluvial processes dominated. 
Woody debris and sediment recruitment from regenerating riparian stands may have obscured 
any strong relationship between step geometry and channel gradient in young alder, young 
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conifer, and recent clear-cut channels. Channel reaches are described as pool-riffles, step-pools, 
step-steps, cascades, rapids, and bedrock. Geometry of channel steps principally characterized 
channel reach types. We infer that fluvial processes dominated in pool-riffle and step-pool 
reaches, while colluvial processes dominated in bedrock reaches. Step-step, rapids, and cascade 
reaches occurred in channels dominated by both fluvial processes and colluvial processes. Step-
step reaches were transitional from cascades (upstream) to step-pool reaches (downstream). 
Woody debris recruited from riparian corridors and logging activities formed steps and then 
sequentially might modify channel reach types from step-pools to step-steps. Scour, runout, and 
deposition of sediment and woody debris from landslides and debris flows modified the 
distribution of reach types (bedrock, cascade, and step-pool) and the structure of steps within 
reaches. (c) 2002 Elsevier Science B.V. All rights reserved. 
 
 
Gomi T, Sidle R.C, Bryant M.D, and Woodsmith R.D. 2001. The characteristics of woody 
debris and sediment distribution in headwater streams, southeastern Alaska. Canadian 
Journal of Forest Research 31: 1386-1399. 
 
Large woody debris (LWD), fine woody debris (FWD), fine organic debris (FOD), and sediment 
deposition were measured in 15 steep headwater streams with five management and disturbance 
regimes. Clear-cut channels logged in 1995 contained large accumulations of logging residue 
that initially provided sites for sediment storage. Half of the LWD in clear-cut channels was 
recruited during and immediately after logging. Woody debris from logging activities remains in 
young growth conifer channels 37 years after logging. Numbers of LWD in clear-cut and young 
conifer channels were significantly higher than in old-growth channels, although numbers of 
FWD pieces were not significantly different because of higher recruitment from old-growth 
stands. Channels that experienced recent (1979 and (or) 1993) and earlier (1961 and (or) 1979) 
scour and runout of landslides and debris flows contained less LWD and FWD, although large 
volumes of LWD and FWD were found in deposition zones. The volumes of sediment stored in 
young alder and recent landslide channels were higher than in the other channels. Because of the 
recruitment of LWD and FWD from young alder stands, the ratio of sediment stored behind 
woody debris to total sediment volume was higher in young alder channels compared with recent 
landslide channels. Numbers of LWD and FWD pieces in all streams were significantly 
correlated with the volumes of sediment stored behind woody debris. Timber harvesting and soil 
mass movement influence the recruitment, distribution, and accumulation of woody debris in 
headwater streams; this modifies sediment storage and transport in headwater channels.  
. 
 
Gomi, T., Sidle, R.C., and Richardson, J.S. 2002. Understanding processes and 
downstream linkages of headwater systems. BioScience 52: 905-916.* 
 
Headwater systems, the areas from which water originates within a channel network, are 
characterized by interactions among hydrologic, geomorphic, and biological processes that vary 
from hillslopes to stream channels and from terrestrial to aquatic environments (Hack and 
Goodlett 1960). Although hydrologic, geomorphic, and biological processes in headwater 
systems have been studied for the last 50 years and much knowledge related to these systems is 
available (Hack and Goodlett 1960, Hewlett and Hibbert 1967, Likens et al. 1977), the roles of 
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headwater streams within the watershed and the linkages from headwater to downstream systems 
are poorly understood. Headwater systems are critical areas for nutrient dynamics and habitat for 
macroinvertebrates, fish, and amphibians within watersheds (Meyer and Wallace 2001). Because 
of their geographical isolation, headwater systems also support genetically isolated species; thus, 
they support an important component of biodiversity in watersheds. For instance, new and 
endangered species are often found in headwater streams because such streams are relatively 
unexplored (Dieterich and Anderson 2000). Therefore, understanding the spatial and temporal 
variations of hydrologic, geomorphic, and biological processes in headwater systems is the key 
to comprehending the diversity and heterogeneity of riparian and riverine ecosystems. Headwater 
systems are also important for understanding and protecting downstream ecosystems, because 
they are intimately linked. However, because headwater streams are small and numerous, the 
roles of headwater systems are typically underestimated and inadequately managed compared 
with larger downstream systems. Furthermore, management practices for protecting and 
restoring headwaters are different from those for larger systems, because headwater systems 
have greater drainage density and different land use types and intensities. Consequently, for the 
roles and downstream linkages of headwater systems to be understood, inherent differences 
between processes in headwater systems and larger watersheds need to be recognized in both 
conceptual and field studies. Therefore, our objectives for this article are to review 
characteristics of and differences in processes between headwaters and larger watershed systems; 
we also demonstrate spatial and temporal variations of hydrologic, geomorphic, and biological 
processes in headwater systems and the linkages of headwaters to downstream systems. 
 
 
Grady, J. 2001.  Effects of buffer width on organic matter input to headwater streams in 
the western Cascade Mountains of Washington State.  M.S. thesis, University of 
Washington, Seattle. 
 
Large-scale forest clear-cutting is often no longer considered an acceptable forest management 
strategy, and more environmentally focused forestry practices are being developed and 
implemented. As alternative forest management techniques and strategies are developed and 
tested, it is essential that environmental studies are conducted at the same time to ensure that the 
alternative practices are in fact providing significant environmental protection. The primary 
emphasis of this study was to determine the effects of forest harvesting on litterfall delivery to 
the stream channel. Responses in streams of watersheds harvested at varying degrees of 
disturbance were compared to nearby undisturbed streams. From September 1999 to October 
2000 litterfall was collected every 2 to 4 weeks when road access was snow-free to the sites. 
With the knowledge of forest characteristics litterfall inputs between similar riparian forests were 
compared to assess the capability of buffers to simulate natural litterfall delivery to the stream 
channel. No clear statistical relationship could be determined by which litterfall amounts were 
related to buffer widths. 
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Haack, S.K., Burton, T., and Ulrich, K. 1988. Effects of whole-tree harvest on epilithic 
bacterial populations in headwater streams. Microbial Ecology (1988): 165-181. 
 
Bacteria attached to rock and glass surfaces were studied in streams draining a whole-tree 
harvested watershed (WTH) and a nonharvested (CONTROL) watershed in the Hubbard Brook 
Experimental Forest, New Hampshire, U.S.A.  Seasonal trends in numbers of cells/cm2, mean 
cell volume, cell size-frequency distribution, and bacterial biomass were determined using 4'6-
diamidino-2-phenylindole (DAPI) epifluorescent microscopy and scanning electron microscopy 
(SEM); the response of these parameters to decreased pH and increased nitrate concentration in 
the WTH stream was assessed via controlled manipulation of stream water chemistry in artificial 
channels placed in the CONTROL stream.  Bacterial distribution varied significantly between 
the two streams and seasonally within each stream in apparent response to differential 
availability of dissolved organic carbon from algae and autumn-shed leaves. Decreased pH 
similar to that in the WTH stream had a significant effect on cell numbers, mean cell volume, 
and biomass in the CONTROL stream.  Decreased pH accounted for some aspects of the altered 
bacterial distributions observed in the WTH stream.  Nitrate at concentrations similar to those in 
the WTH stream had no effect on bacterial distribution in the CONTROL stream suggesting that 
headwater stream epilithic bacteria were carbon limited. 
 
 
Hagar, J.C., Williams, C.E., Moriarity, W.J., Walters, G.L., and Hill, L. 1999. Influence of 
riparian buffer width on bird assemblages in Western Oregon. Journal of Wildlife 
Management 63: 484-496. 
 
The goals of current management practices in riparian areas in the Pacific Northwest include 
protecting and maintaining habitat for terrestrial wildlife. However, little is known about the use 
of riparian buffers by terrestrial wildlife, particularly how buffer width may affect abundance and 
species composition of wildlife communities. In this study, I compared bird assemblages in 
logged and unlogged riparian areas along headwater streams and assessed the relations between 
bird abundance and riparian buffer width. The abundances of 4 species of forest-associated birds 
that were more abundant in unlogged than in logged headwater riparian stands (Pacific-slope 
flycatcher [Empidonax difficilis], brown creeper [Certhia americana], chestnut-backed 
chickadee [Poecile rufescens], winter wren [Troglodytes troglodytes]) increased with increasing 
width of riparian buffers. However, 4 other species that also were more abundant in unlogged 
than logged riparian stands (Hammond's flycatcher [Empidonax hammondii], golden-crowned 
kinglet [Regulus satrapa], varied thrush [Ixoreus naevius], hermit warbler [Dendroica 
occidentalis]) were rarely observed in even the widest buffers sampled (40-70 m on 1 side of the 
stream). Although riparian buffers along headwater streams are not expected to support all bird 
species found in unlogged riparian areas, they are likely to provide the most benefit for forest-
associated bird species if they are >40 m wide, and density of large trees within buffers is not 
reduced by harvesting. 
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Hammer, R. G. 1989.  Forest headwaters riparian road construction and timber harvest 
guidelines to control sediment.  Woessner, W. W. and Potts, D. F. Proceedings of the 
symposium on headwaters hydrology.  127-131. Bethesda, MD, American Water Resources 
Association.  
 
Two major principles to control forest headwaters sediment are to minimize sediment from road 
construction and to maintain woody debris stream structures such as log steps which store 
sediment.  Guidelines for road construction in riparian areas include slash filter windrows at the 
toe of road fill slopes.  Studies indicate that slash filter windrows trap 75 percent or more of road 
sediment at low cost.  Guidelines for timber harvest in riparian areas include provision for large 
woody debris recruitment to headwater streams.  Forest headwater stream channels are 
dependent upon woody materials to form log steps which store sediment, dissipate stream 
energy, and provide fish habitat. 
 
 
Hetrick, N.J., Brusven, M.A., Bjornn, T.C., Keith, R.M., and Meehan, W.R. 1998. Effects 
of canopy removal on invertebrates and diet of juvenile coho salmon in a small stream in 
Southeast Alaska. Transactions of the American Fisheries Society 127: 876-888.* 
 
We assessed changes in availability and consumption of invertebrates by juvenile coho salmon 
Oncorhynchus kisutch in a small stream in southeast Alaska where patches of dense second 
growth riparian vegetation bordering the stream had been removed. Benthic invertebrate 
populations were assessed during summer 1988 and 1989 with a Hess sampler. Aerial 
invertebrates were sampled during summer 1989 with wire-mesh sticky traps hung just above the 
water surface and with floating clear-plastic pan traps. Invertebrate drift was assessed during 
summer 1989 with nets placed at the downstream end of closed- and open-canopy stream 
sections. Diets of age-0 and age-1 coho salmon were sampled by flushing stomach contents of 
fish collected from closed- and open-canopy stream sections. Abundance and biomass of benthic 
invertebrates were larger in open- than in closed-canopy stream sections and were primarily 
dipterans, ephemeropterans, and plecopterans. More insects were caught on sticky traps in open 
than in closed sections on two of four dates sampled, and composition of the catch was primarily 
dipterans (74% in both closed- and open-canopy sections). Catch rates of invertebrates in the pan 
traps were significantly higher in closed than in open sections on 12 July and were greater in 
open than in closed sections on 11 August. No significant canopy effect was detected with regard 
to dry weight of insects captured in pan traps. Composition of the pan-trap catches was primarily 
dipterans in both closed and open sections (65% and 72%). Abundance of invertebrates in the 
drift was significantly higher in closed sections than in open sections on two of four dates 
sampled; dry weight of invertebrate drift did not differ significantly between canopy types. Dry 
weight of stomach contents of age-0 and age-1 coho salmon was greater for fish sampled in 
closed- than open-canopy sections on one of four dates sampled; no significant canopy effect 
was detected for the other three dates sampled. Aerial insects were more abundant in drift and in 
diets of age-0 and age-1 coho salmon in closed- than in open-canopy sections. Diet of age-0 coho 
salmon in both closed and open sections and diet of age-1 fish in closed sections overlapped 
significantly with composition of the drift. Diet of age-1 coho salmon in open sections, however, 
did not overlap significantly with drift, an indication of selectivity in feeding behavior. Based on 
higher abundance of aerial invertebrates above the water surface and increased standing crop of 
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benthic invertebrates that we observed in open- versus closed canopy sections of Eleven Creek, it 
appears that canopy removal has the potential to increase the carrying capacity of juvenile coho 
salmon in streams where populations are food limited. 
 
 
Hetrick, N.J., Brusven, M.A., Bjornn, T.C., and Meehan, W.R. 1998. Changes in solar 
input, water temperature, periphyton accumulation, and allochthonous input and storage 
after canopy removal along two small salmon streams in Southeast Alaska. Transactions of 
the American Fisheries Society 127: 859-875.* 
 
Changes in solar radiation, water temperature, periphyton accumulation, and allochthonous 
inputs and storage were measured after we removed patches of deciduous, second-growth 
riparian vegetation bordering two small streams in southeast Alaska that produce coho salmon 
Oncorhynchus kisutch. Solar radiation and leaf litter input were measured at the water surface at 
random locations dispersed through six alternating closed- and open-canopy stream sections. 
Water temperature, periphyton, and stored organic samples were collected near the downstream 
end of each section. Solar radiation intensity was measured with digital daylight integrators and 
pyronometers, periphyton biomass and chlorophyll a were measured on red clay tile substrates, 
allochthonous input was measured with leaf litter baskets, and benthic organic matter was 
measured with a Hess sampler. Average intensity of solar radiation that reached the water 
surface of open canopy sections was significantly higher than in closed-canopy sections of two 
streams measured during daylight hours in summer 1988 and of one stream measured day and 
night in summer 1989. Average daily water temperature was similar in the two canopy types in 
summer 1988, but was higher in open- than in closed-canopy sections in 1989. Accumulation of 
periphyton biomass was significantly higher in open- than in closed-canopy sections of the two 
streams studied in the summer of 1988 and of the one stream sampled in 1989. Accrual of 
periphyton biomass on tiles placed in the stream for 30-d colonization periods during the summer 
months of 1989 was also significantly higher in the open than closed sections. Accumulation of 
chlorophyll a was significantly higher in the open- than in closed-canopy sections of the two 
streams in 1988 but did not differ significantly between canopy types in 1989. Thirty-day accrual 
of chlorophyll a was greater in open- than in closed-canopy sections of the one stream studied in 
1989. Allochthonous input to the streams decreased after canopy removal, but the amount of 
organic material stored in the substrate did not differ significantly between open- and closed-
canopy sections. Weather was predominantly overcast and rainy in summer 1988 and mostly 
sunny with infrequent rain in 1989. We speculate that advective heat transfer and high stream 
discharge from frequent rains moderated the effect of canopy removal and increased solar 
radiation on water temperatures in open-canopy stream sections in 1988. In 1989, solar radiation 
was a significant factor in regulating water temperature, especially when streamflows were low. 
Using a model, we predicted that water temperatures would change little in a 160-m open-
canopy reach of Eleven Creek during any weather condition when flows were high. With low 
flows, however, stream temperatures in open sections of Eleven Creek were predicted to exceed 
the optimum for growth of juvenile coho salmon in about 20 m during clear sunny weather and 
in about 50 m when cloudy and overcast. 
 
 


  102







  


Jackson, C.R., Sturm, C.A., and Ward, J.M. 2001. Timber harvest impacts on small 
headwater stream channels in the coast ranges of Washington. Journal of the American 
Water Resources Association 37: 1533-1549. 
 
We evaluated changes in channel habitat distributions, particle-size distributions of bed material, 
and stream temperatures in a total of 15 first- or second-order streams within and nearby four 
planned commercial timber harvest units prior to and following timber harvest. Four of the 15 
stream basins were not harvested, and these streams served as references. Three streams were cut 
with unthinned riparian buffers; one was cut with a partial buffer; one was cut with a buffer of 
non-merchantable trees; and the remaining six basins were clearcut to the channel edge. In the 
clearcut streams, logging debris covered or buried 98 percent of the channel length to an average 
depth of 0.94 meters. The slash trapped time sediment in the channel by inhibiting fluvial 
transport, and the average percentage of times increased from 12 percent to 44 percent. The trees 
along buffered streams served as a fence to keep out logging debris during the first summer 
following timber harvest. Particle size distributions and habitat distributions in the buffered and 
reference streams were largely unchanged from the pre-harvest to post-harvest surveys. The 
debris that buried the clearcut streams effectively shaded most of these streams and protected 
them from temperature increases. These surveys have documented immediate channel changes 
due to timber harvest, but channel conditions will evolve over time as the slash decays and 
becomes redistributed and as new vegetation develops on the channel margins. 
 
 
Kawaguchi, Y. and Nakano, S. 2001. Contribution of terrestrial invertebrates to the annual 
resource budget for salmonids in forest and grassland reaches of a headwater stream. 
Freshwater Biology 46: 303-316.* 
 
1. The annual input, contribution to the diet of salmonids, and quantitative input of terrestrial 
invertebrates to four reaches with contrasting forest (n = 2) and grassland riparian vegetation (n = 
2) were compared in a Japanese headwater stream.  
2. The annual input of terrestrial invertebrates falling into the forest reaches (mean ± 1 SE = 8.7 
x 103 ± 0.3 x 103 mg m-2year-1) was 1.7 times greater than that in the grassland reaches (5.1 x 
103 ± 0.8 x 103 mg m-2year-1), with clear seasonality in the daily input of invertebrates in both 
vegetation types. The daily input, however, differed between the vegetation types only in 
summer, when it rose to a maximum in both vegetation types.  
3. Fish biomass also differed among the seasons in both vegetation types, being less in the 
grassland reaches. The contribution of terrestrial invertebrates to the salmonid diet in the forest 
and grassland reaches was 11 and 7% in spring, 68 and 77% in summer, 48 and 33% in autumn, 
and 1 and 1% in winter, respectively. The prey consumption rate of fish, which was similar 
between the vegetation types, increased with stream temperature and was highest in summer. 
Terrestrial invertebrates supported 49% (mean ± 1 SE = 5.3 x 103 ± 0.4 x 103 mg m-2year-1) of 
the annual, total prey consumption (10.9 x 103 ± 1.7 x 103mg m-2year-1) by salmonids in the 
forest and 53% (2.0 x 103 ± 0.3 x 103 mg m-2year-1) (3.8 x 103 ± 0.6 x 103 mg m-2year-1) in 
the grassland reaches.  
4. Salmonids were estimated to consume 51 and 35% of the annual total (falling plus drift) input 
of terrestrial invertebrates in the forest and grassland reaches, respectively. The input of 
terrestrial invertebrates by drift, however, was almost equal to the output in both vegetation 
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types, suggesting that the reach-based, in-stream retention of terrestrial invertebrates almost 
balanced these falling in.  
5. Difference in the riparian vegetation, which caused spatial heterogeneity in the input of 
terrestrial invertebrates, could play an important role in determining the local distribution of 
salmonids. 
 
 
Keith, R.M., Bjornn, T.C., Meehan, W.R., Hetrick, N.J., and Brusven, M.A. 1998. Response 
of juvenile salmonids to riparian and instream cover modifications in small streams flowing 
through second-growth forests of Southeast Alaska. Transactions of the American 
Fisheries Society 127: 889-907.* 
 
We manipulated the canopy of second-growth red alder Alnus rubra and instream cover to assess 
the effects on abundance of juvenile salmonids in small streams of Prince of Wales Island, 
southeast Alaska, in 1988 and 1989. Sections of red alder canopy were removed to compare 
responses of salmonids to open- and closed-canopy sections. At the start of the study, all 
potential instream cover was removed from the study pools. Alder brush bundles were then 
placed in half the pools to test the response of juvenile salmonids to the addition of instream 
cover. Abundance of age-0 coho salmon Oncorhynchus kisutch decreased in both open- and 
closed-canopy sections during both summers, but abundance decreased at a higher rate in closed-
canopy sections. More age-0 Dolly Varden Salvelinus malma were found in open-canopy 
sections than in closed-canopy during both summers. Numbers of age-1 and older coho salmon 
and Dolly Varden were relatively constant during both summers, and there was no significant 
difference in abundance detected between open- and closed-canopy sections. Abundance of age-
0 coho salmon decreased in pools with and without additional instream cover during both 
summers. Abundance of age-1 and older coho salmon and age-0 Dolly Varden did not differ 
significantly in pools with or without added cover during either summer. Abundance of age-1 
and older Dolly Varden was higher in pools with added instream cover than in pools without 
cover during both summers. Age-0 coho salmon decreased in abundance throughout the summer 
in both years. Emigration was measured in 1989 and accounted for most of the decrease in 
abundance. Age-0 coho salmon emigrants were significantly smaller than age-0 coho salmon that 
remained in the stream. 
 
 
Kelsey, K.A. 1996. Responses of Headwater Stream Amphibians to Forest Practices in 
Western Washington (Ascaphus Truei, Dicamptodon Tenebrosus). Ph.D. thesis, University 
of Washington, Seattle. 
 
Differences in Ascaphus truei (tailed frog) and Dicamptodon tenebrosus (Pacific giant 
salamander) populations were examined to detect possible effects of clear-cut logging and 
identify important habitat features influencing their distributions in small, western Washington 
Cascade streams. Streams surveyed were upstream of fish-bearing regions where amphibian 
population densities were high and areas were not necessarily protected by buffer strips of 
standing trees. Long-term responses were investigated by comparing density (#/m2) of A. truei 
and D. tenebrosus populations in streams in forests that had never been logged (unmanaged 
forests) to streams in forests that had been logged (managed forests). Short-term responses were 
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investigated by comparing density and biomass (g/m2) of larvae and adults in unharvested 
controls with treatment sites harvested within 18 months. Overall results showed greater negative 
impact on the density of A. truei larvae than on D. tenebrosus larvae. To compare populations 
between unmanaged and managed forests, I combined two data sets for which streams were 
surveyed using identical methods but nearly a decade apart. Eighteen unmanaged forest streams 
were surveyed in 1984 and 23 managed forest streams were surveyed in 1992 and 1993. The 
coefficient of variation between streams was greater in managed forest (166%) than in 
unmanaged forests (124%) for A. truei density but greater in unmanaged forests (194%) than 
managed forests (103%) for D. tenebrosus. Density and biomass of both species were similar 
between unmanaged and managed forests. Greater variability in A. truei density in managed 
forest streams suggests that this species is more vulnerable than D. tenebrosus to habitat changes 
following timber harvest. Ten managed forest streams were surveyed in each of three years from 
1992 to 1994 to detect differences in pre- and post-logging abundance. Control streams showed 
greater densities of A. truei second-year tadpoles and greater biomass of D. tenebrosus larvae 
than streams that were clearcut with variable-width buffer strips remaining. Volumes of down 
wood in stream channels were lower in treatment streams and could be related to decreases in 
salamander larval biomass. Results support previous conclusions that A. truei tadpoles are more 
vulnerable to habitat changes following clear-cut logging than larvae of D. tenebrosus. Stream 
habitat associations suggest that both species tend to be concentrated within specific, but not 
exclusive, areas of the stream, even though individuals can be found together in many areas. 
Dicamptodon tenebrosus larvae were found in greatest numbers in the lower sections, where 
wider channels allow more sunlight to penetrate, resulting in higher water temperature and 
primary production rates. Ascaphus truei tadpole densities were highest in streams with high 
volumes of down wood and low amounts of sediment. Ascaphus truei adults tended to 
congregate in the colder, smaller streams, closer to the stream's source than the larvae of either 
species. During the fall, adult male frogs with pronounced secondary sexual characteristics were 
frequently observed in these areas. Forest management practices must protect headwater stream 
habitat to provide breeding areas for A. truei. Leaving structures that reduce sediment inputs and 
provide long-term sources of down wood can help mitigate the impacts of logging on stream 
amphibians and stream habitat. Alternative configurations of tree buffers should be sought to 
reduce windthrow which also contributes to sediment inputs to the stream by uprooting trees and 
exposing areas of bare soil. 
 
 
Kiffney P.M and Bull J.P. 2000. Factors controlling periphyton accrual during summer in 
headwater streams of southwestern British Columbia, Canada. Journal of Freshwater 
Ecology 15: 339-351. 
 
In headwater coastal streams of southwestern British Columbia, previous research suggested that 
light limited periphyton growth and abundance of grazing invertebrates. Logging along a reach 
of stream allowed us to further examine the importance of light, as well as other abiotic factors, 
in regulating stream periphyton and grazers. We placed unglazed ceramic tiles in three 
watershed, two of which served as controls. In the third watershed, we placed tiles in one reach 
that was newly harvested, as well as in an upstream, forested reach. Tiles were placed in streams 
in late June and removed weekly over a six-week period for determination of periphyton 
chlorophyll a and ash-free dry mass. We also measured discharge, dissolved nitrate and 
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phosphate, and counted the number of invertebrate grazers on each removed tile weekly. Peak 
biomass, as chlorophyll a, was reached on day 29 with alga biomass at the logged site (19 µg m-
2) seven to fourteen times higher than at the control sites. Stepwise, multiple linear regression 
suggested that light was the single best predictor explaining 64% of the variation in peak 
biomass of chlorophyll a. Although periphyton biomass on tiles was much higher in the clearcut 
reach, so was fine sediment. Inorganic mass entrapped in the periphyton mat was two to four 
times higher in the clearcut stream than at other sites. Grazer abundance was not related to 
periphyton biomass, but was negatively related to sediment levels. Our results are consistent with 
the hypothesis that grazer abundance was determined by sediment levels rather than alga 
biomass. 
 
 
Kreutzweiser, D.P. and Capell, S.S. 2001. Fine sediment deposition in streams after 
selective forest harvesting without riparian buffers. Canadian Journal of Forest Research 
31: 2134-2142. 
 
Fine sediment accumulation was measured in streams in low-order forest watersheds across a 
gradient of selective harvesting with no protective riparian buffers. Comparisons were made 
among sites in selection-cut (40% canopy removal), shelterwood-cut (50% canopy removal), 
diameter limit cut (about 85% canopy removal), and undisturbed tolerant hardwood catchments. 
These were further compared with a headwater stream catchment not harvested but affected by 
logging road activities. The greatest increases in fine inorganic sediment occurred at the road-
improvement site with mean bedload estimates more than 4000 times higher than pre-
manipulation values. Sediment bedload was still significantly elevated 2 years after the road-
improvement activities. Significant increases (up to 1900 times the pre-harvest average) in 
inorganic sediment also occurred at the highly disturbed diameter-limit site as a result of heavy 
ground disturbance and channeled flowpaths from skidder activity in riparian areas. Similar 
increases were detected at the selection-cut site but were attributable to secondary road 
construction in the runoff area. In the shelterwood harvest area, where logging roads were not a 
factor, no measurable increases in sediment deposition were detected. There was little indication 
that harvesting activities at any site affected the organic fraction or the particle size distribution 
of fine sediments. The results of this study suggest that riparian buffer zones may not be 
necessary for selective harvesting in hardwood forests at up to 50% removal, at least in terms of 
reducing sediment inputs. 
 
 
Kreutzweiser, D.P. and Capell, S.S. 2003. Benthic microbial utilization of differential 
dissolved organic matter sources in a forest headwater stream. Canadian Journal of Forest 
Research 33: 1444-1451. 
 
Streamside mesocosm experiments were conducted in a low-order forest watershed to directly 
examine responses by microbial communities on standardized substrates to different terrestrial 
and aquatic sources of dissolved organic matter (DOM). Community respiration (oxygen 
uptake), microbial density (colony-forming units on agar plates), leaf decomposition, and 
community metabolic profiles (metabolism patterns in sole carbon source utilization assays) 
were measured. Stream benthic microbial communities responded immediately and positively to 
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increases in terrestrially derived DOM. Respiration activity and density estimates increased 
significantly, but there was no significant change in community metabolic profile. Responses 
were greater to DOM extracted from upper soil horizons than from deeper soils. Community 
respiration and bacterial abundance also increased in response to an aquatic DOM source, but 
were accompanied by a significant change in community metabolic profiles. Results provide 
direct experimental evidence that benthic microbial communities of forest headwater streams are 
able to rapidly utilize terrestrial DOM. 
 
 
Kurashige, Yoshimasa and Allison, Robert J. editor. 2002.  Sources of river-suspended 
sediment after selective logging in a headwater basin.: Applied geomorphology; theory and 
practice. International Association of Geomorphologists. Publication 10: pp. 183-195;   
John Wiley & Sons, Chichester, United Kingdom;   21 refs.  United Kingdom.   
 
 
Liljaniemi P, Vuori K.-M, Ilyashuk B, and Luotonen H. 2002. Habitat characteristics and 
macroinvertebrate assemblages in boreal forest streams Relations to catchment 
silvicultural activities. Hydrobiologia 474: 239-251. 
 
We compared the stream habitat characteristics and macroinvertebrate assemblages of boreal 
headwater streams in both the Finnish and the Russian parts of a single river basin, the Koitajoki 
Riven Over the last 50 years, the Finnish side of the catchment has been managed using modern 
forestry techniques, whereas Russian side has remained nearly unexploited and is near to its 
natural state. Differences in silvicultural activities were observed to contribute to differences in 
habitat structure. The channel habitats were in fairly natural state in the Russian reference 
streams, whereas the impacted Finnish sites were cleared and straightened. In comparison with 
the impacted channels, the abundance of coarse woody debris (CWD) was 10-100-fold higher in 
the reference streams. Implications on the forestry-induced deterioration of water quality were 
also observed. On the contrary, only small differences in macroinvertebrate assemblages were 
detected. Despite the lower amount of retentive structures (CWD), significantly higher relative 
abundance of shredders was observed in the forestry-impacted streams. Otherwise the zoobenthic 
communities were quite similar in the two subcatchments. We suggest that several mechanisms 
may explain this similarity: (1) community structure is controlled by naturally acidic conditions, 
(2) the adverse impacts of forestry on habitat structure and water quality of streams may be 
compensated by increased input of deciduous litter and organic compounds from drained, 
structurally young riparian forests and (3) macroinvertebrate species have flexible feeding habits 
and may thus readily adapt to changing conditions. 
 
 
Macdonald, J.S., Beaudry, P.G., MacIsaac, E.A., and Herunter, H.E. 2003. The effects of 
forest harvesting and best management practices on streamflow and suspended sediment 
concentrations during snowmelt in headwater streams in sub-boreal forests of British 
Columbia, Canada. Canadian Journal of Forest Research 33: 1397-1407. 
 
This paper examines suspended sediment concentration and stream discharge during freshet in 
three small sub-boreal forest streams (<1.5 m in width) in the central interior of British Columbia 
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for 1 year prior to (1996) and for 5 years following forest harvesting (1997–2001). Harvesting 
prescriptions in a 20-m strip beside one stream required complete removal of merchantable 
timber (>15 cm diameter at breast height (DBH) for pine and >20 cm for spruce), while all stems 
<30 cm DBH were retained beside a second stream. A third stream remained unharvested as a 
control. The two riparian treatments were prescribed to test the efficacy of current British 
Columbia legislation that allows for varying amounts of riparian retention as best management 
practices for the management of windthrow. Both treated watersheds were clear-cut harvested 
(approximately 55% removal) in January 1997, and in the following year, temporary access 
roads were deactivated, including two stream crossings in the low-retention watershed. An 
increase in peak snowmelt and total freshet discharge was first noted in the second spring 
following harvest in both treatments and remained above predicted in all subsequent years. 
Suspended sediment also increased during freshet following harvest but returned to levels at or 
below preharvest predictions within 3 years or less in the high-retention watershed. 
 
 
Macdonald, J.S., MacIsaac, E.A., and Herunter, H.E. 2003.  The effect of variable-retention 
riparian buffer zones on water temperatures in small headwater streams in sub-boreal 
forest ecosystems of British Columbia. Canadian Journal of Forest Research 33: 1371-
1382. 
 
Stream temperature impacts resulting from forest harvesting in riparian areas have been 
documented in a number of locations in North America. As part of the Stuart–Takla Fisheries–
Forestry Interaction Project, we have investigated the influence of three variable-retention 
riparian harvesting prescriptions on temperatures in first-order streams in the interior sub-boreal 
forests of northern British Columbia. Prescriptions were designed to represent a range of possible 
harvesting options outlined by the Forest Practices Code of B.C., or associated best management 
practice guidelines. Five years after the completion of harvesting treatments, temperatures 
remained four to six degrees warmer, and diurnal temperature variation remained higher than in 
the control streams regardless of treatment. Initially, the high-retention treatment acted to 
mitigate the temperature effects of the harvesting, but 3 successive years of windthrow was 
antecedent to reduced canopy density and equivalent temperature impacts. We speculate that late 
autumn reversals in the impacts of forest harvesting also occur. Temperature impacts in this 
study remained within the tolerance limits of local biota. However, even modest temperature 
changes could alter insect production, egg incubation, fish rearing, migration timing, and 
susceptibility to disease, and the effects of large changes to daily temperature range are not well 
understood. 
 
 
May, C.L. and Gresswell, R.E. 2003. Large wood recruitment and redistribution in 
headwater streams in the southern Oregon Coast Range, U.S.A. Canadian Journal of 
Forest Research 33: 1352-1362. 
 
Large wood recruitment and redistribution mechanisms were investigated in a 3.9 km2 basin 
with an old-growth Pseudotsuga menziesii (Mirb.) Franco and Tsuga heterophylla (Raf.) Sarg. 
forest, located in the southern Coast Range of Oregon. Stream size and topographic setting 
strongly influenced processes that delivered wood to the channel network. In small colluvial 
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channels draining steep hillslopes, processes associated with slope instability dominated large 
wood recruitment. In the larger alluvial channel, windthrow was the dominant recruitment 
process from the local riparian area. Consequently, colluvial channels received wood from 
further upslope than the alluvial channel. Input and redistribution processes influenced piece 
location relative to the direction of flow and thus, affected the functional role of wood. Wood 
recruited directly from local hillslopes and riparian areas was typically positioned adjacent to the 
channel or spanned its full width, and trapped sediment and wood in transport. In contrast, wood 
that had been fluvially redistributed was commonly located in mid-channel positions and was 
associated with scouring of the streambed and banks. Debris flows were a unique mechanism for 
creating large accumulations of wood in small streams that lacked the capacity for abundant 
fluvial transport of wood, and for transporting wood that was longer than the bank-full width of 
the channel. 
 
 
McDonnell, J. J., McGlynn, B. L., Kendall, K., Shanley, J., and Kendall, C. 1998.  The role 
of near-stream riparian zones in the hydrology of steep upland catchments. Kovar, K., 
Tappeiner, U., Peters, N. E., and Craig, R. G. eds. Hydrology. Water Resources and 
Ecology in Headwaters , 173-180.  
 
Surface and subsurface waters were monitored and sampled at various topographic positions in a 
40.5-ha headwater catchment to test several hypotheses of runoff generation and stream chemical 
and isotopic evolution during snowmelt. Transmissivity feedback was observed on the hillslopes 
during the melt period. Groundwater levels and stream DOC were highly correlated with stream 
discharge. Hysteresis in the groundwater-streamflow relation suggests that localized water flux 
from the riparian areas controlled the rising limb and main peak response of the melt hydrograph, 
whilst hillslope drainage controlled the timing and volume of the falling limb. Lateral flow from 
upslope positions was detected in the riparian zone. 
 
 
Meehan, W.R., Swanson, F.J., and Sedell, J.R. 1977. Influences of riparian vegetation on 
aquatic ecosystems with particular reference to salmonid fishes and their food supply. 
Pacific Northwest Forest and Range Experiment Station, Corvallis, OR. Forestry Sciences 
Lab. 137-145. 
 
The riparian zone has important influences on the total stream ecosystem including the habitat of 
salmonids. Shade and organic detritus from the riparian zone control the food base of the stream 
and large woody debris influences channel morphology. The effectiveness of a riparian zone in 
regulating input of light, dissolved nutrients and litterfall to the stream varies through time 
following wildfire, clearcutting or other disturbances. The influence and role of riparian 
vegetation will vary with stream order and position along the continuum from headwaters to 
mouth. Riparian zones are affected by livestock grazing, logging, and road construction. 
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Mellina E, Pearson G, Moore R.D, Hinch S.G, and Macdonald J.S. 2002. Stream 
temperature responses to clearcut logging in British Columbia The moderating influences 
of groundwater and headwater lakes. Canadian Journal of Fisheries and Aquatic Sciences 
59: 1886-1900.* 
 
Although the future timber supply in the northern hemisphere is expected to come from boreal 
and subboreal forests, little research has been conducted in these regions that examines the 
temperature responses of small, lake-headed streams to streamside timber harvesting. We 
examined the temperature patterns of two subboreal outlet streams in north-central British 
Columbia for 1 year before and 3 years after clearcut logging and found only modest changes 
(averaging 0.05–1.1°C) with respect to summer daily maximum and minimum temperatures, 
diurnal fluctuations, and stream cooling. A multistream comparative survey conducted in the 
same geographic region revealed that streams headed by small lakes or swamps tended to cool as 
they flowed downstream, and headwater streams warmed, regardless of whether or not timber 
harvesting took place. Stream cooling was attributed to a combination of warm outlet 
temperatures (promoted by the presence of the lakes) and cold groundwater inflows. A 
regression model revealed that summertime downstream warming or cooling in headwater and 
outlet streams could be predicted by upstream maximum summer temperatures and canopy 
cover. Lentic water bodies and groundwater inflows are important determinants of stream 
temperature patterns in subboreal forests and may subsequently moderate their responses to 
streamside harvesting.  
 
 
Moore, R.D. and Richardson, J.S. 2003. Progress towards understanding the structure, 
function, and ecological significance of small stream channels and their riparian zones. 
Canadian Journal of Forest Research 33: 1349-1351. 
 
Incomplete knowledge of the ecological functions of small streams and their riparian zones, 
particularly their roles in larger watershed and landscape contexts, contributes to confusion and 
debate about the levels of riparian vegetation retention required along small streams for the 
purpose of protecting aquatic ecosystems, riparian wildlife, and water quality. As a consequence, 
there are marked differences in riparian forestry practices and management among jurisdictions 
throughout North America. To aid in resolving these issues, a symposium on small streams and 
their riparian zones was held at The University of British Columbia from 19 to 21 February 
2002, which brought together scientists, managers, and practitioners and provided a forum for 
the presentation and discussion of emerging research results. This special issue includes a 
selection of papers presented at that symposium as well as one solicited paper. 
 
 
Moring, J.R. 1975. Alsea Watershed Study.: Effects of logging on the aquatic resources of 
three headwater streams of the Alsea River, Oregon.  Part II – Changes in the 
environmental conditions. Oregon Department of Fish and Wildlife 
 
Three small tributaries of the Alsea River, Oregon, were monitored during a 15 year study 1959-
1973. One watershed (Needle Branch) was clearcut without buffer strips. The second (Deer 
Creek) was clearcut in patches with buffer strips. The third (Flynn Creek) was unlogged, and 
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served as a control. This portion covers the environmental results of the study, and outlines those 
components that were altered as a result of logging activities (road construction, yarding, 
felling). Water temperature maxima and ranges were significantly increased in Needle Branch by 
removal of riparian, protective vegetation during clearcutting. Maximum temperatures reached 
26.1 degrees C near the mouth, and 29.5 degrees C at a point upstream in summer 1967. 
Temperatures increased 12.7 degrees C over the pre-logging average in June, and a 15.6 degree 
C maximum diurnal fluctuation was measured in 1967. Surface dissolved oxygen levels dropped 
to 2.5 mg/liter in the summer of logging, and intragravel levels decreased to a mean of 1.3 
mg/liter the same summer. There was a pronounced decrease in intragravel dissolved oxygen 
during the first winter when salmonid eggs were developing in the gravel. Mean monthly 
streamflow increased by 26.9 percent in Needle Branch after logging. There was a 205.3 percent 
increase in suspended sediments in Needle Branch and a 53.5 percent increase in Deer Creek 
following road construction. Permeability of the gravel in Needle Branch was depressed from 
logging, and remained so during the post-logging years.  
 
 
Moring, J.R. and Lantz, R.L. 1975. Alsea Watershed Study.: Effects of logging on the 
aquatic resources of three headwater streams of the Alsea River, Oregon. Part I – 
Biological Studies. Oregon Department of Fish and Wildlife 
 
Three small tributaries of Drift Creek, tributary to the Alsea River, Oregon, were monitored 
during a 15-yr logging study 1959-1973. One watershed (Needle Branch) was clearcut without 
buffer strips. A second (Deer Creek) was clearcut in patches with buffer strips and the third 
(Flynn Creek) was unlogged, and served as a control. This report covers the biological results of 
the study, and outlines those components that were altered as a result of logging activities (road 
construction, yarding, felling). Cutthroat trout populations were severely depressed after logging 
in Needle Branch, and remained low during the eight-year post-logging period. The timing of 
downstream migration of cutthroat juveniles in the stream was altered for two years after debris 
clearance and slash burning in Needle Branch. Coho salmon were less affected by logging, but 
average lengths and weights and condition factors were low in juveniles in Needle Branch the 
summer after logging. Those fish that were fry and fingerlings in Needle Branch at the time of 
logging had lower fecundities when they returned as adults. Coho biomass and net production 
rates increased in the streams of the two logged watersheds following logging. The two youngest 
year classes of reticulate sculpins were almost completely destroyed by logging in Needle 
Branch and there was a decline in numbers of adult western brook lampreys in Needle Branch in 
post logging years. Additional biological data on fish populations are presented.  
 
 
Mosley, M.P. 1980. The impact of forest road erosion in the Dart Valley, Nelson. New 
Zealand Journal of Forestry 25: 184-198. 
 
A survey of erosion on a road system constructed in granitic terrain in Nelson for production 
forest development has been carried out. Rates of sediment input into the stream system in 1978-
9 averaged 255 m3/km/y over the 25km road system, with a range from 14 m3/km/y for a 10 
year old valley bottom road to 1270 m3/km/y for a 1 year old midslope road which had suffered 
a number of large culvert or fill slope failures. Total rates of erosion on the road systems were 
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three times greater, but much sediment is fed onto vegetated slopes beneath the roads, and stored 
there. Total sediment input into the stream system in 1978-9 was estimated as 12 000 t/y, in 
comparison with an estimated natural sediment yield from the catchment of 9600 t/y. Much of 
the sediment has been stored in headwater channels (which are, however, probably subject to 
periodic flushing by major storm events), deposited upon point bars above the low flow water 
level in the main river, or flushed out to sea in suspension. The impact of the road-derived 
sediment upon the Dart River is, therefore, probably limited.-Author. 
 
 
Naiman, R.J., Bilby, R.E., and Bisson, P. 2000. Riparian ecology and management in the 
Pacific coastal rain forest. BioScience 50: 996-1011.* 
 
The research effort focused on understanding the dynamics and managerial uses of riparian 
zones. “Riparius,” a Latin word meaning “belonging to the bank of a river,” refers to biotic 
communities living on the shores of streams, rivers, ponds, lakes, and some wetlands. Riparian 
zones strongly influence the organization, diversity, and dynamics of communities associated 
with aquatic ecosystems (Gregory et al. 1991, Décamps 1996). Riparian areas possess distinct 
ecological characteristics because of their interaction with the aquatic system. Thus, their 
boundaries can be delineated by changes in soil conditions, vegetation, and other factors that 
reflect this aquatic–terrestrial interaction (Naiman and Décamps 1990, 1997). Riparian zones 
vary widely in their physical characteristics, which are vividly expressed by an array of life 
history strategies and successional patterns. Consequently, these areas are among the biosphere’s 
most complex ecological systems and also among the most important for maintaining the vitality 
of the landscape and its rivers (Naiman and Décamps 1990, 1997). The variability of natural 
riparian zones reflects the inherent physical heterogeneity of the drainage network, the processes 
shaping stream channels, and the characteristics of the biotic community (Figure 1). In effect, 
riparian biota are the products of past and present interactions among biophysical factors. In turn, 
the biota themselves have strong, long-term influences on the geological structures and processes 
that shape them. The riparian forests of the Pacific Coastal Ecoregion (PCE) of North America 
are floristically and structurally its most diverse vegetation (Pollock 1998, Pollock et al. 1998), 
and their maintenance has become an integral component of watershed management strategies 
(Naiman and Bilby 1998). Since 1990, significant advances in understanding the structure and 
dynamics of riparian zones in the PCE have led to their being recognized as key components of 
land and water management. Many of the region’s management guidelines are based on these 
recent scientific advances as well as on the strong foundation of knowledge built by S.V. 
Gregory and his colleagues (Gregory et al. 1991). In this article, we summarize the scientific 
advances of the last decade in understanding the ecology of PCE riparian zones and show how 
this understanding directly contributes to better stream and watershed management. 
 
 
Olson, D.H., Chan, S.S., and Thompson, C.R. 2002. Riparian buffers and thinning designs 
in western Oregon headwaters accomplish multiple resource objectives. General Technical 
Reports of the US Department of Agriculture, Forest Service GTR-563: 81-92.* 
 
We are investigating headwater riparian and upland forest management to achieve multiple 
resource objectives, primarily accelerated development of old-growth habitat and rare species 
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management. For stands 40 to 50 yrs old, a control and three density management treatments are 
under study. Treatments include a mosaic of leave- and clearcut-islands within a matrix of 
thinning to various densities. Within this template, four no-entry riparian buffer zones also are 
under investigation. Companion studies utilize these two templates for biota and/or habitat 
characterizations; in particular, we are examining amphibians, mollusks, fishes, microclimate, 
and microsite. The balance of resource objectives was apparent during study implementation. For 
example, >100 species were evaluated by federal field units at the stand scale across 13 study 
sites, and many became conflicts to study implementation. The common methods of conflict 
resolution involved leaving unthinned areas, such as the study design elements of various sizes 
of riparian buffers and unthinned leave islands. The mosaic of stand-scale conditions resulting 
from such designs effectively addresses sustainability. This is a cooperative study between the 
U.S. Department of Interior, Bureau of Land Management, and the U.S. Department of 
Agriculture, Forest Service, with companion projects conducted by Oregon State University and 
U.S. Geological Survey partners. 
 
 
Olson, D.H., Weaver, G.W., Ellenburg, L.L., Hansen, B., and Thompson, R. 2000. Stream 
vertebrates in managed headwater streams: habitat associations of assemblages and 
species. Northwestern Naturalist 81: 84-85. 
 
A greater understanding of the ecology of headwater stream vertebrates in managed forest stands 
is needed for the refinement of forestry practices that manage for multiple resources, including 
species, habitats and socio-economic values. Pretreatment sampling for our Riparian Buffer 
Study in western Oregon has revealed distinct amphibian and fish assemblages corresponding to 
instream habitat gradients in headwaters. Habitat and faunal data were collected across 13 study 
basins and >140 headwater stream reaches; over 4,000 animals of 15 taxa have been sampled. 
Canonical correlations were calculated separately for instream species-assemblages, instream 
and bank fauna, and bank amphibians. Results identified several distinct species-assemblages, 
each with ranked habitat correlates. Assemblage patterns were more related to hydrological, 
topographic, and geomorphic habitat attributes (e.g. channel flow type and size, gradient) than 
fine scale microhabitat features (e.g. downed wood, substrate size). Generalized linear models 
(Poisson and logistic regression) of individual species-habitat relations were generated for seven 
taxa (trout spp., cottid spp., Dicamptodon tenebrosus, Rhyacotriton variegatus, R. cascadae, 
Plethodon dunni, Ascaphus truei, and Taricha granulosa). Results correspond to assemblage-
associations. Our study shows the relatively restricted use of the uppermost nonfish-bearing 
stream channel by a unique amphibian assemblage dominated by torrent salamander species, 
currently a species of concern in the region. Our Riparian Buffer Study treatments are designed 
to advance the development of management approaches that have a high likelihood of 
persistence of such sensitive species within managed wetlands.  
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Paradise, C., Gage, M., and Spivak, A. 2002. Effects of land use on insect communities in 
headwater streams north of Charlotte, NC. Program of the 63rd Annual Meeting of the 
Association of Southeastern Biologists. 49(2), 174-175.  
 
Increased development north of Charlotte, NC threatens habitat quality for aquatic life in streams 
by decreasing riparian buffers near streams and increasing the amount of runoff into streams. 
Sedimentation from erosion and poor construction practices is a principal source of stream 
pollution in developing areas. Our research focused on the relationship between benthic insects 
and stream condition as affected by surrounding land use. Because different insect families can 
tolerate varying levels of pollution, we were able to use the insects as indicators of stream and 
watershed health. We visited ten streams periodically from May 2001 to present, collected insect 
samples, conducted water chemistry tests, and assessed the physical habitat of the stream and its 
immediate surroundings. We used a Geographic Information System (GIS), aerial photographs, 
and digitized topographic maps to determine watershed boundaries and land use patterns within 
each watershed. The watersheds were categorized as undisturbed or disturbed based on land use 
and chemical and physical variables of the stream. Insect communities were consistently more 
diverse and abundant in streams draining undisturbed watersheds than in streams draining 
disturbed watersheds. Of all benthic samples taken at disturbed streams, only one stonefly of the 
family Perlidae was found. Stoneflies have a low tolerance to pollution, and they were found 
regularly in streams with undisturbed watersheds. These results imply a decrease in aquatic 
habitat quality in human-impacted watersheds and also suggest a need to protect those streams 
yet unaffected by development by imposing stricter riparian buffer regulations and erosion 
control practices. 
 
 
Piccolo, J.J. and Wipfli, M.S. 2002. Does red alder (Alnus rubra) in upland riparian forests 
elevate macroinvertebrate and detritus export from headwater streams to downstream 
habitats in southeastern Alaska? Canadian Journal of Fisheries and Aquatic Sciences 59: 
503-513.* 
 
We assessed the influence of riparian forest canopy type on macroinvertebrate and detritus 
export from headwater streams to downstream habitats in the Tongass National Forest, 
southeastern Alaska. Twenty-four fishless headwater streams were sampled monthly, from April 
to August 1998, across four riparian canopy types: old growth, clearcut, young-growth alder, and 
young-growth conifer. Young-growth alder sites exported significantly greater count (mean = 9.4 
individuals·m-3 water, standard error (SE) = 3.7) and biomass (mean = 3.1 mg dry mass·m-3 
water, SE = 1.2) densities of macroinvertebrates than did young-growth conifer sites (mean = 2.7 
individuals·m-3 water, SE = 0.4, and mean = 1.0 mg dry mass·m-3 water, SE = 0.2), enough prey 
to support up to four times more fish biomass if downstream habitat is suitable. We detected no 
significant differences in macroinvertebrate export between other canopy types or in detritus 
export among different canopy types. Roughly 70% of the invertebrates were aquatic; the rest 
were terrestrial or could not be identified. Although we do not recommend clearcutting as a 
means of generating red alder, maintaining an alder component in previously harvested stands 
may offset other potentially negative effects of timber harvest (such as sedimentation and loss of 
coarse woody debris) on downstream, salmonid-bearing food webs. 
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Price, K., Suski, A., McGarvie, J., Beasley, B., and Richardson, J.S. 2003. Communities of 
aquatic insects of old-growth and clearcut coastal headwater streams of varying flow 
persistence. Canadian Journal of Forest Research 33: 1416-1432. 
 
Headwater streams, varying in flow persistence from ephemeral to intermittent to perennial, 
provide the tightest coupling between water and land, yet they often receive the least protection 
during forest management. We described communities of aquatic insects in perennial, 
intermittent, and ephemeral channels surrounded by old-growth forest and 4- to 8-year-old 
clearcuts in Clayoquot Sound, British Columbia, to determine whether temporary streams have 
unique aquatic communities and to examine the short-term impacts of harvesting. We measured 
flow persistence, stream size, canopy cover, organic detritus, and algal biomass in 19 streams. 
We sampled aquatic invertebrates with a combination of emergence cages and kicknet samples. 
Temporary and old-growth streams had more organic detritus and a higher abundance of 
shredders. Perennial and clearcut streams had a higher abundance of some algal grazers, but not 
higher algal biomass. Insect richness was similar in intermittent and perennial streams of each 
seral stage but lower in ephemeral streams. Intermittent streams contained four taxa not found in 
the other stream classes; perennial and ephemeral streams had none. Communities of aquatic 
insects differed between streams surrounded by clearcuts and old growth, and varied with 
continuity of flow. 
 
 
Raphael, M. G., Bisson, P. A., Jones, L. L. C., and Foster, A. D. 2002. Effects of streamside 
forest management on the composition and abundance of stream and riparian fauna of the 
Olympic Peninsula. US Department of Agriculture, Forest Service No. GTR-563.* 
 
We conducted a retrospective study of the influence of timber harvest on vertebrate assemblages 
in and adjacent to small streams on the Olympic Peninsula, Washington, 1996 to 1999. Sixty-two 
sites were selected, with adjacent sites representing old-growth conditions and five site 
conditions resulting from silvicultural treatments: young, mature, thinned mature, buffered old, 
and buffered mature sites. To determine site-level patterns of species composition and structure, 
we developed an integrated sampling design targeting specific vertebrate taxa along and 
perpendicular to the axis of the stream. We also characterized the vegetation and habitat 
characteristics of streams and streamside buffers. Instream and near-stream amphibians were the 
best indicators of stream and streamside habitat condition, probably because of their low 
mobility, tendency to reside in or return to specific locations, lengthy larval period, ability to 
populate beyond obstacles to movement, and narrow limits of environmental tolerance. Small 
buffers contributed to site structural diversity, but fish communities were highly variable and not 
strongly related to buffer width. Effects of forest management on headwater stream and riparian-
associated vertebrates were often difficult to assess, probably because other factors such as local 
geomorphic features, weather patterns, long-term disturbance histories, and characteristics of 
surrounding landscapes obscured these patterns. 
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Richardson, J. S. 2000. Life beyond salmon streams: communities of headwaters and their 
role in drainage networks. L.M. Darling. Proceedings on Biology and Management of 
Species and Habitats at Risk, Kamloops BC, 15 - 19 Feb., 1999.  Volume Two.  Victoria, BC 
Canada, BC Ministry of the Environment, Land and Parks.* 
 
The headwaters of our watersheds are important for a number of intrinsic reasons, as well as for 
their impact on maintenance of downstream environments. The emphasis of research and 
management in stream ecosystems has typically been on salmonid fish, to the neglect of other 
stream and riparian organisms. Headwaters are sources of a large proportion of the energy used 
to fuel river food webs via organic matter that enters headwaters in the form of leaf litter from 
riparian vegetation. Headwaters themselves harbor a number of poorly known species, some of 
which occur nowhere else. There are many species associated with these environments, 
especially invertebrates, for which we lack even the most basic of information. Finally, the 
cumulative effects of small, incremental alterations to headwater channels may have impacts on 
downstream environments, but we have yet to design studies that adequately address this issue. 
 
 
Sauter, K.F. 1994.  Explaining variation in Western Washington riparian management 
zone width on state and private lands.  M.S. thesis, University of Washington, Seattle, 
Seattle, Washington. 
 
The past ten years have seen a tremendous shift toward riparian management among land 
managers. In Washington state, forest managers watched riparian regulations spring to life in 
1976 and continue to gain in prominence and complexity. These regulations have been 
implemented on a tapestry widely varied in the physical land forms they encompass, the 
landowners and managers who follow them, and these people's scientific literacy and attitudes 
toward the regulations. Given the complexity of both the regulations and the regulated, assessing 
the effectiveness of the regulations is a complicated job. However, before their effectiveness can 
be determined, it will be necessary to find out how the regulations are being followed, to what 
extent people are complying with the regulations and why, and where gaps in riparian literacy, if 
any, exist. This study begins this process of discovery by searching for explanations for some of 
the variation seen in riparian management zones. Riparian management zones (RMZs) are strips 
of standing forest left along streams to buffer them and their inhabitants from the effects of 
clearcutting and other timber harvesting practices. In their current form, western Washington 
RMZs have been required only since 1988. Between 1976 and 1988 the Washington Forest 
Practice(s) Rules and Regulations required "streamside management zones" which were intended 
to provide "stream bank integrity and temperature control" (Washington Forest Practices Board, 
1976 and 1982). In order to accomplish this intent, regulations required 25-50 foot buffers, 
leaving "all nonmerchantable vegetation" and "sufficient merchantable timber, if any, necessary 
to retain 50 [to] 75 percent of the summer mid-day shade of the water surface" (Washington 
Forest Practices Board 1976). In 1988 the RMZ regulations were strengthened considerably, 
requiring up to 100 foot buffers (Washington Forest Practices Board, 1988). The change in 
regulations was a result of the Timber/Fish/Wildlife (TFW) Agreement reached in 1987 among 
representatives of the Washington state tribes, forest products industry, environment community 
and natural resource agencies. The agreement sought to resolve conflicts between these diverse 
groups by recognizing the common goal of preservation of natural resources and at the same 
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time the need for a viable timber industry. As the final report of the agreement states, "these 
needs are not mutually exclusive. They are compatible" (TFW Agreement 1987). 
 
 
Sharpe, W.E. 1975. Timber management influences on aquatic ecosystems and 
recommendations for future research. Water Resources Bulletin 11: 546-550. 
 
Recent watershed research indicates that many timber management practices have profound 
effects on the water quality of small headwater streams. These streams often support fisheries of 
high value. Current knowledge seems to indicate that a definite potential exists for a symbiotic 
relationship between timber and fisheries management. Maximum development of both 
resources is attainable only if further research efforts recognize the mutually benefiting aspects 
of these heretofore separate disciplines . Future research should carefully examine the complex 
interrelationships between small headwater aquatic ecosystems and the riparian forest 
environment. 
 
 
Sidle, R.C., Fujieda, M., Shimizu, T., Tsuboyama, Y., Noguchi, S., and Hosoda, I. 2000. 
Stormflow generation in steep forested headwaters: A linked hydrogeomorphic paradigm. 
Hydrological Processes 14: 369-385. 
 
Headwater catchments are sources of sediments, nutrients, and biota for larger streams, yet the 
hydrologic pathways that transport these materials remain unclear. Dynamics of stormflow 
generation related to landform attributes and antecedent rainfall were investigated in a steep 
forested headwater catchment at Hitachi Ohta Experimental Watershed, Japan. Such headwater 
catchments are deeply incised: the narrow riparian corridors have limited capacities to store and 
transmit water to streams. Storm runoff was monitored at several nested scales within the 
catchment: (1) 2·48 ha first-order drainage (FB); (2) incipient 0.84 ha first-order drainage (FA) 
comprised of two zero-order basins; (3) 0·25 ha zero-order basin (ZB); and (4) 45 m2 hillslope 
segment (HS), including subsurface matrix flow (MF) and preferential flow (PF). Results from 
applied tracer and staining tests as well as observations of piezometric, tensiometric, and 
subsurface temperature responses were also employed to elucidate hydrologic pathways during 
storms. During the driest conditions, water yield from FB was only 1%; runoff occurred as 
saturated overland flow from the small riparian zone and direct channel interception. For slightly 
wetter conditions, subsurface flow from the soil matrix augmented stormflow. As wetness 
increased, two significant non-linear hydrologic responses occurred: (1) threshold response in 
geomorphic hollows (zero-order basins) where runoff initiated after an accumulation of shallow 
groundwater; and (2) self-organization and expansion of preferential flow pathways, which 
facilitate subsurface drainage. Stormflow increases observed during periods of increasing 
antecedent wetness depend upon temporal and spatial linkages and the unique hydrologic 
behavior of three components: (1) narrow riparian corridors; (2) linear hillslopes; and (3) 
geomorphic hollows. These linkages form the basis for an emerging hydrogeomorphic concept 
of stormflow generation for steep forested headwaters. Knowledge of stormflow response is 
critical to the assessment of management practices in these headwater areas as well as the routing 
of water and materials to larger stream systems. Copyright (C) 2000 John Wiley and Sons, Ltd. 
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Smidt, S. and Oswood, M.W. 2002. Landscape patterns and stream reaches in the Alaskan 
taiga forest: Potential roles of permafrost in differentiating macroinvertebrate 
communities. Hydrobiologia 468: 95-105. 
 
We investigated spatial variability in the community structure of stream macroinvertebrates at 
six reaches within Caribou-Poker Creeks Research Watershed in the Alaskan taiga forest. Stream 
reaches differed most notably in river continuum position (stream orders 1-4) and influence of 
permafrost. Permafrost may underlie much of an entire watershed or may be only locally present 
in valley bottoms. Permafrost distribution influences hydrology, water temperature, and riparian 
vegetation. We sampled benthic macroinvertebrates six times during the ice-free season between 
June 1995 and June 1996. Mean invertebrate abundance (range: 1,160-14,494 individuals • m-2) 
was significantly different among sites, the lower values occurring in stream reaches affected by 
the local presence of permafrost and the highest value in a headwater stream unaffected by 
permafrost. Taxonomic composition of the macroinvertebrate community also differed among 
reaches, with the quantity of watershed-level permafrost and stream size providing the strongest 
influences. This research highlights the importance of permafrost at two spatial scales (watershed 
and reach) for macroinvertebrate communities of headwater streams at high latitudes. 
 
 
Sponseller, R.A., Benfield, E.F., and Valett, H.M. 2001. Relationships between land use, 
spatial scale and stream macroinvertebrate communities. Freshwater Biology 46: 1409-
1424.* 
 
1. The structure of lotic macroinvertebrate communities may be strongly influenced by land-use 
practices within catchments. However, the relative magnitude of influence on the benthos may 
depend upon the spatial arrangement of different land uses in the catchment. 
2. We examined the influence of land-cover patterns on in-stream physico-chemical features and 
macroinvertebrate assemblages in nine southern Appalachian headwater basins characterized by 
a mixture of land-use practices. Using a geographical information system (GIS)/remote sensing 
approach, we quantified land-cover at five spatial scales; the entire catchment, the riparian 
corridor, and three riparian 'sub-corridors' extending 200, 1000 and 2000 m upstream of 
sampling reaches. 
3. Stream water chemistry was generally related to features at the catchment scale. Conversely, 
stream temperature and substratum characteristics were strongly influenced by land-cover 
patterns at the riparian corridor and sub-corridor scales. 
4. Macroinvertebrate assemblage structure was quantified using the slope of rank-abundance 
plots, and further described using diversity and evenness indices. Taxon richness ranged from 24 
to 54 among sites, and the analysis of rank-abundance curves defined three distinct groups with 
high, medium and low diversity. In general, other macroinvertebrate indices were in accord with 
rank-abundance groups, with richness and evenness decreasing among sites with maximum 
stream temperature. 
5. Macroinvertebrate indices were most closely related to land-cover patterns evaluated at the 
200 m sub-corridor scale, suggesting that local, streamside development effectively alters 
assemblage structure.6. Results suggest that differences in macroinvertebrate assemblage 
structure can be explained by land-cover patterns when appropriate spatial scales are employed. 
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In addition, the influence of riparian forest patches on in-stream habitat features (e.g. the thermal 
regime) may be critical to the distribution of many taxa in headwater streams draining 
catchments with mixed land-use practices. 
 
 
Steedman, R.J. 2000. Effects of experimental clearcut logging on water quality in three 
small boreal forest lake trout (Salvelinus namaycush) lakes. Canadian Journal of Fisheries 
and Aquatic Sciences 57: 92-96.* 
 
Water quality was monitored in three 30-ha stratified headwater Precambrian Shield lakes for 5 
years before and 3 years after moderate to extensive catchment deforestation. These lakes, which 
had water renewal times of about a decade, showed only minor changes in water quality by the 
third year after logging. Water quality response in a lake with moderate deforestation and intact 
shoreline forest was similar to that in two lakes with extensive upland and shoreline 
deforestation. By the second and third years after logging, May-September average volume-
weighted concentrations of dissolved organic carbon, chlorophyll, total nitrogen, K+, Cl-, and Si 
had all increased, generally by about 10-40% over predisturbance levels, while Ca2+ and Mg2+ 
had declined by 10-25%. Dry weather the first year after logging was associated with temporary 
declines of 10-20% in dissolved organic carbon and chlorophyll. 
 
 
Steedman, R.J. 2003. Littoral fish response to experimental logging around small boreal 
shield lakes. North American Journal of Fisheries Management 23: 392-403.* 
 
Littoral minnow trap catch in three small (26-39-ha), dimictic, oligotrophic headwater lakes in 
northwestern Ontario, Canada, was monitored for  years before and after moderate to extensive 
watershed and shoreline clear-cutting. An abundant and diverse littoral fish community, 
dominated by Cyprinidae, persisted in the study lakes 5 years after logging, suggesting that 
logging impacts were small, compensatory, or delayed. The species richness of the catch among 
lakes ranged from 6 to 10 species and was constant within lakes. Although catch and average 
fish size varied significantly over the 10-year study, changes were not clearly linked with 
logging impacts. In the postlogging period, total catch was 17% less in the moderately disturbed 
lake (45% of watershed logged, with shoreline buffer strips) and 2-27% less in the two 
intensively disturbed lakes (75% of watershed and 60% of shoreline logged) than in the 
prelogging period. However, total catch began to decline 1-2 years before the experimental 
logging treatments in all cases. A similar pattern of reduced catch was evident for most of the 
abundant littoral fish species individually, although each lake had at least one relatively 
uncommon species that increased in abundance during the postlogging period. Average fish size 
in the moderately disturbed lake was 1-7% smaller in the postlogging period. In the extensively 
disturbed lakes, average size of the most abundant species increased by 1%; other species 
showed various responses, ranging from an 11% increase to an 11% decrease. Removal of 
approximately 23,000 fish from two of the lakes in the last year of the study did not produce an 
immediate reduction in total catch. 
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Story, A.R., Moore, D., and Macdonald, J.S. 2003. Stream temperatures in two shaded 
reaches below cutblocks and logging roads: downstream cooling linked to subsurface 
hydrology. Canadian Journal of Forest Research 33: 1383-1396. 
 
This study examined water temperature patterns and their physical controls for two small, 
clearing-heated streams in shaded reaches downstream of all forestry activity. Field observations 
were made during July–August 2000 in the central interior of British Columbia, Canada. For 
both reaches, downstream cooling of up to 4°C had been observed during daytime over distances 
of ~200 m. Radiative and convective exchanges of energy at heavily shaded sites on both reaches 
represented a net input of heat during most afternoons and therefore could not explain the 
observed cooling. In one stream, the greatest downstream cooling occurred when streamflow at 
the upstream site dropped below about 5 L·s-1. At those times, temperatures at the downstream 
site were controlled mainly by local inflow of groundwater, because the warmer water from 
upstream was lost by infiltration in the upper 150 m of the reach. Warming often occurred in the 
upper subreach, where cool groundwater did not interact with the channel. At the second stream, 
creek temperature patterns were comparatively stable. Energy balance estimates from one 
afternoon suggested that groundwater inflow caused about 40% of the ~3°C gross cooling effect 
in the daily maximum temperature, whereas bed heat conduction and hyporheic exchange caused 
about 60%. 
 
 
Sutherland, G.D. 2002. Risk assessment for conservation under ecological uncertainty: A 
case study with a stream-dwelling amphibian in managed forests.  Ph.D. thesis, University 
of British Columbia. 
 
Quantifying risks of forest and habitat management options are often limited by uncertainties in 
habitat associations, life history and population trends for resident species. Using the tailed frog 
Ascaphus truei, a headwater stream-dependent amphibian, I: (1) developed hierarchical models 
of habitat relationships across this species' range in British Columbia; (2) examined plausible life 
history responses to habitat change, and (3) investigated population persistence outcomes within 
and among streams to uncertain effects of forest harvesting and disturbance scenarios. To 
develop habitat association relationships I used classification and regression trees (CART) 
together with simple and partial Mantel tests. Variables describing biophysical setting at meso- 
and micro-scales had a greater influence on occurrence and abundance of larval frogs than did 
adjacent forest practices, possibly because most sampling sites were in disturbed watersheds. 
Underlying geology was a consistently important determinant of occurrence patterns, with fine-
scale stream structure more important in determining abundance. Using life stage-based 
population matrix models, I explored consequences of different life history strategies and ranges 
of habitat productivity and environmental variation on population persistence. Persistence is 
decreasingly sensitive to changes in growth rates, tadpole and adult survival, and fecundity. 
Populations also appear more sensitive to changes in survivorship of in-stream stages (eggs, 
hatchlings and tadpoles) than riparian stages (juveniles/adults). Clinal, elevational, and local 
reductions in habitat productivity (e.g., shorter growing seasons, reduced light penetration in 
mid-seral forests) appear as dominant factors mediating how local fluctuations in demographic 
rates determine risks of loss of small populations, even if environmental variation is relatively 
low. Using a spatially explicit metapopulation-landscape dynamics model, I explored six 
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plausible hypotheses linking habitat alterations to population dynamics in response to forest 
harvesting and disturbances. Risks to populations from disturbance depend strongly on 
assumptions about age at first reproduction. Incremental effects of forest harvesting on risks 
were small compared with those already incurred through stochastic events (floods, debris flows, 
climatic variation) or state of the landscape. Once extirpated, population recovery through 
dispersal appears unlikely. However, key uncertainties about the impacts of harvesting and forest 
succession on demographic rates render evaluation of alternative riparian protection systems 
difficult with present knowledge. 
 
 
Swee May, T., Franklin, J.F., and Montgomery, D.R. 1997. Forest harvest patterns and 
landscape disturbance processes. Landscape Ecology 12: 349-363. 
 
A physically-based model of the topographic influence on debris flow initiation and a rule-based 
model for wind damage were used to assess the influence of forest clearcutting patterns (i.e., 
location, size, shape and distribution of cut units) on the potential for landscape disturbance by 
these processes in Charley Creek watershed, Washington State, USA. Simulated clearcutting 
patterns consisted of 7, 9 or 26 ha square or rectangular harvest units distributed in either an 
aggregated or dispersed pattern under three stream-buffering scenarios. The slope-stability model 
predicted that potentially unstable ground is concentrated along steep headwater streams and 
inner-gorge side-slopes. Areas susceptible to wind damage were determined from the 
combination of slope, aspect, elevation, soil drainage and primary tree species. Among the 
variables examined here, the location of harvest units constitutes the most important factor 
influencing the potential for shallow landsliding. In contrast, the location, size, and shape of 
clearcuts and the interactions among these three factors significantly influenced the potential for 
wind damage. Minimal correspondence between areas predicted to be potentially unstable and 
areas susceptible to wind damage implies that harvest patterns designed to mitigate the potential 
for shallow landsliding may not necessarily reduce the potential for wind damage. Our results 
demonstrate that: (1) the location of timber harvesting is more important than the geometry of 
harvest activity in influencing shallow landsliding; (2) forest harvest patterns strongly influence 
the potential for disturbance processes; and (3) a single cutting pattern will often fail to meet all 
landscape management goals. 
 
 
Toledo, Z.O. and Kauffman, J.B. 2001. Root biomass in relation to channel morphology of 
headwater streams. Journal of the American Water Resources Association 37: 1653-1663. 
 
Intact riparian zones are the product of an incredibly complex multitude of linkages between the 
geomorphic, hydrologic, and biotic features of the ecosystem. Land-use activities that sever or 
alter these linkages result in ecosystem degradation. We examined the relationship between 
riparian vegetation and channel morphology by sampling species composition and herbaceous 
root biomass in incised (down-cut and widened) versus unincised (intact) sections of 
unconstrained reaches in three headwater streams in northeastern Oregon. Incision resulted in a 
compositional shift from wetland-obligate plant species to those adapted to drier environments. 
Root biomass was approximately two times greater in unincised sections than incised sections 
and decreased with depth more rapidly in incised sections than in unincised sections. Total root 
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biomass ranged from 2,153 g•m-2 to 4,759 g•m-2 in unincised sections and from 1,107 g•m-2 to 
2,215 g•m-2 in incised sections. In unincised sections less than 50 percent of the total root 
biomass was found in the top 10 cm, with approximately 20 percent in successive 10-cm depth 
increments. In contrast, incised sections had greater than 60 percent of the total root biomass in 
the top 10 cm, approximately 15 percent in the 10 to 20 cm depth, less than 15 percent in the 20 
to 30 cm depth, and less than 10 percent in the 30 to 40 cm depth. This distribution of root 
biomass suggests a positive feedback between vegetation and channel incision: as incision 
progresses, there is a loss of hydrologic connectivity, which causes a shift to a drier vegetation 
assemblage and decreased root structure, resulting in a reduced erosive resistance capacity in the 
lower zone of the streambank, thereby allowing further incision and widening. 
 
 
Trayler, K.M. and Davis, J.A. 1998. Forestry impacts and the vertical distribution of 
stream invertebrates in south-western Australia. Freshwater Biology 40: 331-342.* 
 
1. Vertical distributions of invertebrates (> 53 �m) were compared between two logged and two 
undisturbed headwater streams in south-western Australia. The abundance and composition of 
invertebrates from core samples (4 cm diameter, 30 cm depth) were determined at intervals of 0-
1 cm, 1-5 cm, 5-15 cm and 15-30 cm. 
2. In addition to examining the effects of clearfell logging, this study provides the first 
description of the interstitial communities of Australian sandy streams. The interstitial fauna of 
the undisturbed streams were concentrated in the upper 5 cm of the bed and were numerically 
dominated by nematodes, a characteristic more typical of marine and lentic habitats than lotic 
systems. 
3. The invertebrate community structure was substantially altered in the logged streams, with 
fewer taxa collected than in undisturbed streams. Invertebrate densities in the logged and 
undisturbed streams did not differ in the upper 5 cm of the bed, but, below this, densities were 
significantly lower in the logged streams. Increased sedimentation did not appear to be 
responsible for the differences in community structure between logged and undisturbed streams. 
4. The impact of clearfell logging to the extent shown here has not previously been demonstrated 
in south-western Australia. As a consequence it is strongly recommended that sampling of the 
benthic meiofauna is included in future biomonitoring protocols for the sandy streams of this 
region. 
 
 
Wilkins, R.N. and Peterson, N.P. 2000. Factors related to amphibian occurrence and 
abundance in headwater streams draining second-growth Douglas-fir forests in 
southwestern Washington. Forest Ecology and Management 139: 79-91. 
 
Forested headwaters of the US Pacific Northwest are an important habitat resource for a varied 
amphibian fauna. Factors related to occupancy and relative abundance for many of these species 
are poorly known, adding uncertainty to conservation decisions in managed forestlands. We 
sampled occurrence and abundance of amphibians in 40 perennial headwater streams traversing 
50-65-year-old second-growth forests in the coast range of southwestern Washington. Streams 
were divided among basalt (n=18) and marine sediment (n=22) lithologies. Our samples resulted 
in collections of 1141 amphibians of six taxa - three stream-breeders and three woodland 
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salamanders. Stream-breeding taxa included larval and neotenic giant salamanders 
(Dicamptodon spp.), Columbia torrent salamanders (Rhyacotriton kezeri) and larval tailed frogs 
(Ascaphus truei). Pacific giant salamanders (D. tenebrosus) and/or Cope's giant salamanders (D. 
copei) occupied 95% of sampled streams, accounting for 57% of total amphibians collected. 
Streams traversing basalt lithology had almost twice the giant salamander abundance of marine 
sediment streams. Adjusting for lithology, giant salamanders increased in abundance with 
increasing pool frequencies in combination with increasing large woody debris (LWD) 
accumulations in adjacent riparian areas, and decreased with increasing accumulations of large 
(>60 cm diameter) woody debris in the channel. Torrent salamanders occupied 53% of sampled 
streams. The likelihood of habitat occupancy by torrent salamanders increased as channel 
gradient increased and basin area decreased. When adjusted for basin area, torrent salamander 
abundance increased as the proportion of the active channel with flowing water decreased, and at 
more northerly aspects. Larval tailed frogs larva were found in 13% of sampled streams, 
exclusively occupying basalt streams at elevations >300 m. At least one of the three species of 
woodland salamanders (Plethodon spp.) occupied habitats adjacent to 93% of sampled streams. 
Western red-backed salamanders (P. vehiculum) were most ubiquitous, occupying habitats 
adjacent to 85% of sampled streams. Dunn's salamanders (P. dunni) occupied habitats adjacent 
to 58% of sampled streams, likelihood of occurrence increasing with increasing gradient of the 
steepest sideslope. Van Dyke's salamanders (P. vandykei) occupied habitats adjacent to three 
streams, all of which traversed basalt lithologies on north-facing slopes. Our results suggest that 
habitat quality for headwater amphibians in this region is strongly influenced by landform 
characteristics, including basin lithology. These associations provide managers an opportunity to 
improve headwater amphibian conservation strategies by prioritizing stream segments with 
respect to their likely amphibian fauna. (c) 2000 Elsevier Science B.V. All rights reserved. 
 
 
Willson J.D and Dorcas M.E. 2003. Effects of habitat disturbance on stream salamanders 
Implications for buffer zones and watershed management. Conservation Biology 17: 763-
771.* 
 
With human populations increasing worldwide, habitat destruction and degradation are among 
the greatest threats facing wildlife. To minimize the impacts of development on aquatic habitats, 
numerous conservation measures have been implemented, including the use of riparian buffer 
zones along streams and rivers. We examined the effectiveness of current buffer-zone systems 
for management of small watersheds in conserving stream-dwelling salamander populations in 
10 small streams (draining 40.5 ha) in the western Piedmont of North Carolina. We captured 
salamanders by means of funnel traps and systematic dipnetting and used a geographic 
information system to calculate the percentage of disturbed habitat within the watershed of each 
stream and within 10.7-, 30.5-, and 61.0-m buffer zones around each stream, upstream from our 
sampling locations. Although the relative abundance of salamanders was strongly inversely 
proportional to the percentage of disturbed habitat in the entire watersheds (R2 = 0.71 for 
Desmognathus fuscus and 0.48 for Eurycea cirrigera), we found little to no correlation between 
the relative abundance of salamanders and the percentage of disturbed habitat present within 
buffer zones (R2 = 0.06–0.27 for D. fuscus and 0.01–0.07 for E. cirrigera). Thus, conservation 
efforts aimed at preserving salamander populations in headwater streams must consider land use 
throughout entire watersheds, rather than just preserving small riparian buffer zones. 
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Wipfli, M.S. and Gregovich, D.P. 2002. Export of invertebrates and detritus from fishless 
headwater streams in southeastern Alaska Implications for downstream salmonid 
production. Freshwater Biology 47: 957-969.* 
 
1. We examined the export of invertebrates (aquatic and terrestrial) and coarse organic detritus 
from forested headwaters to aquatic habitats downstream in the coastal mountains of southeast 
Alaska, U.S.A. Fifty-two small streams (mean discharge range: 1.2–3.6 L s-1), representing a 
geographic range throughout southeast Alaska, were sampled with 250-lm nets either seasonally 
(April, July, September) or every 2 weeks throughout the year. Samples were used to assess the 
potential subsidy of energy from fishless headwaters to downstream systems containing fish. 
2. Invertebrates of aquatic and terrestrial origin were both captured, with aquatic taxa making up 
65–92% of the total. Baetidae, Chironomidae and Ostracoda were most numerous of the aquatic 
taxa (34, 16 and 8%, respectively), although Coleoptera (mostly Amphizoidae) contributed the 
greatest biomass (30%). Mites (Acarina) were the most numerous terrestrial taxon, while 
terrestrial Coleoptera accounted for most of the terrestrial invertebrate biomass.  
3. Invertebrates and detritus were exported from headwaters throughout the year, averaging 163 
mg invertebrate dry mass stream-1 day-1 and 10.4 g detritus stream-1 day-1, respectively. The 
amount of export was highly variable among streams and seasons (5–6000 individuals stream-1 
day-1 and <1–22 individuals m-3 water; <1–286 g detritus stream-1 day-1 and <0.1–1.7 g 
detritus m-3 water). Delivery of invertebrates from headwaters to habitats with fish was 
estimated at 0.44 g dry mass m-2 year-1. We estimate that every kilometre of salmonid-bearing 
stream could receive enough energy (prey and detritus) from fishless headwaters to support 100–
2000 young-of-the-year (YOY) salmonids. These results illustrate that headwaters are source 
areas of aquatic and terrestrial invertebrates and detritus, linking upland ecosystems with habitats 
lower in the catchment. 
 
 
Young, K.A. 2000. Riparian zone management in the Pacific Northwest:  who's cutting 
what? Environmental Management 26: 131-144.* 
 
In the Pacific Northwest (PNW) of North America, forestry practices during the last century 
have degraded the ecological linkages between riparian forests and streams. In an attempt to 
protect the integrity of lotic ecosystems and associated fisheries resources (primarily anadromous 
Pacific salmon, Oncorhynchus sp.), regional governments now restrict timber harvest in riparian 
forests. I summarize and assess the riparian zone management guidelines of the states of 
California, Oregon, and Washington (USA) and the province of British Columbia (Canada). 
Only Oregon and British Columbia protect fish-bearing streams with ‘‘no-harvest’’ zones, and 
only the wider (20–50 m) no-harvest zones for larger fish-bearing streams in British Columbia 
are likely to maintain near-natural linkages between riparian and stream ecosystems. All four 
jurisdictions protect most streams with ‘‘management zones’’ of variable width, in which timber 
harvest activities are restricted. All the management zone guidelines permit the harvest of the 
largest conifers from riparian forests and will, if applied over a series of timber harvest rotations 
(60–80 years), result in the continued removal of potential sources of large woody debris from 
the region’s watersheds. All four jurisdictions require additional protection for streams and 
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watersheds that are severely degraded or (in the United States) contain threatened or endangered 
species. The governments of the PNW have taken a ‘‘manage until degraded, then protect’’ 
approach to riparian forest management that is unlikely to maintain or restore the full suite of 
riparian-stream linkages necessary for lotic ecosystems to function naturally at the stream, 
watershed, basin, or regional scale. 
 
 
Young, K.A., Hinch, S.G., and Northcote, T.G. 1999. Status of resident coastal cutthroat 
trout and their habitat twenty-five years after riparian logging. North American Journal of 
Fisheries Management 19: 901-911.* 
 
In 1973 two sections of a small headwater stream containing allopatric nonanadromous coastal 
cutthroat trout Oncorhynchus clarki were subjected to two types of streamside logging: (1) clear-
cut to the streambank with all existing wood and logging debris left in the channel and on 
adjacent hill slopes (section B; 4.2% gradient), and (2) clear-cut to the streambank with all 
logging debris and existing instream wood removed from the channel and adjacent hill slopes 
(section A; 0.8% gradient; termed scarified). A third upstream reference section was undisturbed 
(section C; 4.8% gradient). The hill slopes of both treatment sections were burned in 1974. 
Instream habitat (large woody debris and pool percentage), water temperature, and fish 
populations were assessed intermittently during the following 25 years. Instream habitat, water 
temperature, and trout density in section B were in all years similar to the upstream reference 
section, C. In section A, summer maximum stream temperatures reached 30°C immediately after 
logging but had moderated by 1975 and were similar to the reference section by 1983; the 
proportion of wetted area that was in pools was 14% in 1975, 33% in 1985, and 49% in 1997; 
trout density was low (0.05 fish/m2) after logging but had returned to the reference level (0.21 
fish/m2) by 1983 and was double (0.49 fish/m2) the reference level in 1997. The recent increase 
in fish density in section A may have been influenced by instream habitat enhancement and 
riparian thinning conducted in 1985. Trout density in section A is presently similar to that found 
in a nearby low-gradient stream with an undisturbed riparian zone. Our results suggest that large 
pieces of wood that are left in and over small streams after logging, although a contravention of 
current logging regulations in British Columbia, may help protect resident trout populations 
following riparian logging. 
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Summary 
 
In this document, we provide the scientific basis for determining riparian buffer widths needed to 
protect streams from certain harmful effects of logging-related activities, or “forest practices” as 
they are referred to in Washington state law. Based on available scientific information, we 
recommend specific riparian widths for fish bearing and non-fish bearing streams that will 
provide fully functional riparian forests over the long-term and thus minimize the risk that 
continued degradation of riparian habitat will result in the extinction of salmonids at any time in 
the future.  
 
Protecting salmonid habitat over the long-term means providing adequate protection for all areas 
that are or might become aquatic habitat at some point in the future. This means that floodplains, 
channel migration zones, and small valley floors that could be flooded by beaver dams, all need 
to be protected. Outside of these areas, riparian buffers are needed to ensure that current and 
future aquatic habitat is adequately protected and supplied with appropriate levels of material and 
energy inputs. We determined the size of riparian buffers needed to provide stream environments 
with levels of large woody debris (LWD), small woody debris (SWD), litterfall, shade and 
relative humidity that approximate natural conditions. We also determined the width of riparian 
buffers necessary to remain windfirm. We did not determine the protection necessary to ensure 
that sediment loading to streams returned to approximately natural levels since this requires 
protecting unstable slopes, areas that are often outside of what are normally referred to as riparian 
buffers. 
 
To eventually have instream levels of LWD and SWD that approximate natural conditions, a 
buffer width of one 300 year site potential tree height (SPTH300) is needed. In western 
Washington, SPTH300 generally range from 105-250 feet, while in eastern Washington, they 
range from 50-250 feet. To maintain instream litterfall rates at natural levels requires buffer 
widths of one-half a SPTH300, while buffers become relatively windfirm when they are wider than 
75 feet. In order to provide shade to streams that approximates natural conditions, buffer widths 
of 250 feet are required. Likewise, 250 foot buffers are necessary to maintain relative humidity 
levels near the stream at natural levels. 
 
Therefore, in order to fully protect and restore riparian habitat upon which salmonids depend, 
interim buffer widths of 250 feet are proposed for all perennial streams and a width equal to one 
full site potential tree height (50-250 feet) on all seasonal streams. These buffers are intended to 
ensure that riparian forests return to as close to 100% functionality over the long-term as is 
reasonably possible, and that the future condition of riparian forests does not contribute 
significantly to the loss of salmonid populations. The rationale for these buffer widths is based on 
the best, currently available scientific information.  
 
These buffers are considered interim because as more data becomes available, the widths of these 
buffers may change. For example, on smaller perennial streams, buffers narrower than 250 feet 
may, in certain instances, still provide close to 100% riparian function (once they recover from 
their current degraded state).  
 
While these proposed buffer widths will ultimately minimize the negative affects of riparian 
conditions on salmonid populations, the continued existence of salmonids in forested watersheds 
is also dependent on adequate protection elsewhere. In particular, forest practice activities on 
unstable slopes need to be minimized, and problems resulting from extensive logging road 
networks still need to be addressed. 
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Figure legend 
 
   Page 
Figure 1. Visual representation of interaction and input buffers for (A) a meandering 


stream with a floodplain and (B) a small stream that could be dammed by 
beaver. The interaction buffer is the stream and stream-adjacent area that 
interacts with and is physically affected by fluvial processes. In contrast, 
input buffers are areas that regulate the input of energy and materials to the 
stream network, but are never directly affected by fluvial processes. 
Drawings are not to scale.  3  


 
Figure 2.  Cumulative instream LWD delivery potential of riparian forests as a function 


of distance from stream. Based on McDade et al 1990.  7 
 
Figure 3.  Cumulative loss of LWD sources for fish bearing streams under various 


management scenarios relative to natural conditions. Standard FPRs 
(Standard Forest Practice Rules) scenario is for a watershed with an average 
elevation of 1000 feet for fish bearing streams and therefore an average 
riparian shade buffer width of 50 feet on fish bearing streams and no buffers 
on non-fish bearing streams. Yarding corridors are assumed to remove 20% 
of the trees within the buffer and roads are assumed to remove another 3%. 
Forestry Module* scenario (optimistically) assumes 100 foot buffers on fish 
bearing streams and 50 foot buffers on 50% of non-fish bearing streams. 
Yarding corridors are assumed to remove 20% of the trees within the buffer 
and roads are assumed to remove another 3%. DNR HCP (Department of 
Natural Resources Habitat Conservation Plan) scenario assumes 170 foot 
buffers on fish bearing streams, 100 foot buffers on Type 4 streams and no 
buffers on all other streams. Yarding corridors are assumed to remove 10% 
of the trees within the buffer and roads are assumed to remove another 3%. 
All calculations are for riparian buffers with a SPTH of 215 feet (a 100 year 
site potential of 170 feet), and assume that 25% of LWD in fish bearing 
streams originates from upstream (non-fish bearing) reaches. For 
comparative purposes, it is assumed that no harvest occurs within the riparian 
buffers, therefore the figure illustrates minimum LWD loss estimates.  10 


 
 
Figure 4.  Small woody debris recruitment curves for small and large streams in site 


class III forest land. From Pollock et al. (in preparation).  12 
 
 
Figure 5.  Comparison of estimated benefits of riparian forests to stream shading as a 


function of distance from stream from measuring solar radiation and angular 
canopy density (ACD). Based on Steinblums et al. 1984, Brosofske et al. 
1997.  14 
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Figure 6.  Riparian buffer width vs. riparian tree blowdown within the buffer (adapted 


from Mobbs and Jones 1992).  17 
 
 
Figure 7.  Cumulative benefits of riparian forests to regulating relative humidity near 


streams as a function of distance from stream. Based on Brosofske et al. 
1997.   19 


 
 
Figure 8.  Cumulative benefits of unmanaged riparian forests to streams as a function of 


distance from stream. (a) Productivity Site Class I forests, (b) Site Class II, 
(c) Site Class III, (d) Site Class IV. Curves based on McDade et al 1990, 
Brosofske et al. 1997 and Pollock et al. (in preparation). Site class tree 
heights are from McArdle et al. 1930, and are for 300 year old Douglas fir 
forests.  21 


 
 
Figure 9.  Height v. age for two common riparian plant associations groups (PAGs) for 


the Mt. Baker-Snoqualmie National Forest, Washington. PAG 4 has a site 
potential tree height (SPTH) of 218 feet. Site class is approximately equal to 
a 100 year site index of 170 feet (based McArdle et al. 1930). PAG 5 has a 
SPTH of 198 feet. Site class is approximately equal to a 100 year site index 
of 150 feet. All species are represented (mostly Douglas’ fir) and some 
heights represent damaged tops. Each data point represents one Ecoplot. Data 
collected between 1979 and 1995. Source: Unpublished Data, Mt. Baker-
Snoqualmie National Forest.  31  
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Table legend 
 
Table 1.  Long-term LWD recruitment potential for site class II and III forests under 


various management scenarios, relative to natural conditions. Standard FPRs 
(Forest Practice Rules) and the Forestry Module* allow yarding corridors to 
remove 20% of the long-term LWD sources, the DNR HCP allows a 10% 
loss, while SPTH on all streams and the WDFW WSP (Wild Salmonid 
Policy) assume no yarding corridors. For all management plans, roads are 
assumed to remove an additional 3% of the RMZ. Because of the uncertainty 
as to how much LWD in fish bearing streams comes from upstream sources, 
two sets of scenarios are included for each site class. The first assumes 
(based on McGarry 1994) that 50% of LWD comes from upstream sources 
(e.g. debris flows), while the second assumes that only 25% of LWD comes 
from upstream. The estimate for Current Standard Forest Practice Rules is for 
a watershed where the average elevation of fish bearing streams is 1000 feet 
and that therefore on average, a 50 foot shade buffer is required (WFPB 
1995). DNR HCP and WDFW WSP scenarios assume that Type 4 streams 
constitute 30% of the non-fish bearing stream network, therefore the RMZ 
width given is a weighted average of Type 4 and all other non-fish bearing 
streams.  9 


 
Table 2.  Relationship between riparian buffer width and windthrow in forests of the 


western Oregon Cascades. Data derived from Sherwood 1993 and 
Steinblums 1978 as cited in Appendix A of Sherwood 1993. For Steinblums’ 
data, wood volume losses > 20% were considered to be windthrow. For 
Sherwoods' data, basal area losses >20% were considered to be windthrow.  18 
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Introduction 
 
A credible plan to protect and restore 
salmonid habitat on private forest lands in 
Washington state is long overdue. Many 
salmonid runs within the state are in critical 
condition and many stocks are already 
extinct (Nehlsen et al. 1991). The rate at 
which stocks are declining is alarming and 
suggests that substantial improvements in 
salmonid habitat protection need to occur 
immediately to prevent remaining stocks 
from becoming extinct. Existing regulations 
provide minimal levels of habitat protection 
and fail to adequately protect endangered 
species (Stelle 1998). To prevent the 
extinction of dwindling salmonid runs, 
changes in watershed management that 
protect and restore salmonid habitat in a 
meaningful time frame need to be adopted.  


In this document, we provide the scientific 
basis for determining riparian buffer widths 
needed to protect streams from the harmful 
effects of logging-related activities, or 
“forest practices” as they are referred to in 
Washington state law (WFPB 1995a, WFPB 
1995b). We also briefly discuss additional 
protection outside the riparian zone that will 
be needed. Based on our interpretation of 
available data, we recommend specific 
riparian buffer widths for fish bearing and 
non-fish bearing streams that will provide 
fully functional riparian forests over the 
long-term and thus minimize the probability 
that continued degradation of riparian 
habitat will result in the extinction of 
salmonids at any time in the future.  


 
 
 


Fundamental components of a salmonid habitat conservation strategy 
 
In forested watersheds, salmonid habitat is 
primarily degraded by three logging-related 
activities: 1) road construction, 2) logging 
on unstable slopes and 3) logging in riparian 
zones (see reviews in Meehan 1991, 
FEMAT 1993). As such, a salmonid habitat 
protection strategy needs to adequately 
protect unstable slopes and riparian areas, as 
well as ensuring that roads are constructed 
properly. If these three activities are 
properly regulated, freshwater salmonid 
habitat is more likely to recover over the 
long-term. To the extent that these activities 
are not properly regulated, there will be an 
increasing level of uncertainty as to whether 
salmonid populations persist. As a hedge 
against this uncertainty, healthy areas where 
entire watersheds are managed as natural 
reserves, need to be included as a fourth 
major component of a salmonid habitat 


protection plan (sensu FEMAT 1993). 
While detailed plans for all these 
components are important, this paper 
focuses on developing a scientific rationale 
for adequately protecting riparian habitat.  
 
Riparian buffers are the key component of 
any salmonid habitat conservation strategy 
because they occupy the greatest amount of 
land area and provide the majority of the 
ecological goods and services required to 
keep salmonid habitat functional. However, 
strategies to protect unstable slopes, ensure 
that roads are correctly built and maintained, 
and protect watershed refugia are also quite 
important. Thus, the recommendations 
presented here are adequate for protecting 
salmonid habitat only if additional 
protection is provided outside of the riparian 
zone. 
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Functional components of riparian buffers 
 
The term riparian refers to the environment 
adjacent to waterbodies such as streams, 
lakes and wetlands. Naiman et al. (1998) use 
the term “riparian forest” to refer to 
vegetation directly adjacent to rivers and 
streams, and includes the floodplain and any 
adjacent area that can contribute organic 
matter such as large wood debris (LWD) to 
the active channel or floodplain (sensu 
Gregory et al. 1991). We generally agree 
with this definition, but modify it to include 
contributions other than organic matter, and 
include areas adjacent to all waterbodies, not 
just streams. Thus, while we refer to the 
effects of riparian forests on streams, we 
suggest that most of these effects also apply 
to other waterbodies such as lakes and 
wetlands. A key question for determining 
whether forests are riparian is to ask whether 
the removal of the forest could measurably 
affect the adjacent aquatic environment. 
This defines “riparian forest” in functional 
terms by asking whether or not the presence 
of vegetation influences the condition of the 
aquatic environment. Thus we define 
riparian vegetation as: “Any vegetation 
adjacent to waterbodies, that if removed, 
could result in a measurable change in the 
physical, chemical or biological properties 
of the waterbody.” 
 
We also define two general, functional 
components to riparian corridors, an 
interaction buffer and an input buffer. 
(Figure 1). The interaction buffer is the 
stream and stream-adjacent buffer that 
regularly affects and is affected by fluvial 
processes. This represents the area where 
aquatic habitat currently exists or could be 
formed by natural processes. Therefore it is  
approximated by the area where a channel 
and its floodplain currently exist or are  
likely to be found in the foreseeable future. 
This area includes both aquatic and riparian 
habitat, but it is unique in the landscape in 
that any particular location may become 
aquatic habitat, and that many locations 
have a characteristic frequency with which 
they switch back and forth between aquatic 
and riparian habitat. For example, the 
location of a young riparian forest on a point 


bar on a meander bend along a river is the 
same location where the river once was, 
perhaps a few years earlier. There is a 
certain probability that at some point in time 
the river will meander back to that point. 
Thus over time, that particular location 
exists as both aquatic and riparian habitat. 
 
In contrast, input buffers include areas that 
can or do deliver or regulate substantial 
material or energy inputs, primarily organic 
matter (e.g. LWD), sediment, and thermal 
energy, to streams, but are not directly 
affected by fluvial processes (e.g. erosion 
and deposition). Input buffers are adjacent to 
the interaction buffer and always exist only 
as riparian habitat. Their purpose is to 
ensure that current and future aquatic habitat 
is adequately protected and supplied with 
appropriate levels of material and energy 
inputs. Input buffers constitute the majority 
of the riparian network, while interaction 
buffers are relatively limited in space, but 
are disproportionately important because it 
is in this area that aquatic habitat is created, 
maintained and ultimately destroyed. 
 
Within these buffers are functional zones. 
These zones provide important ecological 
goods and services to streams that are 
generally described as riparian functions. 
The width of these zones are defined by the 
area that cumulatively provides full 
functionality (we define full functionality as 
the width that will provides 100% of all 
known functions of riparian zones). Zones 
included within the interaction buffer are the 
floodplain, channel migration zone (CMZ), 
and beaver habitat zone (BHZ). The 
floodplain and CMZ overlap considerably, 
and for the sake of simplicity we refer to the 
area covered by the floodplain or the CMZ 
as the CMZ.  
 
Functional zones in the input buffer include 
LWD recruitment, small woody debris 
recruitment, litterfall production, shade and 
windthrow zones. On streams where there is 
no CMZ or BHZ, there is no interaction 
buffer, only the active channel and the input  
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buffer. This situation describes the vast 
majority of riparian forests in the Pacific 
Northwest, since CMZs and BHZs are 
generally limited to low-gradient streams. 


All of these zones and how their functions 
vary with riparian width are discussed in 
separate sections, below.  


 


FLOODPLAIN & CHANNEL MIGRATION ZONE 
 
The floodplain and channel migration zone 
(CMZ) consists of the area that a stream and 
floodplain (including side channels) could 
potentially occupy under existing climatic 
conditions (Figure 1A). It is the area where 
there is a reasonable probability that aquatic 
or wetland habitat will exist at some time in 
the future. Such an area is often assumed to 
be approximately coincident with the 100 
year floodplain, although it also includes 
lower terraces and hillslopes adjacent to the 
floodplain where the stream is likely to 
meander. The actual area where there is a 
reasonable probability that aquatic or 
wetland habitat will exist at some time in the 
future has not been well defined, and may 
include areas outside the 100 year 
floodplain. The CMZ is the physical 
location where aquatic (i.e. salmonid) 
habitat will be created at some point in the 
future and therefore should have the same 
level of protection as existing aquatic 
habitat. 
 
The CMZ is a feature most extensively 
developed on larger, low-gradient streams 
where fluvial processes build floodplains. 
On higher gradient streams CMZs are 
usually absent, though they can be found 
anywhere there is sufficient LWD to create 
an alluvial bedform wider than bankfull 


width. Thus the CMZ is non-existent in 
small watersheds and greater than a mile 
wide in large drainages such as the Skagit 
River. For most watersheds regulated by 
Washington’s forest practice regulations, the 
CMZ is generally limited to a very small 
fraction of the entire stream length. 
 
In addition to providing a physical template 
for the creation of stream and wetland 
habitat, the portion of the CMZ currently 
covered by vegetation functions as a riparian 
buffer. Thus, important functions of living 
trees in the CMZ include providing a source 
of LWD, shade and cover, stabilizing off-
channel habitat, contributing to bank 
stability with their root networks, fine and 
coarse sediment storage (from both 
overbank flow and upslope erosion), and 
providing organic material to aquatic habitat 
(reviewed in Naiman 1992). Primary 
functions of LWD in the CMZ include 
providing a future source of instream LWD 
as channels migrate, including the formation 
of log jams that regulate channel 
meandering and avulsions (Abbe and 
Montgomery 1996), and creating raised 
microsites for conifer establishment on flood 
prone areas (Harmon et al. 1986, Harmon 
and Franklin 1989, Beaudry et al. 1990, 
Naiman et al. 1992). 


 
 


BEAVER HABITAT ZONE 
The riparian area that is, or could be, 
flooded by the dam-building activities of 
beaver is the beaver habitat zone (BHZ). 
The BHZ is potential or existing aquatic 
habitat and is part of the interaction buffer 
(Figure 1B). The BHZ is of great importance 
to salmonids because the impoundments 
built by beaver create outstanding rearing 
and overwintering habitat, particularly for 


coho salmon, Oncorhynchus kisutch 
(Bustard and Narver 1975a, Bustard and 
Narver 1975b, Peterson 1982a, Peterson 
1982b, Bryant 1984, Murphy et al. 1989, 
Leidholt Bruner et al. 1992). For coho 
salmon, the abundance of beaver ponds is an 
important determinant of the overall smolt 
productivity of a watershed (Pollock and 
Pess 1998). Riparian forests flooded by 
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beaver are particularly beneficial because 
they combine two essential elements of good 
coho habitat; a productive and complex 
structural environment that provides cover 
(primarily from LWD) and low-velocity 
water.  
 
Unfortunately, beaver populations are much 
lower than they have been historically and 
are kept low by continued trapping pressure 
(Naiman et al. 1988, WDFW 1997). Thus 
the amount of beaver-created habitat 
remains low, and the amount of aquatic 
habitat available to salmonids has been 
substantially reduced relative to natural 
conditions. 
 
Beaver dams are generally found on small 
lakes and small streams and side channels 
with gradients less than 4%, although beaver 
often dam streams with gradients between 4-
8% and sometimes as high as 16% (Retzer et 
al. 1956, Pollock and Pess 1998). The BHZ 
is the area that a typical, functioning beaver 
dam would likely to impound. In the Pacific 
Northwest, most beaver impoundments are 
less than 200 feet wide (Pollock and Pess 
1998). Beaver prefer to dam small streams, 
with bankfull discharges less than 1 m3s-


1and often dam streams with a bankfull 
discharge < 0.1 m3s-1 (Pollock and Pess 
1998). This suggests that in order to 
adequately protect salmonid habitat, small, 
low gradient streams need a buffer wide 
enough to accommodate the potential for a 
beaver pond. In the Pacific Northwest, 
typical beaver dams are 3-5 feet high, 
measured from the bed of the channel that 
they span (personal observation). Thus the 
BHZ can be delineated by a contour line 
along the valley side slope that is 3-5 feet 
above the channel bed. While most BHZs 


would be less than 200 feet wide, the exact 
dimensions would vary according to local 
topography. 
 
Like other habitat in the interaction buffer, 
BHZ slowly pass through series of 
vegetational and aquatic stages (Johnston 
and Naiman 1990, Johnston et al. 1993), 
only some of which are beneficial to 
salmonids. However, beaver-modified 
habitat in all its successional stages is an 
important contributor to the biodiversity of a 
watershed (Pollock et al. 1998) and provides 
many other ecological functions (see 
reviews in Naiman et al. 1988, Pollock et al. 
1994, Butler 1995). For both fish habitat and 
the maintenance of biodiversity, a desirable 
state for a beaver pond appears to be a 
flooded old-growth riparian forest (Bryant 
1984, Pollock et al. 1998). There is enough 
topographical variation in an old-growth 
forest (as a result of the larger diameter 
woody debris, large stumps and pits adjacent 
to uprooted, windthrown trees) that a typical 
beaver dam does not actually flood the 
entire forest. Instead the flooding creates a 
complex forested swamp with channels, 
patches of open water and emergent 
vegetation interspersed among small 
forested islands and peninsulas containing 
one to several large conifers and a diverse 
understory of both forest and wetland plants. 
The complex spatial and temporal 
environmental gradients in such a small area 
explain why biodiversity is high, and also 
help to explain why such habitat provides 
excellent salmonid rearing opportunities. 
The habitat is extremely diverse in terms of 
topography, the availability of LWD, cover, 
types of detrital inputs, and degree of 
shading, thereby providing abundant food 
and protection against predators. 


 


 


LARGE WOODY DEBRIS PRODUCTION ZONE 
 
The importance of LWD (dead wood > 10 
cm (4 in) dbh) to stream ecosystems, and the 
general absence of LWD in managed forest 
landscapes is well known. The dearth of 
LWD in most stream systems in Washington 


is generally thought to be one of the major 
reasons why so much freshwater salmonid 
habitat is severely degraded (Sedell and 
Luchessa 1981, Sedell and Froggart 1984, 
Bisson et al. 1987, Sedell et al. 1989, Sedell 
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et al. 1993, Stouder et al. 1997, Naiman and 
Bilby 1998). Riparian forests are the source 
of almost all instream LWD. Thus the 
quality of instream habitat is largely 
determined by how the riparian forests have 
been managed. LWD influences the storage 
and routing of water, sediment, nutrients and 
organic material throughout channel 
networks and therefore plays an important 
role in determining both the quantity and 
quality of stream (and riparian) habitat. 
Specific functions of LWD important to 
salmonids on fish bearing streams include 
the formation of pools by altering channel 
hydraulics (e.g. concentrating flow), storing 
and sorting spawning gravels, providing 
cover, dissipating stream energy, capturing 
and concentrating nutrients and small 
organic material, and reducing bedload 
movement (Swanson and Lienkaemper 
1978, Keller and Swanson 1979, Bilby and 
Likens 1980, Bilby 1981, Megahan 1982, 
Bilby 1984, Triska 1984, Triska et al. 1984, 
Lisle 1986, Bisson et al. 1987, Lienkaemper 
and Swanson 1987, Bilby and Ward 1989, 
Beaudry et al. 1990, Bilby and Ward 1991, 
Bilby and Bisson 1992, O'Conner and Harr. 
1994, Montgomery et al. 1995, Haas 1996, 
Montgomery et al. 1996, Montgomery and 
Buffington 1997). On non-fish bearing 
streams, instream LWD benefits salmonids 
primarily by regulating the rate of sediment 
delivery to downstream reaches (Megahan 
1982, Perkins 1989, Haas 1996, 
Montgomery et al. 1996) and by capturing 
and processing organic material, thereby 
increasing aquatic ecosystem productivity 
(Erman 1984, Triska 1984, Triska et al. 
1984). Additionally, when debris flows 
occur, LWD is transported to fish bearing 
streams, thereby mitigating some of the 
effects of debris flows and helping to 
maintain salmonid habitat (Benda and 
Dunne 1987, Perkins 1989, Benda 1990, 
Benda and Cundy 1990, Benda and Sias 
1998). 
 
Theoretical considerations and empirical 
evidence suggest that under natural 
conditions most of the large woody debris 
entering reaches from the adjacent riparian 
zone originates from within one site 


potential tree height (SPTH300) of the stream 
reach (McDade et al. 1990, Van Sickle and 
Gregory 1990). The relationship between 
buffer width and potential LWD inputs from 
the adjacent riparian zone is non-linear. For 
example, 95% of this LWD source comes 
from within a horizontal distance from the 
stream equal to 85% of the site potential 
(Figure 2). For low-gradient stream reaches, 
the relative importance of stream-adjacent 
sources of LWD versus upstream sources is 
less clear. Benda and Sias (1998) observed 
that debris flows are an important source of 
LWD to low-gradient streams. They 
recognized that instream LWD is created 
delivered via five processes: chronic low-
level riparian stand mortality, episodic stand 
mortality caused by fires, bank erosion, 
channelized landslides (e.g. debris flows), 
and stream-adjacent hillslope landslides. 
The first three processes deliver LWD to a 
reach from stream-adjacent riparian stands, 
and thus the amount of LWD delivered from 
these sources can approximated from 
McDade’s model. The latter two sources are 
from upstream or hillslope areas, and the 
amount of LWD delivered by these 
processes to a particular reach is less well 
known, but likely varies from watershed to 
watershed, depending primarily on 
geomorphology and climate. We are aware 
of no studies that quantify the relative 
amount of LWD entering streams from non-
channelized landslides, while the only 
empirical study we know of that quantified 
the relative contribution of upstream LWD 
sources compared to stream-adjacent LWD 
sources was that of McGarry (1994).  
 
McGarry (1994) determined that 48% of the 
LWD in the mainstem of Cummins Creek, a 
relatively pristine coastal Oregon stream, 
came from upstream sources, primarily 
debris flows (see also Burnett and Reeves 
1997). The valley width of the mainstem of 
Cummins Creek is relatively narrow, so that 
debris flows entering the valley would have 
a high probability of hitting the mainstem, 
suggesting that 48% may represent a 
relatively high percentage of LWD entering 
low-gradient mainstem streams from high-
gradient sources. In a wider (e.g. glaciated)  
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Figure 2. Cumulative instream LWD delivery potential of riparian forests as a 
function of distance from stream. Based on McDade et al. (1990).
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valley, a number of debris flows would 
likely run-out on the valley floor without 
hitting the mainstem, so the relative 
contribution of debris flow-derived LWD to 
mainstem streams would probably be less. 
However these debris flows would follow 
stream channels and deposit LWD in and 
adjacent to smaller low-gradient channels 
crossing the valley floor, thus still 
contributing LWD to the fish bearing 
portion of the stream network and the CMZ. 
 
Other researchers have found large 
concentrations of LWD at tributary 
junctions that were thought to have entered 
the low gradient channel from debris flows 
(see references cited in Burnett and Reeves 
1997). Support also comes from McDade et 
al. (1990), who while estimating the point of 
origin of LWD in Pacific Northwest 
streams, could not determine the source of 
48% of the pieces of LWD that they 
encountered. They comment that these 
pieces generally appeared more mobile than 
the pieces they identified as having come 
from stream-adjacent sources, indicating 
they may have been transported from 
upstream sources.  
 


Together, these studies suggest that up to 
half of LWD in lower gradient (e.g. fish 
bearing) streams may come from upstream 
sources. This is an excellent example of 
longitudinal connectivity in riparian 
networks and lends support to the argument 
that salmonid habitat can only be protected 
in the context of the entire watershed (NRC 
1992, Sedell et al. 1993, Stouder et al. 
1997). In this example, if upstream LWD 
sources (i.e. riparian forests and unstable 
slopes) are not protected, the source of up to 
half of the LWD that would normally be 
delivered to low-gradient streams will be 
eliminated. 
 
In managed forests, instream LWD 
recruitment potential is also affected by the 
presence of roads and yarding corridors in 
the riparian zone. The amount of riparian 
forests lost to yarding corridors may be at 
least 20% (e.g. proposed, improved 
Washington State Forest Practice regulations 
request that 20% of riparian corridors along 
all streams be left available for yarding 
corridors (Forestry Module 1998)). 
Additionally, many roads parallel the larger, 
low-gradient streams, further eliminating 
riparian forests. Just how much riparian 
forest has been converted into logging roads 


 7 







is not known. We have done some 
preliminary analyses (unpublished) using 
Geographic Information Systems data layers 
from DNR that suggests in watersheds 
dominated by commercial timber lands, 3% 
of riparian forests are currently occupied by 
road corridors. The exact amount of riparian 
forests lost to yarding and roads likely 
varies, but apparently constitutes a 
significant portion of the riparian zone. 
Based on the limited data available, we 
estimate that currently, 23% of riparian 
zones are lost to yarding corridors and 
roads. 
 
Therefore, an estimate of the amount of 
potential LWD available to fish bearing 
streams in managed forests depends 
primarily on four factors: 1) the width of 
unlogged riparian forests along fish bearing 
streams, 2) the width of unlogged riparian 
forests on non-fish bearing (i.e. high 
gradient) streams, 3) the percentage of 
riparian corridors lost to yarding corridors 
and 4) the percentage of riparian corridors 
lost to roads. Other important factors include 
the riparian species and stand age (which 
determines tree height), the amount of LWD 
delivered by non-channelized landslides, 
and degree of lateral channel migration (see 
Benda and Sias 1998).  
 
The long-term LWD recruitment potential 
for fish bearing streams can be estimated 
under various management scenarios (Figure 
3), provided some simplifying assumptions 
are made. The first is that LWD delivered 
from non-channelized landslides is not a 
significant source of instream LWD and the 
second is that there is minimal channel 
migration (as is the case for most small 
streams). Additionally, these calculations 
estimate the LWD potential over the long-
term, that is, when the trees have reached the 
height of old-growth forests. This 
assumption ensures a best-case scenario 
estimate of the amount of LWD that will 


eventually be available to streams under 
various management scenarios, assuming 
that all riparian zones eventually develop 
into old-growth buffers. In reality, in the 
interim between now and the time that 
buffers have reached old-growth like 
conditions, the amount of LWD available to 
streams will be somewhat less than our 
calculations suggest. Figure 3 provides 
estimates of the cumulative loss of LWD to 
fish bearing streams as a result of current 
and proposed forest practice regulations for 
typical westside forests. Additional 
examples, using differing assumptions, are 
provided in Table 1. 
 
Under existing Forest Practice Rules (WFPB 
1995a), the width of the riparian buffer 
varies with elevation, with more shade being 
required at lower elevations. For a westside 
watershed where fish bearing streams are on 
average 1000 feet above sea level, the 
average buffer width is 50 feet and therefore 
the LWD potential for such streams is about 
20% (Table 1 and Figure 3). Proposed new 
rules may only slightly improve those 
numbers. For example, under riparian 
protection rules slightly better than those 
recently proposed in the Forestry Module 
(i.e. 50 foot, no cut buffers on 50% of the 
non-fish bearing streams, 100 foot no cut 
buffers on all fish bearing streams, 20% of 
all streams used as yarding corridors), the 
LWD recruitment potential for fish bearing 
streams improves to only 41%. These 
scenarios make it clear that existing and 
certain proposed (i.e. Forestry Module) 
regulations will provide nowhere close to 
fully functional riparian forests, even in the 
long-term. They also suggest that 
management activities within the riparian 
corridor contribute substantially to the loss 
of instream LWD recruitment potential, and 
that any plans to protect and restore 
salmonid habitat need to greatly reduce the 
extent of such activities. 
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Table 1. Long-term LWD recruitment potential for site class II and III forests under various management scenarios, relative to natural conditions. 
Standard FPRs (Forest Practice Rules) and the Forestry Module* allow yarding corridors to remove 20% of the long-term LWD sources, the DNR 
HCP allows a 10% loss, while SPTH on all streams and the WDFW WSP (Wild Salmonid Policy) assume no yarding corridors. For all 
management plans, roads are assumed to remove an additional 3% of the RMZ. Because of the uncertainty as to how much LWD in fish bearing 
streams comes from upstream sources, two sets of scenarios are included for each site class. The first assumes (based on McGarry 1994) that 50% 
of LWD comes from upstream sources (e.g. debris flows), while the second assumes that only 25% of LWD comes from upstream.The estimate 
for Current Standard Forest Practice Rules is for a watershed where the average elevation of fish bearing streams is 1000 feet and that therefore on 
average, a 50 foot shade buffer is required (WFPB 1995). DNR HCP and WDFW WSP scenarios assume that Type 4 streams constitute 30% of 
the non-fish bearing stream network, therefore the RMZ width given for non-fish bearing streams is a weighted average of Type 4 and all other 
non-fish bearing streams. 
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potential
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Site Class II, 25% of LWD comes fom non-fish bearing streams
SPTH on all streams 215 215 97% 0% 3% 25% 100% 75% 100% 25%
Forestry Module* 100 25 39% 20% 3% 25% 62% 47% 18% 5%
Current Standard FPRs 50 0 20% 20% 3% 25% 34% 26% 0% 0%
DNR HCP 170 30 65% 10% 3% 25% 92% 69% 22% 6%
WDFW WSP 170 65 77% 0% 3% 25% 92% 69% 43% 11%


Site Class II, 50% of LWD comes fom non-fish bearing streams
SPTH on all streams 215 215 97% 0% 3% 50% 100% 50% 100% 50%
Forestry Module* 100 25 31% 20% 3% 50% 62% 31% 18% 9%
Current Standard FPRs 50 0 13% 20% 3% 50% 34% 17% 0% 0%
DNR HCP 170 30 50% 10% 3% 50% 92% 46% 22% 11%
WDFW WSP 170 65 65% 0% 3% 50% 92% 46% 43% 22%


Site Class III, 25% of LWD comes from non-fish bearing streams
SPTH on all streams 180 180 97% 0% 3% 25% 100% 75% 100% 25%
Forestry Module* 100 25 45% 20% 3% 25% 72% 54% 20% 5%
Current Standard FPRs 50 0 23% 20% 3% 25% 40% 30% 0% 0%
DNR HCP 150 30 66% 10% 3% 25% 93% 70% 25% 6%
WDFW WSP 150 65 80% 0% 3% 25% 93% 70% 50% 13%


Site Class III, 50% of LWD comes fom non-fish bearing streams
SPTH on all streams 180 180 97% 0% 3% 50% 100% 50% 100% 50%
Forestry Module* 100 25 35% 20% 3% 50% 72% 36% 20% 10%
Current Standard FPRs 50 0 15% 20% 3% 50% 40% 20% 0% 0%
DNR HCP 150 30 51% 10% 3% 50% 93% 47% 25% 13%
WDFW WSP 150 65 69% 0% 3% 50% 93% 47% 50% 25%
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Figure 3. Cumulative loss of LWD sources for fish bearing streams under various management scenarios, 
relative to natural conditions. Standard FPRs (Standard Forest Practice Rules) scenario is for a watershed 
with an average elevation of 1000 feet for fish bearing streams and therefore an average riparian shade 
buffer width of 50 feet on fish bearing streams and no buffers on non-fish bearing streams. Yarding 
corridors are assumed to remove 20% of the trees within the buffer and roads are assumed to remove 
another 3%. Forestry Module* scenario assumes 100 foot buffers on fish bearing streams and 50 foot 
buffers on 50% of non-fish bearing streams. Yarding corridors are assumed to remove 20% of the trees 
within the buffer and roads are assumed to remove another 3%. DNR  HCP (Department of Natural 
Resources Habitat Conservation Plan) scenario assumes 170 foot buffers on fish bearing streams, 100 foot 
buffers on Type 4 streams and no buffers on all other streams. Yarding corridors are assumed to remove 
10% of the trees within the buffer and roads are assumed to remove another 3%. All calculations are for 
riparian buffers with a SPTH of 215 feet (a 100 year site potential of 170 feet), and assume that 25% of 
LWD in fish bearing streams originates from upstream (non-fish bearing) reaches. For comparative 
purposes, it is assumed that no harvest occurs within the riparian buffers, therefore the figure illustrates 
minimum LWD loss estimates. 
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SMALL WOODY DEBRIS PRODUCTION ZONE 
 
Branches and other woody material not 
classified as LWD are considered small 
woody debris (SWD). SWD is an important 
component of the wood budget of forested 
streams, accounting for about 30% of the 
total wood volume (McDade 1987, cited in 
Van Sickle and Gregory 1990). Small 
woody debris is important to fluvial 
ecosystems because it helps create and 
maintain pool habitat in small and medium-
sized streams. Increases in the frequency of 
debris-associated pools in old growth 
streams (WBF = 10-75 feet) are due not only 
to increased levels of LWD relative to 
managed systems, but are also the result of 
increased levels of SWD (Bilby and Ward 
1991). Streams within old-growth forests 
not only have more pools, but also a greater 
diversity of pools relative to managed 
systems, in part because they contain larger 
volumes of SWD. Plunge and dammed 
pools are often associated with 
accumulations of SWD. Such debris fills in 
the gaps of the framework provided by 
LWD, resulting in more efficient blockage 
of stream flow. Natural SWD accumulations 
are generally rare in managed forests and so 
are plunge pools (Bilby and Ward 1991). 
The amount of SWD associated with LWD 
may also influence the formation of 
depositional sites. LWD with large SWD 
accumulations retains sediment significantly 
more frequently than LWD which has low 
accumulations of SWD. Available 
information also suggests that the amount of 
SWD decreases at a rapid rate following 
removal of riparian vegetation. SWD levels 
decrease by about 90% a few years after 
harvest and remain at low levels for at least 
half a century (Bilby and Ward 1991).  
 
In summary, this information suggests that 
both the abundance and diversity of pools in 
small forested streams is dependent not just 
on LWD, but on SWD as well, and that 
management activities in riparian zones 
which remove potential SWD sources to 
stream networks contribute to the 
degradation of instream (e.g. salmonid) 
habitat, particularly for small streams. 


An estimate of how the potential for SWD 
delivery from riparian areas varies as a 
function of distance from the stream by 
calculating the probability that a branch at a 
particular height on a tree a particular 
distance from the stream will fall into the 
stream during treefall (Pollock et al., In 
preparation): 
 
Pcs = (asin((z+cw)/bh)/180 - asin(z/bh))/180 
 
Where: 
Pcs = probability of a branch in a falling 
crown being delivered to a stream, bh = 
branch height, z = horizontal distance from 
tree base to stream channel, and cw = 
channel width. 
 
The model assumes that riparian treefall 
direction is random and that the density, 
height and rate of treefall throughout the 
riparian zone are randomly distributed. In 
addition, the model assumes that all SWD 
comes from the crowns of trees, that all trees 
have a crown 60 feet deep (Tim Beechie, 
personal communication), and that branches 
in tree crowns are randomly distributed. 
This model was used to compute a 
cumulative probability distribution of SWD 
sources from the riparian zone (Figure 4). 
 
The model produces a sigmoidal curve of 
SWD recruitment, and suggests that for 
small streams (< 10 ft WBF), more than half 
the potential instream SWD is in from the 
outer half of the riparian zone (where the 
riparian zone is defined as one site potential 
tree height distance from the bankfull 
channel). As streams get larger, the curve 
becomes less sigmoidal and more convex, 
and for streams with a bankfull channel 
width greater than a site potential tree 
height, the SWD recruitment curve becomes 
similar to the convex LWD recruitment 
curve of McDade (compare Figure 4 with 
Figure 2). The difference between the 
shapes of the SWD and LWD recruitment 
curves for small streams stems from the fact 
that when large trees close to the stream 
edge fall, their crowns are more likely to 
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Figure 4. Small woody debris recruitment curves for small and large streams in site 
class III forest land, where SPTH = 170 feet.
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land in the opposite riparian zone rather than 
in the channel. 
 
Like all models, the accuracy of the results 
rests in large part on the validity of the 
assumptions. McDade et al. (1990) 
speculated that closer to the stream, tree 
densities and mortality rates may be higher, 
but provided no supporting data. We 
hypothesize (with no supporting data) that:  
1) Trees adjacent to streams on the edge of 
the riparian forest probably have larger 
crowns than trees in the middle of the forest 
because of the increased light availability, 2) 
many branches in old-growth forests are 
LWD not SWD, and 3) direct delivery (i.e. 
not by tree fall) of SWD from stream-
adjacent trees are important. However, until 
these ideas are tested, our model presents the 
best estimate of how SWD delivery from 
riparian forests varies as a function of 
distance from the stream.  
 
The model does not quantify the relative 
importance of upstream sources of SWD 
relative to stream-adjacent sources. 
However, existing studies of LWD sources 
suggest that close to half the instream LWD 


comes from upstream (i.e. tributary) reaches 
(McGarry 1994) or could not be identified 
as coming from stream-adjacent areas 
(McDade et al 1990). Because of the higher 
mobility of SWD relative to LWD, we 
suggest that for a given reach, the SWD 
contribution of upstream reaches will also 
likely be higher than for LWD. However, 
this needs verification.  
 
In summary, available data and the model 
results suggest that for small streams, SWD 
plays an important role in forming pools, 
trapping sediment, and structuring the 
biological communities, and that most SWD 
comes from the outer half of the riparian 
zone. In the case of many western 
Washington forests, this suggests that under 
natural conditions, the majority of SWD 
delivered to small streams comes from the 
portion of the riparian forest further than 
100 feet from the stream edge. As streams 
become wider, the SWD recruitment curve 
slowly changes shape until at a channel 
width equal to a site potential tree height, 
the curve is approximately the shape of the 
LWD recruitment curve of McDade (1990).
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LITTERFALL PRODUCTION ZONE 
 
Fine organic material produced by trees and 
other vegetation not classified as LWD or 
SWD is called litterfall. This primarily 
includes leaves, needles and small twigs. 
This detritus decomposes relatively quickly 
and is important for stream systems because 
it provides food and energy to the aquatic 
food web. This directly boosts production of 
benthic invertebrate detritivores, and 
indirectly increases production of predators 
such as salmonids, which feed on these 
organisms (see review in Gregory et al. 
1987). The temporal patterns of deciduous 
and coniferous litterfall to streams are 
different. On an annual basis, deciduous 
litterfall enters streams in small amounts 
over the course of the growing season, and 
culminates in a pulse of inputs to the stream 
in the autumn during leaf fall. Because 
deciduous litterfall primarily comes from 
leaves falling off of standing trees, such 
material probably comes from trees fairly 


close to the stream. In contrast to deciduous 
trees, coniferous litterfall enters the stream 
in small amounts over the entire year and 
large pulses occur during heavy windstorms, 
usually in the winter, when wind topples 
trees and small branches and needles are 
stripped from standing trees. We are not 
aware of studies quantifying the relative 
importance of coniferous litterfall to streams 
from windthrown trees versus direct inputs 
from standing conifers, or any studies that 
have measured the source distance of 
litterfall in streams. Therefore, we defer to 
the qualitative litterfall recruitment curve 
described in FEMAT (1993, Figure V-12), 
which suggests that most litterfall comes 
from within about half of a SPTH300 (see 
also Erman et al. 1977). Until additional 
data are gathered, we suggest this is the best 
estimate of the litterfall recruitment curve 
from riparian forests. 


 


SHADE ZONE 
 
Maximum stream temperatures in forested 
watersheds are strongly influenced by the 
presence of shade from riparian forests (e.g. 
Brown and Krygier 1970, Brazier and 
Brown 1973, Beschta et al. 1987). Also 
important is the temperature of groundwater 
entering stream systems (Constantz et al. 
1994, Constantz (in preparation)), which can 
be influenced by riparian (and upland) forest 
conditions as well (Brosofske et al. 1997, 
Olson 1998). During the summer, direct 
solar radiation to streams is a primary factor 
influencing temperature increases. Therefore 
partial or complete removal of riparian 
canopies providing shade to streams directly 
influences (increases) summertime stream 
temperatures. The relationship between 
riparian buffer width and the amount of 
shade provided to streams relative to natural 
conditions has been quantified by several 
research teams. Data collected by 
Steinblums et al. (1984), describes the 
relationship between Angular Canopy 


Density (ACD) and buffer width for forested 
streams in western Oregon. Their data 
suggest that the amount of shade provided 
by riparian trees rises exponentially with 
buffer width, and reaches 100% of natural 
conditions at approximately 140 feet (Figure 
5). Similarly, Brosofske et al. (1997) also 
described the relationship between solar 
radiation received by streams and buffer 
width for streams in western Washington. 
However, their data describe a less rapidly 
rising exponential curve, and suggest that 
100% of natural shade levels is not reached 
until approximately 250 feet (Figure 5).  
 
The curves are relatively similar for narrow 
(< 50 foot) buffers, and both curves suggest 
that 50 foot buffers only provide about half 
of the shade as compared to a natural stand. 
For further comparison, the ACD curve 
suggests that 100 and 130 foot buffers 
provide shade equal to 85% and 95% of  
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natural conditions, respectively, whereas the 
solar radiation curve suggests that buffer 
widths of 140 feet and 190 feet are needed 
to achieve similar shade levels. The 
differences between the curves arise in part 
because ACD is a visual estimate of the 
amount of shade provided, whereas solar 
radiation is directly measured using 
instrumentation (e.g. a LI-COR silicon 
pyranometer). Because measures of ACD 
require a visual estimation subject to user 
interpretation, we believe that the direct 
measure of solar radiation provides a more 
accurate estimate of the amount of solar 
radiation received by streams. Therefore we 
consider the data provided by Brosofske et 
al. (1997) to be the better estimate of the 
relationship between riparian buffer width 
and the amount of solar radiation reaching 
streams 


require a visual estimation subject to user 
interpretation, we believe that the direct 
measure of solar radiation provides a more 
accurate estimate of the amount of solar 
radiation received by streams. Therefore we 
consider the data provided by Brosofske et 
al. (1997) to be the better estimate of the 
relationship between riparian buffer width 
and the amount of solar radiation reaching 
streams 
  
While relationships between riparian buffer 
width and shade at the stream are reasonably 
clear, the relationship between the width of a 
riparian buffer along a particular stream 


reach and the stream temperature in that 
particular reach is less clear. Early research 
determined that narrow riparian buffers 
greatly lowered temperatures in the adjacent 
stream when compared to streams with no 
buffers at all (e.g. Brown and Krygier 1970). 
Since then, attempts have been made to 
develop quantitative relationships between 
shade and other parameters with stream 
temperature, but with little success. The 
most comprehensive of these attempts was 
the study by Sullivan et al. (1990) who 
examined data from 47 streams throughout 
Washington. In their study, they report that 
shade alone could explain only 15% of the 
variation in stream temperature and that no 
one factor alone was a good predictor of 
stream temperature. They also developed a 
model to predict maximum stream 
temperatures that included shade, elevation, 
mean air temperature, discharge and WBF as 
independent variables. This model could 
predict 69% of the variation in maximum 
stream temperatures. However, mean air 
temperature could not be removed from the 
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greatly lowered temperatures in the adjacent 
stream when compared to streams with no 
buffers at all (e.g. Brown and Krygier 1970). 
Since then, attempts have been made to 
develop quantitative relationships between 
shade and other parameters with stream 
temperature, but with little success. The 
most comprehensive of these attempts was 
the study by Sullivan et al. (1990) who 
examined data from 47 streams throughout 
Washington. In their study, they report that 
shade alone could explain only 15% of the 
variation in stream temperature and that no 
one factor alone was a good predictor of 
stream temperature. They also developed a 
model to predict maximum stream 
temperatures that included shade, elevation, 
mean air temperature, discharge and WBF as 
independent variables. This model could 
predict 69% of the variation in maximum 
stream temperatures. However, mean air 
temperature could not be removed from the 
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Figure 5. Comparison of estimated  benefits of riparian forests to stream
a function of distance from stream from measuring solar radiation and
canopy density (ACD). Based on Steinblums et al. 1984, Brosofske et
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model without a significant loss of model 
reliability. Nevertheless, the authors 
concluded that shade and elevation alone 
could be used to determine the width of 
riparian buffer needed to meet State water 
quality standards. To bolster this assertion 
they presented some quantitative methods 
for making a rough estimate of the amount 
of shade needed on a particular stream for a 
given elevation in order to meet these 
standards (Sullivan et al. 1990, Figures 7.8 
& 7.9). However, since most (79%) of the 
streams they examined had maximum 
temperatures above the State water quality 
standard for type AA streams, it is not clear 
how they determined the conditions under 
which water quality standards would be met. 
Our interpretation of their data is that they 
have presented a set of shade and elevation 
conditions where water quality standards are 
not likely to be met. This does not mean that 
outside of those conditions, water quality 
standards will necessarily be met. 
 
In contrast, Hatten and Conrad (1995), in a 
study of unmanaged (< 15% of watershed 
harvested) and managed (>15% harvest) low 
elevation (< 850 feet) watersheds on the 
Olympic Peninsula, concluded that elevation 
and shade were not the most important 
variables for estimating stream temperatures. 
Of particular interest was the fact that for 
streams with similar shade levels in both 
unmanaged and managed watersheds, the 
unmanaged streams had significantly cooler 
temperatures. The average shade level for 
managed and unmanaged streams was 65% 
v. 72%, respectively. (Since the shade 
measures were taken with a densiometer, 
Steinblum’s (1984) curve (see Figure 5) 
provides a rough estimate of the average 
buffer width, which would be about 70 feet 
and 80 feet for managed and unmanaged 
streams, respectively). Also, a minority 
(36%) of the streams in the lightly 
(un)managed watersheds met State water 
quality standards, while almost all (93%) of 
the streams in the (heavily) managed 
watersheds did not meet water quality 
standards, even though the average amount 
of shading was similar for both sets of 
streams. Therefore, these data suggest that 
some parameter(s) other than direct shade 
strongly influences stream temperatures. 


 
In their study, Hatten and Conrad also 
examined data quantifying the watershed 
area covered by late-seral forests. This 
variable was a reasonably good predictor of 
temperature, explaining 52% of the site to 
site variation in maximum stream 
temperatures. They used the area of late-
seral forests as an index of the amount of 
logging that had occurred, and concluded 
that there was a cumulative effect from 
logging that raised stream temperatures, 
even when buffers were left along (fish 
bearing) streams. Other studies generally 
support the conclusion that increases in 
stream temperatures are correlated with the 
amount of logging activities that have 
occurred in a watershed (Beschta and Taylor 
1988, Holtby 1988). These studies suggest 
that temperature in a given stream reach is 
affected not only be the condition of the 
adjacent riparian forest, but by riparian and 
hillslope conditions far upstream and 
upslope. Under existing regulations at the 
time of these studies, it is likely that in the 
watersheds where these studies were 
conducted, few buffers were left on non-fish 
bearing streams. Therefore, it is difficult to 
know to what extent these cumulative 
temperature effects could have been avoided 
by providing adequate buffers on non-fish 
bearing streams while still logging adjacent 
hillslopes. However, since sunlight is the 
primary energy source that heats streams, it 
seems reasonable to suggest that providing 
shade to all streams would be an appropriate 
first step towards eliminating these 
cumulative effects. Whether or not that 
alone would eliminate the cumulative 
temperature effects of logging is not known.  
 
Groundwater temperatures also influence 
stream temperatures. In some situations, 
clearcut logging may affect groundwater 
temperatures, suggesting that the 
(cumulative) impacts of forest practices on 
groundwater temperatures also need to be 
examined. Where groundwater is close to 
the surface, removal of the forest canopy 
may increase groundwater temperatures. For 
example, Hewlett and Fortson (1982) 
suggested that narrow riparian buffers had 
little effect on the temperature of some 
streams in the southeastern United States 
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because forests had been cleared above 
shallow aquifers. Brosofske et al. (1997) 
showed a strong relationship between 
upland soil temperatures and stream 
temperatures, concluding that clearcuts 
outside the riparian zone may increase 
stream temperatures by raising groundwater 
temperatures. Olson (1998) modeled the 
potential for upland forest removal to affect 
groundwater temperatures. The study 
indicated that the affect of forest removal on 
groundwater temperatures was dependent on 
the physical characteristics of the aquifer 
(e.g. porosity, conductivity etc.) and the 
proximity of the groundwater to the surface. 
If the assumptions of the model are 
reasonably accurate, the results suggest that 
forest removal can affect groundwater 
temperatures up to a depth of six feet. 
  
In summary, the studies reviewed suggest 
that 70-80 foot riparian buffers applied to 
fish bearing streams is not sufficient to 
maintain stream temperatures that 
approximate natural conditions, or even 
meet State water quality standards. The 
studies suggest that cumulative heating of 
fish bearing streams is occurring because: 1) 
insufficient shade is provided to non-fish 


surface waters and 2) shallow groundwater 
supplies are warmed when upland forests are 
cleared. There may also be other ways in 
which forest practices increase stream 
temperatures that we have yet to discover. 
That is, even if adequate shade is provided 
to all streams and timber harvest is restricted 
over upland areas with shallow aquifers, it is 
still uncertain as to whether this will allow 
stream temperature regimes to return to 
natural conditions. For example Beschta and 
Taylor (1988) observed that widespread 
mass wasting caused be logging operations 
can widen numerous streams, and therefore 
might contribute to cumulative increases in 
stream temperatures.  
 
However, given the data currently available, 
we believe that if riparian forests were wide 
enough such that the quantity of solar 
radiation reaching all perennial (i.e. not dry 
in the summer) surface waters and shallow 
groundwater areas in forested watersheds 
were reduced to natural levels, that the 
condition of the riparian forest itself would 
no longer be contributing to increases in 
stream temperatures. 
 


 


 


WINDTHROW PROTECTION ZONE 
 
If riparian buffers are going to remain 
functional over the long-term, they need to 
be relatively windfirm. Several studies have 
attempted to define the relationship between 
riparian windthrow in the Pacific Northwest 
and various physical features such as 
topography, valley morphology, aspect, 
slope, etc. (Steinblums 1978, Steinblums 
1984, Harris 1989, Sherwood 1993, Mitchell 
1995, Mobbs and Jones 1995, Sinton 1996, 
Rot and Naiman (Submitted)). No one factor 
was found to be of particular importance, 
although Steinblums (1984) was able to 
develop a multiple regression using 7 
independent variables that explained 74% of 
the wood volume loss that occurred as a 
result of windthrow. However, we 
reanalyzed several of these data sets 


(Sherwood 1993, Mobbs and Jones 1995, 
Rot and Naiman (Submitted)), looking at the 
relationship between buffer width and the 
likelihood of windthrow and reached the 
simple conclusion that forests in narrow 
streamside buffers (< 75 ft) have a much 
higher probability of suffering appreciable 
mortality from windthrow than forests in 
wider buffers.  
 
Riparian windthrow data from the Olympic 
Peninsula indicate that 28% of buffers less 
than 75 feet wide experienced appreciable 
windthrow mortality (5-50% of all trees) 
within a few years of harvesting the adjacent 
upland forest (Mobbs and Jones 1995). This 
contrasts with buffers wider than 75 feet, 
which had appreciable mortality in just 12% 
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of the buffers sampled (Figure 6). Other 
studies of riparian buffer survival generally 
support these conclusions. For example, Rot 
and Naiman (Submitted) observed that 1-2 
years after harvesting adjacent uplands, 
blowdown in riparian buffers 50-115 ft wide 
was between 0-40% of all trees, whereas 
mortality in buffers less than 50 ft wide 
ranged from 0-100%, with over half those 
sites experiencing greater than 40% 
mortality.  
 
Over longer time periods (decades), the 
difference between the relative stability of 
narrow and wide buffers continues to 
increase. We reanalyzed the combined data 
sets of Steinblums (1978) and Sherwood 
(1993) who both examined the same 20 
riparian buffer strips in the west Cascades of 
Oregon 13-15 years apart. Our analysis 
indicates that about three-fourths of riparian 
buffers less than 80 feet wide experience 
significant blowdown (> 20% volume or 
basal area), while only 14% of wider buffers 
lost an appreciable number of trees. 
 
Steinblums et al. (1984) from 1975-1977, 
examined 40 buffers strips that were 
between 1-15 years old. Sherwood (1993) 


selected 20 of these buffer strips for 
reinventory in 1990, at which point they 
were between 16-30 years old. However, 
one site could not be relocated and another 
had been selectively logged. Of the 
remaining 18 buffers, 11 were initially 
between 30-80 feet wide, while 7 buffers 
were 110-190 feet. Steinblums original data 
showed that 5 out of 12 of the narrow 
buffers experienced appreciable volume 
losses due to windthrow (>33% of the 
original stand volume), whereas only 1 of 
the wide buffers had appreciable amounts of 
windthrow. Sherwood’s (1993) data indicate 
that in the 15 years between studies 3 more 
narrow buffers experienced windthrow 
losses greater than 20% of the basal area, 
and 4 of the 5 narrow buffers that had 
windthrow at the time of Steinblums’ study 
continued to have substantial, additional 
windthrow losses (Sherwood measured 
changes in basal area, so the results are not 
directly comparable to Steinblums (1978) 
volume estimates). In contrast, no wide 
buffers had windthrow losses greater than 
20%. 
 
Therefore, of the 18 buffers studied by both 
Steinblums (1978) and Sherwood (1993), 8 


Figure 6. Riparian buffer width vs. percent  of tree blowdown within the buffer 
(adapted from Mobbs and Jones 1992).
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out of 11 (73%) of the buffers less than 80 
feet wide suffered blowdown, whereas 1 out 
of 7 (14%) of the buffers wider than 110 feet 
suffered blowdown (Table 2). These studies, 
in combination, provide the only long-term 
data on riparian buffer survival of which we 
are aware. They suggest that wider buffers 
(in this case 110 feet or more) are generally 
windfirm, whereas buffers less than 80 feet 
wide have a high probability (73%) of 
experiencing moderate to severe windthrow 
over long periods (decades). 
In summary, these studies suggest that 
beginning in the range of 75-110 feet, 


buffers generally become windfirm, and 
losses due to windthrow are generally low. 
In contrast, narrow buffers less than 75 feet 
wide have a much higher probability of 
suffering windthrow, particularly over the 
long-term. In the first few years after 
harvest, windthrow may damage slightly 
less than a third of such buffers, while over 
the long-term, 73% of these narrow buffers 
may be damaged. This suggests that 75 feet 
(and possibly upwards to 110 feet) 
constitutes the minimum buffer width which 
can be expected to incur minimal windthrow 
losses over the long-term.  


 


Year of data 
collection


RMZ 
width (ft)


Sample 
size (n)


Number of sites 
with windthrow 


by 1977


Number of additonal 
sites with windthrow 


by 1990


Total number 
of sites where 


windthrow 
occurred


Percentage of 
sites where 
windthrow 
occurred


1975-1977 40-80 11 5 3 8 73%
1990 110-190 7 1 0 1 14%
Total 18 6 3 9 50%


Table 2. Relationship between riparian buffer width and windthrow in forests of the western Oregon 
Cascades. Data derived from Sherwood 1993 and Steinblums 1978 as cited in Appendix A of Sherwood 
1993. For Steinblum's data, wood volume losses > 20%  were considered to be windthrow. For Sherwood's 
data, basal area losses >20% were considered to be windthrow.


MICROCLIMATE PROTECTION ZONE 
 
Riparian vegetation protects stream 
corridors against climatic changes caused by 
widespread land use activities such as forest 
removal (i.e. clearcutting) outside the 
riparian corridor. Important microclimatic 
parameters that riparian vegetation helps 
modulate include soil, and air temperature, 
humidity and wind speed. Microclimate 
conditions have not yet been directly linked 
to the condition of salmonid habitat. 
However, we suggest that stream (and 
riparian) microclimate needs protection in 
order to protect and restore stream 
environments to more natural conditions. 


Microclimate is known to be important for 
stream/riparian species other than fish (e.g. 
riparian plants and riparian-dependent 
wildlife), and may also influence water 
quality, particularly temperature (Sullivan et 
al. 1990, Petranka et al. 1993, Brosofske et 
al. 1997). To the extent that other species are 
important for maintaining functional aquatic 
systems, they are also important to 
salmonids. Salmonids are adapted to and 
evolved in aquatic systems containing 
certain species. Removal or a reduction in 
the abundance of these species through 
alterations to microclimate or otherwise, 
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Figure 7. Cumulative benefits of riparian forests to regulating relative humidity near 
streams as a function of distance from stream. Based on Brosofske et al. (1997).
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degrades aquatic habitat, and represents an 
unknown risk to salmonids. 
The relationship between riparian width and 
microclimate protection varies with the 
parameter being examined, and quantitative 
relationships between buffer widths and 
many microclimate variables have not been 
developed. Chen et al. (1995) examined the 
effects of clearcuts on nearby forest 
interiors. They concluded that clearcuts 
could influence microclimate conditions far 
into the forest interior, and that the effects of 
clearcuts on the adjoining forest 
microclimate were greatest for southwest 
facing sites. For example, changes in 
relative humidity could be measured 30-240 
m into the forest interior, and were greatest 
on south facing sites. Changes in soil 
temperature could be measured 60 m into 
the forest and were greatest on south facing 
sites, while soil moisture was affected 90 m 
into the forest on south-facing sites, with no 
measurable effect on all other orientations. 
Brosofske et al. (1997) directly measured 
the effects of riparian buffer width on stream 
microclimate. They found no obvious 
relationships between buffer width for air 
temperatures or wind speed near the stream, 


but did find quantifiable relationships 
between buffer width and solar radiation 
(discussed under the shade section) and 
buffer width and relative humidity. The 
quantitative relationship between relative 
humidity and buffer width is described in 
Figure 7, and demonstrates that a buffer 
width of approximately 250 feet is needed to 
maintain a relative humidity at the stream 
that approximates natural conditions. A 
riparian buffer this wide also should ensure 
that most other microclimate parameters 
such as air temperature, soil temperature, 
and surface air temperature are not 
substantially altered around the stream 
environment, relative to reference 
conditions, under most situations (Brosofske 
et al. 1997, Chen et al. 1995).  
  
A 250 foot buffer should maintain natural 
microclimate conditions at the stream edge 
only, but not in the riparian forest itself. 
Therefore riparian management designed to 
maintain a natural microclimate for riparian-
dependent plants and animals within 
portions of the riparian forest will require 
wider buffers, or essentially, a buffer for the 
riparian environment. 
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Recommended riparian buffer widths 
 
Given the imperiled status of many of the 
salmonid stocks in Washington, we 
recommend buffer widths that minimize the 
risk of further degradation to freshwater 
aquatic habitat resulting from management 
activities in riparian areas. These buffers are 
intended to minimize the future risk of 
extinction to salmonids caused by future 
timber harvest in riparian corridors to the 
furthest extent possible, given our current 
state of knowledge. We view any buffers 
designed to provide less than 100% riparian 
functionality as an unquantified risk to 
salmonid populations. Therefore, based on 
the data we have reviewed (summarized in 
Figure 8), this suggests interim buffer 
widths of at least 250 feet on all perennial 
streams and one site potential tree height on 
all seasonal streams are appropriate to 
ensure as close to 100% riparian 
functionality as is reasonably possible over 
the long term (Figure 8). The inner edge of 
this buffer would begin at the edge of the 
bankfull channel, the floodplain, channel 
migration zone or beaver habitat zone, 
whichever is wider. Such buffers ensure that 
the amount of organic material (LWD, SWD 
and litterfall) delivered to streams, the 
amount of shade provided to streams and the 
relative humidity at the stream will 
eventually return to approximately natural 
levels, and that the buffer is windfirm. A 
buffer width of 250 feet (as opposed to a 
SPTH300) is needed on perennial streams 
primarily to maintain natural shade and 
humidity levels at the stream (Figure 8). In 
contrast, seasonal streams by definition, do 
not have water during the summer months 
when shade and humidity are a concern. 
Therefore, buffers on these streams can be 
reduced down to a SPTH300.  
 
These riparian buffers are not designed to 
ensure that sediment delivered to streams 
eventually returns to natural levels. Most 
sediment entering stream networks in 
forested Pacific Northwest watersheds is 
delivered by mass wasting. Mass wasting 
caused by logging-related activities on 
unstable slopes is a serious problem that 


degrades both instream and riparian habitat. 
Most riparian buffers can not fully mitigate 
the effects of debris flows. Therefore, no 
amount of riparian protection will allow 
salmonid habitat to recover unless there is 
concurrent protection for unstable slopes. 
 
We consider the width of these riparian 
buffers widths interim because they will 
change as additional research and 
experimentation provides data that 
demonstrate under what conditions different 
sized buffers will provide fully functional 
riparian forests. Additional data will likely 
indicate that the width of fully-functional 
riparian forests will vary according to site-
specific conditions. For example, more site-
specific relationships between solar 
radiation received by streams and buffer 
width should be developed because the 
quantity of solar radiation received by 
streams is also affected by valley 
topography. Since topographic features have 
the potential to provide some degree of 
shading, collecting additional data will 
likely result in narrower buffers for certain 
valley types. Additionally, empirical 
evidence that narrower buffers do not lead to 
increases in stream temperatures could also 
result in changes in required buffer widths. 
Conversely, data regarding the effect of 
timber harvest over shallow groundwater 
aquifers may lead to wider buffers. The 
concern in this case is the potential negative 
effect that such harvest activities have on the 
thermal regimes of streams (Hatten and 
Conrad 1995). Data generated on this issue 
may not only result in wider riparian 
buffers, but also the protection of areas that 
are not necessarily adjacent to streams.  
 
In the absence of a quantitative risk 
assessment (discussed below), no amount of 
data will provide a rationale for buffer 
widths that are less than one SPTH300 wide. 
This is because one SPTH300 is the width 
that will ensure that the amount of LWD, 
SWD and litterfall received by streams is 
approximately equal to natural conditions. 
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Figure 8. Cumulative benefits of unmanaged riparian forests to streams as a function of distance from stream. (a) Productivity Site Class I forests, (b) Site Class II, 
(c) Site Class III, (d) Site Class IV. Curves based on McDade et al 1990, Brosofske et al. 1997 and Pollock et al. (in preparation). Site class tree heights are from 
McArdle et al. 1961, and are for 300 year old Douglas fir forests.
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(b) Site Class II
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(c) Site Class III
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(d) Site Class IV
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Since all of these materials are important to 
stream ecosystems, until a quantitative 
relationship can be developed between the 
effects of providing less than 100% of these 
functions and the risk to salmonid 
populations, riparian forests should be fully 
functional in terms of being able to provide 
organic material to streams. Therefore, in 
the absence of risk analysis, this places a 
lower limit on riparian buffer widths of 
between 105-250 feet for Douglas fir forests 
and 50-250 feet for eastside Ponderosa pine 
forests, depending on the site potential 
(McArdle et al. 1930 (Revised 1949), Meyer 
1938, see discussion of site potential in 
Appendix A). 
 
The size of these proposed interim buffer 
widths may also change if it is determined 
that providing less than 100% functional 
riparian forests presents an insignificant risk 
to salmonid populations. However, if 
riparian buffers are going to provide less 
than 100% functional, the relationship 
between riparian functionality and risk to 
salmonid populations needs to be quantified, 
and criteria for determining an acceptable 
level of risk to salmonid populations needs 
to be specified.  
 
Most watersheds in Washington have or will 
soon have one or more salmonid species that 
are listed under the Endangered Species Act. 
An acceptable level of risk to endangered 
species under the Endangered Species Act is 
a 5% probability of extinction within the 
next 100 years (Goodman 1996). We 
assume that 100% functional riparian 
buffers represents our best current estimate 
of the narrowest buffer widths that will not 
appreciably increase the probability of 
salmonid extinction. If buffer widths are 
going to be any narrower, they still need to 
be wide enough to ensure a 95% probability 
that the species of concern will survive for 
another 100 years. Determining the size of 


buffer widths that are not close to fully 
functional but still provide a 95% 
probability of success, requires some sort of 
quantitative risk assessment (sensu 
Goodman 1996). Since numerous salmonid 
species are currently imperiled, it would 
appear that the scientifically and legally 
appropriate strategy would be to minimize 
any risk of extinction until such a 
quantitative risk assessment is undertaken.  
 
In summary, interim buffer widths of 250 
feet are proposed for all perennial streams 
and a width equal to one site potential tree 
height on seasonal streams. For Douglas fir 
forests, site potentials range from 105-250 
feet, while for eastside Ponderosa pine 
forests, site potentials range from 50-250 
feet (McArdle et al. 1930 (Revised 1949), 
Meyer 1938, see discussion of site potential 
in Appendix A). These buffers are intended 
to ensure that riparian forests return to as 
close to 100% functionality over the long-
term as is reasonably possible, and that the 
future condition of riparian forests does not 
contribute significantly to the loss of 
salmonid populations. These buffer widths 
are based on the best, currently available 
scientific information. As more data 
becomes available, or if a quantitative risk 
analysis is undertaken, the widths of these 
buffers will likely change. In particular, we 
anticipate that on smaller streams, narrower 
buffers will, in many instances, still provide 
close to 100% riparian function (once they 
recover from their current degraded state). 
While these proposed buffer widths will 
ultimately minimize the negative affects of 
riparian conditions on salmonid populations, 
the continued existence of salmonids in 
forested watersheds is also dependent on 
adequate protection elsewhere. In particular, 
forest practice activities on unstable slopes 
needs to be minimized, and problems 
resulting from extensive logging road 
networks still needs to be addressed. 
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Appendix A. Site potential tree height defined and explained 
 
The site potential tree height (SPTH) is the 
average maximum height to which dominant 
trees will grow at a particular site if left 
undisturbed, which is approximated by the 
tree height at 200-500 years (Sedell et al. 
1993) (Figure 9). That is, SPTH is the 
average height trees will grow at a given site 
if they do not die prematurely. The potential 
height of a tree is determined by 
environmental factors such as climate, soils 
and hydrology. Site potential is correlated 
with soil type, and soil maps are often used 
to estimate the site potential of a particular 
location.  
 
Forest land is divided into different site 
classes, often based on the height of the 
forest at 100 years of age (e.g. McArdle et 
al. 1930 (Revised 1949), Meyer 1938). Site 
class I forests are the most productive areas 
and 100 year old Douglas fir forests are 
generally between 190-210 feet tall. In 
contrast, site class V forests are the least 
productive, and 100 year Douglas fir forests 
are only 80-90 feet tall. More typical values 
for 100 year old trees in lower elevation 
forests in Washington state are in the range 
of 150-170 feet, with the average probably 
around 150 feet.  
 
Related to SPTH are site index curves or 
tables, which describe the relationship 
between the height and age of a forest for a 
given site class. Typically, site index curves 
(or tables) are used to estimate the probable 
height (or basal area or volume) of a forest 
to determine when it is appropriate to 
harvest or thin. The term site index followed 
by a number, refers to the height of a tree at 
a particular age. For example, one might 
refer to typical Douglas fir forests as having 
a 100 year site index of 150. This refers to 
forests that are 150 feet tall when they are 
100 years old. Confusing the matter 
somewhat, foresters also refer to a stand 
with a 100 year site index of 150 feet as 
having a SPTH of 150 feet, or a 100 year 
SPTH of 150 feet. For clarity, we always 
follow the abbreviation SPTH with a 
subscript specifying the age that we are 
referring to (e.g. SPTH300 for the height of a 
300-year old forest).  
 


Most site index tables are based on the 
height of 100 year old stands. While basing 
site index tables on 100 year old (or 
sometimes 50 year old) stands may make 
sense from a silvicultural perspective, there 
is no ecological significance to the height of 
a 100 year old stand. The arbitrary nature of 
using the height of a forest at 100 years to 
indicate site productivity can be readily seen 
from Figure 9, which shows the relationship 
between tree age and tree height for riparian 
forests in the Mt. Baker-Snoqualmie 
National Forest. This graph shows that trees 
(mostly Douglas fir) grow rapidly in height 
during the first 150 years, then slowly taper 
off for the next 150 years and finally after 
300-400 years reach their maximum height. 
The height of a 100 year old stand is just an 
arbitrary point on the curve that has no real 
ecological importance, it is just a matter of 
silviculturist convention. The most 
ecologically meaningful point on the curve 
is the age at which a stand first reaches its 
maximum height, or site potential, since this 
represents the point in time at which a 
riparian forest can become fully functional. 
 
For purposes of consistency, we use the 
standard site index curves of McArdle et al. 
(1930) for Pacific Northwest Douglas fir 
forests and those of Meyer (1938) for 
Ponderosa pine forests to estimate tree 
heights, and a site index of 300 years to 
represent the full site potential. While 
theoretically, a tree will continue to grow in 
height indefinitely, the average stand height 
generally quits increasing after three to four 
centuries because the tops of tall trees often 
break off during windstorms, thus offsetting 
height increases due to growth. This 
phenomenon is reflected in Figure 9, which 
demonstrates that on average there is little 
increase in stand height after 300-400 years. 
Thus, we use the site index curves of 
McArdle et al. (1930) and Meyer (1938) to 
estimate the potential height a forest will 
grow if left unharvested for 300 years for a 
given site class, and assume that this 
represents the full site potential. 
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New Paradigm for Sizing Riparian Buffers to Reduce Risks
of Polluted Storm Water: Practical Synthesis


M. Todd Walter, M.ASCE1; Josephine A. Archibald2; Brian Buchanan3; Helen Dahlke4; Zachary M. Easton5;
Rebecca D. Marjerison6; Asha N. Sharma7; and Stephen B. Shaw8


Abstract: Riparian buffers are commonly promoted to protect stream water quality. A common conceptual assumption is that buffers
“intercept” and treat upland runoff. As a shift in paradigm, it is proposed instead that riparian buffers should be recognized as the parts
of the landscape that most frequently generate storm runoff. Thus, water quality can be protected from contaminated storm runoff by
disassociating riparian buffers from potentially polluting activities. This paper reviews and synthesizes some simple engineering ap-
proaches that can be used to delineate riparian buffers for rural watersheds based on risk of generating runoff. Although reference is made
to specific future research that may improve the proposed methods for delineating riparian buffers, the approaches described here provide
planners and engineers with a set of currently available scientifically defensible tools. It is recommended that planners and engineers use
available rainfall and stream discharge data to parameterize the buffer-sizing equations and use variable-width buffers, based on a
topographic index, to achieve a realistic representation of runoff generating areas.
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CE Database subject headings: Stormwater management; Runoff; Hydrology; Water quality.

Introduction


For over two decades, riparian buffers have been aggressively
encouraged as part of the environmental protection policies of the
United States �e.g., Calhoun 1988; Welch 1991; Lee et al. 2004�.
There is copious published research demonstrating that protecting
near-stream parts of the landscape typically leads to improved
stream water quality �e.g., Lowrance et al. 1997�. In fact, riparian
buffers are promoted to protect an incredibly wide range of water-
and habitat-quality attributes. Unfortunately, the data correlating
buffer size with improved water quality are generally quite scat-
tered or inconsistent. The basic underlying research has been re-
viewed and re-reviewed many times �e.g., Lammers-Helps and
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Robinson 1991; USACE 1991; Van Deventer 1992; Lowrance
et al. 1997; Wegner 1999; Christensen 2000; Broadmeadow and
Nisbet 2004; Parkyn 2004; Lee et al. 2004; Hawes and Smith
2005; USEPA 2005�, consistently concluding that, in light of sci-
entific uncertainty and inconsistent, quantifiable impacts on water
quality, “professional judgment” �Lowrance et al. 1997; Haber-
stock et al. 2000� as well as social, economic, and other noneco-
logical factors carry heavy weight in establishing riparian
variances and guidelines �e.g., Fischer and Fischenich 2000; Lee
et al. 2004�. This is often explicitly noted in most regional/state
buffer guidelines, which are generally available online. As a re-
sult, it is not surprising that recommendations for riparian buffer
widths range over two orders of magnitude �e.g., Hawes and
Smith 2005�, with typical U.S./Canadian averages in the range of
10–30 m �Lee et al. 2004�.


Some of the most scientifically consistent riparian buffer re-
search has demonstrated that relatively thin ��20 m� buffers can
have remarkably positive impacts on stream water temperature
�e.g., Lynch et al. 1984; Beschta et al. 1987; Kochenderfer and
Edwards 1991; Johnson and Jones 2000; Murray et al. 2000;
Jackson et al. 2001; Macdonald et al. 2003�, bank stabilization
�e.g., Erman et al. 1977; Wipple et al. 1981; Beschta and Platts
1986�, and sediment trapping �e.g., Wenger 2003; Broadmeadow
and Nisbet 2004; Hawes and Smith 2005�. However, the data are
particularly imprecise with regards to buffer sizes required for
effective reduction in soluble nonpoint source pollutants such as
nutrients �e.g., Daniels and Gilliam 1996; Wenger 2003; USEPA
2003�, pesticides �e.g., Neary et al. 1993; Hatfield et al. 1995;
Arora et al. 1996; USDA-NRCS 2000; Lin et al. 2002�, and
pathogens �Doyle et al. 1977; Zhang et al. 2000; Jamieson et al.
2002; Ferguson et al. 2003; Tyrrel and Quinton 2003; Unc and
Goss 2004; Oliver et al. 2005 Pachepsky et al. 2006�. This is
probably because there is not sufficient understanding of the fate-
transport processes in the environment to accurately predict mo-
bility and transformations in riparian areas �e.g., Polyakov et al.


2005�; in fact, most of the references cited previously with respect
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to pathogens are review papers highlighting the complexity of
pathogen transport in the environment, yet buffers are commonly
promoted as effective pathogen traps based on little actual buffer
data �e.g., Barling and Moore 1994; USDA-NRCS 1998, Wegner
1999; Parkyn 2004�. Nitrogen may constitute the best understood
nutrient with respect to riparian processes and even in this case
the data are wildly scattered �e.g., see nitrate data in U.S. Army
Corps of Engineers �USACE� �1991� and USGS �2004�� and the
persistent nitrogen-related problems in the Gulf of Mexico �e.g.,
Rabalais et al. 1999; Alexander et al. 2000; Howarth et al. 2000�
and Chesapeake Bay �e.g., Staver and Brinsfield 2001; IAN-
EcoCheck 2007� testify to the critical knowledge gaps. Despite
enormous research efforts, phosphorus may represent one of the
most poorly understood pollutants and studies are at best incon-
clusive with regards to the ability of riparian buffers to “filter”
phosphorus �e.g., USACE 1991; Lowrance et al. 1997�. Indeed,
some management practices designed to reduce phosphorus loads
to streams actually result in enhanced loadings �Dillaha et al.
1988, 1989a,b; Gaynor and Findlay 1995; Daverede et al. 2003;
Novotny 2003�.


This paper proposes a new paradigm for delineating riparian
buffers that is scientifically defensible and associated with quan-
tifiable risks. Buffers are consistently conceptualized as areas
through which water flows and pollutants are removed �Welsch
�1991�, widely adopted by a variety of agencies e.g., USDA For-
est Service �1996�, USDA-NRCS/USEPA �1997��. The idea that
buffers intercept runoff is not unique to fixed-width buffers, but
also underlies many precision or variable-width buffer designs
�e.g., Dosskey et al. 2002, 2005; Polyakov et al. 2005�. This view
of buffers probably originated with early soil conservation re-
search, which was focused on removing suspended sediments
from overland flows. Indeed, even narrow ��10 m�, well-
vegetated buffers, if properly maintained, have been shown to be
very effective at slowing overland flow and allowing sediment
and sediment-borne nonpoint source pollution to settle out of
storm runoff �e.g., Peterjohn and Correll 1984; Dillaha et al.
1988; Magette et al. 1989�. The flow-interception buffer concept
is also often appropriate for denitrificating subsurface nitrate
fluxes that surface in riparian areas �e.g., Lowrance
et al. 1997; USEPA 2005�. However, the writers suspect that this
concept may not be useful for designing riparian buffers for re-
ducing dissolved pollutant loads from storm flows �e.g., Walter
et al. 1979�, which may explain why riparian buffers have had
inconsistent benefits with respect to dissolved phosphorus �Shep-
pard et al. 2006�. Although, as noted earlier, there is especially
poor understanding of the relevant processes associated with
phosphorus fate-transport in storm runoff, relatively good insights
exist into the processes that generate storm runoff.


In humid, well-vegetated parts of the world, such as the north-
eastern United States, hydrologists recognize that storm runoff is
typically generated from small parts of a watershed, specifically,
those where the soil profile is prone to saturating �e.g., Dunne
1970; Dunne and Black 1970a,b; Dunne et al. 1975; Dunne and
Leopold 1978� or at least getting wet enough to promote rapid
lateral drainage �Lyon et al. 2006a,b�. The extent of these runoff
contributing areas varies throughout the year as the landscape
dries and wets and, thus, they are typically referred to as “variable
source areas” or VSAs. This mechanism for generating storm
flow is in contrast to so-called Hortonian flow, which is produced
when and where rainfall intensities exceed soil infiltration capac-
ity �e.g., Horton 1933, 1940�; a situation that appears to occur
only rarely in the northeastern United States �Walter et al. 2003�.

The writers propose delineating riparian buffers based on their
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risk of generating runoff and that they should be protected to
disassociate areas prone to generating storm runoff from areas
likely to receive potentially polluting activities. Although claimed
to be a new paradigm, the basic concept has been suggested in
peer-reviewed literature for several years �Walter and Walter
1999; Gburek et al. 2000; Walter et al. 2000, 2001; Gburek et al.
2002; Walter et al. 2005; Agnew et al. 2006; Qui et al. 2007� and
even demonstrated to be surprisingly effective for reducing phos-
phorus loads to streams �James et al. 2007; Easton et al. 2008�.
This paper is a review that synthesizes previous research to dem-
onstrate some simple ways of quantifiably delineating riparian
buffers based on their propensity to generate storm runoff, i.e., to
delineate them based on the best science instead of relying so
heavily on professional judgments and inconclusive research find-
ings �see the reviews cited earlier�. It is recognized that there are
some other similarly unique perspectives on the roles of riparian
buffers including stream–buffer interactions during flooding �Il-
hardt et al. 2000; Skally and Sagor 2001� and urban riparian areas
as sinks for stream nitrate �Kaushal et al. 2004; Groffman et al.
2005�. The proposed method uniquely addresses the role of ripar-
ian areas as hotspots of storm runoff generation.


A two-step approach for identifying runoff generating areas:
will be presented first, use a simple rainfall-runoff model to de-
termine the extent or size of the area generating runoff and, sec-
ond, locate or delineate that area in the landscape. For the second
step, both a set-width buffer and a variable-width buffer based on
topography are considered.


Determining Extent of Contributing Area


There are several good simulation models that can capture VSA
hydrology �e.g., TOPMODEL �Beven and Kirkby 1979�,
DHSVM �Wigmosta et al. 1994�, SMR �Frankenberger et al.
1999�, VSLF �Schniederman et al. 2007�� but these generally re-
quire more input data and/or calibration than are typically avail-
able for planning and designing best management practices like
riparian buffers. Thus, the writers propose using the U.S. Depart-
ment of Agriculture, Natural Resources Conservation Service
��NRCS�, formerly the Soil Conservation Service or SCS� Curve
Number �CN� equation for estimating storm flow �USDA-SCS
1972; USDA-NRCS 1986�: The CN equation relates storm runoff
�Q� to effective rainfall �Pe� and a watershed storage factor �S�,
usually referred to as the maximum soil storage—all in units of
depth:


Q =
Pe


2


Pe + S
�1�


where S is typically related to tabulated CN values ��mm�: S
=25,400 /CN-254� and the CN values are based on qualitative
land use and soil infiltration characteristics. The use of these
tables implicitly links the CN equation with Hortonian runoff
theory �Walter and Shaw 2005�. Steenhuis et al. �1995� demon-
strated that the concepts underpinning the equation itself are more
indicative of VSA hydrology. The runoff in Eq. �1� is in units of
depth and can be converted to a runoff volume by multiplying by
the watershed area �Aws�. In accordance with VSA theory, the
volume of runoff can be estimated as the depth of effective rain-
fall over the runoff contributing area �Ac�. Noting that the runoff
volume based on Eq. �1� must equal the VSA runoff volume
�PeAc�, Gburek et al. �2000, 2002� suggested one way to estimate


the average runoff contributing area �avg�Ac�� during a storm


ND DRAINAGE ENGINEERING © ASCE / MARCH/APRIL 2009 / 201


 ASCE license or copyright; see http://pubs.asce.org/copyright







avg�Ac� = � Pe


Pe + S
�Aws �2�


Steenhuis et al. �1995� considered the dynamic nature of the con-
tributing area during a storm and developed an equation for the
maximum contributing area �Max�Ac�� associated with Pe


max�Ac� = �1 −
S2


�Pe + S�2�Aws �3�


Using the methods presented here, the risk of a particular ex-
tent of runoff contributing area is associated with the rainfall fre-
quency, i.e., the 10-year rainfall would produce the 10-year
contributing area. This, of course, is not strictly true, but it has
been a common assumption in engineering design and will be
adopted here. Because the original CN equation had no variable
for time, the writers’ contributing area equations, Eqs. �1� and �2�,
similarly lack this detail and it is typical for engineers to simply
use daily rainfall. However, it is likely that any time period is
acceptable as long as it is short enough that storm flow �overland
flow and rapid lateral drainage� dominates the water budget, i.e.,
percolation, evapotranspiration, and micropore drainage are not
substantial components to the water balance.


Determining S is challenging. For gauged watersheds it can be
back-calculated from Eq. �1� for a range of different storm sizes
�e.g., Steenhuis et al. 1995, Lyon et al. 2004, Shaw and Walter,
personal communication, 2008�. For ungauged watersheds, Gbu-
rek et al. �2002� suggest simply using the published tables �e.g.,
USDA-SCS 1972; USDA-NRCS 1986� to estimate CN based on
land uses and soil characteristics. Unfortunately, as mentioned
earlier, the tables implicitly assume Hortonian flow is the domi-
nant storm runoff process and this paper proposes a way of de-
lineating riparian buffers based on VSA hydrology. So there is an
uncomfortable discontinuity in using the tabulated CNs in this
context. Ideally, one would back-calculate S for nearby water-
sheds with similar characteristics to the one for which riparian
buffers are to be developed. This will be explored further in the
example application.


Delineating the Riparian, Runoff Contributing Area


Riparian buffers are most commonly defined by a fixed set-back
distance or buffer width, although, recently various ways of de-
lineating nonuniform buffers have been proposed �e.g., Ilhardt et
al. 2000; Dosskey et al. 2002, 2005; Polyakov et al. 2005�. In the
proposed method for delineating a riparian buffer, a fixed buffer
width, w, can easily be estimated by


w = � Ac


2Ls
� �4�


where Ls=total length of stream in the watershed. This approach
was suggested by Gburek et al. �2000, 2002�. In this project,
fixed-width buffers were created using the ArcGIS �ESRI soft-
ware, Redlands, Calif.� buffer tool.


A more realistic pattern of VSAs is captured by using a topo-
graphic index �Agnew et al. 2006; Lyon et al. 2006a,b�. There are
many variants on the topographic index concept �e.g., Beven and
Kirkby 1979; O’Laughlin 1986; Ambroise et al. 1996; Habets and
Saulnier 2001; Walter et al. 2002� and they all result in similar
patterns, although the actual values of the indices will vary. Here


only the patterns of relative likelihood of runoff generation are of
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concern, so the specific method used is probably not too impor-
tant. In this investigation the soil topographic index was calcu-
lated as


� = ln� a


KsD tan���� �5�


where �=soil topographic index; a=upslope contributing area per
unit contour length �m2�; tan���=topographic slope; Ks=mean
saturated hydraulic conductivity of the soil �m day−1�; and D
=soil depth �m� �Walter et al. 2002�. The contributing areas were
determined in ArcView 3.3 �ESRI software� based on a hydro-
logically corrected 10 m digital elevation model �DEM� using a
multidirectional flow algorithm �Montgomery and Foufoula-
Georgiou 1993�. Slopes were calculated from the same DEM
using the method of Horn �1981�. The soil characteristics, Ks and
D, were obtained from the SURRGO database �USDA-Natural
Resources Conservation Service�. Higher values of � represent
higher frequency of generating runoff, i.e., perennial streams will
have the highest � values. For a given Ac, the places most likely
to saturate were determined by determining a threshold � such
that the area covered by all � values greater than this threshold
was equal to Ac �Fig. 1�. The combination of Eq. �1� and the
topographic index �Eq. �5�� have been corroborated with field
observations of soil saturation degree �e.g., Schneiderman et al.
2007; Easton et al. 2008�.


Example Applications


Site Description


To demonstrate the methodologies used for delineating riparian
buffers the 230 km2 Salmon Creek Watershed was considered,
which flows into Cayuga Lake north of Ithaca, N.Y. �Fig. 2�. The
land use distribution is typical of the region, about 70% is agri-


Fig. 1. Schematic illustrating how runoff contributing areas were
determined; �a� a “map” of topographic indices, �, �Eq. �4�� is ana-
lyzed to determine �b� the continuous distribution of topographic in-
dices. For any fractional contributing area �Ac /Aws� �from Eqs. �2�
and �3�� there is a threshold � value that �c� corresponds to the
boundary of the runoff contributing area.

cultural land, 28% is mixed forest, and the remaining 2% is a mix
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of residential, commercial, and mixed urban land. According to
the USGS National Hydrography Dataset, Ls=330 km. A USGS
gauge �#04234018, latitude 42°33�13�, longitude 76°32�08�� is
about 2 km upstream from Cayuga Lake. Daily streamflow data
were collected by the USGS from October 1964 to September
1968 and resumed in March 2007. Precipitation is measured at a
Northeast Regional Climate Center weather station near the Cor-
nell University campus, approximately 10 km south of the stream
gauge.


Determining S


Two methods were used to estimate S �Eqs. �1�–�3��: it was back-
calculated from measured stream discharge-precipitation data and
was estimated based on published tables of CN �USDA-SCS
1972�.


Fig. 2. The Salmon Creek Watershed. �Map projection: UTM meters,
Conservation and U.S. Geological Survey �stream network and lakes�
NRCS �watershed boundary�; U.S. Census Bureau �roads and county
cal Survey �land use�.�

S values were back-calculated using Eq. �1� for 28 well-
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defined events, i.e., events in which the precipitation and resulting
storm hydrograph were clearly separated from adjacent events.
�Note: it was assumed Pe=measured rainfall.� For each event,
storm runoff, Q, was separated from base flow by subtracting the
pre-event streamflow from the hydrograph. Using Pe–Q pairs for
each event, Eq. �1� was rearranged to solve for S and a unique S
value for each event was back-calculated. The back-calculated S
values varied substantially from event to event. Each S value was
paired with its corresponding pre-event base flow and it was
found that pre-event base flow correlated well with S �Fig. 3�. The
writers hypothesize that base flow is a good indicator of anteced-
ent wetness �Troch et al. 1993; Shaw and Walter, personal com-
munication, 2008�. Other base flow separation methods result in
similar relationships as shown in Fig. 3, although the absolute
values of S vary with the base flow separation method used �data


18N, datum NAD 1983� �Data sources: NYS Dept. of Environmental
Dept. of Environmental Conservation and U.S. Dept. of Agriculture-
aries�; and U.S. Environmental Protection Agency and U.S. Geologi-

zone
; NYS
bound

not shown�. To calculate an average or representative S, measured
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stream discharge was used to determine the median base flow
�0.72 cm� and the corresponding S value was calculated using the
base flow–S correlation �see Fig. 3 caption�; S=23.5 cm. One
could use a bivariate approach to determine a more precise aver-


Fig. 3. S as a function of base flow, Qb. Symbols are values calcu-
lated from measured rainfall and stream discharge. The line is the
best fit power function, S=1.52Qb


−1.04 �R2=0.77�. The relationship
suggests that the available water storage, S, decreases as base flow
increases, which agrees with earlier work suggesting base flow is a
good indicator of landscape moisture conditions, i.e., high-base flow
indicates a wet landscape �e.g., Troch et al. 1993�.


Table 1. Determination of Salmon Creek, N.Y. Curve Numbers �CN� U


Land use Hydrologic soil groupa Percent of watersh


Crop/pasture A 0.45


B 51.11


C 15.78


D 2.70


Mixed forest A 1.18


B 15.90


C 8.31


D 2.86


Commercial B 0.07


C 0.04


D 0.01


Other agricultural B 0.26


C 0.03


D 0.01


Mixed urban A 0.07


B 0.53


C 0.16


D 0.01


Gravel pitt/quarry B 0.10


C 0.02


D 0.01


Residential A 0.05


B 0.21


C 0.10


D 0.01


Area weighted averages
aFor soils identified as a combination of hydrologic soil groups, the first
also, all land uses with no associated soil group ��1% of the area� were
bThe writers’ best guesses assumed: crop /pasture=crops, straight row,


agricultural=pasture, good condition; residential=1 /2 acre residential lots �all o
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age S �e.g., Shaw and Walter, personal communication, 2008�, but
that is beyond the scope of this paper. Because most rivers are not
gauged, practitioners will have to extrapolate back-calculated S
values from nearby gauged streams. S was calculated for three
additional rural watersheds located between the Catskill Moun-
tains in southeastern New York and near Lake Erie in western
New York and all were similar to Salmon Creek �S=22.8, 25.5,
and 27.8 cm�. In this example it was found that setting Pe to be
equal to the measured rainfall worked best. Usually engineers
define Pe as the total rainfall minus an initial abstraction, Ia,
which is typically defined as 20% of S �USDA-SCS 1972�. The
writers have found that Ia is negligible for most rural watersheds
in this region, especially for rainfall events �1 cm �data not
shown�. Other researchers have also found Ia to be much smaller
than 0.2S �Jiang 2001; Mello et al. 2003; Woodward et al. 2003;
Baltas et al. 2007�.


Using the published tables of CN �USDA-SCS 1972�, it was
estimated that S=8.7 cm �CN=74�. However, because of the
qualitative nature of the tables, this value is somewhat subjective
and could, reasonably, vary substantially, S=6.6–14.5 cm �CN
=79 and 64, respectively� �Table 1�. Note, use of the tables ap-
pears to presume Ia=0.2S.


Delineating Riparian Buffers


To illustrate the various proposed approaches to sizing riparian
buffers, runoff contributing areas, Ac, were calculated for rain


blished, Tabulated Values �USDA-SCS, 1972�—�S=25,400 /CN−254�


a Best-guess CNb Highest tabulated CN Lowest tabulated CN


67 72 39


78 81 61


85 88 74


89 91 80


30 45 30


55 66 55


70 77 70


77 83 77


92 92 92


94 94 94


95 95 95


61 68 61


73 79 73


80 86 80


81 81 81


88 88 88


91 91 91


83 83 83


85 85 85


89 89 89


91 91 91


61 61 61


75 75 75


83 83 83


87 87 87


74.4 79.3 63.6


ted was assumed, e.g., soil hydrologic group C/D was assumed to be C;
ed soil group B.


ondition; mixed forest=woods �farm woodlots�, good condition; other

sing Pu


ed are


type lis
assign


good c


ther land uses have only a single CN for each soil group�.
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events ranging from 0.03 to 12.9 cm, which corresponds to the
observed range of events during 1971–2001. Fig. 4�a� shows the
cumulative distribution of daily rainfalls and Figs. 4�b and c�
show the corresponding fixed width of riparian buffers �Eq. �4��
that would correlate to average �Eq. �2�� and maximum �Eq. �3��
runoff contributing areas, respectively. Figs. 4�b and c� also show
how the buffer widths differ when a backcalculated S �solid lines�
versus tabulated S �dashed lines� are used. As a reference point,
only 3% of rain days experience rain depths �2.5 cm �	1 in.�


Fig. 4. �a� Cumulative distribution of rainfall events �1971–2000�
and the fraction of events that generate runoff contributing areas
larger than a fixed-width buffer based on �b� the average contributing
area �Eq. �2�� and �c� the maximum contributing area �Eq. �3��.
Dashed-lines are based on tabulated CN values, the thin dashed lines
correspond to the writers’ estimated uncertainty in determining CN
from the tables �S=3 and 12 cm�. Solid lines are based on backcal-
culated S values; the heavy lines use the S value backcalculated for
Salmon Creek and the thin lines correspond to the highest and lowest
backcalculated S values �22.8 and 27.8 cm� for similarly rural water-
sheds. �Note: the lines corresponding to S=22.8 cm cannot be distin-
guished from the heavy lines.� The arrows illustrate that �a� 3% of the
daily rainfall “events” are �2.5 cm; �b� average; and �c� maximum
runoff contributing areas produced by a 2.5 cm rainfall, which will
only be exceeded by 3% of the events, correspond to the areas en-
compassed by 	30 or 	60 m riparian buffer, respectively, for this
watershed.

�arrow in Fig. 4�a��. Thus, it was anticipated that only 3% of the
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rain days would experience runoff contributing areas larger than
that generated by a 2.5 cm rainfall; this is indicated with arrows
in Figs. 4�b and c�. Using the backcalculated S �solid lines in
Figs. 4�b and c��, the Ac generated by a 2.5 cm storm corresponds
to the area encompassed by 	30 m buffer based on avg�Ac� �Eq.
�2�, Fig. 4�b�� and 	60 m buffer based on the max�Ac� �Eq. �3�,
Fig. 4�c��. It is interesting, although perhaps not overly notewor-
thy, that, for any given level of risk �frequency larger�, the buffer
width of Fig. 4�b� is approximately half that in Fig. 4�c� based on
the backcalculated S values.


Clearly, whether one uses a backcalculated S or one based on
published tables makes an enormous difference in buffer size,
especially for small, frequent events ��	1 cm� �Figs. 4�b and
c��, i.e., those exceeded by �15% of the events �Fig. 4�a��. For
larger events ��	1.4 cm�, those which are only exceeded by
	10% of rainfall events �Fig. 4�a��, the buffer widths based on
the backcalculated S are within the range of buffer widths due to
the writers’ uncertainty in interpreting the published CN tables
�Figs. 4�b and c��. However, buffer widths based on tabulated
values suggest no runoff until �1.7 cm �0.6 in.� of rain, which is
an artifact of the initial abstraction and unrealistic as storm runoff
is observed in the hydrograph for some daily rainfalls �1.7 cm
�data not shown�. By contrast, the buffer widths based on the
backcalculated S values suggest continuum of growing runoff
contributing areas with increasing storm size, which is more con-
sistent with VSA-hydrologic theory.


It is noteworthy that the variability in buffer widths due to
differences in backcalculated S values was small, especially com-
pared to the uncertainty introduced in using the tabulated CNs
�Fig. 4�. Even though relatively consistent S values were found
across four regional watersheds, these values will vary somewhat
with land use. For example, S for a relatively urbanized watershed
near Rochester, N.Y. was found to be 8.7 cm, about a third of the
values found for the rural, agricultural watersheds. This is ex-
pected because impervious areas generally reduce the water hold-
ing capacity of the landscape; for a wholly paved watershed, S

0 cm.


As previously noted by Agnew et al. �2006�, fixed-width buff-
ers only approximately correlate with actual runoff contributing
areas. To illustrate this, the writers created maps of both fixed-
width and topographic-index delineated riparian buffers for the
3% risk level �2.5 cm �1 in.� rain� using the maximum runoff
contributing area approach �Eq. �3�� �Fig. 5�. Interestingly, in
many places the fixed-width buffer covers parts of the landscape
that are not likely to generate runoff �Fig. 5�b��. There are several
headwater areas that appear to be especially prone to generating
runoff even though they are not necessarily adjacent to the peren-
nial stream �Fig. 5�c��. The writers speculate that these headwater
source areas may be largely responsible for generating runoff that
is often observed to “short-circuit” fixed-width buffers. One pos-
sible way to help reconcile the differences between fixed-width-
and topographic-index-based buffers might be to develop a hy-
drologically based way of determining the effective stream net-
work, which includes ephemeral and intermittent streams that are
often not comprehensively included in regularly mapped hydrog-
raphy and may include human modifications to the natural drain-
age system �e.g., ditches�; some such methods have been
proposed �Tarboton 1997; Duke et al. 2003, 2006; Seibert and
McGlynn 2007� but need to be tested in the context of this ripar-
ian buffer work and may benefit from improved topographical


data, such as that generated by LiDAR.
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Conclusions and Recommendations


The new paradigm presented for delineating riparian buffers spe-
cifically addresses the problem of stream water contamination by
polluted storm runoff. It should be emphasized that buffers pro-
vide a variety of environmental benefits beyond this problem and,
thus, the methods presented here are meant as additional tools for
assessing, planning, and designing riparian buffers. For example,
if a planner is interested in trapping sediments, for which the
transport processes are different from solutes, this should prob-
ably be considered independently of the context of the “new para-
digm” presented here. Although, many previous riparian buffer
literature reviews have emphasized the need to carefully consider
the riparian hydrology, usually with respect to flow paths that may
bypass a riparian buffer, the methods put forth here uniquely con-
sider the buffer itself to be the source of storm flow. Water quality
is protected by keeping potentially polluting activities out of these
areas �e.g., James et al. 2007; Easton et al. 2008�


With regards to the suite of methods synthesized here, it is
recommended that planners try to determine S from available
stream discharge and rainfall data rather than use published tables
�USDA-SCS 1972; USDA-NRCS 1986�. This will require locat-
ing nearby gauged watersheds that are as similar as possible to the
one for which riparian buffers are being designed. If the tables are
used to determine S, practitioners need to recognize that there will


Fig. 5. Maps of fixed-width �light areas� and variable-width �dark area
Creek, N.Y. watershed. Insets �b� and �b� show examples of parts of th
buffers and vice versa, respectively.

be substantial uncertainty in the resulting buffer size. The results
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presented here suggest that the tabulated values will give similar
results to those based on rainfall-discharge data for large rainfall
events. If one were to design a riparian buffer using the 1-year
24-h rainfall, it is likely that buffer size would be the same for
tabulated and backcalculated S values. For example, the 1-year
24-h rainfall for Salmon Creek is 	5.7 cm �Hershfield 1961� and
for which buffer widths determined with either tabulated or back-
calculated S values are essentially the same, although large �Figs.
4�b and c��.


It is also recommended that, when possible, preference be
given to variable-width buffers, based on a topographic index,
over fixed-width buffers. Although the likelihood of an area gen-
erating saturation-excess runoff generally decreases with increas-
ing distance from a stream, the patterns are only loosely
correlated to distance from stream �Agnew et al. 2006�. Topo-
graphic indices appear to capture much more of the realistically,
irregular patterns of runoff generating areas �e.g., Agnew et al.
2006; Lyon et al. 2006a, b; Schneiderman et al. 2007�. However,
fixed-width buffers are still likely to be effective �e.g., Easton
et al. 2008� although they will not capture some runoff-prone
areas and will likely encompass some areas that have little like-
lihood of generating runoff.


The immediate research needs that will add substantially to the
writers’ confidence in the proposed methods for delineating ripar-
ian buffers are: �1� developing a way to estimate S for ungauged


rian buffers associated with a 2.5 cm �1 in.� rain event in the Salmon
rshed where fixed-width buffer area is greater than the variable-width

s� ripa
e wate

watersheds; �2� formalizing a way to incorporate antecedent wet-
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ness into quantifying the risk a runoff contributing area extent
�Ac�; and �3� assessing reliable ways of delineating a watershed’s
drainage network beyond that shown in published hydrography.
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Example Buffer Tables 

Unpublished Research from TNC :

Goal was to use this graph to quickly make decisions on what buffer widths were needed for conservation to accomplish near full ecological stream function (and in some cases also provide habitat for riparian forest dwelling species). She did all the research into published studies and then brilliantly came up with the risk curve approach - which had been used for some of the Northwest Forest Plan planning. See attached spreadsheet for the aquatic references. 
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Broadmeadow and Nisbet 2004
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The Watershed Co. 2007 Best Available Science Report. Use of Best Available Science in Skagit County Critical Areas Ordinance. 
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Riparian Buffer Zones: Functions and Recommended Widths 

Prepared by Ellen Hawes and Markelle Smith

Yale School of Forestry and Environmental Studies

For the Eightmile River Wild and Scenic Study April 2005
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Wenger, S. (1999). A review of the scientific literature on riparian buffer width, extent and vegetation.

[bookmark: _GoBack]Three options for buffer guidelines were proposed. All are defensible given the scientific literature. The first provides the greatest level of protection for stream corridors, including good control of sediment and other contaminants, maintenance of quality aquatic habitat, and some minimal terrestrial wildlife habitat. The second option should also provide good protection under most circumstances, although severe storms, floods, or poor management of contaminant sources could more easily overwhelm the buffer.

Option One:

 • Base width: 100 ft (30.5 m) plus 2 ft (0.61 m) per 1% of slope.

 • Extend to edge of floodplain. 

• Include adjacent wetlands. The buffer width is extended by the width of the wetlands, which guarantees that the entire wetland and an additional buffer are protected.

• Existing impervious surfaces in the riparian zone do not count toward buffer width (i.e., the width is extended by the width of the impervious surface, just as for wetlands). 

• Slopes over 25% do not count toward the width. 

• The buffer applies to all perennial and intermittent streams. 

Option Two: The same as Option One, except: 

• Base width is 50 ft (15.2 m) plus 2 ft (0.61 m) per 1% of slope. 

• Entire floodplain is not necessarily included in buffer, although potential sources of severe contamination should be excluded from the floodplain. 

• Ephemeral streams are not included; affected streams are those that appear on US Geological Survey 1:24,000 topographic quadrangles. Alternatively, buffer can be applied to all perennial streams plus all intermittent streams of second order or larger

Option Three: 

• Fixed buffer width of 100 ft. 

• The buffer applies to all streams that appear on US Geological Survey 1:24,000 topographic quadrangles or, alternatively, all perennial streams plus all intermittent streams of second order or larger (as for Option Two).

To provide habitat for forest interior species, at least some riparian tracts of at least 300 ft width should also be preserved. Identification of these areas should be part of an overall, county-wide wildlife protection plan. For riparian buffers to be most effective, some related issues must also be addressed. These include reducing impervious surfaces, managing pollutants on-site, and minimizing buffer gaps.
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Sheet1

				Buffer		Reference

				30		USDA 2000; mimimum buffer for sediment; recommends wider buffer

				35		Wenger 1999; mimimum for stream temperature

				50		Pollock and Kennard 1999; minimum of 50' for litterfall, but generally not windfirm until at least 75; 50' will not support other riparian functions in fish-bearing streams

				50-100		Wenger 1999; 50-100' is minimum needed to control sediment; studies suggestive of larger need

				100		Olson 2007; small-order streams - 50-100 minimum protections for quatic habitat and water quality

				100		FEMAT 1993; 70% effectiveness for LWD 

				100		Castelle et al. 1994; Semlitsch and Bodie 2003; Lee et al. 2004 - 100' is minimum needed to protect aquatics from timber harvest on most streams (not larger rivers)

				100-150		Christensen 2000; 100'-150' for 50% - 100% temperature moderation

				150		Brosofske et al. 1997 - recommend this for small streams

				155		Brosofske et al. 1997 - air and soil temp

				175		May 2003; 165' for LWD

				200		Brosofke et al. 1997; microclimate gradients around small streams (6-13') can extend out 200' into riparian forest

				200		Desbonnet et al. 1994,1995; 200' needed for 80% of contaminent removal (sediment, nitrogen, phosphorous)

				200		Brosofskee et al. 1997 - surface temperature and humidity

				250		Pollock and Kennard 1999; minimum buffer on all perrennial streams  for protection of aquatic functions

				250		May 2003; Recommends at least 230' to protect salmonid habitat

				100-300		Bavins et al. 2000; sediment removal on freshwater habitat

				50-300		Schoonover and Willard 2003; at least 300' may be needed to remove nitrate 

				250-300		Young 2000; 300 feet retains most riparian-stream linkages (lwd, bank stability, microclimate)

				300		FEMAT 1993; minimum width for sediment, nutrient protection on fish-bearing stream; 200' on smaller streams

				130-325		Olson 2007; small-order streams -130-330' minimum protections for aquatic species

				100-350		May 2003; 100' to protect temperature and slope stability; 350' to protect microclimate

				375		Great Bear Hydroriparian Planning Guide (CIT 2004); Recommends at least 1.5 SPTH (1 SPTH to capture influence of terrestrial system on stream and 0.5 SPTH to protect buffer conditions)

				150-250		FEMAT 1993; one SPTH or minimum of 150' on all non-fish-bearing perennial streams

				500		FEMAT 1993; two SPTH on all fish-bearing streams

				500-750		FEMAT 1993; 750' may be needed to stabilize humidity and windspeed on fish-bearing streams (larger buffer on larger streams)

				800		Chen et al. 1995 - microclimate effects from clear-cut edge into forest

				800		Brosofke et al. 1997; recommends buffer of several tree heights to maintain microclimate conditions within buffer

				900		Bisson and Wondzell 2009; may need 900' for 95% protection of wood inputs on large rivers from active channel (Queets study - Latterelle 2005); full floodplain likely needs protection

				1000		Brosofske et al. 1997 - recommend this for some sites, particlularly larger streams/rivers, to stabilize microclimate
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Hi Key,
 
I’ve been doing a bit of searching and asking around and I have come up with a document that
 contains a few buffer tables from literature (in case you haven’t seen them). The document also
 includes some unpublished results from a TNC study on buffers and the associated literature review.
 A caution is that the TNC study was looking to protect all stream functions. This may be different
 than the minimum buffer widths that PC is looking to implement to prevent complete loss of
 species/habitat.  
 
…I have also attached a few additional papers suggested by our forest team.
 
 
Also see: FEMAT 1993 Report http://www.blm.gov/or/plans/nwfpnepa/FEMAT-
1993/1993_%20FEMAT_Report.pdf
(see pages V28-V30: suggesting 200 foot buffer to protect water quality)

 
I hope this helps!
 
Best,
Molly
 
 
 
 
Molly Bogeberg
Temporary Marine Projects Manager
The Nature Conservancy
(805) 304-8973
 

http://www.blm.gov/or/plans/nwfpnepa/FEMAT-1993/1993_%20FEMAT_Report.pdf
http://www.blm.gov/or/plans/nwfpnepa/FEMAT-1993/1993_%20FEMAT_Report.pdf




















From: Kelly Rupp
To: Ann Lefors
Cc: Tess Brandon; Tim Crose
Subject: PacCo Critical Areas: needed definitions for "Saltwater Intrusion" and "Aquifer"
Date: Wednesday, March 23, 2016 9:12:51 AM
Attachments: Untitled.rtf

Thanks, Ann.   Curious that we didn't include a definition for "aquifer"
(especially in that we do have a specific definition for "critical aquifer
recharge area", which presumes an understanding of "aquifer").     And
"saltwater intrusion" is a potentially confusing/technically-leaning phrase
that could easily be misconstrued if not defined.    Will share here with
Tess for consideration in the CAO hearings draft.    

- Kelly   

-----Original Message-----
From: Ann Skelton [mailto:anniskelton@comcast.net]
Sent: Wednesday, March 23, 2016 8:53 AM
To: Kelly Rupp gmail <wkellyrupp@gmail.com>
Subject: definitions

Kelly,
I sent to Tim (March 10) ...noticed we didn't have definitions for these.
Apologies if you already have this.

mailto:wkellyrupp@gmail.com
mailto:anniskelton@comcast.net
mailto:TBrandon@watershedco.com
mailto:tcrose@co.pacific.wa.us
mailto:anniskelton@comcast.net

Saltwater Intrusion:Saltwater intrusion is the movement or intrusion of saline water into freshwater aquifers, which can lead to contamination of drinking water sources and other consequences owing to the hydraulic connection between groundwater and seawater.This can occur naturally, or through groundwater pumping from development near coasts, from navigation and drainage channels, or may be increased through sea level rise or worsened in storm surges. Saltwater intrusion can decrease freshwater storage in aquifers.Aquifer:An underground layer of water-bearing permeable rock, rock fractures or unconsolidated material (gravel, sand, silt) containing or conducting groundwater. (Do we need to address confined or unconfined types)



From: Kelly Rupp
To: Tess Brandon; Dan Nickel; Sarah Sandstrom
Cc: "Faith Taylor"; "Tim Crose"
Subject: PacCo Final First Draft Comments CAO.doc
Date: Friday, August 28, 2015 1:18:50 PM

Dan/Tess/Sarah:    just a couple of (nit!) additions to the comments submitted to PacCo's draft CAO
 (followup to yesterday's email from Tim):

·         Page 26 (Section 4.B.2, Wetlands):    regarding determination of where a wetland exists,
 300’ is numerically referenced in parentheses (three times in this section), but “one
 hundred feet” is spelled out in the text.   I believe that the advisory committee suggests 300’
 wetland buffers, yes?     And elsewhere (comment around definition of “Critical Area”, 2.15,
 and “Adjacent”, 2.1), the 500’ feet trigger is referenced, noting that wetland buffers may
 differ from other buffer types, etc.     We’ll certainly want/need to be clear/exact in our
 definitions and descriptions!

·         Page 31 (Table 4.1, Buffer widths):   expect to be asked in our Planning Commission review
 (meaning for sure, that I’ll ask!   J)  how these buffer widths map to other counties and/or
 DoE guidelines.   Based on comments/challenges already noted from the public, we’ll want
 to be prep’d with backup as the reasonableness of these increased buffers (and associated
 building setbacks).

·         Page 34 (Table 4.2, Mitigation ratios):    should we include a specific edition reference for
 the Wetlands in Washington State Volume 2?    A Google search for the doc suggests the
 April 2005 publication date?    Super nitty, I apologize, but want to avoid confusion with
 earlier draft editions still floating around cyberspace.  

 
Much thanks for all!
 

-          Kelly   
 
 
-----Original Message-----
From: Tim Crose [mailto:tcrose@co.pacific.wa.us] 
Sent: Thursday, August 27, 2015 2:53 PM
To: Tess Brandon (TBrandon@watershedco.com); Dan Nickel; Sarah Sandstrom
Cc: Faith Taylor; Kelly Rupp
Subject: Emailing: Final First Draft Comments CAO.doc
 
  Hello Tess,
 
As promised here are the first draft comments of the CAO. Please let me know if you need anything
 else.
 
Thanks,
 
Tim

mailto:kelly.rupp@leadtoresults.com
mailto:TBrandon@watershedco.com
mailto:DNickel@watershedco.com
mailto:ssandstrom@watershedco.com
mailto:ftaylor@co.pacific.wa.us
mailto:tcrose@co.pacific.wa.us
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SECTION 1. GENERAL PROVISIONS 

A. Statement of Authority 

This Ordinance is established pursuant to RCW 36.70A.060 and RCW 36.70A.170. 

B. Statement of Purpose 

The purpose of this Ordinance is to define, identify, and protect critical areas and 
resource lands as required by the Growth Management Act of 1990 (Chapter 17, 
Laws of 1990), as amended. 

C. Statement of Policy 

1. It is a policy of Pacific County that the beneficial functions, and structure, and 
values of critical areas and resource lands be protected as identified in this 
Ordinance, and further that potential dangers or public costs associated with 
inappropriate use of such areas be minimized by reasonable regulation of uses 
within, adjacent to, or directly affecting such areas. Reasonable regulation shall 
be achieved by the balancing of individual and collective interests. Best 
available science shall be used in the administration of this Ordinance. 

2. Requirements of this Ordinance shall not remove a person’s obligation with 
respect to the applicable provisions or any other Federal, State, or local law or 
regulation, including, but not limited to, the acquisition of any other required 
permit or approval. 

D. Coordination with Other County Ordinances 

The development regulations for critical areas and resource lands, as set forth in this 
Ordinance, shall be reviewed during consideration of the adoption of any land use 
development regulations. 

E. Savings and Severability 

If any provision, or portion thereof, contained in this Ordinance is held to be 
unconstitutional, invalid, or unenforceable, said provisions, or portion(s) thereof, 
shall be deemed severed and the remainder of this Ordinance shall not be affected 
and shall remain in full force and effect. 
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SECTION 2. DEFINITIONS 
2.1 Adjacent 

“Adjacent” means immediately adjoining (in contact with the boundary of) or 
within a distance that is less than that needed to separate activities from critical 
areas or resource lands to ensure protection of the functions and values of those 
areas. For the purposes of this chapter, “adjacent” shall mean: 

(1)  On a site immediately adjoining a critical area;  

(2)  Within a distance equal to or less than the required critical area buffer 
width and building setback; 

(3)  Within a distance equal to or less than three hundred (300) feet upland 
from a stream or non-wetland water body; 

(4)  Within a distance equal to or less than: 

a. One hundred fifty (150) feet upland from a wetland, for land use 
types that can result in low intensity impacts, such as forest 
practices, low-intensity open space, unpaved trails, and low-
maintenance utility corridors; 

b. Two hundred twenty five (225) feet upland from a wetland, for land 
use types that can result in moderate intensity impacts, such as 
residential (1 unit per acre or less), moderate-intensity open space, 
moderate-intensity agriculture, paved trails, logging roads, and 
maintained utility corridors; 

c. Three hundred (300) feet upland from a wetland, for land use types 
that can result in high intensity impacts, such as commercial, 
urban, industrial, institutional, retail, residential (>1 unit/acre), high-
intensity agriculture, and high intensity recreation; 

(5)  Bordering or within the floodway, floodplain, or channel migration zone; 

(6)  Within a distance equal to or less than two hundred (200) feet from a 
critical aquifer recharge area; or 

(7)  Within a distance equal to or less than five hundred (500) feet from the 
exterior boundaries of designated resource lands. 

2.2 Administrator 
“Administrator” means the Director of the Department of Community 
Development or his or her designee(s). 

2.3 Agricultural Activities, Existing and Ongoing 
Commented [KR2]: we expect to shift to SMA definitions 
for all vocabulary (to be consistent with the SMP).   Please 
edit this definition of Agricultural Activities to match SMA 
language.    
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“Existing and ongoing agricultural activities” means those activities conducted on 
lands defined in RCW 84.34.020(2), and those activities involved in the 
production of crops and/or raising or keeping livestock. Agricultural activities 
include associated activities, including the operation and maintenance of farm 
and stock ponds, drainage ditches, operation and maintenance of ditches, 
irrigation systems including irrigation laterals, canals, or irrigation drainage 
ditches, and normal operation, maintenance, and repair of existing serviceable 
agricultural structures, facilities, or improved areas, and the practice of 
aquaculture. Agricultural activities include, but are not limited to aquaculture, 
growing mint, bulb farming, haying, growing blueberries, cranberries, hybrid 
poplars, Christmas trees, and other nursery and horticultural activities which may 
involve up to a ten-year rotation, not otherwise classified as a forest practice. To 
ensure preservation of agricultural land, the ability to switch from one crop or 
activity to another to meet market forces is essential and shall be considered 
"existing and ongoing agricultural" use when such conversions occur. Further, 
land devoted to agricultural purposes shall be considered existing and ongoing 
even if in-between crop activities are limited to haying or grazing. Forest 
practices regulated under Chapter 76.90 RCW and Title 222 WAC are not 
included in this definition. 

2.4 Agricultural Land 

“Agricultural land” means any land which contains existing and ongoing 
agricultural activities, or which is classified as agricultural land of long-term 
commercial significance or agricultural land of local importance. 

2.5 Agricultural Land of Local Importance 

“Agricultural land of local importance” includes any diked tidelands as listed 
under soil type nos. 104 and 147 in the Soil Survey of Grays Harbor County 
Area, Pacific County, and Wahkiakum County, Washington, 1986, Soil 
Conservation Service, USDA, that is involved in existing and ongoing agricultural 
activities on the date this Ordinance became effective. 

2.6 Agricultural Land of Long-Term Commercial Significance 

“Agricultural land of long-term commercial significance” means all land that is 
devoted to the long-term commercial production of aquaculture, cranberries, 
and/or other bog related crops. 

2.7 Best Available Science 

“Best available science” means current scientific information used in the process 
to designate, protect, or restore critical areas, that is derived from a valid 
scientific process as defined by WAC 365-195-905. Counties and cities must 
include best available science when developing policies and development 
regulations to protect the functions and values of critical areas. Where there is an 
absence of valid scientific information or incomplete scientific information relating 
to a county’s or city’s critical areas, leading to uncertainty about which 
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development and land uses could lead to harm of critical areas or uncertainty 
about the risk to critical area function of permitting development, counties and 
cities should use the following approach: 

(1) A “precautionary or a no risk approach,” in which development and land 
use activities are strictly limited until the uncertainty is sufficiently resolved; 
and 

(2) As an interim approach, an effective adaptive management program that 
relies on scientific methods to evaluate how well regulatory and 
nonregulatory actions achieve their objectives. Management, policy, and 
regulatory actions are treated as experiments that are purposefully 
monitored and evaluated to determine whether they are effective and, if 
not, how they should be improved to increase their effectiveness. 

2.8 Best Management Practices 

“Best Management Practices” means conservation practices or systems of 
practices and management measures that: 

(1) Control soil loss and reduce water quality degradation; and 

(2) Minimize adverse impacts to surface water and ground water flow, 
circulation patterns, and to the chemical, physical, and biological 
characteristics of wetlands. 

2.9 Buffer 
“Buffer” means an area that is contiguous to and protects a critical area, and 
which is required for the continued maintenance, functioning, and/or structural 
stability of a critical area. 

 
Vegetated areas adjacent to wetlands, or other aquatic resources, that can 
reduce impacts from adjacent land uses through various physical, chemical, 
and/or biological processes. 
 

2.10 Conservation 

“Conservation” means the prudent management of rivers, streams, wetlands, 
wildlife, and other environmental resources in order to preserve and protect 
them. This includes the careful use of natural resources to prevent depletion or 
harm to the environment. 

2.11 Critical Aquifer Recharge Area 

“Critical aquifer recharge area” means an area with a critical recharging effect on 
aquifers used for potable water, including areas where an aquifer that is a source 

Formatted: Highlight

Formatted: Indent: Left:  0.5"

Commented [KR3]: A.This is the definition of Buffer in 
the Wetlands in Washington State - Volume 1: A 
Synthesis of the Science 
https://fortress.wa.gov/ecy/publications/summarypages/0506006.
html  
(Glossary, page 1) 
 
Per Rick Mraz comment, seems to suggest that we should 
we adopt this definition?    Need to clarify with Mraz… 

https://fortress.wa.gov/ecy/publications/summarypages/0506006.html
https://fortress.wa.gov/ecy/publications/summarypages/0506006.html
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of drinking water is vulnerable to contamination that would affect the potability of 
the water, or is susceptible to reduced recharge. 

2.12 Critical Area Functions 

“Critical area functions” means the physical, chemical, and biological processes 
or attributes of a critical area. 

2.13 Critical Area Report 
“Critical area report” means a site-specific evaluation and report prepared by a 
qualified professional to determine the presence, type, class, size, function, 
and/or value of an area subject to this Chapter. The report provides a site-
specific evaluation of how to protect critical area functions and values. 

2.14 Critical Area Values 

“Critical area values” means the critical area processes or attributes that are 
environmentally or ecologically valuable or beneficial to society. 

2.15 Critical Areas 

“Critical areas” include the following: wetlands; critical aquifer recharge areas; 
fish and wildlife habitat conservation areas; frequently flooded areas; and 
geologically hazardous areas. 

2.16 Critical Facilities 

“Critical facilities” means any development that pertains to schools; hospitals; 
police, fire, and emergency response installations; sewage and water treatment 
facilities; electrical substations and other utility infrastructure; or installations 
which produce, use, or store hazardous waste 

2.17 Dangerous Wastes 

"Dangerous wastes" means those wastes designated in WAC 173-303-070 
through 173-303-120 as dangerous or extremely hazardous or mixed waste. As 
used in Chapter 173-303 WAC, the words "dangerous waste" refer to the full 
universe of wastes regulated by that chapter. 

2.18 Debris Flow 

"Debris flow" means the rapidly downslope-moving mass of a viscous water-
saturated mixture of rock fragments, soil, vegetation, and mud. 

2.19 Delineation 

"Delineation" means a formal demarcation of the boundary of a critical area by 
the Department of Community Development or a qualified critical area 
professional. 
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2.20 Department of Community Development 
"Department of Community Development" means the Pacific County Department 
of Community Development. 

2.21 Determination 

"Determination" means an action by the Department of Community Development 
or a qualified critical area professional to identify, characterize, and/or locate a 
critical area. 

2.22 Emergency 

“Emergency” means an activity necessary to prevent an immediate threat to 
public health, safety, or welfare, or that poses an immediate risk of damage to 
private property or public property and that requires remedial or preventative 
action in a timeframe too short to allow for compliance with the requirements of 
this Chapter. 

2.23 Erosion Control 
“Erosion control” means on-site and off-site control measures that are used to 
control conveyance and/or deposition of earth or sediments associated with 
development. 

2.24 Flood or Flooding 

“Flood” or “flooding” means a general or temporary condition of partial or 
complete inundation of normal dry-land areas from the overflow waters. 

2.25 Flood, 100 Year or Base Flood 

“100 year flood” or “base flood” means the flood having one (1) percent chance 
of being equaled or exceeded in any given year. For purposes of this Chapter, 
Pacific County adopts the Federal Emergency Management (FEMA) flood hazard 
classifications. 

2.26 Forest Land of Long-Term Commercial Significance 

“Forest land of long-term commercial significance” means any land designated 
on the map of Pacific County Forest Land as forest land of long-term commercial 
significance. These areas are zoned Commercial Forestry District (FC) and are 
subject to the provisions of the Pacific County Zoning Ordinance (Ordinance No. 
162, or as amended). 

2.27 Forest Land, Transitional 
“Transitional forest land” means any land designated on the map of Pacific 
County Forest Land as transitional forest land. These areas are zoned 
Transitional Forest Land District (FT) and are subject to the provisions of the 
Pacific County Zoning Ordinance (Ordinance No. 162, or as amended). 
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2.28 Forest Practice 

"Forest practice" means any activity regulated by Chapter 76.09 RCW and Title 
222 WAC. 

2.29 Frequently Flooded Areas 

“Frequently flooded areas” are lands in the floodplain subject to at least a one 
percent or greater chance of flooding in any given year, or within areas subject to 
flooding due to high groundwater. These areas include, but are not limited to, 
streams, rivers, lakes, coastal areas, wetlands, and areas where high 
groundwater forms ponds on the ground surface. Frequently flooded areas within 
Pacific County shall be classified using the criteria defined in Section 6.B of this 
Ordinance. 

2.30 Geologically Hazardous Areas 

“Geologically hazardous areas” means areas that because of their susceptibility 
to erosion, sliding, earthquake, tsunami, or other geological events, pose a health 
and safety threat when incompatible commercial, residential, or industrial 
development occurs. 

2.31 Groundwater 
“Groundwater” means that part of the subsurface water that is in the zone of 
saturation (below the water table), as distinct from vadose water (above the 
water table). 

2.32 Health Officer 
“Health Officer” means the legally designated Health Officer of the Pacific County 
Board of Health or his or her designee(s). 

2.33 Highest Astronomical Tide (HAT) 
“Highest astronomical tide” means the highest water level which can be predicted 
to occur at a particular location under average meteorological conditions. The 
water elevation of the highest astronomical tide is expected to occur at a specific 
location. For Willapa Bay, official readings are observed at Toke Point Station 
over a nineteen (19) year period and reduced to mean values, then corrected to 
local tide stations at Nahcotta and Raymond. In a subsection of the Willapa Bay 
Conservancy Shoreline Environment in the Pacific County Shoreline Master 
Program, HAT is used as a benchmark to establish setbacks and buffers for 
development proposals on shorelands landward of the ordinary high water mark 
within shoreline jurisdiction. 

2.34 In-Kind Mitigation 

“In-kind mitigation” means replacement or substitute resources that are of the 
same type and kind as those being impacted. For example, in-kind mitigation 

Formatted: Highlight

Commented [KR4]: CAO TAC 031716:   Shouldn’t we use 
the SMP definition?     Added this “a subsection of…” to 
clarify that HAT applies only to a portion of the Willapa Bay 
SED (i.e., the eastern shore of the Peninsula). 
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requires category I wetlands to be mitigated with category I wetlands, and 
category II wetlands to be mitigated with category II wetlands. 

2.35 Land Alteration 

“Land alteration” means a human induced action which materially affects the 
physical condition of land or improvements including, but not limited to, those 
activities which are commonly referred to as clearing, grubbing, excavation, 
filling, grading, surfacing, paving, compaction, stockpiling, and stabilizing. 

2.36 Maintenance or Repair 
“Maintenance” or “Repair" means those usual activities required to prevent a 
decline, laps, or cessation from a lawfully established condition or to restore the 
character, scope, size, or design of a structure or land use to its previously 
authorized and undamaged condition. Activities that change the character, size, 
or scope of a project beyond the original design and drain, dredge, fill, flood, or 
otherwise alter additional critical areas are not included in this definition. 

2.37 Mineral Land 
“Mineral land” means any area in Pacific County presently covered under a valid 
Washington State Department of Natural Resources (DNR) surface mining 
permit and any beach area where sand is removed for commercial purposes. 
Any other area shall be classified as mineral land when a surface mining permit 
is granted by the DNR. 

2.38 Mining 
“Mining” means the removal for economic use of minerals, petroleum resources, 
sands, gravels, organic material, or other naturally occurring materials from 
uplands and/or the bed beneath an aquatic area. 

2.39 Minor Pruning 

“Minor pruning” means pruning or cutting out of water sprouts, suckers, twigs, or 
branches less than three inches in diameter, or which constitutes less than fifteen 
(15) percent of the tree’s foliage bearing area. The work shall retain the natural 
form of the tree. Removal of dead wood, broken branches, and stubs are 
included within the definition of minor pruning. 

2.40 Mitigation 

"Mitigation" means: 

(1) Avoiding the impact altogether by not taking a certain action or parts of an 
action; 

(2) Minimizing impacts by limiting the degree or magnitude of the action and 
its implementation, by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts; 
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(3) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment; 

(4) Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action; 

(5) Compensating for the impact by replacing, enhancing, or providing 
substitute resources or environments; and/or 

(6) Monitoring the impact and taking appropriate corrective measures. 

2.41 Mitigation Project 
“Mitigation project” means actions necessary to replace project-induced critical 
area and associated buffer losses, including planning, land acquisition, 
construction, monitoring, and contingency actions. 

2.42 Native Vegetation 

“Native vegetation” means plant species that are indigenous to the coastal region 
of the Pacific Northwest and which reasonably could have been expected to 
naturally occur on the site.    

2.43 Ordinary High Water Mark 

"Ordinary high water mark" on all lakes, streams, and tidal water is that mark that 
will be found by examining the bed and banks and ascertaining where the 
presence and action of waters are so common and usual, and so long continued 
in all ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland, in respect to vegetation as that condition exists on June 1, 1971, 
as it may naturally change thereafter, or as it may change thereafter in 
accordance with permits issued by a local government or the department: 
PROVIDED, That in any area where the ordinary high water mark cannot be 
found, the ordinary high water mark adjoining salt water shall be the line of mean 
higher high tide and the ordinary high water mark adjoining fresh water shall be 
the line of mean high water; 

2.44 Out-of-Kind Mitigation 

“Out-of-kind mitigation” means replacement or substitute resources that, while 
related and of a different quality, species mix, or even species type, are of equal 
or greater overall value to the ecology of the impacted species or ecological 
region. Out-of-kind mitigation may involve mitigation of one function to 
compensate for an impact on another function. For example, out-of-kind 
mitigation for impacts to a depressional or riverine wetland could involve creation 
of an estuarine wetland. 

2.45 Person 
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“Person” means an individual, a partnership (including partners and managers), a 
corporation (including board members, officers, and managers), or any other 
entity of any kind. “Person” also includes an applicant, a re-applicant, a permit 
holder, an authorized agent of any entity, or any third party acting on behalf of 
any entity. 

2.46 Project Area 

“Project area” means all areas proposed to be disturbed, altered, or used by the 
proposed activity or the construction of any proposed structures. When the action 
binds the land, such as a subdivision, short subdivision, binding site plan, 
planned unit development, or rezone, the project area shall include the entire 
parcel, at a minimum.  

2.47 Protection 

“Protection” means action to avoid or mitigate impacts to critical areas consistent 
with the requirements of this Chapter in order to preserve the structure, values, 
functions, and processes of the natural environment. 

2.48 Qualified Critical Area Professional or Qualified Professional 
“Qualified critical area professional” or “qualified professional” means a person 
with experience, education, and professional degrees and training pertaining to 
the critical area in question, as described in Sections 4 through 8, below. The 
Administrator shall require professionals to demonstrate the basis for 
qualifications and shall make final determination as to qualifications. 
Demonstration of qualifications may include, but shall not be limited to, 
professional certification. 

2.49 Resource Lands 

“Resource lands” means areas designated as agricultural, forest, or mineral 
lands. 

2.50 Restoration 
 “Restoration” means the manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of returning natural or historic functions to a 
former or degraded critical area. Specific restoration actions may include: 

(1) Re-establishment: The manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or 
historic functions to a former critical area. Re-establishment results in a 
gain in critical area acres (and functions). Activities could include removing 
fill material, plugging ditches, or breaking drain tiles. 

(2) Rehabilitation: The manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of repairing natural or historic 
functions of a degraded critical area. Rehabilitation results in a gain in 
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critical area functions and values but does not result in a gain in acres. 
Activities could involve breaching a dike to reconnect wetlands to a 
floodplain or return tidal influence to a wetland. 

(3) Creation: The conversion of an area that did not formerly support a critical 
area, such as a wetland, to a critical area. Creation includes the 
alterations to soil, vegetation, and/or hydrology required to establish and 
maintain the resultant critical area in a perpetually self-sustaining state. 

(4) Enhancement: The manipulation of the physical, chemical, or biological 
characteristics of an existing critical area to heighten, intensify, or improve 
specific function(s) or to change the growth stage or composition of the 
vegetation present. Enhancement is undertaken for specified purposes, 
such as water quality improvement, flood water retention, or wildlife 
habitat. Enhancement results in a net improvement in critical area 
functions and values, but does not result in a net gain in critical area 
acres. Examples of enhancement activities include planting vegetation, 
controlling non-native or invasive species, modifying site elevations to 
influence hydrology, or some combination of these activities. 

2.51 Sensitive, Threatened, and Endangered Species 

“Sensitive, threatened, and endangered species” means the categorization set 
forth in WAC 232-12-011 and WAC 232-12-014. 

2.52 Septage Application 

“Septage application” means application of the mixture of solid wastes, scum, 
sludge, and liquids pumped from within the septic tanks, pump chambers, 
holding tanks, and other on-site sewage system components. 

2.53 Setback 

“Setback” means the distance from a lot, parcel, tract, critical area or resource 
land boundary, beyond which the footprint or foundation of a structure shall not 
extend, except as provided in this chapter.  

2.54 Single-Family Residence or Single-Family Dwelling 

“Single-family residence” or “single-family dwelling” means a detached dwelling 
designed for and occupied by one family including those structures and 
developments within a contiguous ownership which are a normal appurtenance. 
An “appurtenance” is necessarily connected to the use and enjoyment of a 
single-family residence and is located upland of wetlands or the ordinary high 
water mark. Normal appurtenances include a garage, deck, driveway, septic 
system, utilities, fences, and grading which does not exceed two hundred fifty 
(250) cubic yards (except to construct a conventional drainfield). 

2.55 Stormwater Management Facilities 
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"Stormwater management facilities" means constructed and natural features 
which function to collect, convey, channel, hold, inhibit, retain, detain, infiltrate, 
divert, treat, and/or filter stormwater. Stormwater management facilities include, 
but are not limited to, biofiltration swales, filter strips, bubble diffusers, detention 
ponds, retention ponds, wet ponds, and similar facilities designed and intended 
to control and treat stormwater, and include ditches and drainage systems 
designed and intended primarily for conveyance. 

2.56 Streams 

“Streams” mean those areas where surface waters flow sufficiently to produce a 
defined channel or bed which demonstrates clear evidence of the passage of 
water, including, but not limited to, bedrock channels, gravel beds, sand and silt 
beds, and defined-channel swales.  The channel or bed need not contain water 
during the entire year.  This definition does not include water courses which were 
created entirely by artificial means, such as irrigation ditches, canals, roadside 
ditches, or storm or surface water run-off features, unless the artificially created 
water course contains salmonids or conveys a stream that was naturally 
occurring prior to the construction of the artificially created water course. For 
regulatory purposes under this Chapter, once streams are identified, the streams 
are typed following the Washington State Department of Natural Resources 
Stream Typing System found in WAC 222-16-031, as now or hereafter amended. 

2.57 Sub-Drainage Basin 

“Sub-drainage basin” is defined by the boundaries established by 6th order (12 
digit) hydrologic unit code (HUC) as defined by the Natural Resource 
Conservation Service (NRCS). 

2.58 Utility Lines 

"Utility lines" means a pipe, conduit, cable, or other similar facility by which 
services are conveyed to the public or individual recipients. Such services shall 
include, but are not limited to, water supply, electrical power, gas, 
communications, and stormwater or sanitary sewer transport facilities. 

2.59 Waters of the State 

 “Waters of the state” include lakes, rivers, ponds, streams, inland waters, 
underground waters, salt waters, and all other surface waters and watercourses 
within the jurisdiction of the state of Washington. Waters of the state shall be 
classified using the Department of Natural Resources’ interim water typing (WAC 
222-16-031). Once the fish habitat water type maps described in WAC 222-16-
030 are adopted by the Forest Practices Board, the permanent water typing 
criteria described in WAC 222-060-030 will apply. For the purposes of this 
Ordinance, waters of the state do not include artificial drainage features created 
in uplands through purposeful human action, such as irrigation and drainage 
ditches, grass-lined swales, canals, or other wholly artificial watercourses, except 
those that directly result from the modification to a natural watercourse or those 
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with documented current fish usage. The County may require that purposeful 
creation be demonstrated through documentation, photographs, statements, 
and/or other evidence. 

2.592.60 Watershed 

"Watershed" means an area draining to the surface water systems of Willapa 
Bay, the Columbia River, and the Pacific Ocean. 

2.602.61 Wetland or Wetlands 

"Wetland” or “wetlands" means areas that are inundated or saturated by surface 
water or ground water at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. Wetlands do not include those artificial 
wetlands intentionally created from nonwetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention facilities, 
wastewater treatment facilities, farm ponds, and landscape amenities, or those 
wetlands created after July 1, 1990, that were unintentionally created as a result 
of the construction of a road, street, or highway. Wetlands shall include those 
artificial wetlands intentionally created from nonwetland areas to mitigate 
conversion of wetlands. Wetlands are delineated in accordance with the 
approved federal wetland delineation manual and applicable regional 
supplements. 

2.612.62 Wetland Mosaic 

“Wetland mosaic” means an area with a concentration of multiple small wetlands, 
in which: 

(1)  Each patch of wetland is less than one acre (0.4 hectares), and  

(2)  Each patch of wetland is less than 100 feet (30 meters) away from the 
nearest wetland; and 

(3)  The total area delineated as vegetated wetland is more than fifty percent 
of the total area of wetlands and uplands, open water, and river bars 
around which you can draw a polygon; and 

(4)  There are at least three patches of wetland that meet the size and 
distance thresholds.  
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SECTION 3. GENERAL REQUIREMENTS 

A. Applicability 

1. This Ordinance classifies and designates critical areas and resource lands in 
Pacific County and establishes regulations for the protection of critical areas and 
resource lands.  

2. Designated critical areas in Pacific County include wetlands; fish and wildlife 
habitat conservation areas; frequently flooded areas; critical aquifer recharge 
areas; and geologically hazardous areas. Designated resource lands in Pacific 
County include agricultural lands, forest lands, and mineral lands.  

3. The provisions of this chapter shall apply to all lands, all land uses and 
development activities, and all structures and facilities in the County, whether or 
not a permit or authorization is required, and shall apply to every person, firm, 
partnership, corporation, group, governmental agency, or other entity that owns, 
leases, or administers land within the County. No person, company, agency, or 
applicant shall alter a resource land, critical area, or critical area buffer except as 
consistent with the purposes and requirements of this Ordinance. 

4. Pacific County shall not grant any permit, license or other development approval 
to alter the condition of any land, water, or vegetation, or to construct or to alter 
any structure or improvement, nor shall any person alter the condition of any 
land, water, or vegetation, or construct or alter any structure or improvement, for 
any development proposal which requires a governmental permit regulated by 
this Ordinance, except in compliance with the provisions of this Ordinance.  

5. Failure to comply with the provisions of this Ordinance shall cause the violator to 
be subject to enforcement procedures under subsection 3.G, Penalties and 
Enforcement.  

B. Relationship to Other Regulations 

1. Areas characterized by a particular critical area or resource land may also be 
subject to other regulations. In the event of any conflict between this Ordinance 
and any other ordinance of the County, the regulation which provides the greater 
protection for the particular critical area or resource land shall apply.  

2. When more than one critical area is present and multiple buffers are required, all 
required buffers shall be provided, unless otherwise specified in this chapter. 
Where buffers overlap, the most protective buffer shall apply. 

3. Satisfying the requirements of this Ordinance does not affect a person’s 
obligation to comply in all respects with other federal, state, and local statutes. 

4. Relationship to Shoreline Master Program (SMP) 
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a. Provisions in this Ordinance apply to uses and modifications within 
shoreline jurisdiction, in addition to applicable use and modification 
provisions or allowances in the SMP, with the exception of the following 
provisions, which do not apply within shoreline jurisdiction: 

i.Subsection 3.H, Nonconforming Activities; 

ii.Subsection 3.I, Variance; 

iii.Subsection 3.J, Reasonable Use Exception; and 

iv.Subsection 3.E, Exemptions. 

b. Provisions in this Ordinance apply to all applicable land and water areas of 
the County outside of shoreline jurisdiction. 

C. Authority 

1. The Director of the Department of Community Development or his or her 
designee(s) shall be the Administrator of this Ordinance and is given the 
authority to interpret and apply, and the responsibility to administer and enforce, 
this Ordinance to accomplish the stated purposes. 

2. The County may withhold, condition, or deny development permits or approvals 
to ensure that the proposed action is consistent with this Ordinance. 

3. The Administrator and any other applicable County officials may develop and 
implement rules and regulations that are consistent with and effectuate the 
purpose of this Ordinance and prepare and require the use of such forms as 
necessary for its administration. 

D. Critical Areas and Resource Lands Review Procedures 

1. The Administrator first must determine whether the proposed activity fits within 
any of the exemptions to this Ordinance found in subsection 3.E. If the proposed 
activity meets any of the listed exemptions, and includes reasonable methods to 
avoid potential impacts to critical areas and resource lands  and/or restoration 
requirements, no critical areas and resource land checklist or other critical areas 
and resource land review is required. 

2. If the proposed activity is not exempt, then a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., shall 
complete a critical areas and resource lands checklist on the forms to be 
provided by the Department of Community Development. Staff will then review 
the checklist together with the maps and other critical areas resources identified 
in the relevant sections of this Ordinance and make a site visitation to determine 
whether critical areas, resource lands, or their required buffers are affected by 
the proposed activity. The person seeking to develop is responsible for providing 
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the County with sufficient information so that the Administrator can make this 
determination. 

3. If the checklist, maps, other references, site visitation, consultation with resource 
agencies, and other information supplied by a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., do 
not indicate the presence of any critical areas or resource lands associated with 
the project, the review required pursuant to this Ordinance is complete. 

4. If at any time prior to completion of the applicable public input process on the 
proposed project, the Administrator receives new evidence that critical areas or 
resource lands may be associated with the proposed project, the Administrator 
shall reopen the critical areas and resource lands review process pursuant to this 
Ordinance and shall require the requisite level of critical areas and resource 
lands review and mitigation as is required by this Ordinance.  

5. If the checklist, maps, site visitation, and other references indicate that critical 
areas or resource lands are associated with the proposed project area, then a 
critical area report shall be completed pursuant to subsection 3.L.  

6. Once the public input process on the associated permit or approval is completed 
and the record is closed, then the County's determination regarding critical areas 
and resource lands pursuant to this Ordinance shall be final, unless appealed as 
described in subsection 3.F. of this Ordinance. 

7. If, as a result of the critical area report recommendations, a person believes that 
he or she is entitled to a variance from one or more of the requirements of this 
Ordinance, then a person may request a variance as described in subsection 3.I. 
This provision does not apply within shoreline jurisdiction, as described in 
subsection 3.B, above. 

8. If, as a result of the critical area report recommendations, a person believes that 
the requirements of this Ordinance, including any request for a variance, leave 
the applicant with no economically viable use of his property, then a person may 
apply for a reasonable use exception pursuant to subsection 3.J. of this 
Ordinance. This provision does not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 

E. Exemptions 

1. All exempted activities shall use reasonable methods to avoid potential impacts 
to critical areas and resource lands. Exemption from this Ordinance does not 
give permission to degrade a critical area or ignore risk from natural hazards. 
Any incidental damage to, or alteration of, a critical area that is not a necessary 
outcome of the exempted activity shall be restored, rehabilitated, or replaced at 
the responsible party’s expense.  
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2. The following developments, activities, and associated uses shall be exempt 
from the provisions of this Ordinance provided that they are otherwise consistent 
with the applicable provisions of other Pacific County ordinances: 

a. Emergencies. Emergencies are those activities necessaries to prevent an 
immediate threat to public health, safety, or welfare, or that pose an 
immediate risk of damage to private or public property and that require 
remedial or preventative action in a timeframe too short to allow for 
compliance with the requirements of this Ordinance. 

i. Emergency actions that create an impact to any critical area or its 
buffer shall use reasonable methods that have the least impact to 
the critical area or its buffer and shall restore the critical area and 
buffer after the emergency to the maximum extent practicable. 

ii. Persons undertaking such action shall notify the Administrator 
within one working day following commencement of the emergency 
activity. Following such notification, the Administrator shall 
determine if the action taken was within the scope of the 
emergency actions allowed in this subsection. If the Administrator 
determines that the action taken or any part of the action taken was 
beyond the scope of allowed emergency actions, then the 
enforcement provisions of subsection 3.G shall apply. 

iii. After the emergency, the person or agency undertaking the action 
shall fully fund and conduct necessary restoration and/or mitigation 
for any impacts to the critical area and buffers resulting from the 
emergency action in accordance with an approved critical area 
report and mitigation plan. The person or agency undertaking the 
action shall apply for review, and the alteration, critical area report, 
and mitigation plan must be reviewed by the Administrator. 
Restoration and/or mitigation activities shall be initiated within one 
year of the date of the emergency, and completed in a timely 
manner. 

3. Agricultural operations. Existing and on-going agricultural operations including 
related development and activities which do not result in expansion into a critical 
area or its buffer or do not result in an increase in impact to a critical area are 
exempt. New development and/or expansion of existing operations shall comply 
with the provisions of this Ordinance. Existing and ongoing agricultural activities, 
however, shall comply with best management practices contained within any 
conservation plan between the property owner and the Department of Ecology 
pursuant to Chapter 89.08 RCW. 

4. Maintenance, repair, and operation.  
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a. Maintenance, repair, and operation of existing structures, ponds, flood 
control facilities, public and private roads and driveways, and improved 
areas accessory to a single family residential use including, but not limited 
to maintenance of existing landscaping, lawn, and gardening are exempt.  

b. Any person engaging in maintenance or repair activities shall use 
reasonable methods with the least amount of potential impact to critical 
areas. Any impacted critical area or its buffer shall be restored after the 
completion of maintenance/repair activities to the maximum extent 
practicable. 

5. Utility activities. When undertaken pursuant to best management practices to 
minimize impacts to critical areas and immediately to restore any disturbed 
critical area or its buffer, the following utility activities are exempt: 

a. Maintenance or repair of existing utility facilities or rights-of-way. 

b. Installation, construction, relocation and replacement, operation, repair, or 
alteration of all utility lines, equipment, or appurtenances, not including 
substations, in improved road rights-of-way. 

6. Modification of buildings. Modification of an existing building that does not 
expand the building footprint area by more than fifteen (15) percent or increase 
septic effluent according to Chapter 246-272 WAC and that does not exacerbate 
nonconformity with critical area setbacks or buffer standards defined by this 
Ordinance is exempt except when the modification occurs on or adjacent to 
designated erosion hazard areas, landslide hazard areas, or mine hazard areas, 
as described and designated in Section 8 of this Ordinance. Replacement of 
manufactured homes that does not increase the number of bedrooms or 
exacerbate nonconformity with critical area setbacks or buffer standards within 
this Ordinance also is exempt. A person who is granted an exemption under this 
subsection for a particular building cannot receive another exemption under this 
subsection for the same building unless ten (10) years has elapsed from the date 
of the previous exemption. 

7. Navigation aids and boundary markers. Construction or modification of 
navigational aids and boundary markers are exempt. 

8. Site investigation. Site investigation work which is necessary for land use  
applications such as surveys, soil logs, percolation tests and other related 
activities is exempt. However, critical area impacts shall be minimized and 
disturbed areas shall be restored to the maximum extent practicable. 

9. Non-development activities. Passive recreational uses, sport and commercial 
fishing, hunting, scientific and educational endeavors, or similar minimal impact, 
non-development activities are exempt. 
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10. Spartina alterniflora. Activities aimed at controlling Spartina alterniflora are 
exempt. 

11. Forest practices. Forest practices covered under Chapter 76.09 RCW and Title 
222 WAC, with the exception of Class IV Conversion Forest Practices, are 
exempt. 

12. Hazard Tree Removal.  

a. Removal of hazardous, diseased, or dead trees and vegetation is exempt 
when necessary to: 

i. Control fire; or 

ii. Halt the spread of disease or damaging insects consistent with the 
State Forest Practices Act, Chapter 76.09 RCW; or 

iii. Avoid a hazard such as landslides; or 

iv. Avoid a threat to existing structures or aboveground utility lines. 

b. Prior to removal of hazardous, diseased, or dead trees and vegetation, 
with the exception of an emergency pursuant to subsection 3.E.2.a of this 
Ordinance, the landowner shall obtain written approval from the County. 
This approval shall be processed promptly and may not be unreasonably 
withheld.  

c. If a safety hazard cannot be easily determined by the County, a written 
report by a certified arborist or other qualified professional shall be 
required to evaluate potential safety hazards. 

d. If a tree to be removed provides critical habitat, such as an eagle perch, a 
qualified biologist shall be consulted to determine timing and methods for 
removal that will minimize impacts. 

e. Any removed tree or vegetation shall be replaced with an appropriate 
native species in appropriate size within one calendar year. 

13. Minor pruning of vegetation for maintenance purposes, or thinning of limbs of 
individual trees to maintain an existing view corridor, when performed in a 
manner that ensures continual survival of the vegetation, is exempt. Mowing of 
dune grasses is not permitted. Topping of trees and mowing of dune grasses 
areis not permitted unless specified in an existing covenant effective prior to the 
effective date of this Ordinance.  
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F. Appeals 

1. The provisions of this Ordinance shall be administered according to a Type I 
process under Ordinance No. 145, unless a higher level review process is 
mandated by this Ordinance or Ordinance No. 145, or any amendment thereto. 

2. Any decision of the Administrator or other County official in the administration of 
this Ordinance may be appealed according to the provisions of Ordinance No. 
145, or any amendment thereto. 

G. Penalties and Enforcement 

1. A person who violates the provisions of this Ordinance or who fails to comply 
with any of its requirements shall be subject to the procedures and sanctions set 
forth in Ordinance No. 141165, or any amendment thereto. 

2. In addition to the civil penalty provisions provided in Ordinance No. 141165, or 
any amendment thereto, any person who violates any of the provisions of this 
Ordinance is guilty of a misdemeanor, and each day or portion thereof during 
which a violation is committed, continued, or not permitted shall constitute a 
separate offense. The penalty for each violation is a fine of not more than $1,000 
or imprisonment for not more than 90 days, or both. The principles of liability 
contained in Chapter 9A.08 RCW, including, but not limited to, liability for conduct 
of another shall apply to the enforcement of this Ordinance as shall all judicial 
interpretations thereof.  

3. When a court determines that a person has committed a civil infraction under this 
Ordinance and Ordinance No. 165141 or any amendment thereto, Pacific County 
may collect penalties, assessments, costs, and/or fines by any procedure 
established for the collection of debts that are owed to the County. 

4. Any disposition of a violation pursuant to this Ordinance and Ordinance No. 
165141, or any amendment thereto, shall not absolve a person from correcting or 
abating a violation and shall not prevent the prosecuting authority from pursuing 
criminal prosecution, other civil action including, but not limited to, injunctive 
relief, license revocation, and abatement, or all of the above. If Pacific County 
prevails in a separate civil action, the Court may award the County reasonable 
costs including, but not limited to, the costs of the responsible officials' time, 
witness fees, attorney fees, court costs, and the costs to the County of 
abatement or of enforcement of an injunction, or both. 

5. Any or all of the remedies articulated in subsection 3.G, Penalties and 
Enforcement, may be used by the County to enforce this Ordinance. Nothing 
contained in this Ordinance shall prevent the County, by and through the 
prosecuting authority, from taking such other lawful action as is necessary to 
prevent or remedy any violation. 
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H.G. Nonconforming Activities 

An established use or existing structure that was lawfully permitted prior to adoption 
of this Ordinance, but which is not in compliance with this Ordinance, may continue 
subject to the following: 

1. Nonconforming uses and existing structures shall not be expanded or altered in 
any manner which will increase the nonconformity without a permit or other 
approval issued pursuant to the provisions of this Ordinance except as allowed 
under subsection 3.E, Exemptions; 

2. Activities or uses which are discontinued for twelve (12) consecutive months 
shall be allowed to resume only if they are in compliance with this Ordinance; 
and 

3. Nonconforming structures destroyed by fire, explosion, or other casualty may be 
replaced or restored if reconstruction of the same facility is commenced within 
twelve (12) months of such damage. The reconstruction or restoration shall not 
serve to expand, enlarge, or increase the extent of the nonconformity. 

I.H. Variance 

1. The Administrator shall process variance requests according to a Type II 
procedure delineated in Ordinance No. 145. The burden of proof shall be on the 
person requesting the variance to bring forth evidence in support of the variance.  

2. The Administrator shall grant a variance if the person requesting the variance 
demonstrates that the requested variance conforms to all of the criteria set forth 
below: 

a. That special conditions and circumstances exist which are peculiar to the 
land;  

b. That literal interpretation of the provisions of this Ordinance would deprive 
the person seeking the variance of rights commonly enjoyed by other 
properties conforming to the terms of this Ordinance;  

c. That the special conditions and circumstances do not result from the 
actions of the person seeking the variance; 

d. That the granting of the variance requested will not confer on the person 
seeking the variance any special privilege that is denied by this Ordinance 
to other lands, structures, or buildings under similar circumstances;  

e. That the variance requested is the minimum necessary to afford relief; and 
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f. That to afford relief the requested variance will not create significant 
impacts to critical areas and resource lands and will not be materially 
detrimental to the public welfare or contrary to the public interest. 

3. In granting any variance, the Administrator shall prescribe such conditions and 
safeguards as are necessary to secure protection of critical areas from adverse 
impacts. 

J.I. Reasonable Use Exception 

1. If the application of this Ordinance would result in denial of all economically 
reasonable use of a property, and if such economically reasonable use of the 
property cannot be obtained by consideration of a variance pursuant to 
subsection 3.I. to one or more individual requirements of this Ordinance, then a 
person may seek a reasonable use exception from the standards of this 
Ordinance. The burden of proof shall be on the applicant to bring forth evidence 
in support of the exception.  

2. An application for a reasonable use exception shall be made to the County and 
shall include a critical area checklist; critical area report, including mitigation plan, 
if necessary; and any other related project documents. The application shall be 
processed according to a Type II process under Ordinance No. 145. 

3. Subdivided Land Under Single Ownership. 

a. For plats legally filed with and approved by the County prior to the 
adoption date of this Ordinance [insert date once adopted], a landowner 
may submit a single application for an “umbrella” reasonable use 
exception to be applied to multiple platted, undeveloped lots meeting the 
requirement in subsection J.1, above.  

b. The application shall include all of the materials listed in subsection J.2 
above for all applicable lots, including a mitigation plan for unavoidable 
impacts anticipated from lot development on all applicable lots, and shall 
be processed according to a Type II process under Ordinance No. 145.  

c. The umbrella reasonable use exception shall establish conditions for 
administrative approval of development on individual lots. These 
conditions shall at a minimum include limits to the proposed location and 
size of structure and limits to vegetation removal. 

4. Reasonable use exception requests shall only be granted if all of the following 
criteria are met: 

a. The application of this Ordinance would deny all economically reasonable 
use of the property so that there is no economically reasonable use with a 
lesser impact on the critical area than that proposed; 
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b. The proposed development does not pose a threat to the public health 
and safety, including first responders and the occupants or users of the 
proposed use or activity or the occupants or users of nearby properties; 

c. Any proposed modification to critical areas and resource land will be the 
minimum necessary to allow economically reasonable use of the property;  

d. Appropriate mitigation of adverse effects to the critical area are 
incorporated into the project design; and 

e. The inability of the applicant to derive reasonable economic use of the 
property is not the result of actions by the applicant after the effective date 
of this Ordinance, or its predecessor. 

5. The provisions of this subsection do not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 

K.J. General Critical Area Protection Standards 

1. Applicability. The general critical area protection standards found in this 
subsection apply to all critical areas, as designated in Sections 4, 5, 6, 7, and 8 
of this Chapter. These standards do not apply to resource lands, as designated 
in Sections 9, 10, and 11 of this Chapter. 

2. Buffers. 

a. As described in more detail in each relevant section, buffers in some 
cases have been determined to be necessary and appropriate to protect 
critical areas and their functions or to prevent risk from a critical area 
hazard. In those sections of this Ordinance where specific buffers are 
identified, those buffers are deemed "required" or "standard" buffers. If a 
project does not propose any alteration of those buffers or of the 
associated critical area, then no additional mitigation will be required to 
protect the critical area. 

b. If a person seeks a variance to reduce buffers or to alter the critical area 
or its required buffer, then the person shall demonstrate why such buffer 
and/or critical area modification, together with such alternative mitigation 
proposed in the critical areas assessment, is sufficient to adequately 
protect the critical area function. If necessary, variances shall provide for 
long-term buffer protection. 

c. The critical area report, as described in subsection 3.L, and the 
conditions of approval shall provide for long-term buffer protection. In 
land division, critical areas and their associated buffers may be placed in 
separate tracts to be owned by all lot owners in common, by a 
homeowners association, or some other separate legal entity such as a 
land trust. 
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d. Periodic inspection of the buffers may be required if necessary to ensure 
long-term buffer protection. 

3. Building Setbacks.  

a. Unless otherwise provided, buildings and other structures shall be set 
back a distance of 15 feet from the edges of all critical area buffers or 
from the edges of all critical areas if no buffers are required. 

b. The following may be allowed in the building setback area: landscaping; 
uncovered decks; fences; building overhangs, if such overhangs do not 
extend more than 18 inches into the setback area; and impervious 
ground surfaces, such as driveways and patios. 

4. Land Divisions. 

a. No land division, subdivision, short subdivision, or other parcel 
segregation which is not exempt under Pacific County’s land division 
ordinance shall be approved by Pacific County until a determination has 
been made by the Administrator as to whether critical areas exist on the 
property in question. 

b. If critical areas exist on the property in question, a critical areas 
delineation must be completed before Pacific County shall approve a 
subdivision, a short subdivision or any other parcel segregation. 

c. Land that is constrained by critical areas and buffers shall not be 
subdivided to create parcels that are only buildable through a variance or 
reasonable use exception. 

5. Critical Area Signs and Fencing.  

a. Temporary markers. The boundary at the outer edge of the critical area 
or buffer shall be identified with temporary marking consisting of flagging 
and/or staking prior to any site alteration.  

b. Permanent buffer edge markers. The outer edges of all critical areas, 
with the exception of critical aquifer recharge areas, shall be clearly 
marked on-site by the applicant or landowner with permanent stakes and 
critical areas markers prior to occupancy or use of the site. Critical areas 
markers may be either approved critical areas signs or inexpensive steel 
posts painted a standard color approved by the Administrator that is 
clearly identifiable as a critical areas marker. Installation of permanent 
markers shall be the responsibility of the landowner. These sign 
provisions may be modified or waived by the Administrator based on 
critical area type and/or site conditions. 
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c. Fencing. Where damage to a critical area or buffer by humans or 
livestock is probable due to the proximity or nature of the adjacent 
activity, as determined by the Administrator, the applicant shall be 
required to install permanent fencing to provide clear and sufficient 
notice, identification, and protection of critical areas on-site. Fencing 
shall be designed so as not to interfere with species migration, including 
fish runs, and shall be constructed in a manner that minimizes impacts to 
critical areas and buffers. 

d. Sign, marker, and fence maintenance. It is the responsibility of the 
landowner, or any subsequent landowner, to maintain the required 
critical areas markers, signs, or fences in working order throughout the 
duration of the development project or land use activity. “Maintenance” 
includes any necessary replacement. Removal of required signs, 
markers, or fences without prior written approval of the Administrator 
shall be considered a violation of this chapter. 

6. Notice on Title for Critical Areas. 

a. In order to inform subsequent purchasers of real property of the 
existence of critical areas, the owner of any property containing a critical 
area or buffer on which a development proposal is submitted shall file a 
notice with the County Recording Department according to the direction 
of the County. The notice shall state the presence of the critical area or 
buffer on the property and the fact that limitations on actions in or 
affecting the critical area or buffer may exist. The notice shall “run with 
the land.” 

b. This notice on title shall not be required for a development proposal by a 
public agency or public or private utility: 

i. Within a recorded easement or right-of-way; 

ii. Where the agency or utility has the right to an easement or right-
of-way; or 

iii. On the site of a permanent public facility. 

c. The applicant shall submit proof that the notice has been filed for public 
record before the County approves any site development or construction 
for the property or, in the case of subdivisions, short subdivisions, 
planned unit developments, and binding site plans, at or before 
recording. 

L.K. Critical Area Report 

1. Minimum Report Contents. At a minimum, the report shall contain the following, 
as applicable: 
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a. The name and contact information of the applicant, a description of the 
proposal, and identification of any permits known to be required; 

b. A site plan for the development proposal including location, parcel 
number(s), site address (if applicable), and a map to scale depicting 
critical areas, buffers, resource lands, and the development proposal, 
including any areas to be cleared; 

c. A description of the proposed stormwater management plan for the 
development and consideration of impacts to drainage alterations; 

d. The dates, names, and qualifications of the persons preparing the report 
and documentation of any fieldwork performed on the site; 

e. Identification and characterization of all critical areas, including wetlands, 
waterbodies, and buffers adjacent to the proposed project area, as well 
as any landslide hazards that have the potential to damage proposed 
building, utilities, or access; 

e.f. Data and methodologies used to determine findings and 
recommendations; 

f.g. A statement specifying the accuracy of the report, and all assumptions 
made and relied upon; 

g.h. An assessment of the probable cumulative impacts to 
critical areas resulting from the proposed development; 

h.i. A description of reasonable efforts made to apply mitigation sequencing 
pursuant to subsection 3.M.2, Mitigation Sequencing; 

i.j. Plans for adequate mitigation, as needed, to offset any impacts, in 
accordance with subsection 3.M.3, Mitigation Plan Requirements; 

j.k. A discussion of the performance standards applicable to the critical area 
and proposed activities; 

k.l. Financial guarantees to ensure compliance; and 

l.m. Any additional information required for a specific type of 
critical area as indicated by this Ordinance. 

M.L. Critical Area Mitigation Requirements 

1. General Requirements. 

a. The applicant shall avoid all impacts that degrade the functions and 
values of critical areas to the maximum extent practicable. Unless 
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otherwise provided in this Ordinance, all proposed critical areas 
alterations shall include mitigation sufficient to maintain the functional 
values of the critical area or to prevent risk from a critical area hazard.  

b. Mitigation of one critical area impact should not result in unmitigated 
impacts to another critical area.  

c. Mitigation may include, but is not limited to: increasing or enhancing 
buffers, instituting limits on clearing and grading, implementing best 
management practices for erosion control and maintenance of water 
quality, or other conditions appropriate to avoid or mitigate identified 
adverse impacts.  

d. Subject to the reasonable use exception provisions of subsection 3.J, 
any proposed critical area alteration that cannot adequately mitigate its 
impacts to a critical area shall be denied. 

2. Mitigation Sequencing. Applicants shall demonstrate that all reasonable efforts 
have been examined with the intent to avoid and minimize impacts to critical 
areas. When an alteration to a critical area is proposed, such alteration shall be 
avoided, minimized, or compensated for in the below sequential order of 
preference. Mitigation for individual actions may include a combination of the 
below measures. 

a. Avoid the impact altogether by not taking a certain action or parts of an 
action. 

b. Minimize the impacts by limiting the degree or magnitude of the action 
and its implementation by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts. 

c. Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment to the conditions existing at the time of the initiation of the 
project. 

d. Minimize or eliminate the hazard by restoring or stabilizing the hazard 
area through engineered or other methods. 

e. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

f. Compensate for the impact by replacing, enhancing, or providing 
substitute resources or environments. 

g. Monitor the impact and the compensation projects and take appropriate 
corrective measures. 
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3.  Mitigation Plan Requirements. When mitigation is required, the applicant shall 
submit for approval a mitigation plan as part of the critical area report. The 
mitigation plan shall include: 

a. A description of what mitigation, specifically is proposed; 

b. An analysis of how the proposed mitigation will maintain the critical area 
function; 

c. A description of any ongoing monitoring and/or inspection that may be 
required,; 

d. A notation of any required critical area expertise necessary to install, 
monitor, or inspect the proposed mitigation; and 

e. A listing of other security required to ensure performance and/or 
maintenance of the proposed mitigation. 

4. Mitigation Monitoring. 

a. The Administrator shall have the discretion to withhold issuance of 
development permit approval until required mitigation has been 
completed. In the alternative, the Administrator may require a refundable 
cash payment which will ensure compliance with the mitigation plan if 
there will be activity (e.g., monitoring or maintenance) or construction to 
take place after the issuance of the County's permit.  

b. The amount of the cash payment shall not exceed 150 percent of the 
estimated cost of the uncompleted actions or construction as determined 
by the Administrator.  

c. When the Administrator determines that the mitigation plan has been 
successfully completed, the cash payment shall be refunded to the 
applicant.  

d. If the mitigation plan is not successfully completed, the County shall be 
entitled to keep all or part of the cash payment to the extent necessary to 
rectify the deficiencies regarding how the mitigation plan was carried out.  
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SECTION 4. WETLANDS 

A. Purpose 

 The purpose of this section is to ensure no net loss of wetland functions and values.  

B. Identification 

1. Identification of wetlands and delineation of their boundaries pursuant to this 
Ordinance shall be done in accordance with the approved federal wetland 
delineation manual and applicable regional supplements. All areas within the 
County meeting the wetland designation criteria in that procedure are hereby 
designated critical areas and are subject to the provisions of this Ordinance.  

2. If Pacific County has reason to believe that a wetland may exist adjacent to a 
proposed development activity, as defined in Section 2 of this Ordinance, a 
written determination regarding the existence or nonexistence of wetlands 
adjacent to the proposed development activity must be submitted to the 
Department of Community Development. Pacific County will only accept a written 
determination by the U.S. Army Corps of Engineers, the Washington State 
Department of Ecology, the Natural Resources Conservation Service, or a 
qualified critical areas professional as to whether wetlands exist on or adjacent to 
a specific parcel. 

C. Classification 

1. Wetland Rating Classes. Wetlands shall be classified into category I, category II, 
category III, and category IV according to the Washington State Wetland Rating 
System for Western Washington (Ecology publication number 14-06-029 or as 
revised and approved by Ecology) and are accordingly defined: 

a. Category I Wetlands. Category I wetlands are those that 1) represent a 
unique or rare wetland type; or 2) are more sensitive to disturbance than 
most wetlands; or 3) are relatively undisturbed and contain ecological 
attributes that are impossible to replace within a human lifetime; or 4) 
provide a high level of functions. 

b. Class Category II Wetlands. Category II wetlands are difficult, though not 
impossible, to replace, and provide high levels of some functions. These 
wetlands occur more commonly than Category I wetlands, but still need a 
relatively high level of protection. 

c. Category III Wetlands. Category III wetlands are 1) wetlands with a 
moderate level of functions (scores between 16-19 points), 2) can often be 
adequately replaced with a well-planned mitigation project, and 3) 
interdunal wetlands between 0.1 and 1 ac in size. Wetlands scoring 
between 16-19 points generally have been disturbed in some ways, and 
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are often less diverse or more isolated from other natural resources in the 
landscape than Category II wetlands.  

d. Category IV Wetlands. Category IV wetlands have the lowest levels of 
functions (scores fewer than 16 points) and are often heavily disturbed. 
These are wetlands that we should be able to replace, and in some cases 
be able to improve. However, experience has shown that replacement 
cannot be guaranteed in any specific case. These wetlands may provide 
some important functions, and also need to be protected. 

2. Illegal modifications. Wetland rating categories shall not change due to illegal 
modifications made by the applicant or with the applicant’s knowledge. 

3. The following types of wetlands are exempt from the buffer provisions contained 
in subsection 4.E and the normal mitigation sequencing process in subsection 
3.M.2. They may be filled if impacts are fully mitigated based on provisions in 
subsection 4.F, Additional Mitigation Requirements for Wetlands. If available, 
impacts should be mitigated through the purchase of credits from an in-lieu fee 
program or mitigation bank, consistent with the terms and conditions of the 
program or bank. In order to verify the following conditions, a critical area report 
meeting the requirements of subsection 4.G must be submitted. 

a. All isolated category III and IV wetlands less than 1,000 square feet that: 

i. Are not associated with riparian areas or buffers; 

ii. Are not part of a wetland mosaic; and 

iii. Do not contain habitat identified as essential for local populations of 
priority species identified by the Washington Department of Fish 
and Wildlife or species of local importance. 

D. Permitted Activities 

1. Any land use or development activity shall be subject to the provisions of this 
Section, including, but not limited to, the following activities that are directly 
undertaken or originate in a regulated wetland or its buffer, unless exempted 
under subsection 3.E of this Ordinance: 

a. The removal, excavation, grading, or dredging of soil, sand, gravel, 
minerals, organic matter, or material of any kind. 

b. The dumping of, discharging of, or filling with any material. 

c. The draining, flooding, or disturbing of the water level or water table. 

d. Pile driving. 
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e. The placing of obstructions. 

f. The construction, reconstruction, demolition, or expansion of any 
structure. 

g. The destruction or alteration of wetland vegetation through clearing, 
harvesting, shading, intentional burning, or planting of vegetation that 
would alter the character of a regulated wetland. 

h. Activities that result in: 

i. A significant change of water temperature. 

ii. A significant change of physical or chemical characteristics of the 
sources of water to the wetland. 

iii. A significant change in the quantity, timing, or duration of the water 
entering the wetland. 

iv. The introduction of pollutants. 

2. Subdivisions. The subdivision and/or short subdivision of land in wetlands and 
associated buffers are subject to the following: 

a. Land that is located wholly within a wetland or its buffer may not be 
subdivided. 

b. Land that is located partially within a wetland or its buffer may be 
subdivided provided that an accessible and contiguous portion of each 
new lot is: 

i. Located outside of the wetland and its buffer; and 

ii. Meets the minimum lot size requirements of the Pacific County 
Zoning Ordinance (Ordinance No. 162, or as amended). 

3. Activities and uses shall be prohibited in wetlands and wetland buffers, except as 
provided for in this Section. 

4. A wetland or its required buffer shall not be altered unless the following 
standards are met. Any alteration approved pursuant to this section shall include 
mitigation necessary to mitigate the impacts of the proposed alteration on the 
wetland or buffer, in accordance with subsection 4.F of this title. 

a. Category I Wetlands. Activities and uses shall be prohibited from Category 
I wetlands, except as provided for in subsections 3.E (Exemptions), 3.I 
(Variance), and 3.J (Reasonable Use Exception) of this title. 
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b. Category II and III Wetlands. For Category II and III wetlands, where 
wetland fill is proposed, it is presumed that an alternative development 
location exists, and activities and uses shall be prohibited unless the 
applicant can demonstrate that: 

i. The basic project purpose cannot reasonably be accomplished on 
another site or sites in the general region while still successfully 
avoiding or resulting in less adverse impact on a wetland; and 

ii. All on-site alternative designs that would avoid or result in less 
adverse impact on a wetland or its buffer, such as a reduction in the 
size, scope, configuration, or density of the project, are not feasible. 

iii. Full compensation for the loss of acreage and functions of the 
wetland and its buffer shall be provided in accordance with 
subsection 4.F of this title. 

c. Category IV Wetlands. Activities and uses that result in unavoidable 
impacts may be permitted in Category IV wetlands and associated buffers 
in accordance with an approved critical areas report and compensatory 
mitigation plan, and only if the proposed activity is the only reasonable 
alternative that will accomplish the applicant’s objectives. Full 
compensation for the loss of acreage and functions of the wetland and its 
buffer shall be provided in accordance with subsection 4.F of this title. 

5. The following activities are allowed in wetlands and wetland buffers. These 
activities do not require submission of a critical area report, except where such 
activities result in a loss of the functions and values of a wetland or wetland 
buffer. 

a. Those activities and uses conducted pursuant to the Washington State 
Forest Practices Act and its rules and regulations, WAC 222-1-030, where 
state law specifically exempts local authority, except those developments 
requiring local approval for Class IV – General Forest Practice Permits 
(conversions) as defined in RCW 76.09 and WAC 222-12. 

b. Conservation or preservation of soil, water, vegetation, fish, shellfish, 
and/or other wildlife that does not entail changing the structure or 
functions of the existing wetland. 

c. The harvesting of wild crops in a manner that is not injurious to natural 
reproduction of such crops and provided the harvesting does not require 
tilling of soil, planting of crops, chemical applications, or alteration of the 
wetland by changing existing topography, water conditions, or water 
sources. 
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d. Drilling for utilities/utility corridors under a wetland or buffer, with 
entrance/exit portals located completely outside of the wetland buffer, 
provided that the drilling does not interrupt the groundwater connection to 
the wetland or percolation of surface water down through the soil column. 
Specific studies by a qualified professional shall be required to determine 
whether the groundwater connection to the wetland or percolation of 
surface water down through the soil column will be disturbed. 

e. Enhancement of a wetland and/or its buffer through the removal of non-
native invasive plant species, provided that: 

i. For interdunal wetlands and their buffers, it is demonstrated that the 
enhancement will not decrease protection of inland development 
from damage caused by storm surge, tsunamis, windblown sand, or 
flooding; 

ii. Removal of invasive plant species shall be restricted to hand 
removal unless permits from the appropriate regulatory agencies 
have been obtained for approved biological or chemical treatments; 
and  

iii. All removed plant material shall be taken away from the site and 
appropriately disposed of. Plants that appear on the Washington 
State Noxious Weed Control Board list of noxious weeds shall be 
handled and disposed of according to a noxious weed control plan 
appropriate to that species.  

iv. Revegetation with appropriate native species at natural densities is 
allowed in conjunction with removal of invasive plant species. 

6. In addition to the activities listed in subsection 4.D.2 above, the following 
activities may be allowed within a wetland buffer, but not within a wetland, in 
accordance with the review procedures of this Ordinance, provided they are 
conducted in a manner so as to minimize impacts to the buffer and adjacent 
wetland: 

a. Passive recreation. Public and private trails and wildlife viewing structures 
that are designed and in accordance with an approved critical area report 
may be allowed in the outer twenty-five percent (25%) of the wetland 
buffer, provided that: 

i. The trail surface is limited to pervious surfaces no more than five 
(5) feet in width; and 

ii. They are located to avoid removal of significant trees. 

b. Educational and scientific research activities. 
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c. Stormwater management facilities. Stormwater management facilities are 
limited to stormwater dispersion outfalls and bioswales. They are not 
allowed in buffers of Category I or II wetlands, but may be allowed within 
the outer twenty-five percent (25%) of the buffer of Category III or IV 
wetlands provided that: 

i. No other location is feasible; and 

ii. The location of such facilities will not degrade the functions or 
values of the wetland. 

d. Normal and routine maintenance and repair of any existing public or 
private facilities within an existing right-of-way, provided that the 
maintenance or repair does not increase the footprint or use of the facility 
or right-of-way. 

e. Normal and routine maintenance of non-conforming uses or structures, 
where legally established within the buffer, provided they do not increase 
the degree of nonconformity. 

7. An applicant proposing to construct new public or private roads and/or bridges 
within a wetland or its buffer shall submit an analysis of the cumulative wetland 
and buffer impacts that can reasonably be expected to occur as a result of 
approval of the proposed project. The Administrator shall consider the cumulative 
impacts of proposed projects and shall give preference to use and/or expansion 
of existing roadways over the construction of new roadway wetland crossings.  

E. Wetland Buffers 

1. Standard Buffer Widths. Buffers are necessary to protect wetlands from impacts 
generated by nearby land uses. In addition to the setback requirements of 
Subsection 3.K.3, the standard buffers in table 4-1 shall be required for regulated 
wetlands, and are based on category of wetland, the intensity of the impacts from 
proposed changes in land use to the adjacent wetland, and the habitat score as 
determined by a qualified wetland professional using the Washington State 
Wetland Rating System for Western Washington. 

a. The standard buffer widths assume that the buffer is vegetated with a 
native plant community appropriate for the ecoregion. If the existing buffer 
is unvegetated, sparsely vegetated, or vegetated with invasive species 
that do not perform needed functions, the buffer should either be planted 
to create the appropriate plant community or the buffer should be widened 
to ensure that adequate functions of the buffer are provided. 

b. In determining wetland buffer widths, the types of proposed land use 
changes that can result in high, moderate, and low levels of impacts to 
adjacent wetlands shall be defined as follows: 
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i. Types of land use that can result in high intensity impacts include 
commercial, urban, industrial, institutional, retail, residential (>1 
unit/acre), high-intensity agriculture, and high intensity recreation 
such as ball fields. 

ii. Types of land use that can result in moderate intensity impacts 
include residential (1 unit per acre or less), moderate-intensity open 
space, moderate-intensity agriculture, paved trails, logging roads, 
and maintained utility corridors. 

iii. Types of land use that can result in low intensity impacts include 
forest practices, low-intensity open space, unpaved trails, and low-
maintenance utility corridors. 

Table 4-1: Standard Wetland Buffer Widths.1 

Wetland Category1 Habitat 
Score 

Impact of Proposed Land Use 

Low Moderate High 

Category I: Bogs NA 125 ft 190 ft 250 ft 

Category I: Wetlands with 
a high conservation value 

NA 125 ft 190 ft 250 ft 

Category I: Estuarine NA 100 ft 150 ft 200 ft 

Category I: Coastal 
Lagoons 

NA 100 ft 150 ft 200 ft 

Category I: Forested Base buffer width on habitat function 

Category I (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category II: Interdunal NA2 75 ft 110 ft 150 ft 

Category II: Estuarine NA 75 ft 110 ft 150 ft 

Category II (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category III 5-7 75 ft 110 ft 150 ft 

<5 40 ft 60 ft 80 ft 

Category IV NA 25 ft 40 ft 50 ft 

                                            
1 consider wetland mosaic …per p 9    
2 refer to WA State Wetland guide for scoring… 
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1 Buffers for wetlands surrounding existing manmade canals are not subject to these standard 
wetland buffer widths, and are defined in Subsection 4.E.7. 

2. Measurement of Wetland Buffers.  

a. All buffers shall be measured perpendicular from the wetland boundary as 
surveyed in the field.  

b. The buffer for a wetland created, restored, or enhanced as compensation 
for approved wetland alterations shall be the same as the buffer required 
for the category of the created, restored, or enhanced wetland. Buffers 
surrounding wetlands used as compensation shall be fully vegetated. 
Areas with lawns, walkways, driveways, and other mowed or paved areas 
may not be included in the required buffer width for compensatory 
wetlands. 

3. Increased Wetland Buffer Widths. The County shall have the authority to increase 
the standard buffer width on a case-by-case basis when there is evidence that a 
larger buffer is required. Criteria to support expanded buffers include the following:   

a. The existing buffer is unvegetated, sparsely vegetated, or vegetated with 
invasive species that do not perform needed functions. If the buffer is not 
planted to create the appropriate plant community, widening of the 
regulatory buffer is an option to ensure that adequate functions of the 
buffer are provided. Improving the vegetation is generally preferable to 
widening the buffer; 

b. The slope within the buffer area is over 30 percent. Buffer widths should 
be increased by 50 percent of the standard buffer width if the slope is over 
30 percent; or   

c. The wetland provides habitat for a species that is particularly sensitive to 
disturbance. The width of the buffer should be increased to provide 
adequate protection for the species based on its particular life-history 
needs. 

4. Buffer Width Averaging. 

a. Buffer averaging to improve wetland protection may be permitted only if: 

i. The wetland contains variations in sensitivity due to existing 
physical characteristics; and 

ii. The buffer is increased adjacent to the higher-functioning area of 
habitat or more-sensitive portion of the wetland and decreased 
adjacent to the lower-functioning or less-sensitive portion as 
demonstrated by a critical areas report from a qualified 
professional. 
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b. Buffer averaging to allow reasonable use of a parcel may be permitted 
only if: 

i. There are no feasible alternatives to the site design that could be 
accomplished without buffer averaging; and 

ii. The averaged buffer will not result in degradation of the wetland’s 
functions and values as demonstrated by a critical areas report 
from a qualified wetland professional. 

c. The total area of the buffer after averaging shall be equal to the area 
required without averaging. 

d. The buffer at its narrowest point shall never be less than either 75 percent 
(75%) of the standard width or 75 feet for category I and II, 50 feet for 
category III, and 25 feet for category IV, whichever is greater. 

e. The buffer area proposed to be designated in buffer width averaging shall 
be contiguous to the original buffer area and shall not include on-site 
septic systems, public or private roadways, structures, or above-ground 
utilities. Existing disturbed areas may not be approved for use as a buffer 
width averaging area unless a buffer restoration or buffer enhancement 
plan has been submitted that conforms to the specifications of subsection 
4.F.3 

5. Buffer Reduction. The Administrator shall have the authority to reduce the required 
buffer widths, within a defined area, provided that: 

a. The wetland buffer to be reduced is physically isolated from its corresponding 
wetland by a preexisting barrier, such as paved public roadway, flood control 
structure, or building; and 

b. The buffer is reduced by no more than twenty-five percent (25%) of the 
standard buffer width; and 

c. The applicant demonstrates, through submission of a special report by a 
qualified professional, that the buffer reduction does not have any adverse 
impact on the existing functions and values of the wetland. 

6. Landward Residential Addition. For proposed development consisting of an 
expansion of an existing primary single family residential structure within a wetland 
buffer, for which the proposed expansion is on the landward side of the structure 
farthest from the wetland, no mitigation shall be required for such expansion, 
provided that: 

a. The width of the expanded structure parallel to the wetland boundary is 
not increased; and 
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b. The expansion will not result in adverse impacts to the functions and 
values of the wetland or its buffer, as demonstrated by a critical areas 
report prepared by a qualified wetland professional. 

7. Buffers for Wetlands Adjacent to Existing Manmade Canals1.  

a. Wetlands adjacent to existing manmade canals are not subject to the 
standard buffer widths defined in Subsection 4.E.1. Buffers for wetlands 
adjacent to manmade canals shall be 25 feet wide, independent of 
wetland category, wetland rating, or impact of proposed land use. 

b. Buffers for wetlands adjacent to manmade canals shall be subject to the 
requirements of Subsections 4.E.2 through 4.E.6. 

F. Additional Mitigation Requirements for Wetlands 

1. Where a project requires unavoidable disruption of wetlands, wetland functions 
and values shall be maintained through compensatory mitigation as specified in 
this subsection. 

2. Mitigation Sequencing. Before impacting any wetland or its buffer, an applicant 
shall demonstrate compliance with subsection 3.M.2, Mitigation Sequencing. 
Compensatory mitigation for alterations to wetlands shall be used only for 
impacts that cannot be avoided or minimized, and shall achieve equivalent or 
greater functions and values. 

3. Compensatory mitigation plans shall be consistent with Wetland Mitigation in 
Washington State, Part 1: Agency Policies and Guidance (Version 1, Ecology 
Publication #06-06-011a), or as amended, and best available science. 

4. Mitigation Ratios. The following ratios shall apply to compensatory mitigation that 
meets all other requirements in this subsection, is the same category of wetland, 
and has a high probability of success. The first number in each cell of table 4-2 
below specifies the acreage of wetland mitigation and the second specifies the 
acreage of wetland alteration. 

Table 4-2: Wetland Mitigation Ratios1 

Category 
and Type 
of 
Wetland 

Creation or 
Re-
establishment 

Rehabilitation 
Only2 

Re-
establishment 
or Creation 
(R/C) and 
Rehabilitation 
(RH)2 

Re-
establishment 
or Creation 
(R/C) and 
Enhancement 
(E)2 

Enhancement 
Only2 

Category I: Not 6:1; R/C not R/C not Case by case 

                                            
1 make reference specific to Surfside.   do not suggest that these reg’s apply 
elsewhere. 
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Bog, 
Natural 
Heritage 
site, 
Coastal 
Lagoon 

considered 
possible 

Rehabilitation 
of same 
wetland type 
as impact 

considered 
possible3 

considered 
possible3 

Category I: 
Forested 6:1 12:1 1:1 R/C and 

10:1 RH 
1:1 R/C and 
20:1 E 24:1 

Category I: 
Based on 
functions 

4:1 8:1 1:1 R/C and 
6:1 RH 

1:1 R/C and 
12:1 E 16:1 

Category I: 
Estuarine Case by case 6:1 Case by case Case by case Case by case 

Category 
II: 
Estuarine 

Case by case 4:1 Case by case Case by case Case by case 

Category 
II: 
Interdunal 

2:1  
Compensation 
has  
to be 
interdunal  
wetland 

4:1  
Compensation  
has to be  
interdunal  
wetland 

1:1 R/C and 
2:1 RH 
Compensation 
has to be 
interdunal 
wetland 

Not 
considered an 
option4 

Not 
considered an 
option4 

Category 
II: all other 3:1 6:1 1:1 R/C and 

4:1 RH 
1:1 R/C and 
8:1 E 12:1 

Category 
III 2:1 4:1 1:1 R/C and 

2:1 RH 
1:1 R/C and 
4:1 E 8:1 

Category 
IV 1.5:1 3:1 1:1 R/C and 

1:1RH 
1:1 R/C and 
2:1 E 6:1 

1 Ratios based on Wetlands in Washington State Volume 2 – Protecting and 
Managing Wetlands (Ecology publication #05-06-008), Appendix 8-C, Guidance on 
Buffers and Ratios – Western Washington, updated for 2014 Western Washington 
Wetland Rating System.  

2 These ratios are based on the assumption that the rehabilitation or 
enhancement actions implemented represent the average degree of 
improvement possible for the site. Proposals to implement more effective 
rehabilitation or enhancement actions may result in a lower ratio, while less 
effective actions may result in a higher ratio. The distinction between 
rehabilitation and enhancement is not clear-cut. Instead, rehabilitation and 
enhancement actions span a continuum. Proposals that fall within the gray area 
between rehabilitation and enhancement will result in a ratio that lies between 
the ratios for rehabilitation and the ratios for enhancement. 

3 Natural Heritage sites, coastal lagoons, and bogs are considered 
irreplaceable wetlands because they perform some special functions that 
cannot be replaced through compensatory mitigation. Impacts to such wetlands 
would therefore result in a net loss of some functions no matter what kind of 
compensation is proposed.  

4 Due to the dynamic nature of interdunal systems, enhancement is not 
considered an ecologically appropriate action. 
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5. Types of Mitigation. Mitigation for lost or diminished wetland and buffer functions 
shall rely on the types below in the following order of preference: 

a. Restoration, including reestablishment and rehabilitation, of wetlands; 

b. Creation, or establishment, of wetlands; 

c. Enhancement of significantly degraded wetlands, in combination with 
restoration or creation; 

d. Preservation of high-quality, at-risk wetlands. 

6. Preservation. The preservation of at-risk, high quality wetlands and habitat may 
be considered as part of an acceptable mitigation plan when the following criteria 
are met:  

a. Preservation is used as a form of compensation only after the standard 
sequencing of mitigation (avoid, minimize, and then compensate);  

b. Restoration (re-establishment and rehabilitation), creation, and 
enhancement opportunities have also been considered, and preservation 
is proposed as the best compensation option; 

c. The preservation site has the potential to experience a high rate of 
undesirable ecological change due to on-site or off-site activities that are 
not regulated (e.g., logging of forested wetlands); 

d. The area proposed for preservation is of high quality or critical for the 
health of the watershed or basin due to its location. Some of the following 
features may be indicative of high quality sites:  

i. Category I or II wetland rating (using the Washington State wetland 
rating system for eastern or western WA);  

ii. Rare or irreplaceable wetland type (e.g., bogs, mature forested 
wetlands, estuaries) or aquatic habitat that is rare or a limited 
resource in the area;  

iii. Habitat for threatened or endangered species;  

iv.  Provides biological and/or hydrological connectivity; vi. High 
regional or watershed importance (e.g., listed as priority site in a 
watershed or basin plan);  

v. Large size with high species diversity (plants and/or animals) 
and/or high abundance of native species;  
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vi. A site that is continuous with the head of a watershed, or with a 
lake or pond in an upper watershed that significantly improves 
outflow hydrology and water quality.  

e. Mitigation Combined with Other Forms of Compensation. When combined 
with restoration, creation, or enhancement, preservation may be used 
provided that a minimum of 1:1 acreage replacement is provided by 
reestablishment or creation and the criteria below are met:  

i. All standards specified in F.7.a. through d. are met. 

ii. The impact area is small and/or impacts are occurring to a low 
functioning system (Category III or IV wetland);  

iii. Preservation of a high-quality system occurs in the same watershed 
or basin as the wetland impact 

iv. Preservation sites include buffer areas adequate to protect the 
habitat and its functions from encroachment and degradation; and  

v. Mitigation ratios for preservation in combination with other forms of 
mitigation shall range from 10:1 to 20:1, as determined on a case-
by-case basis, depending on the quality of the wetlands being 
impacted and the quality of the wetlands being preserved.  

f. Preservation as the Sole Compensation for Wetland Impacts. Preservation 
alone shall only be used as compensatory mitigation in exceptional 
circumstances. Preservation alone shall not apply if impacts are occurring 
to functions that must be replaced on site, such as flood storage or water 
quality treatment that need to be replicated by water quality measures 
implemented within the project limits. Preservation of at-risk, high-quality 
wetlands and habitat (as defined above) may be considered as the sole 
means of compensation for wetland impacts when the following criteria 
are met:  

i. There are no adverse impacts to habitat for fish and species listed 
as endangered and threatened; 

ii. There is no net loss of habitat functions within the watershed or 
basin;  

iii. Higher mitigation ratios are applied. Mitigation ratios for 
preservation as the sole means of mitigation shall generally start at 
20:1. Specific ratios should depend upon the significance of the 
preservation project and the quality of the wetland resources lost. 

7. Location of Mitigation.  
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a. Compensatory mitigation actions shall be conducted within the same sub-
drainage basin and on the site of the alteration except when all of the 
following conditions apply: 

i. There are no reasonable opportunities on-site or within the sub-
drainage basin, or opportunities on-site or within the sub-drainage 
basin do not have a high likelihood of success; and 

ii. On-site mitigation would require elimination of high-quality upland 
habitat; and 

iii. Off-site mitigation has a greater likelihood of providing equal or 
improved wetland functions than the altered wetland. 

b. Off-site locations shall be in the same sub-drainage basin unless: 

i. Established watershed goals for water quality, flood storage or 
conveyance, habitat, or other wetland functions have been 
established by the County and strongly justify location of mitigation 
at another site; or 

ii. Credits from a state-certified wetland mitigation bank are used as 
compensation, and the use of credits is consistent with the terms of 
the certified bank instrument and with subsection 4.F.10 of this 
Ordinance; or 

iii. Fees are paid to an approved in-lieu fee program to compensate for 
the impacts. 

c. The design for the compensatory mitigation project shall be appropriate for 
its location (i.e. position in the landscape), and shall not result in the 
creation, restoration, or enhancement of an atypical wetland that does not 
match the type of wetland that would naturally be found in the geomorphic 
setting of the site. 

8. Timing of Mitigation.  

a. It is preferred that compensatory mitigation projects be completed prior to 
activities that will disturb wetlands. At the least, compensatory mitigation 
shall be completed immediately following disturbance and prior to use or 
occupancy of the action or development.  

b. Construction of mitigation projects shall be timed to reduce impacts 
existing fisheries, wildlife, and flora. 

9. Monitoring. Mitigation monitoring shall be required for a period necessary to 
establish that performance standards have been met, but not for a period less 
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than five years. If a scrub-shrub or forested vegetation community is proposed, 
monitoring may be required for ten years or more. The project mitigation plan 
shall include monitoring elements that ensure certainty of success for the 
project’s natural resource values and functions. If the mitigation goals are not 
obtained within the initial five-year period, the applicant remains responsible for 
restoration of the natural resource values and functions until the mitigation goals 
agreed to in the mitigation plan are achieved. 

10. Wetland Mitigation Banks. Credits from a wetland mitigation bank may be 
approved for use as compensation for unavoidable impacts to wetlands when all 
of the following conditions are satisfied: 

a. The bank is certified under state rules. 

b. The bank creates new wetlands or reestablishes, rehabilitates, or 
enhances existing disturbed wetlands. Credits shall not be approved for 
use from those portions of a wetland mitigation bank which preserve 
existing undisturbed wetlands. 

c. The wetland mitigation bank credits are located within the approved 
service area of the wetland impacts, as determined by the Administrator in 
consultation with the Pacific County Engineer. 

d. The County determines that the wetland mitigation bank provides 
appropriate compensation for the authorized impacts. 

e. The proposed use of credits is consistent with the terms and conditions of 
the certified bank instrument. 

f. Replacement ratios are consistent with subsection 4.F.5, unless the 
applicant can demonstrate that the use of the mitigation bank is of greater 
value to wetland functions and values. 

g. Impacts are limited to the following types: 

i. Category I, II, III, or IV wetland buffer impacts; 

ii. Category II, III, or IV wetland impacts; 

iii. Category I wetland impacts from public infrastructure projects. 

G. Additional Critical Area Report Requirements for Wetlands 

1. When Required. If the County determines that a wetland exists adjacent to the 
site of a proposed development activity, a wetland report prepared by a qualified 
professional shall be required. The expense of preparing the wetland report shall 
be borne by the applicant. 
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2. Report Contents. In addition to the general critical area report requirements 
under subsection 3.L, critical area reports for wetlands shall include, at a 
minimum: 

a. A description of the methodologies used to conduct the wetland 
delineations, rating system forms, or impact analyses, including 
references. 

b. Identification and characterization of all critical areas, wetlands, water 
bodies, shorelines, floodplains, and buffers on or adjacent to the proposed 
project area. For areas off site of the project site, conditions adjacent to 
the project boundaries shall be estimated using the best available 
information. 

c. For each wetland identified on site and adjacent to the project site, the 
report shall provide: the wetland rating, including a description of and 
score for each function; required buffers; hydrogeomorphic classification; 
wetland acreage based on a professional survey from the field delineation 
(acreages for on-site portion and entire wetland area including off-site 
portions); Cowardin classification of vegetation communities; habitat 
elements; soil conditions based on site assessment and/or soil survey 
information; and to the extent possible, hydrologic information such as 
location and condition of inlets/outlets, estimated water depths within the 
wetland, and estimated hydroperiod patterns based on visual cues (e.g. 
algal mats, drift lines, flood debris, etc.). The report shall provide acreage 
estimates, classifications, and ratings based on entire wetland complexes, 
not only the portion present on the proposed project site. 

d. A description of the proposed actions, including an estimation of acreages 
of impacts to wetlands and buffers based on the field delineation and 
survey and an analysis of site development alternatives, including a no-
development alternative. 

e. A discussion of measures, including avoidance, minimization, and 
compensation, proposed to preserve existing wetlands and restore any 
wetlands that were degraded prior to the current proposed land use 
activity. 

f. A conservation strategy for habitat and native vegetation that addresses 
methods to protect and enhance on-site habitat and wetland functions. 

g. A copy of the site plan for the project, including maps (to scale) depicting 
delineated and surveyed wetland and required buffers; the development 
proposal; other critical areas; grading and clearing limits; areas of 
proposed impacts (including square footage estimates); and a depiction of 
the proposed stormwater management facilities for the development. 
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3. Qualified Professional Requirements. A qualified professional for wetlands must: 

a. Be certified as a Professional Wetland Scientist; or  

b. Meet all of the following qualifications: 

i. Have a Bachelor’s degree in a related field,  

ii. Have at least two years of full-time work experience as a wetlands 
professional, including delineating wetlands using the state or 
federal manuals, preparing wetland reports, conducting function 
assessments, and developing and implementing mitigation plans; 
and  

iii. Have demonstrated wetland-specific training. 

H. Maps and References 

The following references may provide an indication of wetland locations. However, 
these and other similar resources were not prepared at a level of detail sufficient to 
accurately portray the exact location and extent of wetlands in Pacific County, and 
cannot be used in place of an on-site field determination of wetlands. Many wetlands 
in Pacific County will not appear on these resources. 

1. National Wetlands Inventory (NWI). 

2. Natural Resources Conservation Service Soil Survey for Grays Harbor Area, 
Pacific, and Wahkiakum Counties, hydric soils designations. 
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SECTION 5. FISH AND WILDLIFE HABITAT CONSERVATION AREAS 

A. Purpose 

The purpose of this section is to protect fish and wildlife habitat by land management 
which maintains sensitive, threatened, endangered species in suitable habitats 
within their natural geographic distribution, and to ensure the protection of shellfish, 
kelp, eelgrass, herring, and smelt spawning areas by regulating incompatible upland 
uses and development, and by controlling associated non-point pollution impacts. 

B. Identification 

1. Fish and wildlife habitat conservation areas (FWHCAs) include: 

a. Areas with which endangered, threatened, and sensitive species have a 
primary association. Pacific County adopts the designations listed in WAC 
232-12-014 (Endangered), WAC 232-12-011 (Threatened and Sensitive), 
and federally-designated threatened or endangered species categories.  

b. Habitats and species of local importance. 

c. Commercial and recreational shellfish areas. These areas include all 
public and private tidelands or bedlands suitable for shellfish harvest, 
including shellfish protection districts established pursuant to Chapter 
90.72 RCW. 

d. Kelp and native eelgrass beds; herring and smelt spawning areas. 

e. Naturally occurring ponds under twenty (20) acres and their submerged 
aquatic beds that provide fish or wildlife habitat. 

f. Waters of the State. Waters of the state include lakes, rivers, ponds, 
streams, inland waters, underground waters, salt waters, and all other 
surface waters and watercourses within the jurisdiction of the state of 
Washington, as classified in WAC 222-16. 

g. Lakes, ponds, streams, and rivers planted with game fish by a 
governmental or tribal entity. 

h. State Natural Area Preserves (NAP) and Natural Resource Conservation 
Areas (NRCA). In Pacific County, these include the Bone River, 
Gunpowder Island, Niawiakum, and Willapa Divide NAPs and the 
Ellsworth Creek, South Nemah, and Teal Slough NRCAs. 

2. The approximate locations and extents of habitat conservation areas may be 
shown on, but shall not be limited to, the following list of maps. The maps are for 
reference only and do not provide a final critical area designation. 
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a. Washington Department of Fish and Wildlife Priority Habitat and Species 
maps 

b. Washington Department of Fish and Wildlife Salmonscape maps 

c. Washington State Department of Natural Resources water type maps 

d. Washington State Department of Natural Resources ShoreZone Inventory 

e. Washington State Department of Natural Resources Natural Heritage 
Program maps. 

f. US Department of Fish and Wildlife Service’s Information for Planning and 
Conservation Maps 

g. Critical areas maps from US Fish and Wildlife Service and the National 
Marine Fisheries Service 

h. Washington State Department of Natural Resources State Natural Area 
Preserves and Natural Resource Conservation Area maps. 

C. Classification and Designation 

1. Waters of the State. Waters of the State shall be classified using the Department 
of Natural Resources' interim water typing (WAC 222-16-031). Once the fish 
habitat water type maps described in WAC 222-16-030 are adopted by the 
Forest Practices Board, the permanent water typing criteria described in WAC 
222-060-030 will apply.   

2. Habitats and Species of Local Importance. 

a. Characteristics of Habitats and Species of Local Importance: 

i. Local populations of native species that are likely to become 
endangered, are vulnerable, or declining. 

ii. Species or habitats with recreational, cultural, and/or economic 
value to citizens of Pacific County. 

iii. Protection by other County, State, or federal policies, laws, 
regulations, or non-regulatory tools are not sufficient to prevent 
degradation of the habitat or decline of the species. 

iv. Habitats of local importance represent either high-quality native 
habitat or habitat that has a high potential to recover to a suitable 
condition and which is limited in availability, highly vulnerable to 
alteration, or provides landscape connectivity that contributes to the 
integrity of the surrounding landscape. 
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b. Process of Designation. 

i. Habitats and species may be nominated by any person. The 
nomination shall include the following: 

a) Identification of specific habitat features to be protected (for 
example, nest sites, breeding areas, and nurseries), or if a 
habitat or ecosystem is being nominated in its entirety, a 
description and map of the geographic boundaries 
encompassed in the nomination.   

b) Documentation of how the proposed species or habitat meets 
each of the applicable characteristics described in subsection 
5.C.2.a. 

c) Management strategies, supported by the best available 
science, that if implemented would measurably help to conserve 
the species or habitat. 

ii. The Administrator shall review and evaluate the nomination and 
make a recommendation to the planning commission. 

iii. The planning commission shall hold a public hearing on the 
proposal and make a recommendation to the Board of 
Commissioners. 

iv. After receiving the recommendation of the planning commission, 
the Board of Commissioners shall vote on the nomination. 

D. Permitted Activities within FWHCAs and Buffers.  
The following activities are permitted within FWHCAs and their associated buffers: 

1. Limited public park or public recreational access; provided, that all of the 
following are satisfied: 

a. The access is part of a public park that is dependent on the access for its 
location and recreational function; and 

b. The access is limited to the minimum necessary to accomplish the 
recreational function; and 

c. The removal of trees and native vegetation is minimized. 

2. Low-impact uses and activities that are consistent with the purpose and function 
of the buffer when such improvements are limited to the minimum amount 
necessary and do not detract from its integrity may be permitted within the buffer 
depending on the sensitivity of the habitat involved; provided, that such activity 
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shall not result in a decrease in FWHCA functions and values and shall not 
prevent or inhibit the buffer’s recovery to at least pre-altered condition or function.  

3. Standards Applicable to Type 2, 3, 4, and 5 Waters of the State and their Buffers. 
Standards applicable to Type 1 Waters of the State and their buffers are found in 
the SMP. 

a. The following modifications may be permitted within a critical area or its 
buffer in accordance with an approved critical area report that 
demonstrates that proposed measures follow mitigation sequencing and 
will not degrade fish or wildlife habitat conservation areas functions or 
processes on-site or in the surrounding area. 

i. Erosion Control Measures. New, replacement, or substantially 
improved erosion control measures. 

ii. Streambank Stabilization. Streambank Stabilization through 
bioengineering or soft armoring techniques. 

iii. Docks. Public or private docks or piers may be permitted. 

iv. New, expanded, or reconfigured Roads, Trails, Bridges, and 
Rights-of-Way, provided: 

a) There is no other feasible alternative route with less impact on 
the environment; 

b) Crossings minimize interruption of downstream movement of 
wood and gravel; 

c) Roads shall not run parallel to the water body; 

d) Trails shall be located on the outer edge of the riparian area or 
buffer, except for limited viewing platforms and crossings; 

e) Crossings, where necessary, shall only occur as near to 
perpendicular with the water body as possible; 

v. New, expanded, or reconfigured utility facilities, including utility 
lines, facilities, and stormwater conveyance, provided: 

a) FWHCAs shall be avoided to the maximum extent possible; 

b) Installation shall be accomplished by boring beneath the scour 
depth and hyporheic zone of the water body and channel 
migration zone, where feasible; 
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c) The utilities shall cross at an angle greater than sixty (60) 
degrees to the centerline of the channel in streams or 
perpendicular to the channel centerline whenever boring under 
the channel is not feasible; 

d) Crossings shall be contained within the footprint of an existing 
road or utility crossing where possible; 

e) The utility route shall avoid paralleling the stream or following a 
down-valley course near the channel; and 

f) The utility installation shall not increase or decrease the natural 
rate of shore migration or channel migration. 

vi. Clearing and Grading. When clearing and grading is permitted as 
part of an authorized activity or as otherwise allowed in these 
standards, the following shall apply: 

a) Grading is allowed only during the dry season, which is typically 
regarded as beginning on May 1 and ending on October 1, 
provided that the city may extend or shorten the dry season on 
a case-by-case basis, determined on actual weather conditions.  

b) The soil duff layer shall remain undisturbed to the maximum 
extent possible. Where feasible, any soil disturbed shall be 
redistributed to other areas of the project area. 

c) The moisture-holding capacity of the topsoil layer shall be 
maintained by minimizing soil compaction or reestablishing 
natural soil structure and infiltrative capacity on all areas of the 
project area not covered by impervious surfaces. 

d) Erosion and sediment control that meets or exceeds city 
standards must be provided. 

E. Protection Standards 

1. Buffers for Waters of the State. 

a. Standard Buffer Widths. In addition to the setback requirements of 
Subsection 3.K.3, the following buffers from the ordinary high water mark 
are required. 

Table 5-1: Required buffers for Waters of the State1 

Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

1 S See SMP Section 5.2 
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Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

2, 3 F 130range:  150-100 
4 Np 65 
5 Ns 50 

1 Standard buffer widths do not apply to existing manmade canals (see Section 5.E.1.f). 

i. Measurement. The buffer shall be measured horizontally, landward 
in every direction from the ordinary high water mark. 

ii. Steep slopes. Where lands adjacent to a stream display a 
continuous slope of thirty percent (30%) or greater, the buffer shall 
include such sloping areas. For Type 1, 2, and 3 streams, where 
the horizontal distance of the sloping area is greater than the 
required standard buffer, the buffer shall be extended to a point 
twenty-five (25) feet beyond the top of the bank of the sloping area. 

b. Buffer Averaging. Buffer widths may be averaged within a property 
provided all of the following standards are met. 

i. Averaging provides additional protection to the species or habitat 
by conserving intact or unique habitat features; 

ii. Averaging will not adversely affect the protected species or habitat 
relative to the use of the standard buffer alone; 

iii. The total area contained in the buffer area after averaging is no 
less than that which would be contained within the standard buffer; 
and 

iv. The buffer width is not reduced by more than twenty-five percent 
(25%) of the standard buffer in any location. 

c. Buffer Reduction. The Administrator may approve a reduction of the 
standard buffer on a case-by-case basis if an applicant demonstrates 
through a critical areas report based on best available science that the 
following conditions and criteria have been met: 

i. The applicant has proposed habitat restoration or enhancement 
activities that would result in improved habitat, water quality or 
water flow processes or functions of the adjacent stream; 

ii. The buffer reduction is necessary to accomplish the purpose of a 
proposed project and no reasonable alternative is available given 
specific site characteristics;  
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iii. The applicant has demonstrated application of the avoidance and 
minimization standards; and 

iv. The standard buffer width shall not be reduced by more than 25 
percent for any stream or aquatic habitat.  

d. Interrupted Buffers. Where a legally established and constructed public 
roadway transects a riparian buffer, the Administrator may approve a 
modification of the standard buffer width to the edge of the roadway, 
provided the isolated part of the buffer provides insignificant biological, 
geological or hydrological buffer functions relating to the riparian area. 

e. In addition to applicable buffer standards presented in this subsection 
(5.E.1.), additional water quality protection provisions in Subsection 5.E.5. 
Marine and Estuarine Water Quality Zone Provisions apply to all lands 
adjacent to marine and estuarine waters. 

f. Buffer Exemption for Existing Manmade Canals. Manmade canals are 
exempt from the buffer provisions contained in this Section. Where 
wetlands are present adjacent to these canals, the provisions of Section 
4.E.7, Buffers for Wetlands Adjacent to Existing Manmade Canals, apply. 

2. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA 
other than Waters of the State as necessary to protect the ecological integrity, 
structure and functions of the resource from development induced impacts. 
Buffer widths shall reflect the sensitivity of the species or habitat present and the 
type and intensity of the proposed adjacent human use or activity, consistent with 
the following guidance. 

Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Areas with a primary association with endangered, 
threatened, and sensitive species 

For non-fish species, buffers shall be based on 
site-specific conditions; management 
recommendations provided by the Washington 
State Department of Fish and Wildlife PHS 
Program, if applicable; and the recommendation of 
a Qualified Professional. 

Commercial and recreational shellfish areas; kelp 
and eelgrass beds; herring and smelt spawning 
areas 

Standard shoreline buffers apply, in addition to 
Marine and Estuarine Water Quality Protection 
Zone provisions (Section 5.D.6).  

State Natural Area Preserves and Natural 
Resource Conservation Areas 

In addition to the land within designated Natural 
Area Preserves and Natural Resource 
Conservation Areas, other critical area, the 
Administrator may impose a new buffer or increase 

Commented [KR36]: CAO TAC 031716:   needs some 
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Fish and Wildlife Habitat Conservation Area Buffer Requirement 

the applicable buffer to ensure that proposed 
actions would not limit conservation of the property 
for its intended species or ecosystem preservation. 

Species and Habitats of Local importance The need for and dimensions of buffers for 
approved species and habitats of local importance 
shall be determined on a case-by-case basis by the 
Administrator according to adopted plans for the 
specific resource. 

3. Buffer Composition. 

a. Buffers shall remain in an undeveloped state and shall consist of an 
undisturbed area of native vegetation or restoration areas established to 
protect the integrity, functions, and values of the affected habitat.  Unless 
specifically permitted or exempted in this section or the SMP, all structures 
and activities shall be located outside of a fish and wildlife habitat 
conservation area and its associated buffer.   

b. No non-native vegetation shall be deliberately introduced into a buffer. 

4. Subdivisions. The subdivision and short subdivision of land in FWHCAs and 
associated buffers is subject to the following: 

a. Land that is located wholly within a FWHCA or its buffer may not be 
subdivided, with the exception of commercial shellfish grounds. 

b. Land that is located partially within a FWHCA or its buffer may be 
subdivided provided that the developable portion of each new lot and its 
access is located outside of the habitat conservation area or its buffer and 
meets the applicable zoning requirements. 

5. Marine and Estuarine Water Quality Protection Zone. 

a. Purpose. The purpose of the Marine and Estuarine Water Quality 
Protection Zone is to protect water quality conditions that support shellfish, 
kelp, eelgrass, herring, and smelt spawning areas.1 

b. Applicability.  

                                            
1 Defined per WAC 365-190-130, although kelp beds and smelt spawning areas are not known to be 
present in Pacific County waters. 
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i. All property located within three hundred (300) feet landward from 
the OHWM1 of marine waters of the Pacific Coast or estuarine 
waters of Willapa Bay falls within the Marine and Estuarine Water 
Quality Protection Zone.   

i.ii. Proposed developments located within the Marine and Estuarine 
Water Quality Protection Zone, but located entirely outside of all 
other critical areas and critical area buffers, are subject only to the 
provisions of Subsection 5.E.5, and are not subject to additional 
provisions in Section 5 of this Chapter. 

ii. For proposed developments that are located entirely outside of a critical 
area and its standard buffer, as described in Subsection 5.D.1., but within 
the Marine and Estuarine Water Quality Protection Zone, additional 
standards in Subsections 5.D and 5.E do not apply.   

c. Protection Standards applicable within the Marine and Estuarine Water 
Quality Protection Zone.  The following protection standards apply within 
areas designated as the Marine and Estuarine Water Quality Protection 
Zone:. 

i. The design of new and repair of on-site sewage systems shall 
incorporate  all known, available, and reasonable methods of 
prevention, control, and treatment (AKART) for microbial 
contaminants, consistent with standards of WAC 246-272A.     

ii. No reduction from the 100 foot horizontal separation standard 
between on-site septic system disposal components and surface 
water shall be approved for new septic systems. 

iii. On-site sewage system permit applications shall be held by the 
Pacific County Health Officer or his/her designee for evaluation 
during the high winter water table season, if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272 WAC, Pacific County On-Site 
Sewage System Regulations, and this Ordinance.  

iv. Applications for Preliminary Plat subdivisions, or for construction of 
any new office complex, school facility, industrial facility, or 
commercial building shall require preparation and submittal of a 
storm water collection, biofiltration, and disposal system designed 
by a Professional Engineer. Infiltration of storm water shall be 
encouraged, except where the practice would be injurious or 

                                            
1 The Highest Astronomical Tide elevation shall be used instead of the OHWM on the eastern side of 
the Long Beach Peninsula. 
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potentially injurious to the quality of ground water in designated 
Critical Aquifer Recharge Areas.  

v. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

F. Additional Critical Area Report Requirements for Fish and Wildlife Habitat 
Conservation Areas 

1. When Required. A critical area report for fish and wildlife habitat conservation 
areas shall be required when a project area is located in or a distance equal to or 
less than the potential critical area buffer and building setback width ofadjacent to 
a fish and wildlife habitat conservation area. 

2. Additional Requirements: In addition to general requirements of Section 3.L, 
Critical Area Reports, critical area reports for fish and wildlife habitat 
conservation areas must meet the requirements of this subsection.  

a. Preparation by a Qualified Professional. A critical area report for a fish and 
wildlife habitat conservation area shall be prepared by a qualified 
professional biologist with experience preparing reports for the relevant 
type of habitat. 

b. Habitat Assessment. A critical area report for a habitat conservation area 
shall contain, at a minimum, the following information: 

i. A detailed description of vegetation on and adjacent to the project 
area and within the fish and wildlife conservation area and its 
associated buffer. 

ii. Identification of any endangered, threatened, or sensitive species 
that have a primary association with habitat on or adjacent to the 
project area. Identification of any habitats of local importance 
occurring on or adjacent to the site. 

iii. A discussion of any federal, state, or local special management 
recommendations, including Washington Department of Fish and 
Wildlife habitat management recommendations, that have been 
developed for species or habitats located on or adjacent to the 
project area, and a description of how the project employs with 
those recommendations.   

iv. A detailed discussion of the direct and indirect potential impacts on 
habitat by the project, including both site-specific and landscape-
scale impacts and impacts to water quality. 
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c. Additional Information May Be Required. When appropriate due to the 
type of habitat or species present or the project area conditions, the 
county planner may also require the following: 

i. An evaluation by an independent qualified professional regarding 
the applicant’s analysis and the effectiveness of any proposed 
mitigating measures or programs, to include any recommendations 
as appropriate; or 

ii. A request for consultation with the Washington Department of Fish 
and Wildlife or other appropriate agency or tribe. 

G. Additional Mitigation Requirements for Fish and Wildlife Habitat Conservation 
Areas 

1. Mitigation is required when a fish and wildlife habitat regulated under this section 
is temporarily or permanently affected as a result of project approval or activity.  
Mitigation is further required when a fish and wildlife habitat regulated under this 
section has been altered prior to project approval unless the alteration was not 
prohibited by law. 

2. On-site and in-kind mitigation is preferred so as to ensure, to the greatest extent 
practicable, that the plan results in mitigation for direct impacts resulting from the 
alteration. 

3. Off-site mitigation will be used only in those situations where on-site mitigation is 
not possible or where it is demonstrated that off-site mitigation would provide 
greater benefit to the affected species.  When off-site mitigation is allowed, it 
should occur within the same subbasin as the project impact. 

4. Contiguous Corridors. Mitigation sites shall be located and designed to the extent 
possible to preserve or achieve contiguous wildlife habitat corridors to minimize 
the isolating effects of development on habitat areas. 

5. Mitigation shall be completed prior to granting of temporary or final occupancy, or 
the completion or final approval of any development activity for which mitigation 
measures have been required. 

6. This subsection constitutes general rules which may be modified upon the 
recommendations of a qualified critical area professional as to the scope and 
nature of the mitigation which is needed to protect the habitat system, functions, 
and values at issue for the project. 
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SECTION 6. FREQUENTLY FLOODED AREAS 

A. Purpose 
The purpose of the frequently flooded areas section is to minimize public and private 
losses due to flood conditions in specific areas and to protect the functions and 
values of frequently flooded areas. 

B. Identification 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified usingare designated where any of the following criteria apply. In 
the case of any discrepancies between the sources of information listed below, the 
more protective shall apply: 
1. Those areas of special flood hazard identified by the Federal Emergency 

Management Agency (FEMA) in a scientific and engineering report entitled “The 
Flood Insurance Study for Pacific County and Incorporated Areas” dated May 18, 
2015, and any revisions thereto, with an accompanying Flood Insurance Rate 
Map (FIRM) dated May 18, 2015, or, and any revisions thereto; and those 
floodways and associated floodplains delineated by a comprehensive flood 
hazard management plan adopted by the Pacific County Board of County 
Commissioners, as being with the 100-year floodplain or having experienced 
historic flooding, are hereby adopted by reference and designated as frequently 
flooded areas subject to the provisions of this Ordinance.  

2. When base flood elevation data have not been provided (A and V zones) the 
Administrator, in consultation with the Pacific County Engineer, shall obtain, 
review, and reasonably utilize any base flood elevation and floodway data, 
including historical flooding data, available from a federal, state, or other source. 
If such documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under this 
Ordinance shall provide a flood hazard study prepared by a Licensed Hydrologist 
or Professional Engineer assessing the extent of the 100-year floodplain, which 
shall be subject to approval by the County Engineer. 

2.3. Those areas of periodic inundation within Flood Control Zone District No. 
1 on the Long Beach Peninsula, as mapped by the Pacific County Department of 
Public Works on July 24, 2015, or as amended. 

C. Protection Standards 
All development within designated frequently flooded areas shall comply with the 
Pacific County Flood Damage Prevention Ordinance No. 167, codified as Chapter 
15.08 PCC, as now or hereafter amended; and/or the Pacific County Shoreline 
Master Program, as now or hereafter amended. 
1. Livestock management. 
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a. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

b. New construction or expansions of existing manure storage facilities must 
be elevated above the base flood elevation and located in areas that are 
least subject to flooding. 
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SECTION 7. CRITICAL AQUIFER RECHARGE AREAS 

A. Purpose 

The purpose of this section is to establish protection measures for aquifers that are 
susceptible to contamination due to physical (hydrogeologic) factors.  In particular, 
this section manages recognized vulnerabilities of the Long Beach Peninsula 
aquifer, as described in the U.S. Geological Survey Report on Ground-Water Flow 
and Water Quality in the Sand Aquifer of Long Beach Peninsula, Washington 
(Blakemore 1995).  

B. Identification 

Aquifer recharge areas are those areas with geologic and hydrologic conditions that 
promote rapid infiltration of recharge waters to groundwater aquifers. The following 
classifications define critical aquifer recharge areas. 

1. For the purposes of this Ordinance, any land within Pacific County that contains 
the following soil types as listed in the Soil Survey of Grays Harbor County Area, 
Pacific County, and Wahkiakum County, Washington, 2003, Soil Conservation 
Service, USDA, is designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 

132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2. Special aquifer recharge protection areas include: 

a. Sole-source aquifers designated by the U.S. Environmental Protection 
Agency in accordance with the Safe Drinking Water Act of 1974 (Public 
Law 93-523); 

b. Special protection areas designated by the Washington Department of 
Ecology under Chapter 173-200-090 WAC; 

c. Wellhead protection areas determined in accordance with delineation 
methodologies specified by the Washington Department of Health under 
authority of Chapter 246-290 WAC; and 
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d. Groundwater management areas designated by the Washington 
Department of Ecology in cooperation with local government under 
Chapter 173-100 WAC. 

C. Protection Standards 

1. New Development Prohibitions. The following types of new development shall 
not be permitted within designated critical aquifer recharge areas: 

a. Solid waste landfills; 

b. Septage application; 

c. Underground storage of heating oil in excess of 1,100 gallons for 
consumptive use on the parcel where stored; 

d. Creosote manufacturing or treatment;  

e. Chemical manufacture or reprocessing of any extremely hazardous waste 
as defined by RCW 70.105.010(6) and listed in Chapter 173-303 WAC; 

f. Mining of any type below the water table; 

g. Processing, storage, and disposal of radioactive substances; and 

h. Dry cleaning; 

i. Auto wrecking facilities; 

j. Hazardous Waste Transfer Treatment & Treatment; 

k. Hydrocarbon extraction. 

2. Development Standards. 

a. Lots in new subdivisions and new short subdivisions in critical aquifer 
recharge areas outside of Urban Growth Areas shall require a minimum 
net land area of one acre when gravity on-site septic systems are 
proposed, thirty thousand (30,000) square feet when pressure distribution 
or equivalent treatment systems are proposed, and fifteen thousand 
(15,000) square feet or equivalent when sand filter or equivalent treatment 
is proposed. For the purposes of this section "net lot area" shall mean the 
total lot area minus areas covered by surface water lying water-ward of 
the ordinary high water mark, and those areas contained within rights of 
way, and road and/or utility easements. 

b. New and/or repair of on-site sewage systems in critical aquifer recharge 
areas on existing lots of less than one net acre in size shall be designed 
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by a Licensed Designer or Professional Engineer, and shall consist of a 
pressure distribution drainfield system, and shall meet the requirements of 
Chapter 246-272A WAC, On-Site Sewage Systems. 

c. On-site sewage system permit applications in critical aquifer recharge 
areas may be held by the Health Officer for evaluation during the high 
winter water table season (December - February), if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272A WAC and any Pacific County 
Ordinance pertaining to on-site sewage disposal. 

d. New subdivisions and new short subdivisions in critical aquifer recharge 
areas shall require a storm water collection, treatment, and disposal 
system designed by a Professional Engineer and approved by the County 
Engineer. This requirement does not apply to short subdivisions in which 
each lot is at least one acre in size. 

e. New development in areas of existing wells shall remove any abandoned 
wells present in the area of development using approved well 
abandonment methods as defined in WAC 173-160. 

D. Additional Critical Area Report Requirements for Critical Aquifer Recharge 
Areas. 

1. When Required. A person seeking the following types of new construction 
activities within a critical aquifer recharge area is responsible for preparing a 
critical area report for critical aquifer recharge areas: 

a. Industrial and commercial agricultural facilities applying fertilizers or 
pesticides in excess of agronomic rates; 

b. Golf courses or other recreational or institutional facilities that involve 
extensive turf cultivation or maintenance; 

c. Above ground storage tanks, with the exception of water tanks; 

d. Industrial or commercial facilities that, when completed, will use, store, or 
handle dangerous wastes in quantities in excess of five (5) gallons or 
twenty-five (25) pounds or more of any one substance, or in aggregate 
quantities of twenty (20) gallons or 100 pounds or more of all dangerous 
wastes; 

e. Fossil fuel exploration or development;  

f. Commercial underground storage tanks in excess of 1,100 gallons; and 

g. Subdivision of land into more than four lots.  
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2. Report Contents. In addition to the critical area report requirements of subsection 
3.L of this Ordinance, the report shall include the following information: 

a. A detailed description of the project including all processes and other 
activities which have the potential for contaminating groundwater; and 

b. A hydrogeologic evaluation that includes, at a minimum, a description 
and/or evaluation of the following: 

i. Site location, topography, drainage, and surface water bodies; 

ii. Soils and geologic units, underlying the site; 

iii. Ground water characteristics of the area, including flow direction, 
gradient, and existing groundwater quality; 

iv. The location and characteristics of wells and springs within 300 feet 
of the perimeter of the property; 

v. An evaluation of existing on-site groundwater recharge; and 

vi. An evaluation of the potential impact of the proposal on 
groundwater quantity and quality, including potential effects related 
to saltwater intrusion and effects on senior water rights holders, 
both short and long term, based on an assessment of the 
cumulative impacts of the proposal in combination with existing and 
potential future land use activities. 

3. Qualifications of Report Preparers. Critical area reports for critical aquifer 
recharge areas shall be prepared by a Professional Engineer registered by the 
State of Washington, and trained and qualified to analyze geologic, hydrologic, 
and ground water flow systems, or by a geologist or hydrogeologist who has 
received a degree from an accredited four-year college or university and who has 
relevant training and experience in analyzing geologic, hydrologic, and ground 
water flow systems. Such qualifications shall be demonstrated to the satisfaction 
of the Administrator. 
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SECTION 8. GEOLOGICALLY HAZARDOUS AREAS 

A. Purpose 

The purpose of this section is to minimize hazards to the public from development 
activities on or adjacent to areas of geological hazard. Geologically hazardous areas 
include the following: erosion hazard areas; landslide hazard areas; seismic hazard 
areas; mine hazard areas; and tsunami hazard areas. 

B. Identification 

1. Erosion Hazard Areas. Erosion hazard areas are those areas meeting any of the 
following criteria:   

a. Areas identified by the U.S. Department of Agriculture’s Natural 
Resources Conservation Service Soil Survey Map as having a “severe” or 
“very severe” erosion hazard (Off-trail, Off-road).  

b. Shoreline Erosion Hazard Areas 

i. Areas mapped as Coastal High Hazard Areas (Zones V and VE) in 
the digital Flood Insurance Rate Map (dFIRM) adopted May 18, 
2015, as amended.   

ii. Areas within the North Cove “Wash-Away” Beach erosion hazard 
area. [Placeholder to reference updated map from Pacific County 
Hazard Mitigation Plan] 

iii. Areas within a mapped channel migration zone.  

2. Landslide Hazard Areas. Landslide hazard areas are those areas meeting any of 
the following criteria: 

a. Areas of historic failure, such as areas designated as quaternary slumps, 
earthflows, mudflows, or landslides on maps published as the United 
States Geological Survey or Department of Natural Resources Division of 
Geology and Earth Resources. 

b. Those areas mapped by the Washington State Department of Natural 
Resources (slope stability mapping) as unstable (U or class 3), unstable 
old slides (UOS or class 4), or unstable recent slides (URS or class 5). 

c. Any area with all of the following characteristics: 

i. A slope greater than fifteen percent (15%); 



 

65 
 

ii. Hillsides intersecting geologic contacts with a relatively permeable 
sediment overlying a relatively impermeable sediment or bedrock; 
and 

iii. Springs or groundwater seepage. 

d. Slopes that are parallel or sub-parallel to planes of weakness (such as 
bedding planes, joint systems, and fault planes) in subsurface materials. 

e. Slopes having gradients greater than eighty percent (80%) subject to rock 
fall during seismic shaking. 

f. Areas of unstable soils as a result of stream incision and stream bank 
erosion, or undercutting by wave action. The Administrator may require a 
site-specific survey conducted by a qualified professional to determine 
presence or absence of an erosion hazard area adjacent to a stream, 
lake, or other shoreline.    

g. Areas located in a canyon or on an active alluvial fan, presently or 
potentially subject to inundation by debris flows or catastrophic flooding. 

h. Any area with a slope of forty percent (40%) or steeper and with a vertical 
relief of ten (10) or more feet except areas composed of solid rock. A 
slope is delineated by establishing its toe and top and measured by 
averaging the inclination over at least ten (10) feet of vertical relief. 

3. Mine Hazard Areas. Mine hazard areas are those areas within one hundred (100) 
horizontal feet of a mine or wellhydrocarbon production well1 opening at the 
surface and any workings, tunnels, shafts, or spoils disposal sites. 

4. Seismic Hazard Areas. For the purposes of this Ordinance, the entire County is 
designated as a seismic hazard area.Seismic hazard areas are areas subject to 
severe risk of damage as a result of earthquake-induced ground shaking, slope 
failure, settlement, soil liquefaction, debris flows, or tsunamis. Seismic hazard 
areas are those areas meeting any of the following criteria: 

a. Areas mapped by the Washington Department of Natural Resources on 
the Site Class Map of Pacific County, Washington, Palmer et al., 2004, as 
amended, as having a site class of “D to E,” “E,” or “F.” These areas have 
been identified by WDNR as having soils which amplify ground shaking. 

a.b. Areas mapped by the Washington Department of Natural 
Resources on the Liquefaction Susceptibility Map of Pacific County, 

                                            
1 added to clarify that not all wells required…    
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Washington, Palmer et al., 2004, as having a liquefaction susceptibility of 
“moderate,” “moderate to high,” “high,” or “peat deposit.” 

4.5. Tsunami Hazard Areas. Tsunami hazard areas are shoreline or coastal 
areas susceptible to flooding and inundation as the result of excessive wave 
runup action derived from seismic or other geologic events, as mapped by the 
best and most current available information.  

a. The Washington Department of Natural Resources completed tsunami 
evacuation brochures for six areas in Pacific County: North Cove, 
Tokeland, and Shoalwater Tribe; Bay Center and Vicinity; Ocean Park and 
Vicinity; Long Beach and Ilwaco; Chinook and Vicinity; and Raymond and 
South Bend. These brochures include maps of tsunami hazard areas as 
modeled using an L1 scenario.1 The brochures were updated in July 2014 
and are available through the Washington Department of Natural 
Resources and the Pacific County Emergency Management Agency. 

a. The Washington Department of Natural Resources mapped modeled 
tsunami inundation from a Cascadia Subduction Zone Earthquake for 
Washington State. The map covering the Pacific County shoreline 
is Tsunami Hazard Map of the Southern Washington Coast, Walsh et al. 
20002.  

b. Venturato et al. (2007)3 completed a more detailed study of the effects of 
a Tsunami tsunami on the Long Beach Peninsula.  

C. Protection Standards 

1. General Development Standards. 

a. Alterations of geologically hazardous areas or associated buffers shall 
only occur for activities that: 

i. Will not increase the threat of the geological hazard to adjacent 
properties beyond pre-development conditions; 

                                            
1 Witter, R.C., Z. Yinglong, W. Kelin, G.R. Priest, C. Goldfinger, L.L. Stimely, J.T. English, 
and P.A. Ferro. 2011. Simulating tsunami inundation at Bandon, Coos County, Oregon, 
using hypothetical Cascadia and Alaska earthquake scenarios. Oregon Department of 
Geology and Mineral Industries Special Paper, 43: 57 p. 
2 Walsh, T, C. Caruthers, A. Heinitz, E. Myers III, A. Baptista, G. Erdakos, and R. 
Kamphaus.  2000. Tsunami Hazard Map of the Southern Washington Coast:  Modeled 
Tsunami Inundation from a Cascadia Subduction Zone Earthquake. 
 
3 Venturato, A. D. Arcas, U. Kanoglu. 2007. Modeling Tsunami Inundation from a Cascadia 
Subduction Zone Earthquake for Long Beach and Ocean Shores, Washington. 
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ii. Will not adversely impact other critical areas; 

iii. Are designed so that the erosion, landslide, or mine hazard to the 
project is eliminated or mitigated to a level equal to or less than pre-
development conditions; and 

iv. Where required by this Section or other county regulations, are 
certified as safe as designed and under anticipated conditions by a 
qualified engineer or geologist, licensed in the state of Washington. 

b. Critical facilities shall not be sited within or below geologically hazardous 
areas unless there is no other practical alternative. 

2. Development Standards for All Erosion Hazard Areas 

a. Land disturbing activities in erosion hazard areas shall provide for storm 
water quality and quantity control, including preparation of a temporary 
erosion and sediment control plan and permanent drainage plan. 

b. Timing of Ground Disturbance. Clearing on an erosion hazard area shall 
be limited to the dry season (May 1-October 15) to the extent feasible. If 
wet season operations are necessary, the applicant shall provide erosion 
and sedimentation control plan prepared by a professional engineer 
licensed in the State of Washington that identifies methods of erosion 
control for wet weather conditions.  

c. The erosion and sediment control plan shall provide for protection of 
disturbed surfaces using Best Management Practices (BMP) such as 
sediment traps, check dams, stabilized construction entrances, storm inlet 
protection, silt fencing, mulching or other effective means of soil 
protection.  

d. Runoff from activities subject to a development permit shall be properly 
controlled to prevent erosion.  

3. Additional Development Standards for Shoreline Erosion Hazard Areas  

a. Setbacks. The foundation of any new or expanded structure shall be 
located at a distance landward of the top of slope and/or ordinary high 
water mark that is greater than or equal to the amount of land that is 
expected to erode within the next thirfifty (50)30) years as determined by a 
critical areas report. 

b. Recreational vehicle usage in a shoreline erosion hazard area and its 
setback is permitted if otherwise allowed by law.  
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c. New Within the North Cove “Wash-Away” Beach erosion hazard area, 
new or replacement permanent on-site sewage disposal systems, 
including drain fields, shall be prohibited within shoreline erosion hazard 
areas and associated setbacks (portable toilets may be used where 
permanent septic systems are not allowed). 

d.c. The property owner shall be responsible for ensuring that all 
sewage is removed from a septic tank that is at imminent risk (within 1 
year) of collapse. 

e.d. Subdivisions. The division of land in shoreline erosion areas and 
setbacks is subject to the following: 

i. Land that is located wholly within a shoreline erosion hazard area 
or its setback may not be subdivided. Land that is located partially 
within a shoreline erosion hazard area or its setback may be 
divided provided that each resulting lot has sufficient buildable area 
outside of, and will not affect, the shoreline erosion hazard area or 
its setback. 

ii. Access roads and utilities may be permitted within the shoreline 
erosion hazard area and associated setback if the Administrator 
determines that no other feasible alternative exists. 

4. Development Standards for Landslide Hazard Areas 

a. In addition to the provisions below, standards applicable to all erosion 
hazard areas as provided in subsection C.2 above shall also apply to 
landslide hazard areas. 

b. Buffers. A no-touch buffer shall be established from all edges of landslide 
hazard areas. The buffer shall be intended to minimize the risk of property 
damage, death, or injury resulting from landslides, and to maintain 
ecological functions associated with erosion processes.   

i. The minimum buffer shall be equal to the height of the slope or fifty 
(50) feet, whichever is greater. 

ii. The buffer may be reduced to a minimum of ten (10) feet when a 
qualified professional demonstrates that the reduction will 
adequately protect the proposed development, adjacent 
developments and uses, and adjacent critical areas, including 
sediment transport processes to adjacent waterbodies. 

iii. A critical areas report shall be conducted for any project that may 
impact or be impacted by a landslide hazard area. The buffer shall 
be increased where the critical areas report indicates that a larger 
buffer is necessary to prevent risk of damage to proposed and 
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existing development in the foreseeable future over the next fifty 
(50) years or to maintain sediment transport processes to adjacent 
waterbodies. 

c. Vegetation Retention. Unless otherwise provided or as part of an 
approved alteration, removal of vegetation from a landslide hazard area or 
related buffer shall be prohibited. When permitted as part of an approved 
alteration, vegetation removal shall be minimized to the extent practicable. 

d. On-site sewage disposal systems, including drain fields, shall be 
prohibited within landslide hazard areas and related buffers. 

e. Clearing and Grading. 

i. Clearing, grading, and other construction activities shall not 
aggravate or result in slope instability or surface sloughing. 

ii. Vegetation and organic soil material shall be removed from a fill site 
prior to the placement of clean earthen material. 

iii. No dead vegetation (slash), fill, or other foreign material shall be 
placed within a landslide hazard area, other than that approved for 
bulkheads or other methods of stream bank stabilization, unless a 
geotechnical report shows that the activity will not exacerbate 
geological hazards. 

iv. Ground disturbance shall be minimized to the extent practicable. 

v. Vegetative cover shall be re-established on any disturbed surface 
to the extent practicable. 

vi. To the extent practicable, disturbed surfaces shall be stabilized with 
appropriate materials when future erosion is likely. 

f. Drainage.  

i. Surface drainage, including downspouts, shall not be directed 
across the face of a landslide hazard area; if drainage must be 
discharged from the top of a hazard area to its toe, it shall be 
collected above the top and directed to the toe by tight line drain, 
and provided with an energy dissipative device at the toe for 
discharge to a swale or other acceptable natural drainage areas; 
and 

ii. Stormwater retention and detention systems, including percolation 
systems utilizing buried pipe, may be used if a geotechnical 
assessment indicates such a system shall not affect slope stability 
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and the system is designed by a licensed civil engineer; the 
licensed civil engineer shall also certify that the system is installed 
as designed. 

g. Subdivisions. The division of land in landslide hazard areas and 
associated buffers is subject to the following: 

i. Land that is located wholly within a landslide hazard area or its 
buffer may not be subdivided. Land that is located partially within a 
landslide hazard area or its buffer may be divided provided that 
each resulting lot has sufficient buildable area outside of, and will 
not affect, the landslide hazard area or its buffer. 

ii. Access roads and utilities may be permitted within the landslide 
hazard area and associated buffer if the Administrator determines 
that no other feasible alternative exists. 

h. Design Standards. 

i. Structures and improvements shall minimize alterations to the 
natural contour of the slope, and foundations shall be tiered where 
possible to conform to existing topography. 

ii. Structures, improvements, and access shall be located to preserve 
the most critical portion of the site and its natural landforms and 
vegetation. 

iii. The proposed development shall not result in greater risk or a need 
for increased buffers on neighboring properties. 

i. Proposals may be exempt from the development standards in this 
subsection through approval by the Administrator if a geotechnical 
analysis, performed by a qualified professional, demonstrates that the 
proposed development will not cause any increased risk to life or property 
or create any significant adverse environmental impacts. 

5. Development Standards for Mine Hazard Areas. Development within a mine 
hazard area is prohibited. 

6. Development Standards for Seismic and Tsunami Hazard Areas. All 
development within areas that meet the identification criteria for seismic or 
tsunami hazard areas shall comply with the model codes as approved and 
adopted by the State Building Code Council, together with any amendments or 
additions. 

7. Additional Development Standards for Tsunami Hazard Areas. 
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a. Avoid new development in tsunami hazard areas, if feasible. If a part of 
the site has a lower tsunami risk, development should be clustered on that 
part of the site. 

b. Where developments are allowed in tsunami hazard areas, construct a 
tsunami resistant structure if feasible to allow residents, customers, and 
employees to shelter in place. 

a.c. Subdivisions, commercial, and recreational uses shall prepare, 
maintain, and post a tsunami evacuation plan. These plans should be 
consistent with the community evacuation plans. 

D. Additional Critical Area Report Requirements for Geologically Hazardous 
Areas. 

1. When Required. A critical area report shall be required for the following activities:  

a. Alterations to Shoreline Erosion Hazard Areas.  New construction, 
including, but not limited to new shoreline stabilization measures.  

b. Alterations to Landslide Hazard Areas.  New construction, grading, land 
clearing, or Class IV forest conversion within a landslide hazard area or its 
buffer.  

2. Qualified Professional. A critical area report for a geologically hazardous area 
shall be prepared by an engineer or geologist, licensed in the state of 
Washington, with experience analyzing geologic, hydrologic, and groundwater 
flow systems, and who has experience preparing reports for the relevant type of 
hazard. 

3. Geological Hazards Assessment. In addition to the critical area report 
requirements of subsection 3.L, a critical area report for a geologically hazardous 
area shall contain a geological hazards assessment, including, at a minimum, the 
following information: 

a. An assessment of the geologic characteristics of the soils, sediments, 
and/or rock of the project area and potentially affected adjacent properties, 
and a review of the site history regarding landslides, erosion, and prior 
grading. Soils analysis should be accomplished in accordance with 
accepted classification systems. 

b. A hazards analysis including a detailed description of the project, its 
relationship to the geologic hazard(s), and its potential impact upon the 
hazard area, the subject property, and affected adjacent properties.  

i. The hazards analysis shall clearly state a determination of whether 
the landslide hazard area is expected to affect the proposed 
development, activity, use, or the area proposed for clearing, and 
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whether the proposed development, activity, use of the area 
proposed for clearing will not increase risks in or adjacent to a 
landslide hazard area.   

ii. For areas in or adjacent to landslide hazard areas, the hazard 
analysis includes identification and mapping of the top of slope, 
slope faces subject to failure and sliding, toe of slope areas subject 
to impact from downslope run-out, and buffer areas subject to 
landslide hazards. 

b.c. A recommendation for the minimum no-disturbance buffer and 
minimum building setback from any geologic hazard. 

4. Mitigation of Long-Term Impacts. When a geological hazards assessment 
indicates that hazard mitigation is required, a mitigation plan shall specifically 
address how the activity maintains or reduces the pre-existing level of risk to the 
site and adjacent properties on a long-term basis equal to or exceeding the 
projected lifespan of the activity or occupation. 
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SECTION 9. AGRICULTURAL LANDS 

A. Purpose 

The purpose of this section is to conserve agricultural land of long-term commercial 
significance and protect other agricultural land. 

B. Identification 

1. Agricultural Land of Long-Term Commercial Significance. Agricultural land of 
long-term commercial significance includes all land that is devoted to the 
production of aquaculture, cranberries, and/or other bog related crops. These 
areas are zoned as Agricultural District (AG) and are subject to the provisions of 
Chapter 18.28 PCC. 

2. Agricultural Land of Local Importance. Agricultural land of local importance 
includes any diked tideland as listed under soil type nos. 104 and 147 in the Soil 
Survey of Grays Harbor County Area, Pacific County, and Wahkiakum County, 
Washington, 2003, Soil Conservation Service, USDA, that is involved in existing 
and ongoing agricultural activities on the date this Ordinance become effective. 

C. Prohibition against Other Uses 

1. Agricultural Land of Long-Term Commercial Significance. Land that is designated 
as agricultural land of long-term commercial significance on the date this 
Ordinance becomes effective and land that subsequently meets the definition of 
agricultural land of long-term commercial significance shall not be used for any 
other purpose than agriculture. 

2. Agricultural Land of Local Importance. Agricultural land of local importance may 
continue to be used for agricultural activities, including uses pertaining to related 
structures, such as barns and loafing sheds, and may be used for the continued 
occupation of dwelling units in existence on the date this Ordinance becomes 
effective. Any such dwelling units may be replaced, altered, or expanded 
provided that such replacement, expansion, or alteration does not result in an 
increase in the number of dwelling units on the specific parcel which is within 
agricultural land of local importance. Any modification of the sewage disposal 
system must comply with State and Pacific County Board of Health rules. 
Agricultural land of local importance may not be converted to non-agricultural 
uses, activities, and structures, such as the subdivision of land and the 
development of recreation facilities. Subject to the compliance with other 
requirements of law, nothing within this Ordinance prevents the conversion of 
agricultural land of local importance back to tidal land that would be inundated by 
the natural ebb and flow of tidal waters. 
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D. Protection Standards 

  All structures within parcels adjacent to or abutting agricultural land shall maintain 
a minimum setback of (1) one hundred (100) feet from property lines, except for 
structures not requiring building permits, (2) one hundred (100) feet for all wells, 
and (3) two hundred (200) feet for springs; however, the Administrator may reduce 
the setback if the requirements of subsection 3.I, Variance, are met and the person 
requesting the administrative variance records an agricultural easement for the 
benefit of the abutting agricultural land, and grants a right to all normal and 
customary agricultural practices in accordance with Best Management Practices. 
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SECTION 10. FOREST LANDS 

A. Purpose 

The purpose of this section is to conserve productive forest land. Nothing within this 
section shall be construed in a manner inconsistent with Chapter 76.09 RCW and 
Title 222 WAC. 

B. Identification 

1. General. Forest land is land that is not already characterized by urban growth 
and that is significant for the commercial production of timber and forest 
products. 

2. Classification. 

a. Forest Land of Long-Term Commercial Significance. Forest land of long-
term commercial significance means any land designated on the map of 
Pacific County Forest Land as forest land of long-term commercial 
significance (see Exhibit A). These areas are zoned Commercial Forestry 
District (FC) and are subject to the provisions of Chapter 18.16 PCC. 

b. Transitional Forest Land. Transitional forest land means any land 
designated on the map of Pacific County Forest Land as transitional forest 
land (see Exhibit A). These areas are zoned Transitional Forest Land 
District (FT) and are subject to the provisions of Chapter 18.20 PCC. 

C. Protection Standards 

1. Protection Standards for Forest Land of Long-Term Commercial Significance. 

a. Setbacks. All structures within lands adjacent to or abutting forest land of 
long-term commercial significance shall maintain a minimum setback of 
(1) one hundred (100) feet from property lines, except for structures not 
requiring building permits, (2) one hundred (100) feet for all wells, and (3) 
two hundred (200) feet for springs and uses and activities provided under 
subsection 12.B.; however, the Administrator may reduce the setback if 
the requirements of 3.I, Variance, are met and the person requesting the 
administrative variance records a forestry easement for the benefit of the 
abutting forest land of long-term commercial significance, and grants a 
right to all normal and customary forestry practices in accordance with 
Best Management Practices. 

b. Water Supply. 

i. When residential dwellings, other structures, or any other use is 
supplied with water from off-site sources, an easement and right 
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running with the land shall be recorded from the property owners 
supplying the water prior to final plat approval, building permit 
issuance, or regulated use approval. 

ii. Due to the potential to disrupt forest practices on forest land, new 
residential or recreational public water supplies shall comply with 
State standards and shall not be located within one hundred (100) 
feet of forest land of long-term commercial significance without an 
easement from the adjacent or abutting property owner. 

c. Access. No permit from Pacific County shall imply any permanent 
vehicular access to residential properties across non-owned land. 

d. Surveys. Land surveys or other boundary line determinations shall be 
required in conjunction with the issuance of a building permit on property 
subject to the setback requirements set forth in this subsection to 
demonstrate compliance with the required setback. 

2. Protection Standards for Transitional Forest Land. 

a. Setbacks. All residences and commercial/industrial buildings within 
transitional forest land shall maintain a minimum setback of two hundred 
(200) feet from the ordinary high water mark of Willapa Bay. 
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SECTION 11. MINERAL LANDS 

A. Purpose 

The purpose of this section is to conserve mineral lands of long-term commercial 
significance. 

B. Identification 

1. General. Mineral land is land that has long-term significance for the extraction of 
minerals. 

2. Classification. 

a. Mineral land means any area in Pacific County presently covered under a 
valid Washington State Department of Natural Resources (DNR) surface 
mining permit and any beach area where sand is removed for commercial 
purposes. 

b. Any other area shall be classified as mineral land when a surface mining 
permit is granted by the DNR. 

C. Permitted Uses 

1. Primary Uses. The following primary uses are allowed: 

a. Quarrying and mining of minerals or material, including, but not limited to, 
sand, gravel, rock, clay, coal, and valuable metallic and non-metallic 
substances; 

b. The exploitation, primary reduction, treatment, and processing of minerals 
or materials, together with the necessary buildings, structures, apparatus, 
or appurtenances on said property where at least one of the major mineral 
or material constituents being exploited is from said property, including, 
but not limited to, concrete batching, asphalt mixing, brick, tile, terra cotta, 
concrete products, manufacturing plants, rock crushers, and the use of 
accessory minerals and materials from other sources necessary to convert 
the minerals and materials to marketable products; 

c. Agricultural crops, open field grown, stock grazing, and the harvesting of 
any wild crop such as marsh hay, ferns, moss, berries, etc. which may 
coexist with mineral extraction activities within a common ownership; 

d. Existing surface mining operations, operating under the authority of the 
Washington State Surface Mining Act, Chapter 78.44 RCW; 

e. Mining-related activities and structures; 
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f. The maintenance of gas, electric, water, communication, and public utility 
facilities; and 

g. Legal residences existing on the date this Ordinance become effective 
and any accessory uses, including home occupations associated with 
such residences. 

2. Accessory Uses. The following accessory uses are allowed outright where 
directly connected with and in aid of a mining activity: 

a. One single-family dwelling unit per contiguous ownership or one single-
family dwelling unit per five (5) acres of contiguous ownership, whichever 
is the lesser acreage. The lot size/density requirement shall not apply to 
commercial sand removal from beach areas; 

b. Home occupations associated only with mining related activities; 

c. Buildings accessory to a single-family dwelling or mobile home; 

d. Storage of explosives, fuels, and chemicals used for agriculture, mining, 
and forestry subject to all applicable local, state, and federal regulations; 
and 

e. Watershed management facilities including, but not limited to, diversion 
devices, impoundments, dams for flood control, fire control, stock 
watering, and hydroelectric generating facilities, when associated with a 
permitted use or structure. 

3. Incidental Uses. 

a. Required Elements. Incidental uses are permitted where the following 
elements are found: 

i. The use will not significantly affect the overall productivity of the 
mining activity; 

ii. The use is secondary to the principal activity of mining; and 

iii. The use is sited to avoid prime lands where practicable and 
otherwise minimizes the impact to mineral land of long-term 
commercial significance. 

b. Uses Allowed as Incidental Activities. 

i. The growing and harvesting of forest products, the operation of 
portable sawmills and chippers and activities and structures 
incidental to each, and accessory facilities including, but not limited 
to scaling and weight stations, temporary crew quarters, storage 
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and maintenance facilities, residue storage and disposal areas, and 
other uses and facilities involved in the harvesting and commercial 
production of forest products which may coexist with mineral 
extraction activities within a common ownership. 

ii. Public and semi-public buildings, structures, and uses including, but 
not limited to, fire stations, utility substations, pump stations, and 
wells. 

iii. Commercial extraction and processing of oil, gas, and geothermal 
resources. 

iv. Permanent saw mills, shake and shingle mills, plywood mills, green 
veneer plants, particle board plants, other products manufactured 
from wood residues, chippers, pole yards, log sorting and storage, 
buildings for debarking, and drying kilns and equipment. 

v. Structures for agriculture, floriculture, horticulture, general farming, 
dairy, the raising, feeding, and sale or production of poultry, 
livestock, fur bearing animals, honeybees, including feeding 
operations, Christmas trees, nursery stock, floral vegetation, and 
other uses accessory to farming and animal husbandry. 

vi. Forestry, environmental, and natural resource research facilities. 

vii. Telecommunication facilities and electrical transmission lines. 

4. Critical Facilities. Critical facilities are permitted on mining land of long-term 
commercial significance where: 

a. They are identified in an adopted plan of a public agency or regulated 
utility; and 

b. The potential impact on mineral lands is specifically considered in the 
siting process. 

D. Protection Standards 

1. Standards for Existing Permits. All mining sites for which state or federal mining 
permits are required and which are subject to this Ordinance shall be subject to 
the conditions of those permits. 

2. Minimum Density and Lot Area. Prior to full utilization of a designated Mineral 
Land mineral resource potential, subdivisions, short subdivisions, and other 
parcel segregations below five (5) acres are prohibited. This lot size/density 
requirement shall not apply to commercial sand removal from beach areas. 

3. Setbacks. 
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a. Within Designated Mineral Lands. Mining operations which are operating 
under valid state or federal surface mining permits shall use the setback 
and/or buffer standards contained within any reclamation plan required 
pursuant to the state or federal laws pertaining to mining land reclamation. 

b. Within Lands Abutting Mineral Lands. Structures requiring a building 
permit shall maintain a minimum one hundred (100) foot setback from the 
boundary of any designated Mineral Land. 
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SECTION 12. NOTICE ON TITLE FOR RESOURCE LANDS 

A. Applicability 

The provisions of this section apply to development proposed on property on or 
within 500 feet of agricultural land, forest land, and mineral land.  

B. Notice on Title for Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site within agricultural land, forest land, or mineral land shall 
record a title notice with the Pacific County Auditor when a development activity 
covered under this Chapter is submitted. The notice shall be notarized and shall 
be recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

 [Agricultural/Forest/Mineral] Lands Area Title Notification 

 Parcel Number: 

 Parcel Address: 

NOTICE: This parcel lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

2. Land Division Notification. The owner(s) of any site classified as resource land, 
on which a subdivision, short subdivision, or other parcel segregation is 
approved, shall record a notice on the face of the plat or short plat and shall 
record a notice along with any other document filed with the Pacific County 
Auditor. Such notification shall be in the form as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
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as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

 Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that all permits 
issued for regulated activities within designated resource lands contain a notice 
as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

C. Notification on Title for Property Adjacent to Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site adjacent to designated resource lands shall record a 
title notice with the Pacific County Auditor when a development activity covered 
under this section is submitted. The notice shall be notarized and shall be 
recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

Land Adjacent to Resource Lands Title Notification 

Parcel Number: 

Parcel Address: 

 NOTICE: This parcel lies within 500 feet of land designated as 
resource land by Pacific County. A variety of commercial or industrial 
activities occur in the area that may be inconvenient or cause 
discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
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lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

2. Land Division Notification. The owner(s) of any site adjacent to designated 
resource lands on which a subdivision, short subdivision, or other parcel 
segregation is approved, shall record a notice on the face of a final plat or short 
plat and shall record a notice along with any other document filed with the Pacific 
County Auditor. Such notification shall be in the form as set forth below.  

NOTICE: This property lies within 500 feet of land designated as 
resource lands by Pacific County. A variety of commercial and 
industrial activities occur in the area that may be inconvenient or 
cause discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

 Signature(s) of Owner(s) 

 (NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that 
permits issued for regulated activities within 500 feet of land classified as 
agricultural land, forest land, and mineral land contain a notice as set 
forth below. 

NOTICE: This property lies within 500 feet of land designated as resource land 
by Pacific County. A variety of commercial and industrial activities occur in the 
area that may be inconvenient or cause discomfort to area residents. This may 
arise from the use of chemicals; or from spraying or extraction, which 
occasionally generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource lands, and 
residents of adjacent property should be prepared to accept such 
inconveniences or discomfort from normal, necessary commercial resource 
lands operations. 
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SECTION 1. GENERAL PROVISIONS 

A. Statement of Authority 

This Ordinance is established pursuant to RCW 36.70A.060 and RCW 36.70A.170. 

B. Statement of Purpose 

The purpose of this Ordinance is to define, identify, and protect critical areas and 
resource lands as required by the Growth Management Act of 1990 (Chapter 17, 
Laws of 1990), as amended. 

C. Statement of Policy 

1. It is a policy of Pacific County that the beneficial functions, and structure, and 
values of critical areas and resource lands be protected as identified in this 
Ordinance, and further that potential dangers or public costs associated with 
inappropriate use of such areas be minimized by reasonable regulation of uses 
within, adjacent to, or directly affecting such areas. Reasonable regulation shall 
be achieved by the balancing of individual and collective interests. Best 
available science shall be used in the administration of this Ordinance. 

2. Requirements of this Ordinance shall not remove a person’s obligation with 
respect to the applicable provisions or any other Federal, State, or local law or 
regulation, including, but not limited to, the acquisition of any other required 
permit or approval. 

D. Coordination with Other County Ordinances 

The development regulations for critical areas and resource lands, as set forth in 
this Ordinance, shall be reviewed during consideration of the adoption of any land 
use development regulations. 

E. Savings and Severability 

If any provision, or portion thereof, contained in this Ordinance is held to be 
unconstitutional, invalid, or unenforceable, said provisions, or portion(s) thereof, 
shall be deemed severed and the remainder of this Ordinance shall not be affected 
and shall remain in full force and effect. 

 



2 
 

Formatted: Space Before:  12 pt, After:  0 pt

SECTION 2. DEFINITIONS 
2.1 Adjacent 

“Adjacent” means immediately adjoining (in contact with the boundary of) or 
within a distance that is less than that needed to separate activities from critical 
areas or resource lands to ensure protection of the functions and values of those 
areas. For the purposes of this chapter, “adjacent” shall mean: 

(1)  On a site immediately adjoining a critical area;  

(2)  Within a distance equal to or less than the required critical area buffer 
width and building setback; 

(3)  Within a distance equal to or less than three hundred (300) feet upland 
from a stream, wetland, or non-wetland water body; 

(4)  Within a distance equal to or less than: 

a. One hundred fifty (150) feet upland from a wetland, for land use 
types that can result in low intensity impacts, such as forest 
practices, low-intensity open space, unpaved trails, and low-
maintenance utility corridors; 

b. Two hundred twenty five (225) feet upland from a wetland, for land 
use types that can result in moderate intensity impacts, such as 
residential (1 unit per acre or less), moderate-intensity open space, 
moderate-intensity agriculture, paved trails, logging roads, and 
maintained utility corridors; 

(3)c. Three hundred (300) feet upland from a wetland, for land 
use types that can result in high intensity impacts, such as 
commercial, urban, industrial, institutional, retail, residential (>1 
unit/acre), high-intensity agriculture, and high intensity recreation; 

(4)(5)  Bordering or within the floodway, floodplain, or channel migration 
zone; 

(5)(6)  Within a distance equal to or less than two hundred (200) feet from 
a critical aquifer recharge area; or 

(6)(7)  Within a distance equal to or less than five hundred (500) feet from 
the exterior boundaries of designated resource lands. 

2.2 Administrator 
“Administrator” means the Director of the Department of Community 
Development or his or her designee(s). 
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2.3 Agricultural Activities, Existing and Ongoing 
“Existing and ongoing agricultural activities” means those activities conducted on 
lands defined in RCW 84.34.020(2), and those activities involved in the 
production of crops and/or raising or keeping livestock. Agricultural activities 
include associated activities, including the operation and maintenance of farm 
and stock ponds, drainage ditches, operation and maintenance of ditches, 
irrigation systems including irrigation laterals, canals, or irrigation drainage 
ditches, and normal operation, maintenance, and repair of existing serviceable 
agricultural structures, facilities, or improved areas, and the practice of 
aquaculture. Agricultural activities include, but are not limited to aquaculture, 
growing mint, bulb farming, haying, growing blueberries, cranberries, hybrid 
poplars, Christmas trees, and other nursery and horticultural activities which may 
involve up to a ten-year rotation, not otherwise classified as a forest practice. To 
ensure preservation of agricultural land, the ability to switch from one crop or 
activity to another to meet market forces is essential and shall be considered 
"existing and ongoing agricultural" use when such conversions occur. Further, 
land devoted to agricultural purposes shall be considered existing and ongoing 
even if in-between crop activities are limited to haying or grazing. Forest 
practices regulated under Chapter 76.90 RCW and Title 222 WAC are not 
included in this definition. 

2.4 Agricultural Land 
“Agricultural land” means any land which contains existing and ongoing 
agricultural activities, or which is classified as agricultural land of long-term 
commercial significance or agricultural land of local importance. 

2.5 Agricultural Land of Local Importance 
“Agricultural land of local importance” includes any diked tidelands as listed 
under soil type nos. 104 and 147 in the Soil Survey of Grays Harbor County 
Area, Pacific County, and Wahkiakum County, Washington, 1986, Soil 
Conservation Service, USDA, that is involved in existing and ongoing agricultural 
activities on the date this Ordinance became effective. 

2.6 Agricultural Land of Long-Term Commercial Significance 
“Agricultural land of long-term commercial significance” means all land that is 
devoted to the long-term commercial production of aquaculture, cranberries, 
and/or other bog related crops. 

2.7 Best Available Science 
“Best available science” means current scientific information used in the process 
to designate, protect, or restore critical areas, that is derived from a valid 
scientific process as defined by WAC 365-195-905. Counties and cities must 
include best available science when developing policies and development 
regulations to protect the functions and values of critical areas. Where there is 
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an absence of valid scientific information or incomplete scientific information 
relating to a county’s or city’s critical areas, leading to uncertainty about which 
development and land uses could lead to harm of critical areas or uncertainty 
about the risk to critical area function of permitting development, counties and 
cities should use the following approach: 

(1) A “precautionary or a no risk approach,” in which development and land 
use activities are strictly limited until the uncertainty is sufficiently 
resolved; and 

(2) As an interim approach, an effective adaptive management program that 
relies on scientific methods to evaluate how well regulatory and 
nonregulatory actions achieve their objectives. Management, policy, and 
regulatory actions are treated as experiments that are purposefully 
monitored and evaluated to determine whether they are effective and, if 
not, how they should be improved to increase their effectiveness. 

2.8 Best Management Practices 
“Best Management Practices” means conservation practices or systems of 
practices and management measures that: 

(1) Control soil loss and reduce water quality degradation; and 

(2) Minimize adverse impacts to surface water and ground water flow, 
circulation patterns, and to the chemical, physical, and biological 
characteristics of wetlands. 

2.9 Buffer 
“Buffer” means an undisturbed area of native vegetation which serves to protect 
the integrity, functions, and values of a critical area from potential adverse 
impacts.means an area that is contiguous to and protects a critical area, and 
which is required for the continued maintenance, functioning, and/or structural 
stability of a critical area. 

2.10 Conservation 
“Conservation” means measures designed to assure that natural resource lands 
will remain available for future use.the prudent management of rivers, streams, 
wetlands, wildlife, and other environmental resources in order to preserve and 
protect them. This includes the careful use of natural resources to prevent 
depletion or harm to the environment. 

2.11 Critical Aquifer Recharge Area 
“Critical aquifer recharge area” means an area with a critical recharging effect on 
aquifers used for potable water, including areas where an aquifer that is a source 
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of drinking water is vulnerable to contamination that would affect the potability of 
the water, or is susceptible to reduced recharge. 

2.12 Critical Area Functions 
“Critical area functions” means the physical, chemical, and biological processes 
or attributes of a critical area. 

2.13 Critical Area Report 
“Critical area report” means a site-specific evaluation and report prepared by a 
qualified professional to determine the presence, type, class, size, function, 
and/or value of an area subject to this Chapter. The report provides a site-
specific evaluation of how to protect critical area functions and values. 

2.14 Critical Area Values 
“Critical area values” means the critical area processes or attributes that are 
environmentally or ecologically valuable or beneficial to society. 

2.15 Critical Areas 
“Critical areas” include the following: wetlands; critical aquifer recharge areas; 
fish and wildlife habitat conservation areas; frequently flooded areas; and 
geologically hazardous areas. 

2.16 Critical Facilities 
“Critical facilities” means any development that pertains to schools; hospitals; 
police, fire, and emergency response installations; sewage and water treatment 
facilities; electrical substations and other utility infrastructure; or installations 
which produce, use, or store hazardous waste 

2.17 Dangerous Wastes 
"Dangerous wastes" means those wastes designated in WAC 173-303-070 
through 173-303-120 as dangerous or extremely hazardous or mixed waste. As 
used in Chapter 173-303 WAC, the words "dangerous waste" refer to the full 
universe of wastes regulated by that chapter. 

2.18 Debris Flow 
"Debris flow" means the rapidly downslope-moving mass of a viscous water-
saturated mixture of rock fragments, soil, vegetation, and mud. 

2.19 Delineation 
"Delineation" means a formal demarcation of the boundary of a critical area by 
the Department of Community Development or other a qualified critical area 
professional. 
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2.20 Department of Community Development 
"Department of Community Development" means the Pacific County Department 
of Community Development. 

2.21 Determination 
"Determination" means an action by the Department of Community Development 
or a qualified critical area professional to identify, characterize, and/or locate a 
critical area. 

2.22 Emergency 
“Emergency” means an activity necessary to prevent an immediate threat to 
public health, safety, or welfare, or that poses an immediate risk of damage to 
private property or public property and that requires remedial or preventative 
action in a timeframe too short to allow for compliance with the requirements of 
this Chapter. 

2.23 Erosion Control 
“Erosion control” means on-site and off-site control measures that are used to 
control conveyance and/or deposition of earth or sediments associated with 
development. 

2.24 Flood or Flooding 
“Flood” or “flooding” means a general or temporary condition of partial or 
complete inundation of normal dry-land areas from the overflow waters. 

2.25 Flood, 100 Year or Base Flood 
“100 year flood” or “base flood” means the flood having one (1) percent chance 
of being equaled or exceeded in any given year. For purposes of this Chapter, 
Pacific County adopts the Federal Emergency Management (FEMA) flood 
hazard classifications. 

2.26 Forest Land of Long-Term Commercial Significance 
“Forest land of long-term commercial significance” means any land designated 
on the map of Pacific County Forest Land as forest land of long-term commercial 
significance. These areas are zoned Commercial Forestry District (FC) and are 
subject to the provisions of Chapter 18.16 Pacific County Codethe Pacific County 
Zoning Ordinance (Ordinance No. 162, or as amended). 

2.27 Forest Land, Transitional 
“Transitional forest land” means any land designated on the map of Pacific 
County Forest Land as transitional forest land. These areas are zoned 
Transitional Forest Land District (FT) and are subject to the provisions of 
Chapter 18.20 Pacific County Codethe Pacific County Zoning Ordinance 
(Ordinance No. 162, or as amended). 
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been adopted. Use Ordinance instead. 

Commented [TB12]: Same as above. 
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2.28 Forest Practice 
"Forest practice" means any activity regulated by Chapter 76.09 RCW and Title 
222 WAC. 

2.29 Frequently Flooded Areas 
“Frequently flooded areas” are lands in the floodplain subject to at least a one 
percent or greater chance of flooding in any given year, or within areas subject to 
flooding due to high groundwater. These areas include, but are not limited to, 
streams, rivers, lakes, coastal areas, wetlands, and areas where high 
groundwater forms ponds on the ground surface. For the purpose of this 
Ordinance, “Ffrequently flooded areas” within Pacific County shall be classified 
using the following criteria defined in Section 6.B of this Ordinance.: 

(1) Those areas of special flood hazard identified by the Federal Emergency 
Management Agency (FEMA) in a scientific and engineering report 
entitled “The Flood Insurance Study for Pacific County and Incorporated 
Areas” dated May 18, 2015, and any revisions thereto, with an 
accompanying Flood Insurance Rate Map (FIRM) dated September 27, 
1985, or, and any revisions thereto; and those floodways and associated 
floodplains delineated by a comprehensive flood hazard management 
plan adopted by the Pacific County Board of County Commissioners, as 
being with the 100-year floodplain or having experienced historic flooding, 
are hereby adopted by reference and designated as frequently flooded 
areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of 
Community Development. The best available information for flood hazard 
area identification as outlined in Pacific County Code (PCC) 15.08.140(B) 
shall be the basis for regulation until a new FIRM is issued that 
incorporates the data utilized under PCC 15.08.140(B). 

(2) When base flood elevation data have not been provided (A and V zones) 
the Administrator, in consultation with the Pacific County Engineer, shall 
obtain, review, and reasonably utilize any base flood elevation and 
floodway data available from a federal, state, or other source. If such 
documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under 
this Ordinance shall provide a flood hazard study prepared by a qualified 
critical area professional assessing the extent of the 100-year floodplain, 
which shall be subject to approval by the County Engineer. 

2.30 Geologically Hazardous Areas 
“Geologically hazardous areas” means areas that because of their susceptibility 
to erosion, sliding, earthquake, tsunami, or other geological events, pose a 
health and safety threat when incompatible commercial, residential, or industrial 
development occurs. 

Commented [TB13]: Definition taken from WAC 365-190-
030(8). Designation criteria are presented in Section 6 of 
CAO; don’t need to be in both places. 

Commented [TB14]: CAO TAC comment: Many areas of 
the peninsula have experienced historic flooding yet are now 
not classified as FFAreas because of new FEMA 
designations. For example, almost every year, at least once, 
K and L Streets in Seaview are flooded.  

Commented [TB15R14]: Per this definition, the County 
may include areas that have experienced historic flooding but 
that are outside of the FEMA 100-year floodplain in its own 
mapping/designation of FFAs. 

Commented [TB16]: This language was taken from the 
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other words, not necessary in this context. 
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2.31 Groundwater 
“Groundwater” means that part of the subsurface water that is in the zone of 
saturation (below the water table), as distinct from vadose water (above the 
water table). 

2.32 Health Officer 
“Health Officer” means the legally designated Health Officer of the Pacific 
County Board of Health or his or her designee(s). 

2.33 Highest Astronomical Tide (HAT) 
“Highest astronomical tide” means the highest water level which can be predicted 
to occur at a particular location under average meteorological conditions. The 
water elevation of the highest astronomical tide is expected to occur at a specific 
location. For Willapa Bay, official readings are observed at Toke Point Station 
over a nineteen (19) year period and reduced to mean values, then corrected to 
local tide stations at Nahcotta and Raymond. In the Willapa Bay Conservancy 
Shoreline Environment in the Pacific County Shoreline Master Program, HAT is 
used as a benchmark to establish setbacks and buffers for development 
proposals on shorelands landward of the ordinary high water mark within 
shoreline jurisdiction. 

2.34 In-Kind Mitigation 
“In-kind mitigation” means replacement or substitute resources that are of the 
same type and kind as those being impacted. For example, in-kind mitigation 
requires category I wetlands to be mitigated with category I wetlands, and 
category II wetlands to be mitigated with category II wetlands. 

2.35 Land Alteration 
“Land alteration” means a human induced action which materially affects the 
physical condition of land or improvements including, but not limited to, those 
activities which are commonly referred to as clearing, grubbing, excavation, 
filling, grading, surfacing, paving, compaction, stockpiling, and stabilizing. 

2.36 Maintenance or Repair 
“Maintenance” or “Repair" means an activity that restoresthose usual activities 
required to prevent a decline, laps, or cessation from a lawfully established 
condition or to restore the character, scope, size, and or design of a structure or 
land use to its previously authorized and undamaged condition. Activities that 
change the character, size, or scope of a project beyond the original design and 
drain, dredge, fill, flood, or otherwise alter additional critical areas are not 
included in this definition. 

2.37 Mineral Land 

Commented [MRA(19]: Is HAT used in all of the Willapa 
Bay Conservancy or only on the east side of the LB 
peninsula? 

Commented [TB20]: CAO TAC comment: Rationale behind 
maintenance or repair is to prevent a decline or lapse in 
condition. See SMP definition. Also, maintenance and repair 
restores to a condition comparable to previous authorization. 

Commented [TB21R20]: Revised to more closely align 
w/SMP definition. 
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“Mineral land” means any area in Pacific County presently covered under a valid 
Washington State Department of Natural Resources (DNR) surface mining 
permit and any beach area where sand is removed for commercial purposes. 
Any other area shall be classified as mineral land when a surface mining permit 
is granted by the DNR. 

2.38 Mining 
“Mining” means the removal for economic use of minerals, petroleum resources, 
sands, gravels, organic material, or other naturally occurring materials from 
uplands and/or the bed beneath an aquatic area. 

2.39 Minor Pruning 
“Minor pruning” means pruning or cutting out of water sprouts, suckers, twigs, or 
branches less than three inches in diameter, or which constitutes less than 
fifteen (15) percent of the tree’s foliage bearing area. The work shall retain the 
natural form of the tree. Removal of dead wood, broken branches, and stubs are 
included within the definition of minor pruning. 

2.40 Mitigation 
"Mitigation" means: 

(1) Avoiding the impact altogether by not taking a certain action or parts of an 
action; 

(2) Minimizing impacts by limiting the degree or magnitude of the action and 
its implementation, by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts; 

(3) Rectifying the impact by repairing, rehabilitating, or restoring the affected 
environment; 

(4) Reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action; 

(5) Compensating for the impact by replacing, enhancing, or providing 
substitute resources or environments; and/or 

(6) Monitoring the impact and taking appropriate corrective measures. 

2.41 Mitigation Project 
“Mitigation project” means actions necessary to replace project-induced critical 
area and associated buffer losses, including planning, land acquisition, 
construction, monitoring, and contingency actions. 

2.42 Native Vegetation 

Commented [TB22]: Add mowing description/definition; 
tree trimming? In particular, from Ann: “I have done some 
research into dune mowing in the Seaview area and believe 
that there needs to be differentiation between thinning and 
mowing.” 

Commented [TB23R22]: Mowing is not allowed within 
critical areas and buffers. Revision made to 3.E. 
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“Native vegetation” means plant species, other than noxious weeds, whic thath 
are indigenous to the site in questioncoastal region of the Pacific Northwest and 
which reasonably could have been expected to naturally occur on the site.    

2.43 Ordinary High Water Mark 
"Ordinary high water mark" on all lakes, streams, and tidal water is that mark that 
will be found by examining the bed and banks and ascertaining where the 
presence and action of waters are so common and usual, and so long continued 
in all ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland, in respect to vegetation as that condition exists on June 1, 
1971, as it may naturally change thereafter, or as it may change thereafter in 
accordance with permits issued by a local government or the department: 
PROVIDED, That in any area where the ordinary high water mark cannot be 
found, the ordinary high water mark adjoining salt water shall be the line of mean 
higher high tide and the ordinary high water mark adjoining fresh water shall be 
the line of mean high water; 

2.44 Out-of-Kind Mitigation 
“Out-of-kind mitigation” means replacement or substitute resources that, while 
related and of a different quality, species mix, or even species type, are of equal 
or greater overall value to the ecology of the impacted species or ecological 
region. Out-of-kind mitigation may involve mitigation of one function to 
compensate for an impact on another function. For example, out-of-kind 
mitigation for impacts to a depressional or riverine wetland could involve creation 
of an estuarine wetland. 

2.45 Person 
“Person” means an individual, a partnership (including partners and managers), 
a corporation (including board members, officers, and managers), or any other 
entity of any kind. “Person” also includes an applicant, a re-applicant, a permit 
holder, an authorized agent of any entity, or any third party acting on behalf of 
any entity. 

2.46 Project Area 
“Project area” means all areas proposed to be disturbed, altered, or used by the 
proposed activity or the construction of any proposed structures. When the 
action binds the land, such as a subdivision, short subdivision, binding site plan, 
planned unit development, or rezone, the project area shall include the entire 
parcel, at a minimum.  

2.47 Protection 
“Protection” means action to avoid or mitigate impacts to critical areas consistent 
with the requirements of this Chapter in order to preserve the structure, values, 
functions, and processes of the natural environment. 

Commented [TB24]: Public comment: Overly broad 
definition; could include non-native species. Recommend 
replacing with one that is biologically sound or include 
reference to a native plant species list provided by a local 
university or native plant society such as: 
 
http://www.wnps.org/plant_lists/counties/pacific/pacific_county
.html 
 

Commented [TB25R24]: Modified per Ecology stormwater 
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2.48 Qualified Critical Area Professional or Qualified Professional 
“Qualified critical area professional” or “qualified professional” means a person 
with experience, education, and professional degrees and training pertaining to 
the critical area in question, as described in Sections 4 through 8, below. The 
Administrator shall require professionals to demonstrate the basis for 
qualifications and shall make final determination as to qualifications. 
Demonstration of qualifications may include, but shall not be limited to, 
professional certification. 

2.49 Resource Lands 
“Resource lands” means areas designated as agricultural, forest, or mineral 
lands. 

2.50 Restoration 
 “Restoration” means the manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of returning natural or historic functions to a 
former or degraded critical area. Specific restoration actions may include: 

(1) Re-establishment: The manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or 
historic functions to a former critical area. Re-establishment results in a 
gain in critical area acres (and functions). Activities could include 
removing fill material, plugging ditches, or breaking drain tiles. 

(2) Rehabilitation: The manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of repairing natural or historic 
functions of a degraded critical area. Rehabilitation results in a gain in 
critical area functions and values but does not result in a gain in acres. 
Activities could involve breaching a dike to reconnect wetlands to a 
floodplain or return tidal influence to a wetland. 

(3) Creation: The conversion of an area that did not formerly support a critical 
area, such as a wetland, to a critical area. Creation includes the 
alterations to soil, vegetation, and/or hydrology required to establish and 
maintain the resultant critical area in a perpetually self-sustaining state. 

(4) Enhancement: The manipulation of the physical, chemical, or biological 
characteristics of an existing critical area to heighten, intensify, or improve 
specific function(s) or to change the growth stage or composition of the 
vegetation present. Enhancement is undertaken for specified purposes, 
such as water quality improvement, flood water retention, or wildlife 
habitat. Enhancement results in a net improvement in critical area 
functions and values, but does not result in a net gain in critical area 
acres. Examples of enhancement activities include planting vegetation, 

Formatted: Font: Bold

Commented [TB26]: Wetland restoration definitions 
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controlling non-native or invasive species, modifying site elevations to 
influence hydrology, or some combination of these activities. 

2.502.51 Sensitive, Threatened, and Endangered Species 
“Sensitive, threatened, and endangered species” means the categorization set 
forth in WAC 232-12-011 and WAC 232-12-014. 

2.512.52 Septage Application 
“Septage application” means application of the mixture of solid wastes, scum, 
sludge, and liquids pumped from within the septic tanks, pump chambers, 
holding tanks, and other on-site sewage system components. 

2.522.53 Setback 
“Setback” means the distance from a lot, parcel, tract, critical area or resource 
land boundary, beyond which the footprint or foundation of a structure shall not 
extend, except as provided in this chapter.  

2.532.54 Single-Family Residence or Single-Family Dwelling 
“Single-family residence” or “single-family dwelling” means a detached dwelling 
designed for and occupied by one family including those structures and 
developments within a contiguous ownership which are a normal appurtenance. 
An “appurtenance” is necessarily connected to the use and enjoyment of a 
single-family residence and is located upland of wetlands or the ordinary high 
water mark. Normal appurtenances include a garage, deck, driveway, septic 
system, utilities, fences, and grading which does not exceed two hundred fifty 
(250) cubic yards (except to construct a conventional drainfield). 

2.542.55 Stormwater Management Facilities 
"Stormwater management facilities" means constructed and natural features 
which function to collect, convey, channel, hold, inhibit, retain, detain, infiltrate, 
divert, treat, and/or filter stormwater. Stormwater management facilities include, 
but are not limited to, biofiltration swales, filter strips, bubble diffusers, detention 
ponds, retention ponds, wet ponds, and similar facilities designed and intended 
to control and treat stormwater, and include ditches and drainage systems 
designed and intended primarily for conveyance. 

2.552.56 Streams 
“Streams” mean those areas where surface waters flow sufficiently to produce a 
defined channel or bed which demonstrates clear evidence of the passage of 
water, including, but not limited to, bedrock channels, gravel beds, sand and silt 
beds, and defined-channel swales.  The channel or bed need not contain water 
during the entire year.  This definition does not include water courses which were 
created entirely by artificial means, such as irrigation ditches, canals, roadside 
ditches, or storm or surface water run-off features, unless the artificially created 

Commented [MRA(27]: Creation and enhancement are not 
restoration activities but mitigation actions.   

Commented [TB28]: Public comment: Expand this 
definition to include man-made structures such as drainage 
systems, ditches, dikes, tide gates, and other engineered 
structures to control flooding, protect property, and maintain 
access to commercial, industrial, or residential property in 
such designated zoned areas. 
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water course contains salmonids or conveys a stream that was naturally 
occurring prior to the construction of the artificially created water course. For 
regulatory purposes under this Chapter, once streams are identified, the streams 
are typed following the Washington State Department of Natural Resources 
Stream Typing System found in WAC 222-16-031, as now or hereafter 
amended. 

2.562.57 Sub-Drainage Basin 
“Sub-drainage basin” is defined by the boundaries established by 6th order (12 
digit) hydrologic unit code (HUC) as defined by the Natural Resource 
Conservation Service (NRCS). 

2.572.58 Utility Lines 
"Utility lines" means a pipe, conduit, cable, or other similar facility by which 
services are conveyed to the public or individual recipients. Such services shall 
include, but are not limited to, water supply, electrical power, gas, 
communications, and stormwater or sanitary sewer transport facilities. 

2.582.59 Watershed 
"Watershed" means an area draining to the surface water systems of Willapa 
Bay, the Columbia River, and the Pacific Ocean. 

2.592.60 Wetland or Wetlands 
"Wetland” or “wetlands" means areas that are inundated or saturated by surface 
water or ground water at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. Wetlands do not include those artificial 
wetlands intentionally created from nonwetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention facilities, 
wastewater treatment facilities, farm ponds, and landscape amenities, or those 
wetlands created after July 1, 1990, that were unintentionally created as a result 
of the construction of a road, street, or highway. Wetlands shall include those 
artificial wetlands intentionally created from nonwetland areas to mitigate 
conversion of wetlands.  

2.60 Wetland Creation 
“Wetland Creation” means the conversion of non-wetland (upland) area to 
wetlands and the associated alterations to soil, vegetation and/or hydrology 
required to establish and maintain the resultant wetland in a perpetually self-
sustaining state. 

2.61 Wetland Enhancement 
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“Wetland Enhancement” means the manipulation of the physical, chemical, or 
biological characteristics of a wetland site to heighten, intensify, or improve 
specific function(s) or to change the growth stage or composition of the 
vegetation present. Enhancement is undertaken for specified purposes such as 
water quality improvement, flood water retention, or wildlife habitat. 
Enhancement results in a net improvement in wetland functions, but does not 
result in a gain in wetland acres. Activities typically consist of planting vegetation, 
controlling non-native or invasive species, modifying site elevations or the 
proportion of open water to influence hydroperiods, or some combination of 
these activities.  

2.622.61 Wetland Mosaic 
“Wetland mosaic” means an area with a concentration of multiple small 
wetlands, in which: 

(1)  Each patch of wetland is less than one acre (0.4 hectares), and  

(2)  Each patch of wetland is less than 100 feet (30 meters) away from the 
nearest wetland; and 

(3)  The total area delineated as vegetated wetland is more than fifty percent 
of the total area of wetlands and uplands, open water, and river bars 
around which you can draw a polygon; and 

(4)  There are at least three patches of wetland that meet the size and 
distance thresholds.  

2.63 Wetland Restoration 
“Wetland restoration” means the manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or historic 
functions to a former or degraded wetland. For the purpose of tracking net gains 
in wetland acres, restoration is divided into: 

(1) Re-establishment: The manipulation of the physical, chemical, or 
biological characteristics of a site with the goal of returning natural or 
historic functions to a former wetland. Re-establishment results in a gain 
in wetland acres (and functions). Activities could include removing fill 
material, plugging ditches, or breaking drain tiles. 

(2) Rehabilitation: The manipulation of the physical, chemical, or biological 
characteristics of a site with the goal of repairing natural or historic 
functions of a degraded wetland. Rehabilitation results in a gain in wetland 
function but does not result in a gain in wetland acres. Activities could 
involve breaching a dike to reconnect wetlands to a floodplain or return 
tidal influence to a wetland. 
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SECTION 3. GENERAL REQUIREMENTS 

A. Applicability 

1. This Ordinance classifies and designates critical areas and resource lands in 
Pacific County and establishes regulations for the protection of critical areas and 
resource lands.  

2. Designated critical areas in Pacific County include wetlands; fish and wildlife 
habitat conservation areas; frequently flooded areas; critical aquifer recharge 
areas; and geologically hazardous areas. Designated resource lands in Pacific 
County include agricultural lands, forest lands, and mineral lands.  

3. The provisions of this chapter shall apply to all lands, all land uses and 
development activities, and all structures and facilities in the County, whether or 
not a permit or authorization is required, and shall apply to every person, firm, 
partnership, corporation, group, governmental agency, or other entity that owns, 
leases, or administers land within the County. No person, company, agency, or 
applicant shall alter a resource land, critical area, or critical area buffer except as 
consistent with the purposes and requirements of this Ordinance. 

4. Pacific County shall not grant any permit, license or other development approval 
to alter the condition of any land, water, or vegetation, or to construct or to alter 
any structure or improvement, nor shall any person alter the condition of any 
land, water, or vegetation, or construct or alter any structure or improvement, for 
any development proposal which requires a governmental permit regulated by 
this Ordinance, except in compliance with the provisions of this Ordinance.  

5. Failure to comply with the provisions of this Ordinance shall cause the violator to 
be subject to enforcement procedures under subsection 3.G, Penalties and 
Enforcement.  

B. Relationship to Other Regulations 

1. Areas characterized by a particular critical area or resource land may also be 
subject to other regulations. In the event of any conflict between this Ordinance 
and any other ordinance of the County, the regulation which provides the greater 
protection for the particular critical area or resource land shall apply.  

2. When more than one critical area is present and multiple buffers are required, all 
required buffers shall be provided, unless otherwise specified in this chapter. 
Where buffers overlap, the most protective buffer shall apply. 

3. Satisfying the requirements of this Ordinance does not affect a person’s 
obligation to comply in all respects with other federal, state, and local statutes. 

4. Relationship to Shoreline Master Program (SMP) 
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a. Provisions in this Ordinance do not apply to uses and modifications 
occurring waterward of the ordinary high water mark (OHWM) of Type 1 
waters, as defined by WAC 222-16-031, which are regulated exclusively 
under the SMP. 

b.a. Provisions in this Ordinance apply to uses and modifications 
landward of the OHWM within shoreline jurisdiction, in addition to 
applicable use and modification provisions or allowances in the SMP, with 
the exception of the following provisions, which do not apply within 
shoreline jurisdiction: 

i.Subsection 3.H, Nonconforming Activities; 

ii.Subsection 3.I, Variance; 

iii.Subsection 3.J Reasonable Use Exception; and 

iv.Subsection 3.E.5, Exemptions. for Utility Activities; and 

v.iv.Subsection 3.E.6, Exemption for Modification of Buildings. 

c.b. Provisions in this Ordinance apply to all applicable land and water 
areas of the County outside of shoreline jurisdiction. 

C. Authority 

1. The Director of the Department of Community Development or his or her 
designee(s) shall be the Administrator of this Ordinance and is given the 
authority to interpret and apply, and the responsibility to administer and enforce, 
this Ordinance to accomplish the stated purposes. 

2. The County may withhold, condition, or deny development permits or approvals 
to ensure that the proposed action is consistent with this Ordinance. 

3. The Administrator and any other applicable County officials may develop and 
implement rules and regulations that are consistent with and effectuate the 
purpose of this Ordinance and prepare and require the use of such forms as 
necessary for its administration. 

D. Critical Areas and Resource Lands Review Procedures 

1. The Administrator first must determine whether the proposed activity fits within 
any of the exemptions to this Ordinance found in subsection 3.E. If the proposed 
activity meets any of the listed exemptions, including and includes reasonable 
methods to avoid potential impacts to critical areas and resource lands best 
management practices and/or restoration requirements, no critical areas and 

Commented [TB30]: Removed. These provisions do not 
capture the relationship between the CAO and SMP 
accurately. 

Commented [MRA(31]: May wish to reference existing ag 
definition here. 

Commented [TB32]: CAO TAC comment: Specify that 
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resource land checklist or other critical areas and resource land review is 
required. 

2. If the proposed activity is not exempt, then a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., shall 
complete a critical areas and resource lands checklist on the forms to be 
provided by the Department of Community Development. Staff will then review 
the checklist together with the maps and other critical areas resources identified 
in the relevant sections of this Ordinance and make a site visitation to determine 
whether critical areas, resource lands, or their required buffers are affected by 
the proposed activity. The person seeking to develop is responsible for providing 
the County with sufficient information so that the Administrator can make this 
determination. 

3. If the checklist, maps, other references, site visitation, consultation with resource 
agencies, and other information supplied by a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., do 
not indicate the presence of any critical areas or resource lands associated with 
the project, the review required pursuant to this Ordinance is complete. 

4. If at any time prior to completion of the applicable public input process on the 
proposed project, the Administrator receives new evidence that critical areas or 
resource lands may be associated with the proposed project, the Administrator 
shall reopen the critical areas and resource lands review process pursuant to this 
Ordinance and shall require the requisite level of critical areas and resource 
lands review and mitigation as is required by this Ordinance.  

5. If the checklist, maps, site visitation, and other references indicate that critical 
areas or resource lands are associated with the proposed project area, then a 
critical area report shall be completed pursuant to subsection 3.L.  

6. Once the public input process on the associated permit or approval is completed 
and the record is closed, then the County's determination regarding critical areas 
and resource lands pursuant to this Ordinance shall be final, unless appealed as 
described in subsection 3.F. of this Ordinance. 

7. If, as a result of the critical area report recommendations, a person believes that 
he or she is entitled to a variance from one or more of the requirements of this 
Ordinance, then a person may request a variance as described in subsection 3.I. 
This provision does not apply within shoreline jurisdiction, as described in 
subsection 3.B, above. 

8. If, as a result of the critical area report recommendations, a person believes that 
the requirements of this Ordinance, including any request for a variance, leave 
the applicant with no economically viable use of his property, then a person may 
apply for a reasonable use exception pursuant to subsection 3.J. of this 
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Ordinance. This provision does not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 

E. Exemptions 

1. All exempted activities shall use reasonable methods to avoid potential impacts 
to critical areas and resource lands. Exemption from this Ordinance does not 
give permission to degrade a critical area or ignore risk from natural hazards. 
Any incidental damage to, or alteration of, a critical area that is not a necessary 
outcome of the exempted activity shall be restored, rehabilitated, or replaced at 
the responsible party’s expense.  

2. The following developments, activities, and associated uses shall be exempt 
from the provisions of this Ordinance provided that they are otherwise consistent 
with the applicable provisions of other Pacific County ordinances: 

a. Emergencies. Emergencies are those activities necessaries to prevent an 
immediate threat to public health, safety, or welfare, or that pose an 
immediate risk of damage to private or public property and that require 
remedial or preventative action in a timeframe too short to allow for 
compliance with the requirements of this Ordinance. 

i. Emergency actions that create an impact to any critical area or its 
buffer shall use reasonable methods that have the least impact to 
the critical area or its buffer and shall restore the critical area and 
buffer after the emergency to the maximum extent practicable. 

ii. Persons undertaking such action shall notify the Administrator 
within one working day following commencement of the emergency 
activity. Following such notification, the Administrator shall 
determine if the action taken was within the scope of the 
emergency actions allowed in this subsection. If the Administrator 
determines that the action taken or any part of the action taken was 
beyond the scope of allowed emergency actions, then the 
enforcement provisions of subsection 3.G shall apply. 

iii. After the emergency, the person or agency undertaking the action 
shall fully fund and conduct necessary restoration and/or mitigation 
for any impacts to the critical area and buffers resulting from the 
emergency action in accordance with an approved critical area 
report and mitigation plan. The person or agency undertaking the 
action shall apply for review, and the alteration, critical area report, 
and mitigation plan must be reviewed by the Administrator. 
Restoration and/or mitigation activities shall be initiated within one 
year of the date of the emergency, and completed in a timely 
manner. 
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3. Agricultural operations. Existing and on-going agricultural operations including 
related development and activities which do not result in expansion into a critical 
area or its buffer or do not result in an increase in impact to a critical area are 
exempt. New development and/or expansion of existing operations shall comply 
with the provisions of this Ordinance. Existing and ongoing agricultural activities, 
however, shall comply with best management practices contained within any 
conservation plan between the property owner and the Department of Ecology 
pursuant to Chapter 89.08 RCW. 

4. Maintenance, repair, and operation.  

a. Maintenance, repair, and operation of existing structures, ponds, flood 
control facilities, public and private roads and driveways, and improved 
areas accessory to a single family residential use including, but not limited 
to maintenance of existing landscaping, lawn, and gardening are exempt.  

b. Any person engaging in maintenance or repair activities shall use 
reasonable methods with the least amount of potential impact to critical 
areas. Any impacted critical area or its buffer shall be restored after the 
completion of maintenance/repair activities to the maximum extent 
practicable. 

5. Utility activities. When undertaken pursuant to best management practices to 
minimize impacts to critical areas and immediately to restore any disturbed 
critical area or its buffer, the following utility activities are exempt: 

a. Maintenance or repair of existing utility facilities or rights-of-way. 

b. Installation, construction, relocation and replacement, operation, repair, or 
alteration of all utility lines, equipment, or appurtenances, not including 
substations, in improved road rights-of-way. 

6. Modification of buildings. Modification of an existing building that does not 
expand the building footprint area by more than fifteen (15) percent or increase 
septic effluent according to Chapter 246-272 WAC and that does not exacerbate 
nonconformity with critical area setbacks or buffer standards within defined by 
this Ordinance is exempt except when the modification occurs on or adjacent to 
designated erosion hazard areas, landslide hazard areas, or mine hazard areas, 
as described and designated in Section 8 of this Ordinance. Replacement of 
manufactured homes that does not increase the number of bedrooms or 
exacerbate nonconformity with critical area setbacks or buffer standards within 
this Ordinance also is exempt. A person who is granted an exemption under this 
subsection for a particular building cannot receive another exemption under this 
subsection for the same building unless ten (10) years has elapsed from the date 
of the previous exemption. 
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7. Navigation aids and boundary markers. Construction or modification of 
navigational aids and boundary markers are exempt. 

8. Site investigation. Site investigation work which is necessary for land use  
applications such as surveys, soil logs, percolation tests and other related 
activities is exempt. However, critical area impacts shall be minimized and 
disturbed areas shall be restored to the maximum extent practicable. 

9. Non-development activities. Passive recreational uses, sport and commercial 
fishing, hunting, scientific and educational endeavors, or similar minimal impact, 
non-development activities are exempt. 

10. Spartina alterniflora. Activities aimed at controlling Spartina alterniflora are 
exempt. 

11. Forest practices. Forest practices covered under Chapter 76.09 RCW and Title 
222 WAC, with the exception of Class IV Conversion Forest Practices, are 
exempt. 

12. Hazard Tree Removal.s.  

a. Removal of hazardous, diseased, or dead trees and vegetation is exempt 
when necessary to: 

i. Control fire; or 

ii. Halt the spread of disease or damaging insects consistent with the 
State Forest Practices Act, Chapter 76.09 RCW; or 

iii. Avoid a hazard such as landslides; or 

iv. Avoid a threat to existing structures or aboveground utility lines. 

b. Prior to removal of hazardous, diseased, or dead trees and vegetation, 
with the exception of an emergency pursuant to subsection 3.E.2.a of this 
Ordinance, the landowner shall obtain written approval from the County. 
This approval shall be processed promptly and may not be unreasonably 
withheld.  

c. If a safety hazard cannot be easily determined by the County, a written 
report by a certified arborist or other qualified professional shall be 
required to evaluate potential safety hazards. 

b.d. If a tree to be removed provides critical habitat, such as an eagle 
perch, a qualified biologist shall be consulted to determine timing and 
methods for removal that will minimize impacts. 
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c.e. Any removed tree or vegetation shall be replaced with an 
appropriate native species in appropriate size within one calendar year. 

13. Minor pruning of vegetation for maintenance purposes, or thinning of limbs of 
individual trees to maintain an existing view corridor, when performed in a 
manner that ensures continual survival of the vegetation, is exempt. Tree 
toppingTopping of trees is and mowing of dune grasses are not permitted unless 
specified in an existing covenant effective prior to the effective date of this 
Ordinance.  

F. Appeals 

1. The provisions of this Ordinance shall be administered according to a Type I 
process under Ordinance No. 145, unless a higher level review process is 
mandated by this Ordinance or Ordinance No. 145, or any amendment thereto. 

2. Any decision of the Administrator or other County official in the administration of 
this Ordinance may be appealed according to the provisions of Ordinance No. 
145, or any amendment thereto. 

G. Penalties and Enforcement 

1. A person who violates the provisions of this Ordinance or who fails to comply 
with any of its requirements shall be subject to the procedures and sanctions set 
forth in Ordinance No. 141, or any amendment thereto. 

2. In addition to the civil penalty provisions provided in Ordinance No. 141, or any 
amendment thereto, any person who violates any of the provisions of this 
Ordinance is guilty of a misdemeanor, and each day or portion thereof during 
which a violation is committed, continued, or not permitted shall constitute a 
separate offense. The penalty for each violation is a fine of not more than $1,000 
or imprisonment for not more than 90 days, or both. The principles of liability 
contained in Chapter 9A.08 RCW, including, but not limited to, liability for 
conduct of another shall apply to the enforcement of this Ordinance as shall all 
judicial interpretations thereof.  

3. When a court determines that a person has committed a civil infraction under 
this Ordinance and Ordinance No. 141 or any amendment thereto, Pacific 
County may collect penalties, assessments, costs, and/or fines by any procedure 
established for the collection of debts that are owed to the County. 

4. Any disposition of a violation pursuant to this Ordinance and Ordinance No. 141, 
or any amendment thereto, shall not absolve a person from correcting or abating 
a violation and shall not prevent the prosecuting authority from pursuing criminal 
prosecution, other civil action including, but not limited to, injunctive relief, license 
revocation, and abatement, or all of the above. If Pacific County prevails in a 
separate civil action, the Court may award the County reasonable costs 
including, but not limited to, the costs of the responsible officials' time, witness 
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fees, attorney fees, court costs, and the costs to the County of abatement or of 
enforcement of an injunction, or both. 

5. Any or all of the remedies articulated in subsection 3.G, Penalties and 
Enforcement, may be used by the County to enforce this Ordinance. Nothing 
contained in this Ordinance shall prevent the County, by and through the 
prosecuting authority, from taking such other lawful action as is necessary to 
prevent or remedy any violation. 

H. Nonconforming Activities 

An established use or existing structure that was lawfully permitted prior to adoption 
of this Ordinance, but which is not in compliance with this Ordinance, may continue 
subject to the following: 

1. Nonconforming uses and existing structures shall not be expanded or altered in 
any manner which will increase the nonconformity without a permit or other 
approval issued pursuant to the provisions of this Ordinance except as allowed 
under subsection 3.E, Exemptions; 

2. Activities or uses which are discontinued for twelve (12) consecutive months 
shall be allowed to resume only if they are in compliance with this Ordinance; 
and 

3. Nonconforming structures destroyed by fire, explosion, or other casualty may be 
replaced or restored if reconstruction of the same facility is commenced within 
twelve (12) months of such damage. The reconstruction or restoration shall not 
serve to expand, enlarge, or increase the extent of the nonconformity. 

I. Variance 

1. The Administrator shall process variance requests according to a Type II 
procedure delineated in Ordinance No. 145. The burden of proof shall be on the 
person requesting the variance to bring forth evidence in support of the variance.  

2. The Administrator shall grant a variance if the person requesting the variance 
demonstrates that the requested variance conforms to all of the criteria set forth 
below: 

a. That special conditions and circumstances exist which are peculiar to the 
land;  

b. That literal interpretation of the provisions of this Ordinance would deprive 
the person seeking the variance of rights commonly enjoyed by other 
properties conforming to the terms of this Ordinance;  
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c. That the special conditions and circumstances do not result from the 
actions of the person seeking the variance; 

d. That the granting of the variance requested will not confer on the person 
seeking the variance any special privilege that is denied by this Ordinance 
to other lands, structures, or buildings under similar circumstances;  

e. That the variance requested is the minimum necessary to afford relief; 
and 

f. That to afford relief the requested variance will not create significant 
impacts to critical areas and resource lands and will not be materially 
detrimental to the public welfare or contrary to the public interest. 

3. In granting any variance, the Administrator shall prescribe such conditions and 
safeguards as are necessary to secure protection of critical areas from adverse 
impacts. 

J. Reasonable Use Exception 

1. If the application of this Ordinance would result in denial of all economically 
reasonable use of a property, and if such economically reasonable use of the 
property cannot be obtained by consideration of a variance pursuant to 
subsection 3.I. to one or more individual requirements of this Ordinance, then a 
person may seek a reasonable use exception from the standards of this 
Ordinance. The burden of proof shall be on the applicant to bring forth evidence 
in support of the exception.  

2. An application for a reasonable use exception shall be made to the County and 
shall include a critical area checklist; critical area report, including mitigation plan, 
if necessary; and any other related project documents. The application shall be 
processed according to a Type II process under Ordinance No. 145. 

3. Subdivided Land Under Single Ownership. 

a. For plats legally filed with and approved by the County prior to the 
adoption date of this Ordinance [insert date once adopted], a landowner 
may submit a single application for an “umbrella” reasonable use 
exception to be applied to multiple platted, undeveloped lots meeting the 
requirement in subsection J.1, above.  

b. The application shall include all of the materials listed in subsection J.2 
above for all applicable lots, including a mitigation plan for unavoidable 
impacts anticipated from lot development on all applicable lots, and shall 
be processed according to a Type II process under Ordinance No. 145.  

c. The umbrella reasonable use exception shall establish conditions for 
administrative approval of development on individual lots. These 
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conditions shall at a minimum include limits to the proposed location and 
size of structure and limits to vegetation removal. 

4. Reasonable use exception requests shall only be granted if all of the following 
criteria are met: 

a. The application of this Ordinance would deny all economically reasonable 
use of the property so that there is no economically reasonable use with a 
lesser impact on the critical area than that proposed; 

b. The proposed development does not pose a threat to the public health 
and safety; 

c. Any proposed modification to critical areas and resource land will be the 
minimum necessary to allow economically reasonable use of the property;  

d. Appropriate mitigation of adverse effects to the critical area are 
incorporated into the project design; and 

e. The inability of the applicant to derive reasonable economic use of the 
property is not the result of lot line adjustment or subdivision by the 
applicant after the date of adoption of this Ordinanceof actions by the 
applicant after the effective date of this Ordinance, or its predecessor. 

5. The provisions of this subsection do not apply within shoreline jurisdiction, as 
described in subsection 3.B, above. 

K. General Critical Area Protection Standards 

1. Applicability. The general critical area protection standards found in this 
subsection apply to all critical areas, as designated in Sections 4, 5, 6, 7, and 8 
of this Chapter. These standards do not apply to resource lands, as designated 
in Sections 9, 10, and 11 of this Chapter. 

2. Buffers. 

a. As described in more detail in each relevant section, buffers in some 
cases have been determined to be necessary and appropriate to protect 
critical areas and their functions or to prevent risk from a critical area 
hazard. In those sections of this Ordinance where specific buffers are 
identified, those buffers are deemed "required" or "standard" buffers. If a 
project does not propose any alteration of those buffers or of the 
associated critical area, then no additional mitigation will be required to 
protect the critical area. 

b. If a person seeks a variance to reduce buffers or to alter the critical area 
or its required buffer, then the person shall demonstrate why such buffer 
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and/or critical area modification, together with such alternative mitigation 
proposed in the critical areas assessment, is sufficient to adequately 
protect the critical area function. If necessary, variances shall provide for 
long-term buffer protection. 

c. The critical area report, as described in subsection 3.L, and the 
conditions of approval shall provide for long-term buffer protection. In 
land division, critical areas and their associated buffers may be placed in 
separate tracts to be owned by all lot owners in common, by a 
homeowners association, or some other separate legal entity such as a 
land trust. 

d. Periodic inspection of the buffers may be required if necessary to ensure 
long-term buffer protection. 

3. Building Setbacks.  

a. Unless otherwise provided, buildings and other structures shall be set 
back a distance of 15 feet from the edges of all critical area buffers or 
from the edges of all critical areas if no buffers are required. 

b. The following may be allowed in the building setback area: landscaping; 
uncovered decks; fences; building overhangs, if such overhangs do not 
extend more than 18 inches into the setback area; and impervious 
ground surfaces, such as driveways and patios. 

4. Land Divisions. 

a. No land division, subdivision, short subdivision, or other parcel 
segregation which is not exempt under Pacific County’s land division 
ordinance shall be approved by Pacific County until a determination has 
been made by the Administrator as to whether critical areas exist on the 
property in question. 

b. If critical areas exist on the property in question, a critical areas 
delineation must be completed before Pacific County shall approve a 
subdivision, a short subdivision or any other parcel segregation. 

c. Land that is constrained by critical areas and buffers shall not be 
subdivided to create parcels that are only buildable through a variance 
or reasonable use exception. 

5. Critical Area Signs and Fencing.  

a. Temporary markers. The boundary at the outer edge of the critical area 
or buffer shall be identified with temporary marking consisting of flagging 
and/or staking prior to any site alteration.  
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b. Permanent buffer edge markers. The outer edges of all critical areas, 
with the exception of critical aquifer recharge areas, shall be clearly 
marked on-site by the applicant or landowner with permanent stakes 
and critical areas markers prior to occupancy or use of the site. Critical 
areas markers may be either approved critical areas signs or 
inexpensive steel posts painted a standard color approved by the 
Administrator that is clearly identifiable as a critical areas marker. 
Installation of permanent markers shall be the responsibility of the 
landowner. These sign provisions may be modified or waived by the 
Administrator based on critical area type and/or site conditions. 

c. Fencing. Where damage to a critical area or buffer by humans or 
livestock is probable due to the proximity or nature of the adjacent 
activity, as determined by the Administrator, the applicant shall be 
required to install permanent fencing to provide clear and sufficient 
notice, identification, and protection of critical areas on-site. Fencing 
shall be designed so as not to interfere with species migration, including 
fish runs, and shall be constructed in a manner that minimizes impacts 
to critical areas and buffers. 

d. Sign, marker, and fence maintenance. It is the responsibility of the 
landowner, or any subsequent landowner, to maintain the required 
critical areas markers, signs, or fences in working order throughout the 
duration of the development project or land use activity. “Maintenance” 
includes any necessary replacement. Removal of required signs, 
markers, or fences without prior written approval of the Administrator 
shall be considered a violation of this chapter. 

6. Notice on Title for Critical Areas. 

a. In order to inform subsequent purchasers of real property of the 
existence of critical areas, the owner of any property containing a critical 
area or buffer on which a development proposal is submitted shall file a 
notice with the County Recording Department according to the direction 
of the County. The notice shall state the presence of the critical area or 
buffer on the property and the fact that limitations on actions in or 
affecting the critical area or buffer may exist. The notice shall “run with 
the land.” 

b. This notice on title shall not be required for a development proposal by a 
public agency or public or private utility: 

i. Within a recorded easement or right-of-way; 

ii. Where the agency or utility has the right to an easement or right-
of-way; or 
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iii. On the site of a permanent public facility. 

c. The applicant shall submit proof that the notice has been filed for public 
record before the County approves any site development or construction 
for the property or, in the case of subdivisions, short subdivisions, 
planned unit developments, and binding site plans, at or before 
recording. 

L. Critical Area Report 

1. Minimum Report Contents. At a minimum, the report shall contain the following, 
as applicable: 

a. The name and contact information of the applicant, a description of the 
proposal, and identification of any permits known to be required; 

b. A site plan for the development proposal including a map to scale 
depicting critical areas, buffers, resource lands, and the development 
proposal, including any areas to be cleared; 

c. A description of the proposed stormwater management plan for the 
development and consideration of impacts to drainage alterations; 

d. The dates, names, and qualifications of the persons preparing the report 
and documentation of any fieldwork performed on the site; 

e. Identification and characterization of all critical areas, wetlands, 
waterbodies, and buffers adjacent to the proposed project area; 

f. A statement specifying the accuracy of the report, and all assumptions 
made and relied upon; 

g. An assessment of the probable cumulative impacts to critical areas 
resulting from the proposed development; 

h. A description of reasonable efforts made to apply mitigation sequencing 
pursuant to subsection 3.M.2, Mitigation Sequencing; 

i. Plans for adequate mitigation, as needed, to offset any impacts, in 
accordance with subsection 3.M.3, Mitigation Plan Requirements; 

j. A discussion of the performance standards applicable to the critical area 
and proposed activities; 

k. Financial guarantees to ensure compliance; and 

l. Any additional information required for a specific type of critical area as 
indicated by this Ordinance. 
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M. Critical Area Mitigation Requirements 

1. General Requirements. 

a. The applicant shall avoid all impacts that degrade the functions and 
values of critical areas to the maximum extent practicable. Unless 
otherwise provided in this Ordinance, all proposed critical areas 
alterations shall include mitigation sufficient to maintain the functional 
values of the critical area or to prevent risk from a critical area hazard 
and shall give adequate consideration to the economically viable use of 
the property.  

b. Mitigation of one critical area impact should not result in unmitigated 
impacts to another critical area.  

c. Mitigation may include, but is not limited to: increasing or enhancing 
buffers, instituting limits on clearing and grading, implementing best 
management practices for erosion control and maintenance of water 
quality, or other conditions appropriate to avoid or mitigate identified 
adverse impacts.  

d. Subject to the reasonable use exception provisions of subsection 3.J, 
any proposed critical area alteration that cannot adequately mitigate its 
impacts to a critical area shall be denied. 

2. Mitigation Sequencing. Applicants shall demonstrate that all reasonable efforts 
have been examined with the intent to avoid and minimize impacts to critical 
areas. When an alteration to a critical area is proposed, such alteration shall be 
avoided, minimized, or compensated for in the below sequential order of 
preference. Mitigation for individual actions may include a combination of the 
below measures. 

a. Avoid the impact altogether by not taking a certain action or parts of an 
action. 

b. Minimize the impacts by limiting the degree or magnitude of the action 
and its implementation by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts. 

c. Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment to the conditions existing at the time of the initiation of the 
project. 

d. Minimize or eliminate the hazard by restoring or stabilizing the hazard 
area through engineered or other methods. 
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e. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

f. Compensate for the impact by replacing, enhancing, or providing 
substitute resources or environments. 

g. Monitor the impact and the compensation projects and take appropriate 
corrective measures. 

3.  Mitigation Plan Requirements. When mitigation is required, the applicant shall 
submit for approval a mitigation plan as part of the critical area report. The 
mitigation plan shall include: 

a. A description of what mitigation, specifically is proposed; 

b. An analysis of how the proposed mitigation will maintain the critical area 
function; 

c. A description of any ongoing monitoring and/or inspection that may be 
required,; 

d. A notation of any required critical area expertise necessary to install, 
monitor, or inspect the proposed mitigation; and 

e. A listing of other security required to ensure performance and/or 
maintenance of the proposed mitigation. 

4. Mitigation Monitoring. 

a. The Administrator shall have the discretion to withhold issuance of 
development permit approval until required mitigation has been 
completed. In the alternative, the Administrator may require a refundable 
cash payment which will ensure compliance with the mitigation plan if 
there will be activity (e.g., monitoring or maintenance) or construction to 
take place after the issuance of the County's permit.  

b. The amount of the cash payment shall not exceed 150 percent of the 
estimated cost of the uncompleted actions or construction as 
determined by the Administrator.  

c. When the Administrator determines that the mitigation plan has been 
successfully completed, the cash payment shall be refunded to the 
applicant.  

d. If the mitigation plan is not successfully completed, the County shall be 
entitled to keep all or part of the cash payment to the extent necessary 
to rectify the deficiencies regarding how the mitigation plan was carried 
out.  
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SECTION 4. WETLANDS 

A. Purpose 

 The purpose of this section is to ensure no net loss of wetland functions and values.  

B. Identification 

1. Identification of wetlands and delineation of their boundaries pursuant to this 
Ordinance shall be done in accordance with the approved federal wetland 
delineation manual and applicable regional supplements. All areas within the 
County meeting the wetland designation criteria in that procedure are hereby 
designated critical areas and are subject to the provisions of this Ordinance.  

2. If Pacific County has reason to believe that a wetland may exist within three 
hundred (300) feet ofadjacent to a proposed development activity, as defined in 
Section 2 of this Ordinance, a written determination regarding the existence or 
nonexistence of wetlands within three hundred (300) feet of aadjacent to the 
proposed development activity must be submitted to the Department of 
Community Development. Pacific County will only accept a written determination 
by the U.S. Army Corps of Engineers, the Washington State Department of 
Ecology, the Natural Resources Conservation Service, or a qualified critical 
areas professional as to whether wetlands exist on or within three hundred (300) 
feet ofadjacent to a specific parcel. 

C. Classification 

1. Wetland Rating Classes. Wetlands shall be classified into category I, category II, 
category III, and category IV according to the Washington State Wetland Rating 
System for Western Washington (Ecology publication number 14-06-029 or as 
revised and approved by Ecology) and are accordingly defined: 

a. Category I Wetlands. Category I wetlands are those that 1) represent a 
unique or rare wetland type; or 2) are more sensitive to disturbance than 
most wetlands; or 3) are relatively undisturbed and contain ecological 
attributes that are impossible to replace within a human lifetime; or 4) 
provide a high level of functions. 

b. Class Category II Wetlands. Category II wetlands are difficult, though not 
impossible, to replace, and provide high levels of some functions. These 
wetlands occur more commonly than Category I wetlands, but still need a 
relatively high level of protection. 

c. Category III Wetlands. Category III wetlands are 1) wetlands with a 
moderate level of functions (scores between 16-19 points), 2) can often 
be adequately replaced with a well-planned mitigation project, and 3) 
interdunal wetlands between 0.1 and 1 ac in size. Wetlands scoring 
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between 16-19 points generally have been disturbed in some ways, and 
are often less diverse or more isolated from other natural resources in the 
landscape than Category II wetlands.  

d. Category IV Wetlands. Category IV wetlands have the lowest levels of 
functions (scores fewer than 16 points) and are often heavily disturbed. 
These are wetlands that we should be able to replace, and in some cases 
be able to improve. However, experience has shown that replacement 
cannot be guaranteed in any specific case. These wetlands may provide 
some important functions, and also need to be protected. 

2. Illegal modifications. Wetland rating categories shall not change due to illegal 
modifications made by the applicant or with the applicant’s knowledge. 

3. The following types of wetlands are exempt from the buffer provisions contained 
in subsection 4.E and the normal mitigation sequencing process in subsection 
3.M.2. They may be filled if impacts are fully mitigated based on provisions in 
subsection 4.F, Additional Mitigation Requirements for Wetlands. If available, 
impacts should be mitigated through the purchase of credits from an in-lieu fee 
program or mitigation bank, consistent with the terms and conditions of the 
program or bank. In order to verify the following conditions, a critical area report 
meeting the requirements of subsection 4.G must be submitted. 

a. All isolated category III and IV wetlands less than 1,000 square feet that: 

i. Are not associated with riparian areas or buffers; 

ii. Are not part of a wetland mosaic; and 

iii. Do not contain habitat identified as essential for local populations 
of priority species identified by the Washington Department of Fish 
and Wildlife or species of local importance. 

D. Permitted Activities 

1. Any land use or development activity shall be subject to the provisions of this 
Section, including, but not limited to, the following activities that are directly 
undertaken or originate in a regulated wetland or its buffer, unless exempted 
under subsection 3.E of this Ordinance: 

a. The removal, excavation, grading, or dredging of soil, sand, gravel, 
minerals, organic matter, or material of any kind. 

b. The dumping of, discharging of, or filling with any material. 

c. The draining, flooding, or disturbing of the water level or water table. 

d. Pile driving. 
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e. The placing of obstructions. 

f. The construction, reconstruction, demolition, or expansion of any 
structure. 

g. The destruction or alteration of wetland vegetation through clearing, 
harvesting, shading, intentional burning, or planting of vegetation that 
would alter the character of a regulated wetland. 

h. Activities that result in: 

i. A significant change of water temperature. 

ii. A significant change of physical or chemical characteristics of the 
sources of water to the wetland. 

iii. A significant change in the quantity, timing, or duration of the water 
entering the wetland. 

iv. The introduction of pollutants. 

2. Subdivisions. The subdivision and/or short subdivision of land in wetlands and 
associated buffers are subject to the following: 

a. Land that is located wholly within a wetland or its buffer may not be 
subdivided. 

b. Land that is located partially within a wetland or its buffer may be 
subdivided provided that an accessible and contiguous portion of each 
new lot is: 

i. Located outside of the wetland and its buffer; and 

ii. Meets the minimum lot size requirements of Title 18, Zoning, of 
Pacific County Codethe Pacific County Zoning Ordinance 
(Ordinance No. 162, or as amended). 

3. Activities and uses shall be prohibited in wetlands and wetland buffers, except as 
provided for in this Section. 

4. A wetland or its required buffer shall not be altered unless the following 
standards are met. Any alteration approved pursuant to this section shall include 
mitigation necessary to mitigate the impacts of the proposed alteration on the 
wetland or buffer, in accordance with subsection 4.F of this title. 

a. Category I Wetlands. Activities and uses shall be prohibited from 
Category I wetlands, except as provided for in subsections 3.E 

Commented [TB49]: Refer to Ordinance instead 



34 
 

Formatted: Space Before:  12 pt, After:  0 pt

(Exemptions), 3.I (Variance), and 3.J (Reasonable Use Exception) of this 
title. 

b. Category II and III Wetlands. For Category II and III wetlands, where 
wetland fill is proposed, it is presumed that an alternative development 
location exists, and activities and uses shall be prohibited unless the 
applicant can demonstrate that: 

i. The basic project purpose cannot reasonably be accomplished on 
another site or sites in the general region while still successfully 
avoiding or resulting in less adverse impact on a wetland; and 

ii. All on-site alternative designs that would avoid or result in less 
adverse impact on a wetland or its buffer, such as a reduction in 
the size, scope, configuration, or density of the project, are not 
feasible. 

iii. Full compensation for the loss of acreage and functions of the 
wetland and its buffer shall be provided in accordance with 
subsection 4.F of this title. 

c. Category IV Wetlands. Activities and uses that result in unavoidable 
impacts may be permitted in Category IV wetlands and associated buffers 
in accordance with an approved critical areas report and compensatory 
mitigation plan, and only if the proposed activity is the only reasonable 
alternative that will accomplish the applicant’s objectives. Full 
compensation for the loss of acreage and functions of the wetland and its 
buffer shall be provided in accordance with subsection 4.F of this title. 

5. The following activities are allowed in wetlands and wetland buffers. These 
activities do not require submission of a critical area report, except where such 
activities result in a loss of the functions and values of a wetland or wetland 
buffer. 

a. Those activities and uses conducted pursuant to the Washington State 
Forest Practices Act and its rules and regulations, WAC 222-1-030, where 
state law specifically exempts local authority, except those developments 
requiring local approval for Class IV – General Forest Practice Permits 
(conversions) as defined in RCW 76.09 and WAC 222-12. 

b. Conservation or preservation of soil, water, vegetation, fish, shellfish, 
and/or other wildlife that does not entail changing the structure or 
functions of the existing wetland. 

c. The harvesting of wild crops in a manner that is not injurious to natural 
reproduction of such crops and provided the harvesting does not require 
tilling of soil, planting of crops, chemical applications, or alteration of the 
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wetland by changing existing topography, water conditions, or water 
sources. 

d. Drilling for utilities/utility corridors under a wetland or buffer, with 
entrance/exit portals located completely outside of the wetland buffer, 
provided that the drilling does not interrupt the groundwater connection to 
the wetland or percolation of surface water down through the soil column. 
Specific studies by a hydrologist squalified professional shall be required 
to determine whether the groundwater connection to the wetland or 
percolation of surface water down through the soil column will be 
disturbed. 

e. Enhancement of a wetland and/or its buffer through the removal of non-
native invasive plant species, provided that:.  

i. For interdunal wetlands and their buffers, it is demonstrated that 
the enhancement will not decrease protection of inland 
development from damage caused by storm surge, tsunamis, 
windblown sand, or flooding; 

ii. Removal of invasive plant species shall be restricted to hand 
removal unless permits from the appropriate regulatory agencies 
have been obtained for approved biological or chemical treatments; 
and.  

iii. All removed plant material shall be taken away from the site and 
appropriately disposed of. Plants that appear on the Washington 
State Noxious Weed Control Board list of noxious weeds shall be 
handled and disposed of according to a noxious weed control plan 
appropriate to that species.  

e.iv. Revegetation with appropriate native species at natural 
densities is allowed in conjunction with removal of invasive plant 
species. 

6. In addition to the activities listed in subsection 4.D.2 above, the following 
activities may be allowed within a wetland buffer, but not within a wetland, in 
accordance with the review procedures of this Ordinance, provided they are 
conducted in a manner so as to minimize impacts to the buffer and adjacent 
wetland: 

a. Passive recreation. Public and private trails and wildlife viewing structures 
that are designed and in accordance with an approved critical area report 
may be allowed in the outer twenty-five percent (25%) of the wetland 
buffer, provided that: 
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i. The trail surface is limited to pervious surfaces no more than five 
(5) feet in width; and 

ii. They are located to avoid removal of significant trees. 

b. Educational and scientific research activities. 

c. Stormwater management facilities. Stormwater management facilities are 
limited to stormwater dispersion outfalls and bioswales. They are not 
allowed in buffers of Category I or II wetlands, but may be allowed within 
the outer twenty-five percent (25%) of the buffer of Category III or IV 
wetlands provided that: 

i. No other location is feasible; and 

ii. The location of such facilities will not degrade the functions or 
values of the wetland. 

d. Normal and routine maintenance and repair of any existing public or 
private facilities within an existing right-of-way, provided that the 
maintenance or repair does not increase the footprint or use of the facility 
or right-of-way. 

e. Normal and routine maintenance of non-conforming uses or structures, 
where legally established within the buffer, provided they do not increase 
the degree of nonconformity. 

7. An applicant proposing to construct new public or private roads and/or bridges 
within a wetland or its buffer shall submit an analysis of the cumulative wetland 
and buffer impacts that can reasonably be expected to occur as a result of 
approval of the proposed project. The Administrator shall consider the 
cumulative impacts of proposed projects and shall give preference to use and/or 
expansion of existing roadways over the construction of new roadway wetland 
crossings.  

E. Wetland Buffers 

1. Standard Buffer Widths. Buffers are necessary to protect wetlands from impacts 
generated by nearby land uses. In addition to the setback requirements of 
Subsection 3.K.3, the standard buffers in table 4-1 shall be required for regulated 
wetlands, and are based on category of wetland, the intensity of the impacts 
from proposed changes in land use to the adjacent wetland, and the habitat 
score as determined by a qualified wetland professional using the Washington 
State Wetland Rating System for Western Washington. 

a. The standard buffer widths assume that the buffer is vegetated with a 
native plant community appropriate for the ecoregion. If the existing buffer 
is unvegetated, sparsely vegetated, or vegetated with invasive species 
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that do not perform needed functions, the buffer should either be planted 
to create the appropriate plant community or the buffer should be widened 
to ensure that adequate functions of the buffer are provided. 

b. In determining wetland buffer widths, the types of proposed land use 
changes that can result in high, moderate, and low levels of impacts to 
adjacent wetlands shall be defined as follows: 

i. Types of land use that can result in high intensity impacts include 
commercial, urban, industrial, institutional, retail, residential (>1 
unit/acre), high-intensity agriculture, and high intensity recreation 
such as ball fields. 

ii. Types of land use that can result in moderate intensity impacts 
include residential (1 unit per acre or less), moderate-intensity open 
space, moderate-intensity agriculture, paved trails, logging roads, 
and maintained utility corridors. 

iii. Types of land use that can result in low intensity impacts include 
forest practices, low-intensity open space, unpaved trails, and low-
maintenance utility corridors. 

Table 4-1: Standard Wetland Buffer Widths.1 

Wetland Category Habitat 
Score 

Impact of Proposed Land Use 

Low Moderate High 

Category I: Bogs NA 125 ft 190 ft 250 ft 

Category I: Wetlands with 
a high conservation value 

NA 125 ft 190 ft 250 ft 

Category I: Estuarine NA 100 ft 150 ft 200 ft 

Category I: Coastal 
Lagoons 

NA 100 ft 150 ft 200 ft 

Category I: Forested Base buffer width on habitat function 

Category I (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category II: Interdunal NA 75 ft 110 ft 150 ft 

Category II: Estuarine NA 75 ft 110 ft 150 ft 

Category II (other than 
above) 

8-9 150 ft 225 ft 300 ft 

5-7 75 ft 110 ft 150 ft 

<5 50 ft 75 ft 100 ft 

Category III 5-7 75 ft 110 ft 150 ft 

<5 40 ft 60 ft 80 ft 
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Category IV NA 25 ft 40 ft 50 ft 

 1 Buffers for wetlands surrounding existing manmade canals are not subject to these 
standard wetland buffer widths, and are defined in Subsection 4.E.7. 

2. Measurement of Wetland Buffers.  

a. All buffers shall be measured perpendicular from the wetland boundary as 
surveyed in the field.  

b. The buffer for a wetland created, restored, or enhanced as compensation 
for approved wetland alterations shall be the same as the buffer required 
for the category of the created, restored, or enhanced wetland. Buffers 
surrounding wetlands used as compensation shall be fully vegetated. 
Areas with lawns, walkways, driveways, and other mowed or paved areas 
may not be included in the required buffer width for compensatory 
wetlands. 

3. Increased Wetland Buffer Widths. The County shall have the authority to 
increase the standard buffer width on a case-by-case basis when there is 
evidence that a larger buffer is required. Criteria to support expanded buffers 
include the following:   

a. The existing buffer is unvegetated, sparsely vegetated, or vegetated with 
invasive species that do not perform needed functions.  If the buffer is not 
planted to create the appropriate plant community, widening of the 
regulatory buffer is an option to ensure that adequate functions of the 
buffer are provided. Improving the vegetation is generally preferable to 
widening the buffer; 

b. The slope within the buffer area is over 30 percent.  Buffer widths should 
be increased by 50 percent of the standard buffer width if the slope is over 
30 percent; or   

c. The wetland provides habitat for a species that is particularly sensitive to 
disturbance. The width of the buffer should be increased to provide 
adequate protection for the species based on its particular life-history 
needs. 

4. Buffer Width Averaging. 

a. Buffer averaging to improve wetland protection may be permitted only if: 

i. The wetland contains variations in sensitivity due to existing 
physical characteristics; and 

ii. The buffer is increased adjacent to the higher-functioning area of 
habitat or more-sensitive portion of the wetland and decreased 
adjacent to the lower-functioning or less-sensitive portion as 
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demonstrated by a critical areas report from a qualified 
professional. 

b. Buffer averaging to allow reasonable use of a parcel may be permitted 
only if: 

i. There are no feasible alternatives to the site design that could be 
accomplished without buffer averaging; and 

ii. The averaged buffer will not result in degradation of the wetland’s 
functions and values as demonstrated by a critical areas report 
from a qualified wetland professional. 

c. The total area of the buffer after averaging shall be equal to the area 
required without averaging. 

d. The buffer at its narrowest point shall never be less than either 75 percent 
(75%) of the standard width or 75 feet for category I and II, 50 feet for 
category III, and 25 feet for category IV, whichever is greater. 

e. The buffer area proposed to be designated in buffer width averaging shall 
be contiguous to the original buffer area and shall not include on-site 
septic systems, public or private roadways, structures, or above-ground 
utilities. Existing disturbed areas may not be approved for use as a buffer 
width averaging area unless a buffer restoration or buffer enhancement 
plan has been submitted that conforms to the specifications of subsection 
4.F.3 

5. Buffer Reduction. The Administrator shall have the authority to reduce the 
required buffer widths, within a defined area, provided that: 

a. The wetland buffer to be reduced is physically isolated from its corresponding 
wetland by a preexisting barrier, such as paved public roadway, flood control 
structure, or building; and 

b. The buffer is reduced by no more than twenty-five percent (25%) of the 
standard buffer width; and 

c. The applicant demonstrates, through submission of a special report by a 
qualified professional, that the buffer reduction does not have any adverse 
impact on the existing functions and values of the wetland. 

6. Landward Residential Addition. For proposed development consisting of an 
expansion of an existing primary single family residential structure within a 
wetland buffer, for which the proposed expansion is on the landward side of the 
structure farthest from the wetland, no mitigation shall be required for such 
expansion, provided that: 
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a. The width of the expanded structure parallel to the wetland boundary is 
not increased; and 

b. The expansion will not result in adverse impacts to the functions and 
values of the wetland or its buffer, as demonstrated by a critical areas 
report prepared by a qualified wetland professional. 

7. Buffers for Wetlands Adjacent to Existing Manmade Canals.  

a. Wetlands adjacent to existing manmade canals are not subject to the 
standard buffer widths defined in Subsection 4.E.1. Buffers for wetlands 
adjacent to manmade canals shall be 25 feet wide, independent of 
wetland category, wetland rating, or impact of proposed land use. 

b. Buffers for wetlands adjacent to manmade canals shall be subject to the 
requirements of Subsections 4.E.2 through 4.E.6. 

7. Buffer Exemption. Isolated Category III and IV wetlands less than 1,000 square 
feet in area are exempt from the buffer provisions contained in this Section if 
they meet the following criteria. A critical area report must be submitted to verify 
that conditions are met.  

a. Are not associated with riparian areas or buffers;  

b. Are not part of a wetland mosaic; and 

c. Do not contain habitat identified as essential for local populations of 
priority species identified by the Washington Department of Fish and 
Wildlife. 

F. Additional Mitigation Requirements for Wetlands 

1. Where a project requires unavoidable disruption of wetlands, wetland functions 
and values shall be maintained through compensatory mitigation as specified in 
this subsection. 

2. Mitigation Sequencing. Before impacting any wetland or its buffer, an applicant 
shall demonstrate compliance with subsection 3.M.2, Mitigation Sequencing. 
Compensatory mitigation for alterations to wetlands shall be used only for 
impacts that cannot be avoided or minimized, and shall achieve equivalent or 
greater functions and values. 

3. Compensatory mitigation plans shall be consistent with Wetland Mitigation in 
Washington State, Part 1: Agency Policies and Guidance (Version 1, Ecology 
Publication #06-06-011a), or as amended, and best available science. 

4. Mitigation Ratios. The following ratios shall apply to compensatory mitigation that 
meets all other requirements in this subsection, is the same category of wetland, 
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and has a high probability of success. The first number in each cell of table 4-2 
below specifies the acreage of wetland mitigation and the second specifies the 
acreage of wetland alteration. 

Table 4-2: Wetland Mitigation Ratios1 

Category 
and Type 
of Wetland 

Creation or 
Re-
establishment 

Rehabilitation 
Only2 

Re-
establishment 
or Creation 
(R/C) and 
Rehabilitation 
(RH)2 

Re-
establishment 
or Creation 
(R/C) and 
Enhancement 
(E)2 

Enhancement 
Only2 

Category I: 
Bog, Natural 
Heritage 
site, Coastal 
Lagoon 

Not considered 
possible 

6:1; 
Rehabilitation 
of same 
wetland type 
as impact 

R/C not 
considered 
possible3 

R/C not 
considered 
possible3 

Case by case 

Category I: 
Forested 6:1 12:1 1:1 R/C and 

10:1 RH 
1:1 R/C and 
20:1 E 24:1 

Category I: 
Based on 
functions 

4:1 8:1 1:1 R/C and 
6:1 RH 

1:1 R/C and 
12:1 E 16:1 

Category I: 
Estuarine Case by case 6:1 Case by case Case by case Case by case 

Category II: 
Estuarine Case by case 4:1 Case by case Case by case Case by case 

Category II: 
Interdunal 

2:1  
Compensation 
has  
to be 
interdunal  
wetland 

4:1  
Compensation  
has to be  
interdunal  
wetland 

1:1 R/C and 
2:1 RH 
Compensation 
has to be 
interdunal 
wetland 

Not considered 
an option4 

Not considered 
an option4 

Category II: 
all other 3:1 6:1 1:1 R/C and 

4:1 RH 
1:1 R/C and 
8:1 E 12:1 

Category III 2:1 4:1 1:1 R/C and 
2:1 RH 

1:1 R/C and 
4:1 E 8:1 

Category IV 1.5:1 3:1 1:1 R/C and 
1:1RH 

1:1 R/C and 
2:1 E 6:1 

1 Ratios based on Wetlands in Washington State Volume 2 – Protecting and 
Managing Wetlands (Ecology publication #05-06-008), Appendix 8-C, Guidance on 
Buffers and Ratios – Western Washington, updated for 2014 Western Washington 
Wetland Rating System.  

2 These ratios are based on the assumption that the rehabilitation or 
enhancement actions implemented represent the average degree of 
improvement possible for the site. Proposals to implement more effective 
rehabilitation or enhancement actions may result in a lower ratio, while less 
effective actions may result in a higher ratio. The distinction between 
rehabilitation and enhancement is not clear-cut. Instead, rehabilitation and 
enhancement actions span a continuum. Proposals that fall within the gray 
area between rehabilitation and enhancement will result in a ratio that lies 
between the ratios for rehabilitation and the ratios for enhancement. 
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3 Natural Heritage sites, coastal lagoons, and bogs are considered 
irreplaceable wetlands because they perform some special functions that 
cannot be replaced through compensatory mitigation. Impacts to such wetlands 
would therefore result in a net loss of some functions no matter what kind of 
compensation is proposed.  

4 Due to the dynamic nature of interdunal systems, enhancement is not 
considered an ecologically appropriate action. 

5. Types of Mitigation. Mitigation for lost or diminished wetland and buffer functions 
shall rely on the types below in the following order of preference: 

a. Restoration, including reestablishment and rehabilitation, of wetlands; 

b. Creation, or establishment, of wetlands; 

c. Enhancement of significantly degraded wetlands, in combination with 
restoration or creation; 

d. Preservation of high-quality, at-risk wetlands. 

6. Preservation. The preservation of at-risk, high quality wetlands and habitat may 
be considered as part of an acceptable mitigation plan when the following criteria 
are met:  

a. Preservation is used as a form of compensation only after the standard 
sequencing of mitigation (avoid, minimize, and then compensate);  

b. Restoration (re-establishment and rehabilitation), creation, and 
enhancement opportunities have also been considered, and preservation 
is proposed as the best compensation option; 

c. The preservation site has the potential to experience a high rate of 
undesirable ecological change due to on-site or off-site activities that are 
not regulated (e.g., logging of forested wetlands); 

d. The area proposed for preservation is of high quality or critical for the 
health of the watershed or basin due to its location. Some of the following 
features may be indicative of high quality sites:  

i. Category I or II wetland rating (using the Washington State wetland 
rating system for eastern or western WA);  

ii. Rare or irreplaceable wetland type (e.g., bogs, mature forested 
wetlands, estuaries) or aquatic habitat that is rare or a limited 
resource in the area;  

iii. Habitat for threatened or endangered species;  
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iv.  Provides biological and/or hydrological connectivity; vi. High 
regional or watershed importance (e.g., listed as priority site in a 
watershed or basin plan);  

v. Large size with high species diversity (plants and/or animals) 
and/or high abundance of native species;  

vi. A site that is continuous with the head of a watershed, or with a 
lake or pond in an upper watershed that significantly improves 
outflow hydrology and water quality.  

e. Mitigation Combined with Other Forms of Compensation. When combined 
with restoration, creation, or enhancement, preservation may be used 
provided that a minimum of 1:1 acreage replacement is provided by 
reestablishment or creation and the criteria below are met:  

i. All standards specified in F.7.a. through d. are met. 

ii. The impact area is small and/or impacts are occurring to a low 
functioning system (Category III or IV wetland);  

iii. Preservation of a high-quality system occurs in the same 
watershed or basin as the wetland impact 

iv. Preservation sites include buffer areas adequate to protect the 
habitat and its functions from encroachment and degradation; and  

v. Mitigation ratios for preservation in combination with other forms of 
mitigation shall range from 10:1 to 20:1, as determined on a case-
by-case basis, depending on the quality of the wetlands being 
impacted and the quality of the wetlands being preserved.  

f. Preservation as the Sole Compensation for Wetland Impacts. 
Preservation alone shall only be used as compensatory mitigation in 
exceptional circumstances. Preservation alone shall not apply if impacts 
are occurring to functions that must be replaced on site, such as flood 
storage or water quality treatment that need to be replicated by water 
quality measures implemented within the project limits. Preservation of at-
risk, high-quality wetlands and habitat (as defined above) may be 
considered as the sole means of compensation for wetland impacts when 
the following criteria are met:  

i. There are no adverse impacts to habitat for fish and species listed 
as endangered and threatened; 

ii. There is no net loss of habitat functions within the watershed or 
basin;  
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iii. Higher mitigation ratios are applied. Mitigation ratios for 
preservation as the sole means of mitigation shall generally start at 
20:1. Specific ratios should depend upon the significance of the 
preservation project and the quality of the wetland resources lost. 

7. Location of Mitigation.  

a. Compensatory mitigation actions shall be conducted within the same sub-
drainage basin and on the site of the alteration except when all of the 
following conditions apply: 

i. There are no reasonable opportunities on-site or within the sub-
drainage basin, or opportunities on-site or within the sub-drainage 
basin do not have a high likelihood of success; and 

ii. On-site mitigation would require elimination of high-quality upland 
habitat; and 

iii. Off-site mitigation has a greater likelihood of providing equal or 
improved wetland functions than the altered wetland. 

b. Off-site locations shall be in the same sub-drainage basin unless: 

i. Established watershed goals for water quality, flood storage or 
conveyance, habitat, or other wetland functions have been 
established by the County and strongly justify location of mitigation 
at another site; or 

ii. Credits from a state-certified wetland mitigation bank are used as 
compensation, and the use of credits is consistent with the terms of 
the certified bank instrument and with subsection 4.F.10 of this 
Ordinance; or 

iii. Fees are paid to an approved in-lieu fee program to compensate 
for the impacts. 

c. The design for the compensatory mitigation project shall be appropriate 
for its location (i.e. position in the landscape), and shall not result in the 
creation, restoration, or enhancement of an atypical wetland that does not 
match the type of wetland that would naturally be found in the geomorphic 
setting of the site. 

8. Timing of Mitigation.  

a. It is preferred that compensatory mitigation projects be completed prior to 
activities that will disturb wetlands. At the least, compensatory mitigation 
shall be completed immediately following disturbance and prior to use or 
occupancy of the action or development.  
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b. Construction of mitigation projects shall be timed to reduce impacts 
existing fisheries, wildlife, and flora. 

9. Monitoring. Mitigation monitoring shall be required for a period necessary to 
establish that performance standards have been met, but not for a period less 
than five years. If a scrub-shrub or forested vegetation community is proposed, 
monitoring may be required for ten years or more. The project mitigation plan 
shall include monitoring elements that ensure certainty of success for the 
project’s natural resource values and functions. If the mitigation goals are not 
obtained within the initial five-year period, the applicant remains responsible for 
restoration of the natural resource values and functions until the mitigation goals 
agreed to in the mitigation plan are achieved. 

10. Wetland Mitigation Banks. Credits from a wetland mitigation bank may be 
approved for use as compensation for unavoidable impacts to wetlands when all 
of the following conditions are satisfied: 

a. The bank is certified under state rules. 

b. The bank creates new wetlands or reestablishes, rehabilitates, or 
enhances existing disturbed wetlands. Credits shall not be approved for 
use from those portions of a wetland mitigation bank which preserve 
existing undisturbed wetlands. 

c. The wetland mitigation bank credits are located within the approved 
service area of the wetland impacts, as determined by the Administrator in 
consultation with the Pacific County Engineer. 

d. The County determines that the wetland mitigation bank provides 
appropriate compensation for the authorized impacts. 

e. The proposed use of credits is consistent with the terms and conditions of 
the certified bank instrument. 

f. Replacement ratios are consistent with subsection 4.F.5, unless the 
applicant can demonstrate that the use of the mitigation bank is of greater 
value to wetland functions and values. 

g. Impacts are limited to the following types: 

i. Category I, II, III, or IV wetland buffer impacts; 

ii. Category II, III, or IV wetland impacts; 

iii. Category I wetland impacts from public infrastructure projects. 
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G. Additional Critical Area Report Requirements for Wetlands 

1. When Required. If the County determines that a wetland exists within 300 feet of 
adjacent to the site of a proposed development activity, a wetland report 
prepared by a qualified professional shall be required. The expense of preparing 
the wetland report shall be borne by the applicant. 

2. Report Contents. In addition to the general critical area report requirements 
under subsection 3.L, critical area reports for wetlands shall include, at a 
minimum: 

a. A description of the methodologies used to conduct the wetland 
delineations, rating system forms, or impact analyses, including 
references. 

b. Identification and characterization of all critical areas, wetlands, water 
bodies, shorelines, floodplains, and buffers on or adjacent to the proposed 
project area. For areas off site of the project site, conditions within 300 
feet ofadjacent to the project boundaries shall be estimated using the best 
available information. 

c. For each wetland identified on site and within 300 feet ofadjacent to the 
project site, the report shall provide: the wetland rating, including a 
description of and score for each function; required buffers; 
hydrogeomorphic classification; wetland acreage based on a professional 
survey from the field delineation (acreages for on-site portion and entire 
wetland area including off-site portions); Cowardin classification of 
vegetation communities; habitat elements; soil conditions based on site 
assessment and/or soil survey information; and to the extent possible, 
hydrologic information such as location and condition of inlets/outlets, 
estimated water depths within the wetland, and estimated hydroperiod 
patterns based on visual cues (e.g. algal mats, drift lines, flood debris, 
etc.). The report shall provide acreage estimates, classifications, and 
ratings based on entire wetland complexes, not only the portion present 
on the proposed project site. 

d. A description of the proposed actions, including an estimation of acreages 
of impacts to wetlands and buffers based on the field delineation and 
survey and an analysis of site development alternatives, including a no-
development alternative. 

e. A discussion of measures, including avoidance, minimization, and 
compensation, proposed to preserve existing wetlands and restore any 
wetlands that were degraded prior to the current proposed land use 
activity. 
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f. A conservation strategy for habitat and native vegetation that addresses 
methods to protect and enhance on-site habitat and wetland functions. 

g. A copy of the site plan for the project, including maps (to scale) depicting 
delineated and surveyed wetland and required buffers; the development 
proposal; other critical areas; grading and clearing limits; areas of 
proposed impacts (including square footage estimates); and a depiction of 
the proposed stormwater management facilities for the development. 

3. Qualified Professional Requirements. A qualified professional for wetlands must: 

a. Be certified as a Professional Wetland Scientist; or  

b. Meet all of the following qualifications: 

i. Have a Bachelor’s degree in a related field,  

ii. Have at least two years of full-time work experience as a wetlands 
professional, including delineating wetlands using the state or 
federal manuals, preparing wetland reports, conducting function 
assessments, and developing and implementing mitigation plans; 
and  

iii. Have demonstrated wetland-specific training. 

H. Maps and References 

The following references may provide an indication of wetland locations. However, 
these and other similar resources were not prepared at a level of detail sufficient to 
accurately portray the exact location and extent of wetlands in Pacific County, and 
cannot be used in place of an on-site field determination of wetlands. Many 
wetlands in Pacific County will not appear on these resources. 

1. National Wetlands Inventory (NWI). 

2. Natural Resources Conservation Service Soil Survey for Grays Harbor Area, 
Pacific, and Wahkiakum Counties, hydric soils designations. 
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SECTION 5. FISH AND WILDLIFE HABITAT CONSERVATION AREAS 

A. Purpose 

The purpose of this section is to protect fish and wildlife habitat by land 
management which maintains sensitive, threatened, endangered species in suitable 
habitats within their natural geographic distribution, and to ensure the protection of 
shellfish, kelp, eelgrass, herring, and smelt spawning areas by regulating 
incompatible upland uses and development, and by controlling associated non-point 
pollution impacts. 

B. Identification 

1. Fish and wildlife habitat conservation areas (FWHCAs) include: 

a. Areas with which endangered, threatened, and sensitive species have a 
primary association. Pacific County adopts the designations listed in WAC 
232-12-014 (Endangered), WAC 232-12-011 (Threatened and Sensitive), 
and federally-designated threatened or endangered species categories.  

b. Habitats and species of local importance. 

c. Commercial and recreational shellfish areas. These areas include all 
public and private tidelands or bedlands suitable for shellfish harvest, 
including shellfish protection districts established pursuant to Chapter 
90.72 RCW. 

d. Kelp and native eelgrass beds; herring and smelt spawning areas. 

e. Naturally occurring ponds under twenty (20) acres and their submerged 
aquatic beds that provide fish or wildlife habitat. 

f. Waters of the State. Waters of the state include lakes, rivers, ponds, 
streams, inland waters, underground waters, salt waters, and all other 
surface waters and watercourses within the jurisdiction of the state of 
Washington, as classified in WAC 222-16. 

g. Lakes, ponds, streams, and rivers planted with game fish by a 
governmental or tribal entity. 

h. State Natural Area Preserves (NAP) and Natural Resource Conservation 
Areas (NRCA). In Pacific County, these include the Bone River, 
Gunpowder Island, Niawiakum, and Willapa Divide NAPs and the 
Ellsworth Creek, South Nemah, and Teal Slough NRCAs. 

2. The approximate locations and extents of habitat conservation areas may be 
shown on, but shall not be limited to, the following list of maps. The maps are for 
reference only and do not provide a final critical area designation. 

Commented [TB60]: Public comment: Specifically exclude 
Surfside “planting” of fish (trout) in canals/lakes for fishing 
derby 
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a. Washington Department of Fish and Wildlife Priority Habitat and Species 
maps 

b. Washington Department of Fish and Wildlife Salmonscape maps 

c. Washington State Department of Natural Resources water type maps 

d. Washington State Department of Natural Resources ShoreZone Inventory 

e. Washington State Department of Natural Resources Natural Heritage 
Program maps. 

f. US Department of Fish and Wildlife Service’s Information for Planning and 
Conservation Maps 

g. Critical areas maps from US Fish and Wildlife Service and the National 
Marine Fisheries Service 

h. Washington State Department of Natural Resources State Natural Area 
Preserves and Natural Resource Conservation Area maps. 

C. Classification and Designation 

1. Waters of the State. Waters of the State shall be classified using the Department 
of Natural Resources' interim water typing (WAC 222-16-031). Once the fish 
habitat water type maps described in WAC 222-16-030 are adopted by the 
Forest Practices Board, the permanent water typing criteria described in WAC 
222-060-030 will apply.   

2. Habitats and Species of Local Importance. 

a. Characteristics of Habitats and Species of Local Importance: 

i. Local populations of native species that are likely to become 
endangered, are vulnerable, or declining. 

ii. Species or habitats with recreational, cultural, and/or economic 
value to citizens of Pacific County. 

iii. Protection by other County, State, or federal policies, laws, 
regulations, or non-regulatory tools are not sufficient to prevent 
degradation of the habitat or decline of the species. 

iv. Habitats of local importance represent either high-quality native 
habitat or habitat that has a high potential to recover to a suitable 
condition and which is limited in availability, highly vulnerable to 
alteration, or provides landscape connectivity that contributes to the 
integrity of the surrounding landscape. 
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b. Process of Designation. 

i. Habitats and species may be nominated by any person. The 
nomination shall include the following: 

a) Identification of specific habitat features to be protected (for 
example, nest sites, breeding areas, and nurseries), or if a 
habitat or ecosystem is being nominated in its entirety, a 
description and map of the geographic boundaries 
encompassed in the nomination.   

b) Documentation of how the proposed species or habitat meets 
each of the applicable characteristics described in subsection 
5.C.2.a. 

c) Management strategies, supported by the best available 
science, that if implemented would measurably help to conserve 
the species or habitat. 

ii. The Administrator shall review and evaluate the nomination and 
make a recommendation to the planning commission. 

iii. The planning commission shall hold a public hearing on the 
proposal and make a recommendation to the Board of 
Commissioners. 

iv. After receiving the recommendation of the planning commission, 
the Board of Commissioners shall vote on the nomination. 

D. Permitted Activities within FWHCAs and Buffers.  
The following activities are permitted within FWHCAs and their associated buffers: 

1. Limited public park or public recreational access; provided, that all of the 
following are satisfied: 

a. The access is part of a public park that is dependent on the access for its 
location and recreational function; and 

b. The access is limited to the minimum necessary to accomplish the 
recreational function; and 

c. The removal of trees and native vegetation is minimized. 

2. Low-impact uses and activities that are consistent with the purpose and function 
of the buffer when such improvements are limited to the minimum amount 
necessary and do not detract from its integrity may be permitted within the buffer 
depending on the sensitivity of the habitat involved; provided, that such activity 
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shall not result in a decrease in FWHCA functions and values and shall not 
prevent or inhibit the buffer’s recovery to at least pre-altered condition or 
function.  

3. Standards Applicable to Type 2, 3, 4, and 5 Waters of the State and their 
Buffers. Standards applicable to Type 1 Waters of the State and their buffers are 
found in the SMP. 

a. The following modifications may be permitted within a critical area or its 
buffer in accordance with an approved critical area report that 
demonstrates that proposed measures follow mitigation sequencing and 
will not degrade fish or wildlife habitat conservation areas functions or 
processes on-site or in the surrounding area. 

i. Erosion Control Measures. New, replacement, or substantially 
improved erosion control measures. 

ii. Streambank Stabilization. Streambank Stabilization through 
bioengineering or soft armoring techniques. 

iii. Docks. Public or private docks or piers may be permitted. 

iv. New, expanded, or reconfigured Roads, Trails, Bridges, and 
Rights-of-Way, provided: 

a) There is no other feasible alternative route with less impact on 
the environment; 

b) Crossings minimize interruption of downstream movement of 
wood and gravel; 

c) Roads shall not run parallel to the water body; 

d) Trails shall be located on the outer edge of the riparian area or 
buffer, except for limited viewing platforms and crossings; 

e) Crossings, where necessary, shall only occur as near to 
perpendicular with the water body as possible; 

v. New, expanded, or reconfigured utility facilities, including utility 
lines, facilities, and stormwater conveyance, provided: 

a) FWHCAs shall be avoided to the maximum extent possible; 

b) Installation shall be accomplished by boring beneath the scour 
depth and hyporheic zone of the water body and channel 
migration zone, where feasible; 
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c) The utilities shall cross at an angle greater than sixty (60) 
degrees to the centerline of the channel in streams or 
perpendicular to the channel centerline whenever boring under 
the channel is not feasible; 

d) Crossings shall be contained within the footprint of an existing 
road or utility crossing where possible; 

e) The utility route shall avoid paralleling the stream or following a 
down-valley course near the channel; and 

f) The utility installation shall not increase or decrease the natural 
rate of shore migration or channel migration. 

vi. Clearing and Grading. When clearing and grading is permitted as 
part of an authorized activity or as otherwise allowed in these 
standards, the following shall apply: 

a) Grading is allowed only during the dry season, which is typically 
regarded as beginning on May 1 and ending on October 1, 
provided that the city may extend or shorten the dry season on 
a case-by-case basis, determined on actual weather conditions.  

b) The soil duff layer shall remain undisturbed to the maximum 
extent possible. Where feasible, any soil disturbed shall be 
redistributed to other areas of the project area. 

c) The moisture-holding capacity of the topsoil layer shall be 
maintained by minimizing soil compaction or reestablishing 
natural soil structure and infiltrative capacity on all areas of the 
project area not covered by impervious surfaces. 

d) Erosion and sediment control that meets or exceeds city 
standards must be provided. 

E. Protection Standards 

1. Buffers for Waters of the State. 

a. Standard Buffer Widths. In addition to the setback requirements of 
Subsection 3.K.3, the following buffers from the ordinary high water mark 
are required. 

Table 5-1: Required buffers for Waters of the State1 

Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

1 S See SMP Section 5.2 

Formatted: Superscript
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Interim Water Typing 
(WAC 222-16-031) 

Permanent Water Typing 
(WAC 222-16-030) Buffer (ft) 

2, 3 F 130 
4 Np 65 
5 Ns 50 

 1 Standard buffer widths do not apply to existing manmade canals (see Section 5.E.1.f). 

i. Measurement. The buffer shall be measured horizontally, landward 
in every direction from the ordinary high water mark. 

ii. Steep slopes. Where lands adjacent to a stream display a 
continuous slope of thirty percent (30%) or greater, the buffer shall 
include such sloping areas.  For Type 1, 2, and 3 streams, where 
the horizontal distance of the sloping area is greater than the 
required standard buffer, the buffer shall be extended to a point 
twenty-five (25) feet beyond the top of the bank of the sloping area. 

b. Buffer Averaging. Buffer widths may be averaged within a property 
provided all of the following standards are met. 

i. Averaging provides additional protection to the species or habitat 
by conserving intact or unique habitat features; 

ii. Averaging will not adversely affect the protected species or habitat 
relative to the use of the standard buffer alone; 

iii. The total area contained in the buffer area after averaging is no 
less than that which would be contained within the standard buffer; 
and 

iv. The buffer width is not reduced by more than twenty-five percent 
(25%) of the standard buffer in any location. 

c. Buffer Reduction. The Administrator may approve a reduction of the 
standard buffer on a case-by-case basis if an applicant demonstrates 
through a critical areas report based on best available science that the 
following conditions and criteria have been met: 

i. The applicant has proposed habitat restoration or enhancement 
activities that would result in improved habitat, water quality or 
water flow processes or functions of the adjacent stream; 

ii. The buffer reduction is necessary to accomplish the purpose of a 
proposed project and no reasonable alternative is available given 
specific site characteristics;  

Formatted: Indent: Left:  0.25",  No bullets or numbering,
Tab stops:  0.44", Left
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iii. The applicant has demonstrated application of the avoidance and 
minimization standards; and 

iv. The standard buffer width shall not be reduced by more than 25 
percent for any stream or aquatic habitat.  

d. Interrupted Buffers. Where a legally established and constructed public 
roadway transects a riparian buffer, the Administrator may approve a 
modification of the standard buffer width to the edge of the roadway, 
provided the isolated part of the buffer provides insignificant biological, 
geological or hydrological buffer functions relating to the riparian area. 

e. In addition to applicable buffer standards presented in this subsection 
(5.E.1.), additional water quality protection provisions in Subsection 5.E.4. 
Marine and Estuarine Water Quality Zone Provisions apply to all lands 
adjacent to marine and estuarine waters. 

f. Buffer Exemption for Existing Manmade Canals. Manmade canals are 
exempt from the buffer provisions contained in this Section. Where 
wetlands are present adjacent to these canals, the provisions of Section 
4.E.7, Buffers for Wetlands Adjacent to Existing Manmade Canals, apply. 

e.  

2. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA 
other than Waters of the State as necessary to protect the ecological integrity, 
structure and functions of the resource from development induced impacts. 
Buffer widths shall reflect the sensitivity of the species or habitat present and the 
type and intensity of the proposed adjacent human use or activity, consistent 
with the following guidance. 

Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Areas with a primary association with endangered, 
threatened, and sensitive species 

For non-fish species, buffers shall be based on site-
specific conditions; management recommendations 
provided by the Washington State Department of 
Fish and Wildlife PHS Program, if applicable; and 
the recommendation of a Qualified Professional. 

Commercial and recreational shellfish areas; kelp 
and eelgrass beds; herring and smelt spawning 
areas 

Standard shoreline buffers apply, in addition to 
Marine and Estuarine Water Quality Protection 
Zone provisions (Section 5.D.6).  

State Natural Area Preserves and Natural 
Resource Conservation Areas 

In addition to the land within designated Natural 
Area Preserves and Natural Resource 
Conservation Areas, other critical area, the 
Administrator may impose a new buffer or increase 
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Fish and Wildlife Habitat Conservation Area Buffer Requirement 

the applicable buffer to ensure that proposed 
actions would not limit conservation of the property 
for its intended species or ecosystem preservation. 

Species and Habitats of Local importance The need for and dimensions of buffers for 
approved species and habitats of local importance 
shall be determined on a case-by-case basis by the 
Administrator according to adopted plans for the 
specific resource. 

2. Buffer Composition. 

a. Buffers shall remain in an undeveloped state and shall consist of an 
undisturbed area of native vegetation or restoration areas established to 
protect the integrity, functions, and values of the affected habitat.  Unless 
specifically permitted or exempted in this section or the SMP, all 
structures and activities shall be located outside of a fish and wildlife 
habitat conservation area and its associated buffer.   

b. No non-native vegetation shall be deliberately introduced into a buffer. 

3. Subdivisions. The subdivision and short subdivision of land in FWHCAs and 
associated buffers is subject to the following: 

a. Land that is located wholly within a FWHCA or its buffer may not be 
subdivided, with the exception of commercial shellfish grounds. 

b. Land that is located partially within a FWHCA or its buffer may be 
subdivided provided that the developable portion of each new lot and its 
access is located outside of the habitat conservation area or its buffer and 
meets the applicable zoning requirements. 

4. Marine and Estuarine Water Quality Protection Zone. 

a. Purpose. The purpose of the Marine and Estuarine Water Quality 
Protection Zone is to protect water quality conditions that support 
shellfish, kelp, eelgrass, herring, and smelt spawning areas.1 

b. Applicability.  

i. All property located within three hundred (300) feet landward from 
the OHWM1 of marine waters of the Pacific Coast or estuarine 

                                            
1 Defined per WAC 365-190-130, although kelp beds and smelt spawning areas are not known to be 
present in Pacific County waters. 
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waters of Willapa Bay falls within the Marine and Estuarine Water 
Quality Protection Zone.   

ii. For proposed developments that are located entirely outside of a 
critical area and its standard buffer, as described in Subsection 
5.D.1., but within the Marine and Estuarine Water Quality 
Protection Zone, additional standards in Subsections 5.D and 5.E 
do not apply.   

c. Protection Standards applicable within the Marine and Estuarine Water 
Quality Protection Zone.  The following protection standards apply within 
areas designated as the Marine and Estuarine Water Quality Protection 
Zone. 

i. The design of new and repair of on-site sewage systems shall 
incorporate  all known, available, and reasonable methods of 
prevention, control, and treatment (AKART) for microbial 
contaminants, consistent with standards of WAC 246-272A.     

ii. No reduction from the 100 foot horizontal separation standard 
between on-site septic system disposal components and surface 
water shall be approved for new septic systems. 

iii. On-site sewage system permit applications shall be held by the 
Pacific County Health Officer or his/her designee for evaluation 
during the high winter water table season, if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272 WAC, Pacific County On-Site 
Sewage System Regulations, and this Ordinance.  

iv. Applications for Preliminary Plat subdivisions, or for construction of 
any new office complex, school facility, industrial facility, or 
commercial building shall require preparation and submittal of a 
storm water collection, biofiltration, and disposal system designed 
by a Professional Engineer.  Infiltration of storm water shall be 
encouraged, except where the practice would be injurious or 
potentially injurious to the quality of ground water in designated 
Critical Aquifer Recharge Areas.  

v. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

                                                                                                                                       
1 The Highest Astronomical Tide elevation shall be used instead of the OHWM on the eastern side of 
the Long Beach Peninsula. 
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F. Additional Critical Area Report Requirements for Fish and Wildlife Habitat 
Conservation Areas 

1. When Required. A critical area report for fish and wildlife habitat conservation 
areas shall be required when a project area is located in or a distance equal to or 
less than the potential critical area buffer and building setback width of a fish and 
wildlife habitat conservation area. 

2. Additional Requirements: In addition to general requirements of Section 3.L, 
Critical Area Reports, critical area reports for fish and wildlife habitat 
conservation areas must meet the requirements of this subsection.  

a. Preparation by a Qualified Professional. A critical area report for a fish 
and wildlife habitat conservation area shall be prepared by a qualified 
professional biologist with experience preparing reports for the relevant 
type of habitat. 

b. Habitat Assessment. A critical area report for a habitat conservation area 
shall contain, at a minimum, the following information: 

i. A detailed description of vegetation on and adjacent to the project 
area and within the fish and wildlife conservation area and its 
associated buffer. 

ii. Identification of any endangered, threatened, or sensitive species 
that have a primary association with habitat on or adjacent to the 
project area. Identification of any habitats of local importance 
occurring on or adjacent to the site. 

iii. A discussion of any federal, state, or local special management 
recommendations, including Washington Department of Fish and 
Wildlife habitat management recommendations, that have been 
developed for species or habitats located on or adjacent to the 
project area, and a description of how the project employs with 
those recommendations.   

iv. A detailed discussion of the direct and indirect potential impacts on 
habitat by the project, including both site-specific and landscape-
scale impacts and impacts to water quality. 

c. Additional Information May Be Required. When appropriate due to the 
type of habitat or species present or the project area conditions, the 
county planner may also require the following: 

i. An evaluation by an independent qualified professional regarding 
the applicant’s analysis and the effectiveness of any proposed 
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mitigating measures or programs, to include any recommendations 
as appropriate; or 

ii. A request for consultation with the Washington Department of Fish 
and Wildlife or other appropriate agency or tribe. 

G. Additional Mitigation Requirements for Fish and Wildlife Habitat Conservation 
Areas 

1. Mitigation is required when a fish and wildlife habitat regulated under this section 
is temporarily or permanently affected as a result of project approval or activity.  
Mitigation is further required when a fish and wildlife habitat regulated under this 
section has been altered prior to project approval unless the alteration was not 
prohibited by law. 

2. On-site and in-kind mitigation is preferred so as to ensure, to the greatest extent 
practicable, that the plan results in mitigation for direct impacts resulting from the 
alteration. 

3. Off-site mitigation will be used only in those situations where on-site mitigation is 
not possible or where it is demonstrated that off-site mitigation would provide 
greater benefit to the affected species.  When off-site mitigation is allowed, it 
should occur within the same subbasin as the project impact. 

4. Contiguous Corridors. Mitigation sites shall be located and designed to the 
extent possible to preserve or achieve contiguous wildlife habitat corridors to 
minimize the isolating effects of development on habitat areas. 

5. Mitigation shall be completed prior to granting of temporary or final occupancy, or 
the completion or final approval of any development activity for which mitigation 
measures have been required. 

6. This subsection constitutes general rules which may be modified upon the 
recommendations of a qualified critical area professional as to the scope and 
nature of the mitigation which is needed to protect the habitat system, functions, 
and values at issue for the project. 
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SECTION 6. FREQUENTLY FLOODED AREAS 

A. Purpose 
The purpose of the frequently flooded areas section is to minimize public and private 
losses due to flood conditions in specific areas and to protect the functions and 
values of frequently flooded areas. 

B. Identification 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 
1. Those areas of special flood hazard identified by the Federal Emergency 

Management Agency (FEMA) in a scientific and engineering report entitled “The 
Flood Insurance Study for Pacific County and Incorporated Areas” dated May 18, 
2015, and any revisions thereto, with an accompanying Flood Insurance Rate 
Map (FIRM) dated May 18, 2015, or, and any revisions thereto; and those 
floodways and associated floodplains delineated by a comprehensive flood 
hazard management plan adopted by the Pacific County Board of County 
Commissioners, as being with the 100-year floodplain or having experienced 
historic flooding, are hereby adopted by reference and designated as frequently 
flooded areas subject to the provisions of this Ordinance.  

2. When base flood elevation data have not been provided (A and V zones) the 
Administrator, in consultation with the Pacific County Engineer, shall obtain, 
review, and reasonably utilize any base flood elevation and floodway data, 
including historical flooding data, available from a federal, state, or other source. 
If such documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under this 
Ordinance shall provide a flood hazard study prepared by a qualified critical area 
professional Licensed Hydrologist or Professional Engineer assessing the extent 
of the 100-year floodplain, which shall be subject to approval by the County 
Engineer. 

C. Protection Standards 
All development within designated frequently flooded areas shall comply with the 
Pacific County Flood Damage Prevention Ordinance No. 167, codified as Chapter 
15.08 PCC, as now or hereafter amended; and/or the Pacific County Shoreline 
Master Program, as now or hereafter amended. 
1. Livestock management. 

a. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

Commented [TB62]: CAO TAC comment: Perhaps the 
extent as well as the historical data? Taken out of old CAO. 
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b. New construction or expansions of existing manure storage facilities must 
be elevated above the base flood elevation and located in areas that are 
least subject to flooding. 
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SECTION 7. CRITICAL AQUIFER RECHARGE AREAS 

A. Purpose 

The purpose of this section is to establish protection measures for aquifers that are 
susceptible to contamination due to physical (hydrogeologic) factors.  In particular, 
this section manages recognized vulnerabilities of the Long Beach Peninsula 
aquifer, as described in the U.S. Geological Survey Report on Ground-Water Flow 
and Water Quality in the Sand Aquifer of Long Beach Peninsula, Washington 
(Blakemore 1995).  

B. Identification 

Aquifer recharge areas are those areas with geologic and hydrologic conditions that 
promote rapid infiltration of recharge waters to groundwater aquifers. The following 
classifications define critical aquifer recharge areas. 

1. For the purposes of this Ordinance, any land within Pacific County that contains 
the following soil types as listed in the Soil Survey of Grays Harbor County Area, 
Pacific County, and Wahkiakum County, Washington, 2003, Soil Conservation 
Service, USDA, is designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 

132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2. Special aquifer recharge protection areas include: 

a. Sole-source aquifers designated by the U.S. Environmental Protection 
Agency in accordance with the Safe Drinking Water Act of 1974 (Public 
Law 93-523); 

b. Special protection areas designated by the Washington Department of 
Ecology under Chapter 173-200-090 WAC; 
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c. Wellhead protection areas determined in accordance with delineation 
methodologies specified by the Washington Department of Health under 
authority of Chapter 246-290 WAC; and 

d. Groundwater management areas designated by the Washington 
Department of Ecology in cooperation with local government under 
Chapter 173-100 WAC. 

C. Protection Standards 

1. New Development Prohibitions. The following types of new development shall 
not be permitted within designated critical aquifer recharge areas: 

a. Solid waste landfills; 

b. Septage application; 

c. Underground storage of heating oil in excess of 1,100 gallons for 
consumptive use on the parcel where stored; 

d. Creosote manufacturing or treatment;  

e. Chemical manufacture or reprocessing of any extremely hazardous waste 
as defined by RCW 70.105.010(6) and listed in Chapter 173-303 WAC; 

f. Mining of any type below the water table; 

g. Processing, storage, and disposal of radioactive substances; and 

h. Dry cleaning; 

i. Auto wrecking facilities; 

j. Hazardous Waste Transfer Treatment & Treatment; 

k. Hydrocarbon extraction. 

2. Development Standards. 

a. Lots in new subdivisions and new short subdivisions in critical aquifer 
recharge areas outside of Urban Growth Areas shall require a minimum 
net land area of one acre when gravity on-site septic systems are 
proposed, thirty thousand (30,000) square feet when pressure distribution 
or equivalent treatment systems are proposed, and fifteen thousand 
(15,000) square feet or equivalent when sand filter or equivalent treatment 
is proposed. For the purposes of this section "net lot area" shall mean the 
total lot area minus areas covered by surface water lying water-ward of 
the ordinary high water mark, and those areas contained within rights of 
way, and road and/or utility easements. 
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b. New and/or repair of on-site sewage systems in critical aquifer recharge 
areas on existing lots of less than one net acre in size shall be designed 
by a Licensed Designer , Registered Sanitarian, or Professional Engineer, 
and shall consist of a pressure distribution drainfield system, and shall 
meet the requirements of Chapter 246-272A WAC, On-Site Sewage 
Systems. 

c. On-site sewage system permit applications in critical aquifer recharge 
areas may be held by the Health Officer for evaluation during the high 
winter water table season (December - February), if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272A WAC and any Pacific County 
Ordinance pertaining to on-site sewage disposal. 

d. New subdivisions and new short subdivisions in critical aquifer recharge 
areas shall require a storm water collection, treatment, and disposal 
system designed by a Professional Engineer and approved by the County 
Engineer. This requirement does not apply to short subdivisions in which 
each lot is at least one acre in size. 

e. New development in areas of existing wells shall remove any abandoned 
wells present in the area of development using approved well 
abandonment methods as defined in WAC 173-160. 

D. Additional Critical Area Report Requirements for Critical Aquifer Recharge 
Areas. 

1. When Required. A person seeking the following types of new construction 
activities within a critical aquifer recharge area is responsible for preparing a 
critical area report for critical aquifer recharge areas: 

a. Industrial and commercial agricultural facilities applying fertilizers or 
pesticides in excess of agronomic rates; 

b. Golf courses or other recreational or institutional facilities that involve 
extensive turf cultivation or maintenance; 

c. Above ground storage tanks, with the exception of water tanks; 

d. Industrial or commercial facilities that, when completed, will use, store, or 
handle dangerous wastes in quantities in excess of five (5) gallons or 
twenty-five (25) pounds or more of any one substance, or in aggregate 
quantities of twenty (20) gallons or 100 pounds or more of all dangerous 
wastes; 

e. Fossil fuel exploration or development;  
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f. Commercial underground storage tanks in excess of 1,100 gallons; and 

g. Subdivision of land into more than four lots.  

2. Report Contents. In addition to the critical area report requirements of subsection 
3.L of this Ordinance, the report shall include the following information: 

a. A detailed description of the project including all processes and other 
activities which have the potential for contaminating groundwater; and 

b. A hydrogeologic evaluation that includes, at a minimum, a description 
and/or evaluation of the following: 

i. Site location, topography, drainage, and surface water bodies; 

ii. Soils and geologic units, underlying the site; 

iii. Ground water characteristics of the area, including flow direction, 
gradient, and existing groundwater quality; 

iv. The location and characteristics of wells and springs within 300 feet 
of the perimeter of the property; 

v. An evaluation of existing on-site groundwater recharge; and 

vi. An evaluation of the potential impact of the proposal on 
groundwater quantity and quality, both short and long term, based 
on an assessment of the cumulative impacts of the proposal in 
combination with existing and potential future land use activities. 

3. Qualifications of Report Preparers. Critical area reports for critical aquifer 
recharge areas shall be prepared by a Professional Engineer registered by the 
State of Washington, and trained and qualified to analyze geologic, hydrologic, 
and ground water flow systems, or by a geologist or hydrogeologist who has 
received a degree from an accredited four-year college or university and who has 
relevant training and experience in analyzing geologic, hydrologic, and ground 
water flow systems. Such qualifications shall be demonstrated to the satisfaction 
of the Administrator. 
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SECTION 8. GEOLOGICALLY HAZARDOUS AREAS 

A. Purpose 

The purpose of this section is to minimize hazards to the public from development 
activities on or adjacent to areas of geological hazard. Geologically hazardous areas 
include the following: erosion hazard areas; landslide hazard areas; seismic hazard 
areas; mine hazard areas; and tsunami hazard areas. 

B. Identification 

1. Erosion Hazard Areas. Erosion hazard areas are those areas meeting any of the 
following criteria:   

a. Areas identified by the U.S. Department of Agriculture’s Natural 
Resources Conservation Service Soil Survey Map as having a “severe” or 
“very severe” erosion hazard (Off-trail, Off-road).  

b. Shoreline Erosion Hazard Areas 

i. Areas mapped as Coastal High Hazard Areas (Zones V and VE) in 
the digital Flood Insurance Rate Map (dFIRM) adopted May 18, 
2015, as amended.   

ii. Areas within the North Cove “Wash-Away” Beach erosion hazard 
area. 

iii. Areas within a mapped channel migration zone.  

2. Landslide Hazard Areas. Landslide hazard areas are those areas meeting any of 
the following criteria: 

a. Areas of historic failure, such as areas designated as quaternary slumps, 
earthflows, mudflows, or landslides on maps published as the United 
States Geological Survey or Department of Natural Resources Division of 
Geology and Earth Resources. 

b. Those areas mapped by the Washington State Department of Natural 
Resources (slope stability mapping) as unstable (U or class 3), unstable 
old slides (UOS or class 4), or unstable recent slides (URS or class 5). 

c. Any area with all of the following characteristics: 

i. A slope greater than fifteen percent (15%); 
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ii. Hillsides intersecting geologic contacts with a relatively permeable 
sediment overlying a relatively impermeable sediment or bedrock; 
and 

iii. Springs or groundwater seepage. 

d. Slopes that are parallel or sub-parallel to planes of weakness (such as 
bedding planes, joint systems, and fault planes) in subsurface materials. 

e. Slopes having gradients greater than eighty percent (80%) subject to rock 
fall during seismic shaking. 

f. Areas of unstable soils as a result of stream incision and stream bank 
erosion, or undercutting by wave action. The Administrator may require a 
site-specific survey conducted by a qualified professional to determine 
presence or absence of an erosion hazard area adjacent to a stream, 
lake, or other shoreline.    

g. Areas located in a canyon or on an active alluvial fan, presently or 
potentially subject to inundation by debris flows or catastrophic flooding. 

h. Any area with a slope of forty percent (40%) or steeper and with a vertical 
relief of ten (10) or more feet except areas composed of solid rock. A 
slope is delineated by establishing its toe and top and measured by 
averaging the inclination over at least ten (10) feet of vertical relief. 

3. Mine Hazard Areas. Mine hazard areas are those areas within one hundred 
(100) horizontal feet of a mine opening at the surface. 

4. Seismic Hazard Areas. For the purposes of this Ordinance, the entire County is 
designated as a seismic hazard area. 

5. Tsunami Hazard Areas. Tsunami hazard areas are shoreline or coastal areas 
susceptible to flooding and inundation as the result of excessive wave runup 
action derived from seismic or other geologic events, as mapped by the best and 
most current available information.  

a. The Washington Department of Natural Resources mapped modeled 
tsunami inundation from a Cascadia Subduction Zone Earthquake for 
Washington State. The map covering the Pacific County shoreline is 
Tsunami Hazard Map of the Southern Washington Coast, Walsh et al. 
20001.  

                                            
1 Walsh, T, C. Caruthers, A. Heinitz, E. Myers III, A. Baptista, G. Erdakos, and R. 
Kamphaus.  2000. Tsunami Hazard Map of the Southern Washington Coast:  
Modeled Tsunami Inundation from a Cascadia Subduction Zone Earthquake. 
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b. Venturato et al. (2007)1 completed a more detailed study of the effects of 
a Tsunami on the Long Beach Peninsula.  

b.  

C. Protection Standards 

1. General Development Standards. 

a. Alterations of geologically hazardous areas or associated buffers shall 
only occur for activities that: 

i. Will not increase the threat of the geological hazard to adjacent 
properties beyond pre-development conditions; 

ii. Will not adversely impact other critical areas; 

iii. Are designed so that the erosion, landslide, or mine hazard to the 
project is eliminated or mitigated to a level equal to or less than 
pre-development conditions; and 

iv. Where required by this Section or other county regulations, are 
certified as safe as designed and under anticipated conditions by a 
qualified engineer or geologist, licensed in the state of Washington. 

b. Critical facilities shall not be sited within or below geologically hazardous 
areas unless there is no other practical alternative. 

2. Development Standards for All Erosion Hazard Areas 

a. Land disturbing activities in erosion hazard areas shall provide for storm 
water quality and quantity control, including preparation of a temporary 
erosion and sediment control plan and permanent drainage plan. 

b. Timing of Ground Disturbance. Clearing on an erosion hazard area shall 
be limited to the dry season (May 1-October 15) to the extent feasible. If 
wet season operations are necessary, the applicant shall provide erosion 
and sedimentation control plan prepared by a professional engineer 
licensed in the State of Washington that identifies methods of erosion 
control for wet weather conditions.  

c. The erosion and sediment control plan shall provide for protection of 
disturbed surfaces using Best Management Practices (BMP) such as 

                                            
1 Venturato, A. D. Arcas, U. Kanoglu. 2007. Modeling Tsunami Inundation from a 
Cascadia Subduction Zone Earthquake for Long Beach and Ocean Shores, 
Washington. 
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sediment traps, check dams, stabilized construction entrances, storm inlet 
protection, silt fencing, mulching or other effective means of soil 
protection.  

d. Runoff from activities subject to a development permit shall be properly 
controlled to prevent erosion.  

3. Additional Development Standards for Shoreline Erosion Hazard Areas  

a. Setbacks. The foundation of any new or expanded structure shall be 
located at a distance landward of the top of slope and/or ordinary high 
water mark that is greater than or equal to the amount of land that is 
expected to erode within the next fifty (50) years as determined by a 
critical areas report. 

b. Recreational vehicle usage in a shoreline erosion hazard area and its 
setback is permitted if otherwise allowed by law.  

c. New or replacement permanent on-site sewage disposal systems, 
including drain fields, shall be prohibited within shoreline erosion hazard 
areas and associated setbacks (portable toilets may be used where 
permanent septic systems are not allowed). 

d. The property owner shall be responsible for ensuring that all sewage is 
removed from a septic tank that is at imminent risk (within 1 year) of 
collapse. 

e. Subdivisions. The division of land in shoreline erosion areas and setbacks 
is subject to the following: 

i. Land that is located wholly within a shoreline erosion hazard area 
or its setback may not be subdivided. Land that is located partially 
within a shoreline erosion hazard area or its setback may be 
divided provided that each resulting lot has sufficient buildable area 
outside of, and will not affect, the shoreline erosion hazard area or 
its setback. 

ii. Access roads and utilities may be permitted within the shoreline 
erosion hazard area and associated setback if the Administrator 
determines that no other feasible alternative exists. 

4. Development Standards for Landslide Hazard Areas 

a. In addition to the provisions below, standards applicable to all erosion 
hazard areas as provided in subsection C.2 above shall also apply to 
landslide hazard areas. 
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b. Buffers. A no-touch buffer shall be established from all edges of landslide 
hazard areas. The buffer shall be intended to minimize the risk of property 
damage, death, or injury resulting from landslides, and to maintain 
ecological functions associated with erosion processes.   

i. The minimum buffer shall be equal to the height of the slope or fifty 
(50) feet, whichever is greater. 

ii. The buffer may be reduced to a minimum of ten (10) feet when a 
qualified professional demonstrates that the reduction will 
adequately protect the proposed development, adjacent 
developments and uses, and adjacent critical areas, including 
sediment transport processes to adjacent waterbodies. 

iii. The buffer shall be increased where a larger buffer is necessary to 
prevent risk of damage to proposed and existing development over 
the next fifty (50) years or to maintain sediment transport 
processes to adjacent waterbodies. 

c. Vegetation Retention. Unless otherwise provided or as part of an 
approved alteration, removal of vegetation from a landslide hazard area or 
related buffer shall be prohibited. When permitted as part of an approved 
alteration, vegetation removal shall be minimized to the extent practicable. 

d. On-site sewage disposal systems, including drain fields, shall be 
prohibited within landslide hazard areas and related buffers. 

e. Clearing and Grading. 

i. Clearing, grading, and other construction activities shall not 
aggravate or result in slope instability or surface sloughing. 

ii. Vegetation and organic soil material shall be removed from a fill 
site prior to the placement of clean earthen material. 

iii. No dead vegetation (slash), fill, or other foreign material shall be 
placed within a landslide hazard area, other than that approved for 
bulkheads or other methods of stream bank stabilization, unless a 
geotechnical report shows that the activity will not exacerbate 
geological hazards. 

iv. Ground disturbance shall be minimized to the extent practicable. 

v. Vegetative cover shall be re-established on any disturbed surface 
to the extent practicable. 
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vi. To the extent practicable, disturbed surfaces shall be stabilized 
with appropriate materials when future erosion is likely. 

f. Drainage.  

i. Surface drainage, including downspouts, shall not be directed 
across the face of a landslide hazard area; if drainage must be 
discharged from the top of a hazard area to its toe, it shall be 
collected above the top and directed to the toe by tight line drain, 
and provided with an energy dissipative device at the toe for 
discharge to a swale or other acceptable natural drainage areas; 
and 

ii. Stormwater retention and detention systems, including percolation 
systems utilizing buried pipe, may be used if a geotechnical 
assessment indicates such a system shall not affect slope stability 
and the system is designed by a licensed civil engineer; the 
licensed civil engineer shall also certify that the system is installed 
as designed. 

g. Subdivisions. The division of land in landslide hazard areas and 
associated buffers is subject to the following: 

i. Land that is located wholly within a landslide hazard area or its 
buffer may not be subdivided. Land that is located partially within a 
landslide hazard area or its buffer may be divided provided that 
each resulting lot has sufficient buildable area outside of, and will 
not affect, the landslide hazard area or its buffer. 

ii. Access roads and utilities may be permitted within the landslide 
hazard area and associated buffer if the Administrator determines 
that no other feasible alternative exists. 

h. Design Standards. 

i. Structures and improvements shall minimize alterations to the 
natural contour of the slope, and foundations shall be tiered where 
possible to conform to existing topography. 

ii. Structures, improvements, and access shall be located to preserve 
the most critical portion of the site and its natural landforms and 
vegetation. 

iii. The proposed development shall not result in greater risk or a need 
for increased buffers on neighboring properties. 

i. Proposals may be exempt from the development standards in this 
subsection through approval by the Administrator if a geotechnical 
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analysis, performed by a qualified professional, demonstrates that the 
proposed development will not cause any increased risk to life or property 
or create any significant adverse environmental impacts. 

5. Development Standards for Mine Hazard Areas. Development within a mine 
hazard area is prohibited. 

6. Development Standards for Seismic and Tsunami Hazard Areas. All 
development within areas that meet the identification criteria for seismic or 
tsunami hazard areas shall comply with the model codes as approved and 
adopted by the State Building Code Council, together with any amendments or 
additions. 

D. Additional Critical Area Report Requirements for Geologically Hazardous 
Areas. 

1. When Required. A critical area report shall be required for the following activities:  

a. Alterations to Shoreline Erosion Hazard Areas.  New construction, 
including, but not limited to new on-site sewer and new shoreline 
stabilization measures.  

b. Alterations to Landslide Hazard Areas.  New construction, grading, land 
clearing, or Class IV forest conversion within a landslide hazard area or its 
buffer.  

2. Qualified Professional. A critical area report for a geologically hazardous area 
shall be prepared by an engineer or geologist, licensed in the state of 
Washington, with experience analyzing geologic, hydrologic, and groundwater 
flow systems, and who has experience preparing reports for the relevant type of 
hazard. 

3. Geological Hazards Assessment. In addition to the critical area report 
requirements of subsection 3.L, a critical area report for a geologically hazardous 
area shall contain a geological hazards assessment, including, at a minimum, 
the following information: 

a. An assessment of the geologic characteristics of the soils, sediments, 
and/or rock of the project area and potentially affected adjacent 
properties, and a review of the site history regarding landslides, erosion, 
and prior grading. Soils analysis should be accomplished in accordance 
with accepted classification systems. 

b. A hazards analysis including a detailed description of the project, its 
relationship to the geologic hazard(s), and its potential impact upon the 
hazard area, the subject property, and affected adjacent properties. 
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c. A recommendation for the minimum no-disturbance buffer and minimum 
building setback from any geologic hazard. 

4. Mitigation of Long-Term Impacts. When a geological hazards assessment 
indicates that hazard mitigation is required, a mitigation plan shall specifically 
address how the activity maintains or reduces the pre-existing level of risk to the 
site and adjacent properties on a long-term basis equal to or exceeding the 
projected lifespan of the activity or occupation. 
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SECTION 9. AGRICULTURAL LANDS 

A. Purpose 

The purpose of this section is to conserve agricultural land of long-term commercial 
significance and protect other agricultural land. 

B. Identification 

1. Agricultural Land of Long-Term Commercial Significance. Agricultural land of 
long-term commercial significance includes all land that is devoted to the 
production of aquaculture, cranberries, and/or other bog related crops. These 
areas are zoned as Agricultural District (AG) and are subject to the provisions of 
Chapter 18.28 PCC. 

2. Agricultural Land of Local Importance. Agricultural land of local importance 
includes any diked tideland as listed under soil type nos. 104 and 147 in the Soil 
Survey of Grays Harbor County Area, Pacific County, and Wahkiakum County, 
Washington, 2003, Soil Conservation Service, USDA, that is involved in existing 
and ongoing agricultural activities on the date this Ordinance become effective. 

C. Prohibition against Other Uses 

1. Agricultural Land of Long-Term Commercial Significance. Land that is 
designated as agricultural land of long-term commercial significance on the date 
this Ordinance becomes effective and land that subsequently meets the 
definition of agricultural land of long-term commercial significance shall not be 
used for any other purpose than agriculture. 

2. Agricultural Land of Local Importance. Agricultural land of local importance may 
continue to be used for agricultural activities, including uses pertaining to related 
structures, such as barns and loafing sheds, and may be used for the continued 
occupation of dwelling units in existence on the date this Ordinance becomes 
effective. Any such dwelling units may be replaced, altered, or expanded 
provided that such replacement, expansion, or alteration does not result in an 
increase in the number of dwelling units on the specific parcel which is within 
agricultural land of local importance. Any modification of the sewage disposal 
system must comply with State and Pacific County Board of Health rules. 
Agricultural land of local importance may not be converted to non-agricultural 
uses, activities, and structures, such as the subdivision of land and the 
development of recreation facilities. Subject to the compliance with other 
requirements of law, nothing within this Ordinance prevents the conversion of 
agricultural land of local importance back to tidal land that would be inundated by 
the natural ebb and flow of tidal waters. 
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D. Protection Standards 

  All structures within parcels adjacent to or abutting agricultural land shall maintain 
a minimum setback of (1) one hundred (100) feet from property lines, except for 
structures not requiring building permits, (2) one hundred (100) feet for all wells, 
and (3) two hundred (200) feet for springs; however, the Administrator may reduce 
the setback if the requirements of subsection 3.I, Variance, are met and the 
person requesting the administrative variance records an agricultural easement for 
the benefit of the abutting agricultural land, and grants a right to all normal and 
customary agricultural practices in accordance with Best Management Practices. 
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SECTION 10. FOREST LANDS 

A. Purpose 

The purpose of this section is to conserve productive forest land. Nothing within this 
section shall be construed in a manner inconsistent with Chapter 76.09 RCW and 
Title 222 WAC. 

B. Identification 

1. General. Forest land is land that is not already characterized by urban growth 
and that is significant for the commercial production of timber and forest 
products. 

2. Classification. 

a. Forest Land of Long-Term Commercial Significance. Forest land of long-
term commercial significance means any land designated on the map of 
Pacific County Forest Land as forest land of long-term commercial 
significance (see Exhibit A). These areas are zoned Commercial Forestry 
District (FC) and are subject to the provisions of Chapter 18.16 PCC. 

b. Transitional Forest Land. Transitional forest land means any land 
designated on the map of Pacific County Forest Land as transitional forest 
land (see Exhibit A). These areas are zoned Transitional Forest Land 
District (FT) and are subject to the provisions of Chapter 18.20 PCC. 

C. Protection Standards 

1. Protection Standards for Forest Land of Long-Term Commercial Significance. 

a. Setbacks. All structures within lands adjacent to or abutting forest land of 
long-term commercial significance shall maintain a minimum setback of 
(1) one hundred (100) feet from property lines, except for structures not 
requiring building permits, (2) one hundred (100) feet for all wells, and (3) 
two hundred (200) feet for springs and uses and activities provided under 
subsection 12.B.; however, the Administrator may reduce the setback if 
the requirements of 3.I, Variance, are met and the person requesting the 
administrative variance records a forestry easement for the benefit of the 
abutting forest land of long-term commercial significance, and grants a 
right to all normal and customary forestry practices in accordance with 
Best Management Practices. 

b. Water Supply. 

i. When residential dwellings, other structures, or any other use is 
supplied with water from off-site sources, an easement and right 
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running with the land shall be recorded from the property owners 
supplying the water prior to final plat approval, building permit 
issuance, or regulated use approval. 

ii. Due to the potential to disrupt forest practices on forest land, new 
residential or recreational public water supplies shall comply with 
State standards and shall not be located within one hundred (100) 
feet of forest land of long-term commercial significance without an 
easement from the adjacent or abutting property owner. 

c. Access. No permit from Pacific County shall imply any permanent 
vehicular access to residential properties across non-owned land. 

d. Surveys. Land surveys or other boundary line determinations shall be 
required in conjunction with the issuance of a building permit on property 
subject to the setback requirements set forth in this subsection to 
demonstrate compliance with the required setback. 

2. Protection Standards for Transitional Forest Land. 

a. Setbacks. All residences and commercial/industrial buildings within 
transitional forest land shall maintain a minimum setback of two hundred 
(200) feet from the ordinary high water mark of Willapa Bay. 
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SECTION 11. MINERAL LANDS 

A. Purpose 

The purpose of this section is to conserve mineral lands of long-term commercial 
significance. 

B. Identification 

1. General. Mineral land is land that has long-term significance for the extraction of 
minerals. 

2. Classification. 

a. Mineral land means any area in Pacific County presently covered under a 
valid Washington State Department of Natural Resources (DNR) surface 
mining permit and any beach area where sand is removed for commercial 
purposes. 

b. Any other area shall be classified as mineral land when a surface mining 
permit is granted by the DNR. 

C. Permitted Uses 

1. Primary Uses. The following primary uses are allowed: 

a. Quarrying and mining of minerals or material, including, but not limited to, 
sand, gravel, rock, clay, coal, and valuable metallic and non-metallic 
substances; 

b. The exploitation, primary reduction, treatment, and processing of minerals 
or materials, together with the necessary buildings, structures, apparatus, 
or appurtenances on said property where at least one of the major mineral 
or material constituents being exploited is from said property, including, 
but not limited to, concrete batching, asphalt mixing, brick, tile, terra cotta, 
concrete products, manufacturing plants, rock crushers, and the use of 
accessory minerals and materials from other sources necessary to 
convert the minerals and materials to marketable products; 

c. Agricultural crops, open field grown, stock grazing, and the harvesting of 
any wild crop such as marsh hay, ferns, moss, berries, etc. which may 
coexist with mineral extraction activities within a common ownership; 

d. Existing surface mining operations, operating under the authority of the 
Washington State Surface Mining Act, Chapter 78.44 RCW; 

e. Mining-related activities and structures; 
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f. The maintenance of gas, electric, water, communication, and public utility 
facilities; and 

g. Legal residences existing on the date this Ordinance become effective 
and any accessory uses, including home occupations associated with 
such residences. 

2. Accessory Uses. The following accessory uses are allowed outright where 
directly connected with and in aid of a mining activity: 

a. One single-family dwelling unit per contiguous ownership or one single-
family dwelling unit per five (5) acres of contiguous ownership, whichever 
is the lesser acreage. The lot size/density requirement shall not apply to 
commercial sand removal from beach areas; 

b. Home occupations associated only with mining related activities; 

c. Buildings accessory to a single-family dwelling or mobile home; 

d. Storage of explosives, fuels, and chemicals used for agriculture, mining, 
and forestry subject to all applicable local, state, and federal regulations; 
and 

e. Watershed management facilities including, but not limited to, diversion 
devices, impoundments, dams for flood control, fire control, stock 
watering, and hydroelectric generating facilities, when associated with a 
permitted use or structure. 

3. Incidental Uses. 

a. Required Elements. Incidental uses are permitted where the following 
elements are found: 

i. The use will not significantly affect the overall productivity of the 
mining activity; 

ii. The use is secondary to the principal activity of mining; and 

iii. The use is sited to avoid prime lands where practicable and 
otherwise minimizes the impact to mineral land of long-term 
commercial significance. 

b. Uses Allowed as Incidental Activities. 

i. The growing and harvesting of forest products, the operation of 
portable sawmills and chippers and activities and structures 
incidental to each, and accessory facilities including, but not limited 
to scaling and weight stations, temporary crew quarters, storage 
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and maintenance facilities, residue storage and disposal areas, and 
other uses and facilities involved in the harvesting and commercial 
production of forest products which may coexist with mineral 
extraction activities within a common ownership. 

ii. Public and semi-public buildings, structures, and uses including, 
but not limited to, fire stations, utility substations, pump stations, 
and wells. 

iii. Commercial extraction and processing of oil, gas, and geothermal 
resources. 

iv. Permanent saw mills, shake and shingle mills, plywood mills, green 
veneer plants, particle board plants, other products manufactured 
from wood residues, chippers, pole yards, log sorting and storage, 
buildings for debarking, and drying kilns and equipment. 

v. Structures for agriculture, floriculture, horticulture, general farming, 
dairy, the raising, feeding, and sale or production of poultry, 
livestock, fur bearing animals, honeybees, including feeding 
operations, Christmas trees, nursery stock, floral vegetation, and 
other uses accessory to farming and animal husbandry. 

vi. Forestry, environmental, and natural resource research facilities. 

vii. Telecommunication facilities and electrical transmission lines. 

4. Critical Facilities. Critical facilities are permitted on mining land of long-term 
commercial significance where: 

a. They are identified in an adopted plan of a public agency or regulated 
utility; and 

b. The potential impact on mineral lands is specifically considered in the 
siting process. 

D. Protection Standards 

1. Standards for Existing Permits. All mining sites for which state or federal mining 
permits are required and which are subject to this Ordinance shall be subject to 
the conditions of those permits. 

2. Minimum Density and Lot Area. Prior to full utilization of a designated Mineral 
Land mineral resource potential, subdivisions, short subdivisions, and other 
parcel segregations below five (5) acres are prohibited. This lot size/density 
requirement shall not apply to commercial sand removal from beach areas. 

3. Setbacks. 
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a. Within Designated Mineral Lands. Mining operations which are operating 
under valid state or federal surface mining permits shall use the setback 
and/or buffer standards contained within any reclamation plan required 
pursuant to the state or federal laws pertaining to mining land reclamation. 

b. Within Lands Abutting Mineral Lands. Structures requiring a building 
permit shall maintain a minimum one hundred (100) foot setback from the 
boundary of any designated Mineral Land. 
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SECTION 12. NOTICE ON TITLE FOR RESOURCE LANDS 

A. Applicability 

The provisions of this section apply to development proposed on property on or 
within 500 feet of agricultural land, forest land, and mineral land.  

B. Notice on Title for Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site within agricultural land, forest land, or mineral land shall 
record a title notice with the Pacific County Auditor when a development activity 
covered under this Chapter is submitted. The notice shall be notarized and shall 
be recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

 [Agricultural/Forest/Mineral] Lands Area Title Notification 

 Parcel Number: 

 Parcel Address: 

NOTICE: This parcel lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

2. Land Division Notification. The owner(s) of any site classified as resource land, 
on which a subdivision, short subdivision, or other parcel segregation is 
approved, shall record a notice on the face of the plat or short plat and shall 
record a notice along with any other document filed with the Pacific County 
Auditor. Such notification shall be in the form as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
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as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

 Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that all permits 
issued for regulated activities within designated resource lands contain a notice 
as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

C. Notification on Title for Property Adjacent to Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site adjacent to designated resource lands shall record a 
title notice with the Pacific County Auditor when a development activity covered 
under this section is submitted. The notice shall be notarized and shall be 
recorded prior to approval of any development proposal for the site. Such 
notification shall be in the form as set forth below. 

Land Adjacent to Resource Lands Title Notification 

Parcel Number: 

Parcel Address: 

 NOTICE: This parcel lies within 500 feet of land designated as 
resource land by Pacific County. A variety of commercial or industrial 
activities occur in the area that may be inconvenient or cause 
discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
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lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

2. Land Division Notification. The owner(s) of any site adjacent to designated 
resource lands on which a subdivision, short subdivision, or other parcel 
segregation is approved, shall record a notice on the face of a final plat or short 
plat and shall record a notice along with any other document filed with the Pacific 
County Auditor. Such notification shall be in the form as set forth below.  

NOTICE: This property lies within 500 feet of land designated as 
resource lands by Pacific County. A variety of commercial and 
industrial activities occur in the area that may be inconvenient or 
cause discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

 Signature(s) of Owner(s) 

 (NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that 
permits issued for regulated activities within 500 feet of land classified as 
agricultural land, forest land, and mineral land contain a notice as set 
forth below. 

NOTICE: This property lies within 500 feet of land designated as resource land 
by Pacific County. A variety of commercial and industrial activities occur in the 
area that may be inconvenient or cause discomfort to area residents. This may 
arise from the use of chemicals; or from spraying or extraction, which 
occasionally generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource lands, and 
residents of adjacent property should be prepared to accept such 
inconveniences or discomfort from normal, necessary commercial resource 
lands operations. 
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SECTION 1. GENERAL PROVISIONS 

A. Statement of Authority 

This Ordinance is established pursuant to RCW 36.70A.060 and RCW 36.70A.170. 

B. Statement of Purpose 

The purpose of this Ordinance is to define, identify, and protect critical areas and 
resource lands as required by the Growth Management Act of 1990 (Chapter 17, 
Laws of 1990), as amended. 

C. Statement of Policy 

1. It is a policy of Pacific County that the beneficial functions, and structure, and 
values of critical areas and resource lands be protected as identified in this 
Ordinance, and further that potential dangers or public costs associated with 
inappropriate use of such areas be minimized by reasonable regulation of uses 
within, adjacent to, or directly affecting such areas. Reasonable regulation shall 
be achieved by the balancing of individual and collective interests. Best 
available science shall be used in the administration of this Ordinance. 

2. Requirements of this Ordinance shall not remove a person’s obligation with 
respect to the applicable provisions or any other Federal, State, or local law or 
regulation, including, but not limited to, the acquisition of any other required 
permit or approval. 

D. Coordination with Other County Ordinances 

The development regulations for critical areas and resource lands, as set forth in 
this Ordinance, shall be reviewed during consideration of the adoption of any land 
use development regulations. 

E. Savings and Severability 

If any provision, or portion thereof, contained in this Ordinance is held to be 
unconstitutional, invalid, or unenforceable, said provisions, or portion(s) thereof, 
shall be deemed severed and the remainder of this Ordinance shall not be affected 
and shall remain in full force and effect. 
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SECTION 2. DEFINITIONS 
2.1 Adjacent 

“Adjacent” means within a radius of five hundred (500) feet from the exterior 
boundaries of designated resource lands and critical areas. 

2.2 Administrator 
“Administrator” means the Director of the Department of Community 
Development or his or her designee(s). 

2.3 Agricultural Activities, Existing and Ongoing 
“Existing and ongoing agricultural activities” means those activities conducted on 
lands defined in RCW 84.34.020(2), and those activities involved in the 
production of crops and/or raising or keeping livestock. Agricultural activities 
include associated activities, including the operation and maintenance of farm 
and stock ponds, drainage ditches, operation and maintenance of ditches, 
irrigation systems including irrigation laterals, canals, or irrigation drainage 
ditches, and normal operation, maintenance, and repair of existing serviceable 
agricultural structures, facilities, or improved areas, and the practice of 
aquaculture. Agricultural activities include, but are not limited to aquaculture, 
growing mint, bulb farming, haying, growing blueberries, cranberries, hybrid 
poplars, Christmas trees, and other nursery and horticultural activities which may 
involve up to a ten-year rotation, not otherwise classified as a forest practice. To 
ensure preservation of agricultural land, the ability to switch from one crop or 
activity to another to meet market forces is essential and shall be considered 
"existing and ongoing agricultural" use when such conversions occur. Further, 
land devoted to agricultural purposes shall be considered existing and ongoing 
even if in-between crop activities are limited to haying or grazing. Forest 
practices regulated under Chapter 76.90 RCW and Title 222 WAC are not 
included in this definition. 

2.4 Agricultural Land 
“Agricultural land” means any land which contains existing and ongoing 
agricultural activities, or which is classified as agricultural land of long-term 
commercial significance or agricultural land of local importance. 

2.5 Agricultural Land of Local Importance 
“Agricultural land of local importance” includes any diked tidelands as listed 
under soil type nos. 104 and 147 in the Soil Survey of Grays Harbor County 
Area, Pacific County, and Wahkiakum County, Washington, 1986, Soil 
Conservation Service, USDA, that is involved in existing and ongoing agricultural 
activities on the date this Ordinance became effective. 

2.6 Agricultural Land of Long-Term Commercial Significance 
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“Agricultural land of long-term commercial significance” means all land that is 
devoted to the long-term commercial production of aquaculture, cranberries, 
and/or other bog related crops. 

2.7 Best Available Science 
“Best available science” means current scientific information used in the process 
to designate, protect, or restore critical areas, that is derived from a valid 
scientific process as defined by WAC 365-195-900 through 925. 

2.8 Best Management Practices 
“Best Management Practices” means conservation practices or systems of 
practices and management measures that: 

(1) Control soil loss and reduce water quality degradation; and 

(2) Minimize adverse impacts to surface water and ground water flow, 
circulation patterns, and to the chemical, physical, and biological 
characteristics of wetlands. 

2.9 Buffer 
“Buffer” means an undisturbed area of native vegetation which serves to protect 
the integrity, functions, and values of a critical area from potential adverse 
impacts. 

2.10 Conservation 
“Conservation” means measures designed to assure that natural resource lands 
will remain available to be used for commercial production of the natural 
resources designated. 

2.11 Critical Aquifer Recharge Area 
“Critical aquifer recharge area” means an area with a critical recharging effect on 
aquifers used for potable water, including areas where an aquifer that is a source 
of drinking water is vulnerable to contamination that would affect the potability of 
the water, or is susceptible to reduced recharge. For the purposes of this 
Chapter, any land within Pacific County that contains the following soil types as 
listed in the Soil Survey of Grays Harbor County Area, Pacific County, and 
Wahkiakum County, Washington, 1986, Soil Conservation Service, USDA, is 
designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 
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132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2.12 Critical Area Functions 
“Critical area functions” means the physical, chemical, and biological processes 
or attributes of a critical area. 

2.13 Critical Area Report 
“Critical area report” means a site-specific evaluation and report prepared by a 
qualified professional to determine the presence, type, class, size, function, 
and/or value of an area subject to this Chapter. The report provides a site-
specific evaluation of how to protect critical area functions and values. 

2.14 Critical Area Values 
“Critical area values” means the critical area processes or attributes that are 
environmentally or ecologically valuable or beneficial to society. 

2.15 Critical Areas 
“Critical areas” include the following: wetlands; areas with a critical recharging 
effect on aquifers used for potable water, referred to in this Chapter as critical 
aquifer recharge areas; fish and wildlife habitat conservation areas; frequently 
flooded areas; and geologically hazardous areas. 

2.16 Critical Facilities 
“Critical facilities” means any development that pertains to schools; hospitals; 
police, fire, and emergency response installations; sewage and water treatment 
facilities; electrical substations and other utility infrastructure; or installations 
which produce, use, or store hazardous waste 

2.17 Dangerous Wastes 
"Dangerous wastes" means those wastes designated in WAC 173-303-070 
through 173-303-120 as dangerous or extremely hazardous or mixed waste. As 
used in Chapter 173-303 WAC, the words "dangerous waste" refer to the full 
universe of wastes regulated by that chapter. 

2.18 Debris Flow 
"Debris flow" means the rapidly downslope-moving mass of a viscous water-
saturated mixture of rock fragments, soil, vegetation, and mud. 

2.19 Delineation 
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"Delineation" means a formal demarcation of the boundary of a critical area by 
the Department of Community Development or other qualified critical area 
professional. 

2.20 Department of Community Development 
"Department of Community Development" means the Pacific County Department 
of Community Development. 

2.21 Determination 
"Determination" means an action by the Department of Community Development 
or a qualified critical area professional to identify, characterize, and/or locate a 
critical area. 

2.22 Emergency 
“Emergency” means an activity necessary to prevent an immediate threat to 
public health, safety, or welfare, or that poses an immediate risk of damage to 
private property and that requires remedial or preventative action in a timeframe 
too short to allow for compliance with the requirements of this Chapter. 

2.23 Erosion Control 
“Erosion control” means on-site and off-site control measures that are used to 
control conveyance and/or deposition of earth or sediments associated with 
development. 

2.24 Flood or Flooding 
“Flood” or “flooding” means a general or temporary condition of partial or 
complete inundation of normal dry-land areas from the overflow waters. 

2.25 Flood, 100 Year or Base Flood 
“100 year flood” or “base flood” means the flood having one (1) percent chance 
of being equaled or exceeded in any given year. For purposes of this Chapter, 
Pacific County adopts the Federal Emergency Management (FEMA) flood 
hazard classifications. 

2.26 Forest Land of Long-Term Commercial Significance 
“Forest land of long-term commercial significance” means any land designated 
on the map of Pacific County Forest Land as forest land of long-term commercial 
significance. These areas are zoned Commercial Forestry District (FC) and are 
subject to the provisions of Chapter 18.16 Pacific County Code. 

2.27 Forest Land, Transitional 
Transitional forest land means any land designated on the map of Pacific County 
Forest Land as transitional forest land. These areas are zoned Transitional 
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Forest Land District (FT) and are subject to the provisions of Chapter 18.20 
Pacific County Code. 

2.28 Forest Practice 
"Forest practice" means any activity regulated by Chapter 76.09 RCW and Title 
222 WAC. 

2.29 Frequently Flooded Areas 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 

(1) Those areas of special flood hazard identified by the Federal Emergency 
Management Agency (FEMA) in a scientific and engineering report 
entitled “The Flood Insurance Study for Pacific County and Incorporated 
Areas” dated May 18, 2015, and any revisions thereto, with an 
accompanying Flood Insurance Rate Map (FIRM) dated September 27, 
1985, or, and any revisions thereto; and those floodways and associated 
floodplains delineated by a comprehensive flood hazard management 
plan adopted by the Pacific County Board of County Commissioners, as 
being with the 100-year floodplain or having experienced historic flooding, 
are hereby adopted by reference and designated as frequently flooded 
areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of 
Community Development. The best available information for flood hazard 
area identification as outlined in Pacific County Code (PCC) 15.08.140(B) 
shall be the basis for regulation until a new FIRM is issued that 
incorporates the data utilized under PCC 15.08.140(B). 

(2) When base flood elevation data have not been provided (A and V zones) 
the Administrator, in consultation with the Pacific County Engineer, shall 
obtain, review, and reasonably utilize any base flood elevation and 
floodway data available from a federal, state, or other source. If such 
documentation is not adequate to allow the County Engineer to make 
such delineation, the person seeking development which is covered under 
this Ordinance shall provide a flood hazard study prepared by a qualified 
critical area professional assessing the extent of the 100-year floodplain, 
which shall be subject to approval by the County Engineer. 

2.30 Geologically Hazardous Areas 
“Geologically hazardous areas” means areas that because of their susceptibility 
to erosion, sliding, earthquake, tsunami, or other geological events, pose a 
health and safety threat when incompatible commercial, residential, or industrial 
development occurs. 

2.31 Groundwater 

Commented [TB17]: Updated to refer to forest land 
in zoning code. 

Commented [WH18]: Look into the definitions in the critical 
areas handbook to expand flood areas farther than the FIRM 
map. 
Look at how this can reflect current regulation more 
accurately in regards to flood areas. 
Separate 100 year flood plain and Frequently Flooded?  
Change flood ordinance title to reflect drainage basins? Keep 
it separate from FIRM 
Storm water ordinance? 
Drainage district? 
 

Commented [TB19]: Updated to be consistent with the 
updated frequently flooded areas section of this Ordinance 



7 
 

“Groundwater” means that part of the subsurface water that is in the zone of 
saturation (below the water table), as distinct from vadose water (above the 
water table). 

2.32 Health Officer 
“Health Officer” means the legally designated Health Officer of the Pacific 
County Board of Health or his or her designee(s). 

2.33 Highest Astronomical Tide (HAT) 
“Highest Astronomical Tide” means the highest water level which can be 
predicted to occur at a particular location under average meteorological 
conditions. The water elevation of the highest astronomical tide is expected to 
occur at a specific location. For Willapa Bay, official readings are observed at 
Toke Point Station over a nineteen (19) year period and reduced to mean 
values, then corrected to local tide stations at Nahcotta and Raymond. In the 
Willapa Bay Conservancy Shoreline Environment in the Pacific County Shoreline 
Master Program, HAT is used as a benchmark to establish setbacks and buffers 
for development proposals on shorelands landward of the ordinary high water 
mark within shoreline jurisdiction. 

2.34 In-Kind Mitigation 
“In-kind mitigation” means replacement or substitute resources that are of the 
same type and kind as those being impacted. For example, in-kind mitigation 
requires category I wetlands to be mitigated with category I wetlands, and 
category II wetlands to be mitigated with category II wetlands. 

2.35 Land Alteration 
“Land Alteration” means a human induced action which materially affects the 
physical condition of land or improvements including, but not limited to, those 
activities which are commonly referred to as clearing, grubbing, excavation, 
filling, grading, surfacing, paving, compaction, stockpiling, and stabilizing. 

2.36 Mineral Land 
Mineral land means any area in Pacific County presently covered under a valid 
Washington State Department of Natural Resources (DNR) surface mining 
permit and any beach area where sand is removed for commercial purposes. 
Any other area shall be classified as mineral land when a surface mining permit 
is granted by the DNR. 

2.37 Mitigation 
“Mitigation” means measures prescribed and implemented to avoid, minimize, 
lessen, or compensate for adverse impacts. 

"Mitigation" means: 
(1) Avoiding the impact altogether by not taking a certain action or parts of an action; 
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(2) Minimizing impacts by limiting the degree or magnitude of the action and its 
implementation, by using appropriate technology, or by taking affirmative steps to avoid or reduce 
impacts; 

(3) Rectifying the impact by repairing, rehabilitating, or restoring the affected environment; 
(4) Reducing or eliminating the impact over time by preservation and maintenance operations 

during the life of the action; 
(5) Compensating for the impact by replacing, enhancing, or providing substitute resources or 

environments; and/or 
(6) Monitoring the impact and taking appropriate corrective measures. 

 

 

2.38 Mitigation Project 
“Mitigation project” means actions necessary to replace project-induced critical 
area and associated buffer losses, including planning, land acquisition, 
construction, monitoring, and contingency actions. 

2.39 Native Vegetation 
“Native vegetation” means plant species which are indigenous to the site in 
question. 

2.40 Ordinary High Water Mark 
“"Ordinary high water mark" on all lakes, streams, and tidal water is that mark that will be 
be found by examining the bed and banks and ascertaining where the presence and 
action of waters are so common and usual, and so long continued in all ordinary years, 
as to mark upon the soil a character distinct from that of the abutting upland, in respect 
to vegetation as that condition exists on June 1, 1971, as it may naturally change 
thereafter, or as it may change thereafter in accordance with permits issued by a local 
government or the department: PROVIDED, That in any area where the ordinary high 
water mark cannot be found, the ordinary high water mark adjoining salt water shall be 
the line of mean higher high tide and the ordinary high water mark adjoining fresh water 
shall be the line of mean high water; 

Ordinary high water mark” means the mark on lakes, streams, and tidal waters, 
found by examining the beds and banks and ascertaining where the presence 
and action of waters are so common and usual, and so long continued in all 
ordinary years, as to mark upon the soil a character distinct from that of the 
abutting upland with respect to vegetation, as that condition exists on the 
effective date of this Chapter, or as it may naturally change thereafter. The 
following definitions apply where the ordinary high water mark cannot be found: 

(1) The ordinary high water mark adjoining marine water is the elevation at 
mean higher high tide; and 

(2) The ordinary high water mark adjoining freshwater is the line of mean high 
water. 
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2.41 Out-of-Kind Mitigation 
“Out-of-kind mitigation” means replacement or substitute resources that, while 
related and of a different quality, species mix, or even species type, are of equal 
or greater overall value to the ecology of the impacted species or ecological 
region. Out-of-kind mitigation may involve mitigation of one function to 
compensate for an impact on another function. For example, out-of-kind 
mitigation for impacts to a depressional or riverine wetland could involve creation 
of an estuarine wetland. 

2.42 Person 
“Person” means an individual, a partnership (including partners and managers), 
a corporation (including board members, officers, and managers), or any other 
entity of any kind. “Person” also includes an applicant, a re-applicant, a permit 
holder, an authorized agent of any entity, or any third party acting on behalf of 
any entity. 

2.43 Protection 
“Protection” means action to avoid or mitigate impacts to critical areas consistent 
with the requirements of this Chapter in order to preserve the structure, values, 
functions, and processes of the natural environment. 

2.44 Qualified Critical Area Professional or Qualified Professional 
“Qualified critical area professional” or “qualified professional” means a person 
with experience, education, and professional degrees and training pertaining to 
the critical area in question, and with experience in performing delineations, 
analyzing critical area functions and values, analyzing critical area impacts, and 
recommending critical area mitigation and restoration. The Administrator shall 
require professionals to demonstrate the basis for qualifications and shall make 
final determination as to qualifications. Demonstration of qualifications may 
include, but shall not be limited to, professional certification. 

2.45 Resource Lands 
“Resource lands” means areas designated as agricultural, forest, or mineral 
lands. 

2.46 Sensitive, Threatened, and Endangered Species 
“Sensitive, threatened, and endangered species” means the categorization set 
forth in WAC 232-12-011 and WAC 232-12-014. 

2.47 Septage Application 
“Septage application” means application of the mixture of solid wastes, scum, 
sludge, and liquids pumped from within the septic tanks, pump chambers, 
holding tanks, and other on-site sewage system components. 
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2.48 Setback 

“Setback”  

The distance from a lot, parcel, tract, critical area or resource land boundary, beyond which the 
footprint or foundation of a structure shall not extend, except as provided in this chapter.  

 
means the part of a facility that lies between the active area and the property 
boundary, or between a building and the area being protected, including, but not 
limited to, critical areas, shorelines, and associated buffers. 

2.49 Single-Family Residence or Single-Family Dwelling 

“Single-family residence” or “single-family dwelling” means a detached dwelling 
designed for and occupied by one family including those structures and 
developments within a contiguous ownership which are a normal appurtenance. 
An “appurtenance” is necessarily connected to the use and enjoyment of a 
single-family residence and is located upland of the perimeter of a marsh, bog, 
or swampwetlands or the ordinary high water mark. Normal appurtenances 
include a garage, deck, driveway, septic system, utilities, fences, and grading 
which does not exceed two hundred fifty (250) cubic yards (except to construct a 
conventional drainfield). 

2.502.49 Stormwater Management Facilities 
"Stormwater management facilities" means biofiltration swales, filter strips, 
bubble diffusers, detention ponds, retention ponds, wet ponds, and similar 
facilities designed and intended to control and treat stormwater, and include 
ditches designed and intended primarily for conveyance. 

2.512.50 Streams 
“Streams” mean those areas where surface waters flow sufficiently to produce a 
defined channel or bed which demonstrates clear evidence of the passage of 
water, including, but not limited to, bedrock channels, gravel beds, sand and silt 
beds, and defined-channel swales.  The channel or bed need not contain water 
during the entire year.  This definition does not include water courses which were 
created entirely by artificial means, such as irrigation ditches, canals, roadside 
ditches, or storm or surface water run-off features, unless the artificially created 
water course contains salmonids or conveys a stream that was naturally 
occurring prior to the construction of the artificially created water course. For 
regulatory purposes under this Chapter, once streams are identified, the streams 
are typed following the Washington State Department of Natural Resources 
Stream Typing System found in WAC 222-16-031, as now or hereafter 
amended. 

2.522.51 Utility Lines 
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"Utility lines" means a pipe, conduit, cable, or other similar facility by which 
services are conveyed to the public or individual recipients. Such services shall 
include, but are not limited to, water supply, electrical power, gas, 
communications, and stormwater or sanitary sewer transport facilities. 

2.532.52 Watershed 
"Watershed" means an area draining to the surface water systems of Willapa 
Bay, the Columbia River, and the Pacific Ocean. 

2.542.53 Wetland or Wetlands 
"Wetland” or “wetlands" means areas that are inundated or saturated by surface 
water or ground water at a frequency and duration sufficient to support, and that 
under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. Wetlands do not include those artificial 
wetlands intentionally created from nonwetland sites, including, but not limited to, 
irrigation and drainage ditches, grass-lined swales, canals, detention facilities, 
wastewater treatment facilities, farm ponds, and landscape amenities, or those 
wetlands created after July 1, 1990, that were unintentionally created as a result 
of the construction of a road, street, or highway. Wetlands shall include those 
artificial wetlands intentionally created from nonwetland areas to mitigate 
conversion of wetlands.  

2.552.54 Wetland Creation 
“Wetland Creation” means the conversion of non-wetland (upland) area to Class 
I, Class II, Class III, or Class IV wetlands and the associated alterations to soil, 
vegetation and/or hydrology required to establish and maintain the resultant 
wetland in a perpetually self-sustaining state. 

2.562.55 Wetland Enhancement 
“Wetland Enhancement” The manipulation of the physical, chemical, or biological characteristics of a 
wetland site to heighten, intensify, or improve specific function(s) or to change the growth stage or 
composition of the vegetation present. Enhancement is undertaken for specified purposes such as water 
quality improvement, flood water retention, or wildlife habitat. Enhancement results in a change in some 
wetland functions and can lead to a decline in other wetland functions, but does not result in a gain in 
wetland acres. Activities typically consist of planting vegetation, controlling non-native or invasive species, 
modifying site elevations or the proportion of open water to influence hydroperiods, or some combination 
of these activities.means quantifiable improvement to the functions and values of an 
existing undisturbed wetland. Such enhancement may be achieved via alterations to the 
soils, vegetation, hydrology and/or land uses within the wetland, and must result in a 
quantifiable net gain in wetland functions and values. 

2.57 Wetland Mosaic 

“Wetland mosaic”  
Each patch of wetland is less than 1 ac (0.4 ha), AND  
 Each patch is less than 100 ft (30 m) away from the nearest wetland, AND  
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 The total area delineated as vegetated wetland is more than 50% of the total area of 
and uplands, open water, and river bars around which you can draw a polygon (see Figure 6), 
AND  
 There are at least three patches of wetland that meet the size and distance thresholds.  
 

means an area with a concentration of multiple small wetlands, in which each 
patch of wetland is less than one acre; on average, patches are less than 100 
feet from each other; and areas delineated as vegetated wetland are more than 
50 percent of the total area of the entire mosaic, including uplands and open 
water. 

2.582.56 Wetland Restoration 

2.57 The manipulation of the physical, chemical, or biological characteristics of a site with the goal of 
returning natural or historic functions to a former or degraded wetland. For the purpose of tracking net 
gains in wetland acres, restoration is divided into: 

2.58 � Re-establishment: The manipulation of the physical, chemical, or biological characteristics of a 
site with the goal of returning natural or historic functions to a former wetland. Re-establishment 
results in a gain in wetland acres (and functions). Activities could include removing fill material, 
plugging ditches, or breaking drain tiles. 

2.59 � Rehabilitation: The manipulation of the physical, chemical, or biological characteristics of a site 
with the goal of repairing natural or historic functions of a degraded wetland. Rehabilitation results in a 
gain in wetland function but does not result in a gain in wetland acres. Activities could involve 
breaching a dike to reconnect wetlands to a floodplain or return tidal influence to a wetland.“Wetland 
Restoration” means the quantifiable improvement to the functions and values of an 
existing disturbed wetland. Such restoration may be achieved via alterations to the 
soils, vegetation, hydrology and/or land uses of the wetland, and must result in a 
quantifiable net gain in wetland functions and values. 
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SECTION 3. GENERAL REQUIREMENTS 

A. Applicability 

1. This Ordinance classifies and designates critical areas and resource lands in 
Pacific County and establishes regulations for the protection of critical areas and 
resource lands.  

2. Designated critical areas in Pacific County include wetlands; fisheries habitat; 
wildlife habitatfish and wildlife habitat conservation areas; frequently flooded 
areas; aquifer recharge areas; and geologically hazardous areas. Designated 
resource lands in Pacific County include agricultural lands, forest lands, and 
mineral lands.  

3. The provisions of this chapter shall apply to all lands, all land uses and 
development activities, and all structures and facilities in the County, whether or 
not a permit or authorization is required, and shall apply to every person, firm, 
partnership, corporation, group, governmental agency, or other entity that owns, 
leases, or administers land within the County. No person, company, agency, or 
applicant shall alter a resource land, critical area, or critical area buffer except as 
consistent with the purposes and requirements of this Ordinance. 

4. Pacific County shall not grant any permit, license or other development approval 
to alter the condition of any land, water, or vegetation, or to construct or to alter 
any structure or improvement, nor shall any person alter the condition of any 
land, water, or vegetation, or construct or alter any structure or improvement, for 
any development proposal which requires a governmental permit regulated by 
this Ordinance, except in compliance with the provisions of this Ordinance. In 
addition, any cumulative filling, grading, or clearing activity in excess of twenty 
(20) cubic yards of material per parcel is also subject to the requirements of this 
Ordinance.  

5. Failure to comply with the provisions of this Ordinance shall cause the violator to 
be subject to enforcement procedures under subsection 3.G, Penalties and 
Enforcement.  

B. Relationship to Other Regulations 

1. Areas characterized by a particular critical area or resource land may also be 
subject to other regulations. In the event of any conflict between this Ordinance 
and any other ordinance of the County, the regulation which provides the greater 
protection for the particular critical area or resource land shall apply.  

2. Satisfying the requirements of this Ordinance does not affect a person’s 
obligation to comply in all respects with other federal, state, and local statutes. 

3. Relationship to Shoreline Master Program (SMP) 
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a. Provisions in this Ordinance do not apply to uses and modifications 
occurring waterward of the ordinary high water mark (OHWM) of Type 1 
waters, as defined by WAC 222-16-031, which are regulated exclusively 
under the SMP. 

b. Provisions in this Ordinance apply to uses and modifications landward of 
the OHWM within shoreline jurisdiction, in addition to applicable use and 
modification provisions or allowances in the SMP. 

c. Provisions in this Ordinance apply to all land and water areas of the 
County outside of shoreline jurisdiction. 

C. Authority 

1. The Director of the Department of Community Development or his or her 
designee(s) shall be the Administrator of this Ordinance and is given the 
authority to interpret and apply, and the responsibility to administer and enforce, 
this Ordinance to accomplish the stated purposes. 

2. The County may withhold, condition, or deny development permits or approvals 
to ensure that the proposed action is consistent with this Ordinance. 

3. The Administrator and any other applicable County officials may develop and 
implement rules and regulations that are consistent with and effectuate the 
purpose of this Ordinance and prepare and require the use of such forms as 
necessary for its administration. 

D. Critical Areas and Resource Lands Review Procedures 

1. The Administrator first must determine whether the proposed activity fits within 
any of the exemptions to this Ordinance found in subsection 3.E. If the proposed 
activity meets any of the listed exemptions, including best management practices 
and/or restoration requirements, no critical areas and resource land checklist or 
other critical areas and resource land review is required. 

2. If the proposed activity is not exempt, then a person seeking a development 
permit, or otherwise engaging in an activity covered under subsection 3.A., shall 
complete a critical areas and resource lands checklist on the forms to be 
provided by the Department of Community Development. Staff will then review 
the checklist together with the maps and other critical areas resources identified 
in the relevant sections of this Ordinance and make a site visitation to determine 
whether critical areas, resource lands, or their required buffers are affected by 
the proposed activity. The person seeking to develop is responsible for providing 
the County with sufficient information so that the Administrator can make this 
determination. 

3. If the checklist, maps, other references, site visitation, consultation with resource 
agencies, and other information supplied by a person seeking a development 
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permit, or otherwise engaging in an activity covered under subsection 3.A., do 
not indicate the presence of any critical areas or resource lands associated with 
the project, the review required pursuant to this Ordinance is complete. 

4. If at any time prior to completion of the applicable public input process on the 
proposed project, the Administrator receives new evidence that critical areas or 
resource lands may be associated with the proposed project, the Administrator 
shall reopen the critical areas and resource lands review process pursuant to this 
Ordinance and shall require the requisite level of critical areas and resource 
lands review and mitigation as is required by this Ordinance.  

5. If the checklist, maps, site visitation, and other references indicate that critical 
areas or resource lands are associated with the proposed project area, then a 
critical area report shall be completed pursuant to subsection 3.L.  

6. Once the public input process on the associated permit or approval is completed 
and the record is closed, then the County's determination regarding critical areas 
and resource lands pursuant to this Ordinance shall be final, unless appealed as 
described in subsection 3.F. of this Ordinance. 

7. If, as a result of the critical area report recommendations, a person believes that 
he or she is entitled to a variance from one or more of the requirements of this 
Ordinance, then a person may request a variance as described in subsection 3.I. 

8. If, as a result of the critical area report recommendations, a person believes that 
the requirements of this Ordinance, including any request for a variance, leave 
the applicant with no economically viable use of his property, then a person may 
apply for a reasonable use exception pursuant to subsection 3.J. of this 
Ordinance. 

E. Exemptions 

1. All exempted activities shall use reasonable methods to avoid potential impacts 
to critical areas and resource lands. Exemption from this Ordinance does not 
give permission to degrade a critical area or ignore risk from natural hazards. 
Any incidental damage to, or alteration of, a critical area that is not a necessary 
outcome of the exempted activity shall be restored, rehabilitated, or replaced at 
the responsible party’s expense.  

2. The following developments, activities, and associated uses shall be exempt 
from the provisions of this Ordinance provided that they are otherwise consistent 
with the applicable provisions of other Pacific County ordinances: 

a. Emergencies. Emergencies are those activities necessaries to prevent an 
immediate threat to public health, safety, or welfare, or that pose an 
immediate risk of damage to private or public property and that require 
remedial or preventative action in a timeframe too short to allow for 
compliance with the requirements of this Ordinance. 

Commented [TB42]: Requirement modified slightly from 
critical areas assessment (onus: County) to critical areas 
report (onus: applicant) 

Commented [RM43]: Clarify that SMP procedure is 
different. 

Commented [RM44]: Not in SMP jurisdiction. 
 

Commented [TB45]: Added to provide clarity as to what 
exemption means/allows. 

Commented [TB46]: The emergency action exemption 
(3.E.2.a) does not identify what constitutes an emergency.  
 
Revised text clarifies what constitutes an emergency. 



16 
 

i. Emergency actions that create an impact to any critical area or its 
buffer shall use reasonable methods that have the least impact to 
the critical area or its buffer and shall restore the critical area and 
buffer after the emergency to the maximum extent practicable. 

ii. Persons undertaking such action shall notify the Administrator 
within one working day following commencement of the emergency 
activity. Following such notification, the Administrator shall 
determine if the action taken was within the scope of the 
emergency actions allowed in this subsection. If the Administrator 
determines that the action taken or any part of the action taken was 
beyond the scope of allowed emergency actions, then the 
enforcement provisions of subsection 3.G shall apply. 

iii. After the emergency, the person or agency undertaking the action 
shall fully fund and conduct necessary restoration and/or mitigation 
for any impacts to the critical area and buffers resulting from the 
emergency action in accordance with an approved critical area 
report and mitigation plan. The person or agency undertaking the 
action shall apply for review, and the alteration, critical area report, 
and mitigation plan must be reviewed by the Administrator. 
Restoration and/or mitigation activities shall be initiated within one 
year of the date of the emergency, and completed in a timely 
manner. 

3. Agricultural operations. Existing and on-going agricultural operations including 
related development and activities which do not result in expansion into a critical 
area or its buffer or do not result in an increase in impact to a critical area are 
exempt. New development and/or expansion of existing operations shall comply 
with the provisions of this Ordinance. Existing and ongoing agricultural activities, 
however, shall comply with best management practices contained within any 
conservation plan between the property owner and the Department of Ecology 
pursuant to Chapter 89.08 RCW. 

4. Maintenance, repair, and operation. Maintenance, repair, and operation of 
existing structures, utilities, sewage disposal systems, water systems, drainage 
facilities, ponds, flood control facilities, electric and communications facilities, 
public and private roads and driveways, and improved areas accessory to a 
single family residential use including, but not limited to, landscaping, yard 
maintenance, and gardening are exempt. However, any person engaging in 
maintenance or repair activities shall use reasonable methods with the least 
amount of potential impact to critical areas. Any impacted critical area or its 
buffer shall be restored after the completion of maintenance/repair activities to 
the maximum extent practicable. 

5. Modification of buildings. Modification of an existing building that does not 
expand the building footprint area by more than fifteen (15) percent or increase 
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septic effluent according to Chapter 246-272 WAC and that does not exacerbate 
nonconformity with critical area setbacks or buffer standards within this 
Ordinance is exempt except when the modification occurs on or adjacent to 
designated erosion hazard areas, landslide hazard areas, or mine hazard areas, 
as described and designated in Section 8 of this Ordinance. Replacement of 
manufactured homes that does not increase the number of bedrooms or 
exacerbate nonconformity with critical area setbacks or buffer standards within 
this Ordinance also is exempt. A person who is granted an exemption under this 
subsection for a particular building cannot receive another exemption under this 
subsection for the same building unless ten (10) years has elapsed from the date 
of the previous exemption. 

6. Navigation aids and boundary markers. Construction or modification of 
navigational aids and boundary markers are exempt. 

7. Site investigation. Site investigation work which is necessary for land use  
applications such as surveys, soil logs, percolation tests and other related 
activities is exempt. However, critical area impacts shall be minimized and 
disturbed areas shall be restored to the maximum extent practicable. 

8. Non-development activities. Passive recreational uses, sport and commercial 
fishing, hunting, scientific and educational endeavors, or similar minimal impact, 
non-development activities are exempt. 

9. Spartina alterniflora. Activities aimed at controlling Spartina alterniflora are 
exempt. 

10. Forest practices. Forest practices covered under Chapter 76.09 RCW and Title 
222 WAC are exempt. 

F. Appeals 

1. The provisions of this Ordinance shall be administered according to a Type I 
process under Ordinance No. 145, unless a higher level review process is 
mandated by this Ordinance or Ordinance No. 145, or any amendment thereto. 

2. Any decision of the Administrator or other County official in the administration of 
this Ordinance may be appealed according to the provisions of Ordinance No. 
145, or any amendment thereto. 

G. Penalties and Enforcement 

1. A person who violates the provisions of this Ordinance or who fails to comply 
with any of its requirements shall be subject to the procedures and sanctions set 
forth in Ordinance No. 141, or any amendment thereto. 

2. In addition to the civil penalty provisions provided in Ordinance No. 141, or any 
amendment thereto, any person who violates any of the provisions of this 
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Ordinance is guilty of a misdemeanor, and each day or portion thereof during 
which a violation is committed, continued, or not permitted shall constitute a 
separate offense. The penalty for each violation is a fine of not more than $1,000 
or imprisonment for not more than 90 days, or both. The principles of liability 
contained in Chapter 9A.08 RCW, including, but not limited to, liability for 
conduct of another shall apply to the enforcement of this Ordinance as shall all 
judicial interpretations thereof.  

3. When a court determines that a person has committed a civil infraction under 
this Ordinance and Ordinance No. 141 or any amendment thereto, Pacific 
County may collect penalties, assessments, costs, and/or fines by any procedure 
established for the collection of debts that are owed to the County. 

4. Any disposition of a violation pursuant to this Ordinance and Ordinance No. 141, 
or any amendment thereto, shall not absolve a person from correcting or abating 
a violation and shall not prevent the prosecuting authority from pursuing criminal 
prosecution, other civil action including, but not limited to, injunctive relief, license 
revocation, and abatement, or all of the above. If Pacific County prevails in a 
separate civil action, the Court may award the County reasonable costs 
including, but not limited to, the costs of the responsible officials' time, witness 
fees, attorney fees, court costs, and the costs to the County of abatement or of 
enforcement of an injunction, or both. 

5. Any or all of the remedies articulated in subsection 3.G, Penalties and 
Enforcement, may be used by the County to enforce this Ordinance. Nothing 
contained in this Ordinance shall prevent the County, by and through the 
prosecuting authority, from taking such other lawful action as is necessary to 
prevent or remedy any violation. 

H. Nonconforming Activities 

An established use or existing structure that was lawfully permitted prior to adoption 
of this Ordinance, but which is not in compliance with this Ordinance, may continue 
subject to the following: 

1. Nonconforming uses and existing structures shall not be expanded or altered in 
any manner which will increase the nonconformity without a permit or other 
approval issued pursuant to the provisions of this Ordinance except as allowed 
under subsection 3.E, Exemptions; 

2. Activities or uses which are discontinued for twelve (12) consecutive months 
shall be allowed to resume only if they are in compliance with this Ordinance; 
and 

3. Nonconforming structures destroyed by fire, explosion, or other casualty may be 
replaced or restored if reconstruction of the same facility is commenced within 
twelve (12) months of such damage. The reconstruction or restoration shall not 
serve to expand, enlarge, or increase the extent of the nonconformity. 
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I. Variance 

1. The Administrator shall process variance requests according to a Type II 
procedure delineated in Ordinance No. 145. The burden of proof shall be on the 
person requesting the variance to bring forth evidence in support of the variance.  

2. The Administrator shall grant a variance if the person requesting the variance 
demonstrates that the requested variance conforms to all of the criteria set forth 
below: 

a. That special conditions and circumstances exist which are peculiar to the 
land;  

b. That literal interpretation of the provisions of this Ordinance would deprive 
the person seeking the variance of rights commonly enjoyed by other 
properties conforming to the terms of this Ordinance;  

c. That the special conditions and circumstances do not result from the 
actions of the person seeking the variance; 

d. That the granting of the variance requested will not confer on the person 
seeking the variance any special privilege that is denied by this Ordinance 
to other lands, structures, or buildings under similar circumstances;  

e. That the variance requested is the minimum necessary to afford relief; 
and 

f. That to afford relief the requested variance will not create significant 
impacts to critical areas and resource lands and will not be materially 
detrimental to the public welfare or contrary to the public interest. 

3. In granting any variance, the Administrator shall prescribe such conditions and 
safeguards as are necessary to secure protection of critical areas from adverse 
impacts. 

J. Reasonable Use Exception 

1. If the application of this Ordinance would result in denial of all economically 
reasonable use of a property, and if such economically reasonable use of the 
property cannot be obtained by consideration of a variance pursuant to 
subsection 3.I. to one or more individual requirements of this Ordinance, then a 
person may seek a reasonable use exception from the standards of this 
Ordinance.   

2. An application for a reasonable use exception shall be made to the County and 
shall include a critical area checklist; critical area report, including mitigation plan, 
if necessary; and any other related project documents. The application shall be 
processed according to a Type II process under Ordinance No. 145. 
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3. Reasonable use exception requests shall only be granted if the following criteria 
are met: 

a. The application of this Ordinance would deny all economically reasonable 
use of the property so that there is no economically reasonable use with a 
lesser impact on the critical area than that proposed; 

b. The proposed development does not pose a threat to the public health 
and safety; and 

c. Any proposed modification to critical areas and resource land will be the 
minimum necessary to allow economically reasonable use of the property. 

K. General Critical Area Protection Standards 

1. Applicability. The general critical area protection standards found in this 
subsection apply to all critical areas, as designated in Sections 4, 5, 6, 7, and 8 
of this Chapter. These standards do not apply to resource lands, as designated 
in Sections 9, 10, and 11 of this Chapter. 

2. Buffers. 

a. As described in more detail in each relevant section, buffers in some 
cases have been determined to be necessary and appropriate to protect 
critical areas and their functions or to prevent risk from a critical area 
hazard. In those sections of this Ordinance where specific buffers are 
identified, those buffers are deemed "required" or "standard" buffers. If a 
project does not propose any alteration of those buffers or of the 
associated critical area, then no additional mitigation will be required to 
protect the critical area. 

b. If a person seeks a variance to reduce buffers or to alter the critical area 
or its required buffer, then the person shall demonstrate why such buffer 
and/or critical area modification, together with such alternative mitigation 
proposed in the critical areas assessment, is sufficient to adequately 
protect the critical area function. If necessary, variances shall provide for 
long-term buffer protection. 

c. The critical area report, as described in subsection 3.L, and the 
conditions of approval shall provide for long-term buffer protection. In 
land division, critical areas and their associated buffers may be placed in 
separate tracts to be owned by all lot owners in common, by a 
homeowners association, or some other separate legal entity such as a 
land trust. 

d. Periodic inspection of the buffers may be required if necessary to ensure 
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3. Building Setbacks.  

a. Unless otherwise provided, buildings and other structures shall be set 
back a distance of 15 feet from the edges of all critical area buffers or 
from the edges of all critical areas if no buffers are required. 

b. The following may be allowed in the building setback area: landscaping; 
uncovered decks; fences, building overhangs, if such overhangs do not 
extend more than 18 inches into the setback area; and impervious 
ground surfaces, such as driveways and patios. 

4. Land Divisions. 

a. No land division, subdivision, short subdivision, or other parcel 
segregation which is not exempt under Pacific County’s land division 
ordinance shall be approved by Pacific County until a determination has 
been made by the Administrator as to whether critical areas exist on the 
property in question. 

b. If critical areas exist on the property in question, a critical areas 
delineation must be completed before Pacific County shall approve a 
subdivision, a short subdivision or any other parcel segregation. 

b. Land that is constrained by critical areas and buffers shall not be 
subdivided to create parcels that are only buildable through a variance or 
reasonable use exception. 

5. Critical Area Signs. The boundary at the outer edge of the critical area or buffer 
shall be identified with temporary signs prior to any site alteration. Such 
temporary signs shall be replaced with permanent signs prior to occupancy or 
use of the site. These sign provisions may be modified or waived by the 
Administrator based on critical area type and/or site conditions. 

6. Notice on Title for Critical Areas. 

a. In order to inform subsequent purchasers of real property of the 
existence of critical areas, the owner of any property containing a critical 
area or buffer on which a development proposal is submitted shall file a 
notice with the County Recording Department according to the direction 
of the County. The notice shall state the presence of the critical area or 
buffer on the property and the fact that limitations on actions in or 
affecting the critical area or buffer may exist. The notice shall “run with 
the land.” 

b. This notice on title shall not be required for a development proposal by a 
public agency or public or private utility: 

i. Within a recorded easement or right-of-way; 
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ii. Where the agency or utility has the right to an easement or right-
of-way; or 

iii. On the site of a permanent public facility. 

c. The applicant shall submit proof that the notice has been filed for public 
record before the County approves any site development or construction 
for the property or, in the case of subdivisions, short subdivisions, 
planned unit developments, and binding site plans, at or before 
recording. 

L. Critical Area Report 

1. Minimum Report Contents. At a minimum, the report shall contain the following, 
as applicable: 

a. The name and contact information of the applicant, a description of the 
proposal, and identification of any permits known to be required; 

b. A site plan for the development proposal including a map to scale 
depicting critical areas, buffers, resource lands, and the development 
proposal, including any areas to be cleared; 

c. A description of the proposed stormwater management plan for the 
development and consideration of impacts to drainage alterations; 

d. The dates, names, and qualifications of the persons preparing the report 
and documentation of any fieldwork performed on the site; 

e. Identification and characterization of all critical areas, wetlands, 
waterbodies, and buffers adjacent to the proposed project area; 

f. A statement specifying the accuracy of the report, and all assumptions 
made and relied upon; 

g. An assessment of the probable cumulative impacts to critical areas 
resulting from the proposed development; 

h. A description of reasonable efforts made to apply mitigation sequencing 
pursuant to subsection 3.M.2, Mitigation Sequencing; 

i. Plans for adequate mitigation, as needed, to offset any impacts, in 
accordance with subsection 3.M.3, Mitigation Plan Requirements; 

j. A discussion of the performance standards applicable to the critical area 
and proposed activities; 

k. Financial guarantees to ensure compliance; and 
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l. Any additional information required for a specific type of critical area as 
indicated by this Ordinance. 

M. Critical Area Mitigation Requirements 

1. General Requirements. 

a. The applicant shall avoid all impacts that degrade the functions and 
values of critical areas to the maximum extent practicable. Unless 
otherwise provided in this Ordinance, all proposed critical areas 
alterations shall include mitigation sufficient to maintain the functional 
values of the critical area or to prevent risk from a critical area hazard 
and shall give adequate consideration to the economically viable use of 
the property.  

b. Mitigation of one critical area impact should not result in unmitigated 
impacts to another critical area.  

c. Mitigation may include, but is not limited to: increasing or enhancing 
buffers, instituting limits on clearing and grading, implementing best 
management practices for erosion control and maintenance of water 
quality, or other conditions appropriate to avoid or mitigate identified 
adverse impacts.  

d. Subject to the viable reasonable use exception provisions of subsection 
3.J, any proposed critical area alteration that cannot adequately mitigate 
its impacts to a critical area shall be denied. 

2. Mitigation Sequencing. Applicants shall demonstrate that all reasonable efforts 
have been examined with the intent to avoid and minimize impacts to critical 
areas. When an alteration to a critical area is proposed, such alteration shall be 
avoided, minimized, or compensated for in the below sequential order of 
preference. Mitigation for individual actions may include a combination of the 
below measures. 

a. Avoid the impact altogether by not taking a certain action or parts of an 
action. 

b. Minimize the impacts by limiting the degree or magnitude of the action 
and its implementation by using appropriate technology, or by taking 
affirmative steps to avoid or reduce impacts. 

c. Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment to the conditions existing at the time of the initiation of the 
project. 

d. Minimize or eliminate the hazard by restoring or stabilizing the hazard 
area through engineered or other methods. 
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e. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

f. Compensate for the impact by replacing, enhancing, or providing 
substitute resources or environments. 

g. Monitor the impact and the compensation projects and take appropriate 
corrective measures. 

3.  Mitigation Plan Requirements. When mitigation is required, the applicant shall 
submit for approval a mitigation plan as part of the critical area report. The 
mitigation plan shall include: 

a. A description of what mitigation, specifically is proposed; 

b. An analysis of how the proposed mitigation will maintain the critical area 
function; 

c. A delineation description of any ongoing monitoring and/or inspection that 
may be required, depending on the outcome of that ongoing monitoring 
and/or inspection; 

d. A notation of any required critical area expertise necessary to install, 
monitor, or inspect the proposed mitigation; and 

e. A listing of other security required to ensure performance and/or 
maintenance of the proposed mitigation. 

4. Mitigation Monitoring. 

a. The Administrator shall have the discretion to withhold issuance of 
development permit approval until required mitigation has been 
completed. In the alternative, the Administrator may require a refundable 
cash payment which will ensure compliance with the mitigation plan if 
there will be activity (e.g., monitoring or maintenance) or construction to 
take place after the issuance of the County's permit.  

b. The amount of the cash payment shall not exceed 150 percent of the 
estimated cost of the uncompleted actions or construction as 
determined by the Administrator.  

c. When the Administrator determines that the mitigation plan has been 
successfully completed, the cash payment shall be refunded to the 
applicant.  

d. If the mitigation plan is not successfully completed, the County shall be 
entitled to keep all or part of the cash payment to the extent necessary 
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SECTION 4. WETLANDS 

A. Purpose 

 The purpose of this section is to ensure no net loss of wetland functions and values.  

B. Identification 

1. Identification of wetlands and delineation of their boundaries pursuant to this 
Ordinance shall be done in accordance with the approved federal wetland 
delineation manual and applicable regional supplements. All areas within the 
County meeting the wetland designation criteria in that procedure are hereby 
designated critical areas and are subject to the provisions of this Ordinance.  

2. If Pacific County has reason to believe that a wetland may exist within one 
hundred (300) feet of a proposed development activity, a written determination 
regarding the existence or nonexistence of wetlands within one hundred (300) 
feet of a proposed development activity must be submitted to the Department of 
Community Development. Pacific County will only accept a written determination 
by the U.S. Army Corps of Engineers, the Washington State Department of 
Ecology, the Natural Resources Conservation Service, or a qualified critical 
areas professional as to whether wetlands exist on or within one hundred (300) 
feet of a specific parcel. 

C. Classification 

1. Wetland Rating Classes. Wetlands shall be classified into category I, category II, 
category III, and category IV according to the Washington State Wetland Rating 
System for Western Washington (Ecology publication number 14-06-029 or as 
revised and approved by Ecology) and are accordingly defined: 

a. Category I Wetlands. Category I wetlands are those that 1) represent a 
unique or rare wetland type; or 2) are more sensitive to disturbance than 
most wetlands; or 3) are relatively undisturbed and contain ecological 
attributes that are impossible to replace within a human lifetime; or 4) 
provide a high level of functions. 

b. Class Category II Wetlands. Category II wetlands are difficult, though not 
impossible, to replace, and provide high levels of some functions. These 
wetlands occur more commonly than Category I wetlands, but still need a 
relatively high level of protection. 

c. Category III Wetlands. Category III wetlands are 1) wetlands with a 
moderate level of functions (scores between 16-19 points), 2) can often 
be adequately replaced with a well-planned mitigation project, and 3) 
interdunal wetlands between 0.1 and 1 ac in size. Wetlands scoring 
between 16-19 points generally have been disturbed in some ways, and 

Commented [TB62]: Revised to better align with federal no 
net loss policy for wetlands. 

Commented [TB63]: Per WAC 173-22-035 

Commented [TB64]: Updated to account for largest 
potential wetland buffer under updated buffer scheme. 

Commented [TB65]: Revised to adopt the most recent 
version of the Washington State Wetlands Rating System for 
Western Washington (June 2014); reference to 1993 rating 
system has been deleted. 



27 
 

are often less diverse or more isolated from other natural resources in the 
landscape than Category II wetlands.  

d. Category IV Wetlands. Category IV wetlands have the lowest levels of 
functions (scores fewer than 16 points) and are often heavily disturbed. 
These are wetlands that we should be able to replace, and in some cases 
be able to improve. However, experience has shown that replacement 
cannot be guaranteed in any specific case. These wetlands may provide 
some important functions, and also need to be protected. 

2. Illegal modifications. Wetland rating categories shall not change due to illegal 
modifications made by the applicant or with the applicant’s knowledge. 

3. The following types of wetlands are exempt from the buffer provisions contained 
in subsection 4.E and the normal mitigation sequencing process in subsection 
3.M.2. They may be filled if impacts are fully mitigated based on provisions in 
subsection 4.F, Additional Mitigation Requirements for Wetlands. If available, 
impacts should be mitigated through the purchase of credits from an in-lieu fee 
program or mitigation bank, consistent with the terms and conditions of the 
program or bank. In order to verify the following conditions, a critical area report 
meeting the requirements of subsection 4.G must be submitted. 

a. All isolated category III and IV wetlands less than 1,000 square feet that: 

i. Are not associated with riparian areas or buffers; 

ii. Are not part of a wetland mosaic; and 

iii. Do not contain habitat identified as essential for local populations 
of priority species identified by the Washington Department of Fish 
and Wildlife or species of local importance. 

D. Regulated Activities 

1. For any regulated activity, a critical areas report (see subsections 3.L and 4.G of 
this Ordinance) may be required to support the proposed activity. 

2. Any land use or development activity shall be subject to the provisions of this 
Section, including, but not limited to, the following activities that are directly 
undertaken or originate in a regulated wetland or its buffer, unless exempted 
under subsection 3.E of this Ordinance: 

a. The removal, excavation, grading, or dredging of soil, sand, gravel, 
minerals, organic matter, or material of any kind. 

b. The dumping of, discharging of, or filling with any material. 

c. The draining, flooding, or disturbing of the water level or water table. 
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d. Pile driving. 

e. The placing of obstructions. 

f. The construction, reconstruction, demolition, or expansion of any 
structure. 

g. The destruction or alteration of wetland vegetation through clearing, 
harvesting, shading, intentional burning, or planting of vegetation that 
would alter the character of a regulated wetland. 

h. Activities that result in: 

i. A significant change of water temperature. 

ii. A significant change of physical or chemical characteristics of the 
sources of water to the wetland. 

iii. A significant change in the quantity, timing, or duration of the water 
entering the wetland. 

iv. The introduction of pollutants. 

3. Subdivisions. The subdivision and/or short subdivision of land in wetlands and 
associated buffers are subject to the following: 

a. Land that is located wholly within a wetland or its buffer may not be 
subdivided. 

b. Land that is located partially within a wetland or its buffer may be 
subdivided provided that an accessible and contiguous portion of each 
new lot is: 

i. Located outside of the wetland and its buffer; and 

ii. Meets the minimum lot size requirements of Title 18, Zoning, of 
Pacific County Code. 

4. The following activities are allowed in wetlands and wetland buffers. These 
activities do not require submission of a critical area report, except where such 
activities result in a loss of the functions and values of a wetland or wetland 
buffer. 

a. Those activities and uses conducted pursuant to the Washington State 
Forest Practices Act and its rules and regulations, WAC 222-1-030, where 
state law specifically exempts local authority, except those developments 
requiring local approval for Class IV – General Forest Practice Permits 
(conversions) as defined in RCW 76.09 and WAC 222-12. 
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b. Conservation or preservation of soil, water, vegetation, fish, shellfish, 
and/or other wildlife that does not entail changing the structure or 
functions of the existing wetland. 

c. The harvesting of wild crops in a manner that is not injurious to natural 
reproduction of such crops and provided the harvesting does not require 
tilling of soil, planting of crops, chemical applications, or alteration of the 
wetland by changing existing topography, water conditions, or water 
sources. 

d. Drilling for utilities/utility corridors under a wetland or buffer, with 
entrance/exit portals located completely outside of the wetland buffer, 
provided that the drilling does not interrupt the groundwater connection to 
the wetland or percolation of surface water down through the soil column. 
Specific studies by a hydrologist shall be required to determine whether 
the groundwater connection to the wetland or percolation of surface water 
down through the soil column will be disturbed. 

e. Enhancement of a wetland through the removal of non-native invasive 
plant species. Removal of invasive plant species shall be restricted to 
hand removal unless permits from the appropriate regulatory agencies 
have been obtained for approved biological or chemical treatments. All 
removed plant material shall be taken away from the site and 
appropriately disposed of. Plants that appear on the Washington State 
Noxious Weed Control Board list of noxious weeds shall be handled and 
disposed of according to a noxious weed control plan appropriate to that 
species. Revegetation with appropriate native species at natural densities 
is allowed in conjunction with removal of invasive plant species. 

5. In addition to the activities listed in subsection 4.D.2 above, the following 
activities may be allowed within a wetland buffer, but not within a wetland, in 
accordance with the review procedures of this Ordinance, provided they are 
conducted in a manner so as to minimize impacts to the buffer and adjacent 
wetland: 

a. Passive recreation. Public and private trails and wildlife viewing structures 
that are designed and in accordance with an approved critical area report 
may be allowed in the outer twenty-five percent (25%) of the wetland 
buffer, provided that: 

i. The trail surface is limited to pervious surfaces no more than five 
(5) feet in width; and 

ii. They are located to avoid removal of significant trees. 

b. Educational and scientific research activities. 
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c. Stormwater management facilities. Stormwater management facilities are 
limited to stormwater dispersion outfalls and bioswales. They are not 
allowed in buffers of Category I or II wetlands, but may be allowed within 
the outer twenty-five percent (25%) of the buffer of Category III or IV 
wetlands provided that: 

i. No other location is feasible; and 

ii. The location of such facilities will not degrade the functions or 
values of the wetland. 

d. Normal and routine maintenance and repair of any existing public or 
private facilities within an existing right-of-way, provided that the 
maintenance or repair does not increase the footprint or use of the facility 
or right-of-way. 

e. Normal and routine maintenance of non-conforming uses or structures, 
where legally established within the buffer, provided they do not increase 
the degree of nonconformity. 

6. An applicant proposing to construct new public or private roads and/or bridges 
within a wetland or its buffer shall submit an analysis of the cumulative wetland 
and buffer impacts that can reasonably be expected to occur as a result of 
approval of the proposed project. The Administrator shall consider the 
cumulative impacts of proposed projects and shall give preference to use and/or 
expansion of existing roadways over the construction of new roadway wetland 
crossings.  

E. Wetland Buffers 

1. Standard Buffer Widths. Buffers are necessary to protect wetlands from impacts 
generated by nearby land uses. The standard buffers in table 4-1 shall be 
required for regulated wetlands, and are based on category of wetland, the 
intensity of the adjacent proposed land use, and the habitat score as determined 
by a qualified wetland professional using the Washington State Wetland Rating 
System for Western Washington. 

a. The standard buffer widths assume that the buffer is vegetated with a 
native plant community appropriate for the ecoregion. If the existing buffer 
is unvegetated, sparsely vegetated, or vegetated with invasive species 
that do not perform needed functions, the buffer should either be planted 
to create the appropriate plant community or the buffer should be widened 
to ensure that adequate functions of the buffer are provided. 

b. In determining wetland buffer widths, land use intensity shall be defined 
as follows: 
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i. High-intensity land uses include commercial, urban, industrial, 
institutional, retail, residential (>1 unit/acre), high-intensity 
agriculture, and high intensity recreation such as ball fields. 

ii. Moderate-intensity land uses include residential (1 unit per acre or 
less), moderate-intensity open space, moderate-intensity 
agriculture, paved trails, logging roads, and maintained utility 
corridors. 

iii. Low-intensity land uses include forest practices, low-intensity open 
space, unpaved trails, and low-maintenance utility corridors. 

Table 4-1: Standard Wetland Buffer Widths. 

Wetland Category Habitat 
Score 

Land Use Intensity 

Low Moderate High 

Category I: Bogs NA 125 ft 190 ft 250 ft 

Category I: Wetlands with 
a high conservation value 

NA 125 ft 190 ft 250 ft 

Category I: Estuarine NA 100 ft 150 ft 200 ft 

Category I: Coastal 
Lagoons 

NA 100 ft 150 ft 200 ft 

Category I: Forested Base buffer width on habitat function 

Category I (other than 
above) 

8-9 150 ft 225 ft 300 ft 

 5-7 75 ft 110 ft 150 ft 

 <5 50 ft 75 ft 100 ft 

Category II: Interdunal NA 75 ft 110 ft 150 ft 

Category II: Estuarine NA 75 ft 110 ft 150 ft 

Category II (other than 
above) 

8-9 150 ft 225 ft 300 ft 

 5-7 75 ft 110 ft 150 ft 

 <5 50 ft 75 ft 100 ft 

Category III 5-7 75 ft 110 ft 150 ft 

 <5 40 ft 60 ft 80 ft 

Category IV NA 25 ft 40 ft 50 ft 

2. Measurement of Wetland Buffers. All buffers shall be measured perpendicular from the 
wetland boundary as surveyed in the field. Only fully vegetated buffers will be considered. 
Lawns, walkways, driveways, and other mowed or paved areas will not be considered 
buffers or included in buffer width or area calculations. 
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3.2. Increased Wetland Buffer Widths. The County shall have the authority to 
increase the standard buffer width on a case-by-case basis when there is sound evidence 
that a larger buffer is required. 

4.3. Buffer Width Averaging. 

a. Buffer averaging to improve wetland protection may be permitted only if: 

i. The wetland contains variations in sensitivity due to existing physical 
characteristics; and 

ii. The buffer is increased adjacent to the higher-functioning area of habitat or 
more-sensitive portion of the wetland and decreased adjacent to the lower-
functioning or less-sensitive portion as demonstrated by a critical areas 
report from a qualified professional. 

b. Buffer averaging to allow reasonable use of a parcel may be permitted only if: 

i. There are no feasible alternatives to the site design that could be 
accomplished without buffer averaging; and 

ii. The averaged buffer will not result in degradation of the wetland’s functions 
and values as demonstrated by a critical areas report from a qualified 
wetland professional. 

c. The total area of the buffer after averaging shall be equal to the area required 
without averaging. 

d. The buffer at its narrowest point shall never be less than either 75 percent (75%) of 
the standard width or 75 feet for category I and II, 50 feet for category III, and 25 
feet for category IV, whichever is greater. 

e. The buffer area proposed to be designated in buffer width averaging shall be 
contiguous to the original buffer area and shall not include on-site septic systems, 
public or private roadways, structures, or above-ground utilities. Existing disturbed 
areas may not be approved for use as a buffer width averaging area unless a buffer 
restoration or buffer enhancement plan has been submitted that conforms to the 
specifications of subsection 4.F.4 

5.4. Temporary Buffer Alterations. Where temporary buffer disturbance has or will occur 
in conjunction with approved permitted activities, revegetation of the buffer with native 
vegetation shall be required. Revegetation shall occur within thirty (30) days of project 
completion, unless explicitly extended by the Administrator. 

6.5. Buffer Reduction. The Administrator shall have the authority to reduce the required 
buffer widths, within a defined area, provided that: 
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a. The wetland buffer to be reduced is physically isolated from its corresponding 
wetland by a preexisting barrier, such as a bulkhead, paved public roadway, flood 
control structure, or building; and 

b. The buffer is reduced by no more than fifty twenty-five percent (2550%) of 
the standard buffer width; and 

c. The applicant demonstrates, through submission of a special report by a 
qualified professional, that the buffer reduction does not have any adverse 
impact on the existing functions and values of the wetland. 

7.6. Landward Residential Addition. For proposed development 
consisting of an expansion of an existing single family residential structure within 
a wetland buffer, for which the proposed expansion is on the landward side of 
the structure farthest from the wetland, no mitigation shall be required for such 
expansion, provided that: 

a. The width of the expanded structure parallel to the wetland boundary is 
not increased; and 

b. The applicant demonstrates, through submission of a critical areas report 
that the addition will not result in reduction of buffer function or in adverse 
impacts to wetland functions and values. 

F. Additional Mitigation Requirements for Wetlands 

1. Where a project requires disruption of wetlands, wetland functions and values 
shall be maintained through compensatory mitigation as specified in this 
subsection. 

2. For the purposes of this subsection, an insufficient buffer under subsection 4.E 
Wetland Buffers shall be treated as a loss of wetlands to the extent of the 
deficiency. 

3. Mitigation Sequencing. Before impacting any wetland or its buffer, an applicant 
shall demonstrate compliance with subsection 3.M.2, Mitigation Sequencing. 
Compensatory mitigation for alterations to wetlands shall be used only for 
impacts that cannot be avoided or minimized, and shall achieve equivalent or 
greater functions and values. 

4. Compensatory mitigation plans shall be consistent with Wetland Mitigation in 
Washington State, Part 1: Agency Policies and Guidance (Version 1, Ecology 
Publication #06-06-011a), or as amended, and best available science. 

5. Mitigation Ratios. The following ratios shall apply to compensatory mitigation that 
meets all other requirements in this subsection, is the same category of wetland, 
and has a high probability of success. The first number in each cell of table 4-2 
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below specifies the acreage of wetland mitigation and the second specifies the 
acreage of wetland alteration. 

Table 4-2: Wetland Mitigation Ratios. 
Category and 
Type of Wetland 

Creation or Re-
establishment Rehabilitation1 Enhancement1 

Category I: 
Bog, Natural 
Heritage site, 
Coastal Lagoon 

Not considered 
possible 6:1 Case by case 

Category I: 
Forested 6:1 12:1 24:1 

Category I: 
Based on functions 4:1 8:1 16:1 

Category I: 
Estuarine Case by case 6:1 Case by case 

Category II: 
Estuarine Case by case 4:1 Case by case 

Category II: 
Interdunal 2:1  

Compensation has  
to be interdunal  
wetland 

4:1  
Compensation  
has to be  
interdunal  
wetland 

Not considered  
possible 

Category II: all 
other 3:1 6:1 12:1 

Category III 2:1 4:1 8:1 
Category IV 1.5:1 3:1 6:1 

1 Ratios for rehabilitation and enhancement may be reduced when combined with 1:1 
replacement through creation or re-establishment. See “Table 8C-11. Mitigation ratios 
for projects in western Washington” in Wetlands in Washington State Volume 2 – 
Protecting and Managing Wetlands, Appendix 8-C, Guidance on Buffers and Ratios – 
Western Washington.  

6. Types of Mitigation. Mitigation for lost or diminished wetland and buffer functions 
shall rely on the types below in the following order of preference: 

a. Restoration, including reestablishment and rehabilitation, of wetlands; 

b. Creation, or establishment, of wetlands; 

c. Enhancement of significantly degraded wetlands, in combination with 
restoration or creation; 

d. Preservation of high-quality, at-risk wetlands, in combination with 
restoration, creation, or enhancement, provided that a minimum of 1:1 
acreage replacement is provided by creation or reestablishment. 

d.e.  

7. Location of Mitigation.  
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a. Compensatory mitigation actions shall be conducted within the same sub-
drainage basin and on the site of the alteration except when all of the 
following conditions apply: 

i. There are no reasonable opportunities on-site or within the sub-
drainage basin, or opportunities on-site or within the sub-drainage 
basin do not have a high likelihood of success; and 

ii. On-site mitigation would require elimination of high-quality upland 
habitat; and 

iii. Off-site mitigation has a greater likelihood of providing equal or 
improved wetland functions than the altered wetland. 

b. Off-site locations shall be in the same sub-drainage basin unless: 

i. Established watershed goals for water quality, flood storage or 
conveyance, habitat, or other wetland functions have been 
established by the County and strongly justify location of mitigation 
at another site; or 

ii. Credits from a state-certified wetland mitigation bank are used as 
compensation, and the use of credits is consistent with the terms of 
the certified bank instrument and with subsection 4.F.10 of this 
Ordinance; or 

iii. Fees are paid to an approved in-lieu fee program to compensate 
for the impacts. 

c. The design for the compensatory mitigation project shall be appropriate 
for its location (i.e. position in the landscape), and shall not result in the 
creation, restoration, or enhancement of an atypical wetland that does not 
match the type of wetland that would naturally be found in the geomorphic 
setting of the site. 

8. Timing of Mitigation.  

a. It is preferred that compensatory mitigation projects be completed prior to 
activities that will disturb wetlands. At the least, compensatory mitigation 
shall be completed immediately following disturbance and prior to use or 
occupancy of the action or development.  

b. Construction of mitigation projects shall be timed to reduce impacts 
existing fisheries, wildlife, and flora. 

9. Monitoring. Mitigation monitoring shall be required for a period necessary to 
establish that performance standards have been met, but not for a period less 
than five years. If a scrub-shrub or forested vegetation community is proposed, 
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monitoring may be required for ten years or more. The project mitigation plan 
shall include monitoring elements that ensure certainty of success for the 
project’s natural resource values and functions. If the mitigation goals are not 
obtained within the initial five-year period, the applicant remains responsible for 
restoration of the natural resource values and functions until the mitigation goals 
agreed to in the mitigation plan are achieved. 

10. Wetland Mitigation Banks. Credits from a wetland mitigation bank may be 
approved for use as compensation for unavoidable impacts to wetlands when all 
of the following conditions are satisfied: 

a. The bank is certified under state rules. 

b. The bank creates new wetlands or reestablishes, rehabilitates, or 
enhances existing disturbed wetlands. Credits shall not be approved for 
use from those portions of a wetland mitigation bank which preserve 
existing undisturbed wetlands. 

c. The wetland mitigation bank credits are located within the same surface 
water drainage basinsame service area as the wetland impacts, as 
determined by the Administrator in consultation with the Pacific County 
Engineer. 

d. The County determines that the wetland mitigation bank provides 
appropriate compensation for the authorized impacts. 

e. The proposed use of credits is consistent with the terms and conditions of 
the certified bank instrument. 

f. Replacement ratios are consistent with subsection 4.F.5, unless the 
applicant can demonstrate that the use of the mitigation bank is of greater 
value to wetland functions and values. 

g. Impacts are limited to the following types: 

i. Category I, II, III, or IV wetland buffer impacts; 

ii. Category II, III, or IV wetland impacts; 

iii. Category I wetland impacts from public infrastructure projects. 

G. Additional Critical Area Report Requirements for Wetlands 

1. When Required. If the County determines that a wetland exists within 300 feet of 
the site of a proposed development activity, a wetland report prepared by a 
qualified professional shall be required. The expense of preparing the wetland 
report shall be borne by the applicant. 

Commented [TB89]: Added per Ecology guidance/BAS 
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2. Report Contents. In addition to the general critical area report requirements 
under subsection 3.L, critical area reports for wetlands shall include, at a 
minimum: 

a. A description of the methodologies used to conduct the wetland 
delineations, rating system forms, or impact analyses, including 
references. 

b. Identification and characterization of all critical areas, wetlands, water 
bodies, shorelines, floodplains, and buffers on or adjacent to the proposed 
project area. For areas off site of the project site, conditions within 300 
feet of the project boundaries shall be estimated using the best available 
information. 

c. For each wetland identified on site and within 300 feet of the project site, 
the report shall provide: the wetland rating, including a description of and 
score for each function; required buffers; hydrogeomorphic classification; 
wetland acreage based on a professional survey from the field delineation 
(acreages for on-site portion and entire wetland area including off-site 
portions); Cowardin classification of vegetation communities; habitat 
elements; soil conditions based on site assessment and/or soil survey 
information; and to the extent possible, hydrologic information such as 
location and condition of inlets/outlets, estimated water depths within the 
wetland, and estimated hydroperiod patterns based on visual cues (e.g. 
algal mats, drift lines, flood debris, etc.). The report shall provide acreage 
estimates, classifications, and ratings based on entire wetland complexes, 
not only the portion present on the proposed project site. 

d. A description of the proposed actions, including an estimation of acreages 
of impacts to wetlands and buffers based on the field delineation and 
survey and an analysis of site development alternatives, including a no-
development alternative. 

e. A discussion of measures, including avoidance, minimization, and 
compensation, proposed to preserve existing wetlands and restore any 
wetlands that were degraded prior to the current proposed land use 
activity. 

f. A conservation strategy for habitat and native vegetation that addresses 
methods to protect and enhance on-site habitat and wetland functions. 

g. A copy of the site plan for the project, including maps (to scale) depicting 
delineated and surveyed wetland and required buffers; the development 
proposal; other critical areas; grading and clearing limits; areas of 
proposed impacts (including square footage estimates); and a depiction of 
the proposed stormwater management facilities for the development. 

3. Qualified Professional Requirements. 
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a. Delineation. Pacific County shall only accept a delineation performed by 
the U.S. Army Corps of Engineers, Washington State Department of 
Ecology, Natural Resources Conservation Service, or a qualified 
professional for wetlands who has been approved by the Department of 
Community Development. 

b. Report. The report shall be prepared by a qualified professional for 
wetlands. A qualified professional for wetlands must be a Professional 
Wetland Scientist with at least two years of full-time work experience as a 
wetlands professional, including delineating wetlands using the state or 
federal manuals; preparing wetland reports; conducting function 
assessments; and developing and implementing mitigation plans. 

H. Maps and References 

The following references may provide an indication of wetland locations. However, 
these and other similar resources were not prepared at a level of detail sufficient to 
accurately portray the exact location and extent of wetlands in Pacific County, and 
cannot be used in place of an on-site field determination of wetlands. Many 
wetlands in Pacific County will not appear on these resources. 

1. National Wetland Inventory. 

2. Natural Resources Conservation Service (formerly the Soil Conservation 
Service), soils map for Pacific County, hydric soils designations. 

Commented [TB91]: Modified from existing code 
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SECTION 5. FISH AND WILDLIFE HABITAT CONSERVATION AREAS 

A. Purpose 

The purpose of this section is to protect fish and wildlife habitat by land 
management which maintains sensitive, threatened, endangered species in suitable 
habitats within their natural geographic distribution, and to ensure the protection of 
shellfish, kelp, eelgrass, herring, and smelt spawning areas by regulating 
incompatible upland uses and development, and by controlling associated non-point 
pollution impacts. 

B. Identification 

1. Fish and wildlife habitat conservation areas (FWHCAs) include: 

a. Areas with which endangered, threatened, and sensitive species have a 
primary association. Pacific County adopts the designations listed in WAC 
232-12-014 (Endangered), WAC 232-12-011 (Threatened and Sensitive), 
and federally-designated threatened or endangered species categories. 

b. Habitats and species of local importance. 

c. Commercial and recreational shellfish areas. These areas include all 
public and private tidelands or bedlands suitable for shellfish harvest, 
including shellfish protection districts established pursuant to Chapter 
90.72 RCW. 

d. Kelp and (native?) eelgrass beds; herring and smelt spawning areas. 

e. Naturally occurring ponds under twenty (20) acres and their submerged 
aquatic beds that provide fish or wildlife habitat. 

f. Waters of the State. Waters of the state include lakes, rivers, ponds, 
streams, inland waters, underground waters, salt waters, and all other 
surface waters and watercourses within the jurisdiction of the state of 
Washington, as classified in WAC 222-16. 

g. Lakes, ponds, streams, and rivers planted with game fish by a 
governmental or tribal entity. 

h. State Natural Area Preserves (NAP) and Natural Resource Conservation 
Areas (NRCA). In Pacific County, these include the Bone River, 
Gunpowder Island, Niawiakum, and Willapa Divide NAPs and the 
Ellsworth Creek, South Nemah, and Teal Slough NRCAs. 
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C. Classification and Designation 

1. Waters of the State. Waters of the State shall be classified using the Department 
of Natural Resources' interim water typing (WAC 222-16-031). Once the fish 
habitat water type maps described in WAC 222-16-030 are adopted by the 
Forest Practices Board, the permanent water typing criteria described in WAC 
222-060-030 will apply.   

2. Habitats and Species of Local Importance. 

a. Characteristics of Habitats and Species of Local Importance: 

i. Local populations of native species that are likely to become 
endangered, are vulnerable, or declining. 

ii. Species or habitats with recreational, cultural, and/or economic 
value to citizens of Pacific County. 

iii. Protection by other County, State, or federal policies, laws, 
regulations, or non-regulatory tools are not sufficient to prevent 
degradation of the habitat or decline of the species. 

iv. Habitats of local importance represent either high-quality native 
habitat or habitat that has a high potential to recover to a suitable 
condition and which is limited in availability, highly vulnerable to 
alteration, or provides landscape connectivity that contributes to the 
integrity of the surrounding landscape. 

b. Process of Designation. 

i. Habitats and species may be nominated by any person. The 
nomination shall include the following: 

a) Identification of specific habitat features to be protected (for 
example, nest sites, breeding areas, and nurseries), or if a 
habitat or ecosystem is being nominated in its entirety, a 
description and map of the geographic boundaries 
encompassed in the nomination.   

b) Documentation of how the proposed species or habitat meets 
each of the applicable characteristics described in subsection 
5.C.2.a. 

c) Management strategies, supported by the best available 
science, that if implemented would measurably help to conserve 
the species or habitat. 

Commented [TB94]: Same water typing as in current 
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ii. The Administrator shall review and evaluate the nomination and 
make a recommendation to the planning commission. 

iii. The planning commission shall hold a public hearing on the 
proposal and make a recommendation to the Board of 
Commissioners. 

iv. After receiving the recommendation of the planning commission, 
the Board of Commissioners shall vote on the nomination. 

D. Protection Standards 

1. Buffers for Waters of the State. 

a. Standard Buffer Widths. The following buffers from the ordinary high 
water mark are required. 

Table 5-1: Required buffers for Waters of the State 

Interim Water 
Typing Buffer (ft) 

1 (S) See SMP 5.2 
2, 3 (F) 130 
4 (Np) 65 
5 (Ns) 50 

i. Measurement. The buffer shall be measured horizontally, landward 
in every direction from the ordinary high water mark. 

ii. Steep slopes. Where lands adjacent to a stream display a 
continuous slope of twenty-five percent (25%) or greater, the buffer 
shall include such sloping areas.  For Type 1, 2, and 3 streams, 
where the horizontal distance of the sloping area is greater than the 
required standard setback, the buffer shall be extended to a point 
twenty-five (25) feet beyond the top of the bank of the sloping area. 

b. Buffer Averaging. Buffer widths may be averaged within a property 
provided all of the following standards are met. 

i. Averaging provides additional protection to the species or habitat 
by conserving intact or unique habitat features; 

ii. Averaging will not adversely affect the protected species or habitat 
relative to the use of the standard buffer alone; 

iii. The total area contained in the buffer area after averaging is no 
less than that which would be contained within the standard buffer; 
and 

Commented [TB95]: No species have been designated to 
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iv. The buffer width is not reduced by more than twenty-five percent 
(25%) of the standard buffer in any location. 

c. Buffer Reduction. The Administrator may approve a reduction of the 
standard buffer on a case-by-case basis if an applicant demonstrates 
through a critical areas report based on best available science that the 
following conditions and criteria have been met: 

i. The applicant has proposed habitat restoration or enhancement 
activities that would result in improved habitat, water quality or 
water flow processes or functions of the adjacent stream; 

ii. The buffer reduction is necessary to accomplish the purpose of a 
proposed project and no reasonable alternative is available given 
specific site characteristics;  

iii. The applicant has demonstrated application of the avoidance and 
minimization standards; and 

iv. The standard buffer width shall not be reduced by more than 25 
percent for any stream or aquatic habitat.  

d. Interrupted Buffers. Where a legally established and constructed public 
roadway transects a riparian buffer, the Administrator may approve a 
modification of the standard buffer width to the edge of the roadway, 
provided the isolated part of the buffer provides insignificant biological, 
geological or hydrological buffer functions relating to the riparian area. 

2. Buffers for Other FWHCAs. Buffers shall be established adjacent to FWHCA 
other than Waters of the State as necessary to protect the ecological integrity, 
structure and functions of the resource from Development induced impacts. 
Buffer widths shall reflect the sensitivity of the species or habitat present and the 
type and intensity of the proposed adjacent human use or activity, consistent 
with the following guidance. 

Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Areas with a primary association with endangered, 
threatened, and sensitive species 

For non-fish species, buffers shall be based on site-
specific conditions; management recommendations 
provided by the Washington State Department of 
Fish and Wildlife PHS Program, if applicable; and 
the recommendation of a Qualified Professional. 

Commercial and recreational shellfish areas; kelp 
and eelgrass beds; herring and smelt spawning 
areas 

Standard shoreline buffers apply, in addition to 
Marine and Estuarine Water Quality Protection 
Zone provisions (Section 5.D.6).  

State Natural Area Preserves and Natural These areas are assumed to encompass the land 
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Fish and Wildlife Habitat Conservation Area Buffer Requirement 

Resource Conservation Areas required for species preservation; therefore, 
additional buffers shall not be required adjacent to 
these areas. The Administrator may impose a new 
buffer or increase the applicable buffer if it is 
determined that a proposed development would 
inhibit use of the property for species preservation. 

Species and Habitats of Local importance The need for and dimensions of buffers for 
approved species and habitats of local importance 
shall be determined on a case-by-case basis by the 
Administrator according to adopted plans for the 
specific resource. 

3. Buffer Composition. 

a. Buffers shall be maintained in an undeveloped state and shall consist of 
an undisturbed area of native vegetation or restoration areas established 
to protect the integrity, functions, and values of the affected habitat.  
Unless specifically permitted or exempted in this section or the SMP, all 
structures and activities shall be located outside of a fish and wildlife 
habitat conservation area and its associated buffer.   

b. No non-native vegetation shall be deliberately introduced into a buffer. 

4. Subdivisions. The subdivision and short subdivision of land in FWHCAs and 
associated buffers is subject to the following: 

a. Land that is located wholly within a FWHCA or its buffer may not be 
subdivided. 

b. Land that is located partially within a FWHCA or its buffer may be 
subdivided provided that the developable portion of each new lot and its 
access is located outside of the habitat conservation area or its buffer and 
meets the applicable zoning requirements. 

5. Permitted Activities within FWHCAs and Buffers. The following activities are 
permitted within FWHCAs and their associated buffers: 

a. Limited public park or public recreational access; provided, that all of the 
following are satisfied: 

i. The access is part of a public park that is dependent on the access 
for its location and recreational function; and 

ii. The access is limited to the minimum necessary to accomplish the 
recreational function; and 
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iii. The removal of trees and native vegetation is minimized. 

b. Low-impact uses and activities that are consistent with the purpose and 
function of the buffer when such improvements are limited to the minimum 
amount necessary and do not detract from its integrity may be permitted 
within the buffer depending on the sensitivity of the habitat involved; 
provided, that such activity shall not result in a decrease in FWHCA 
functions and values and shall not prevent or inhibit the buffer’s recovery 
to at least pre-altered condition or function.  

c. Removal of hazard trees. The removal of trees or portions of trees from 
critical areas and buffers that are hazardous, posing a threat to public 
safety, or posing an imminent risk of damage to private property.  The 
following standards must be met.  

i. A report from a certified arborist or professional forester documents 
the hazard and provides a replanting schedule, if tree removal is 
proposed, with the exception that hazard trees determined to pose 
an imminent threat or danger to public health or safety, to public or 
private property, or of serious environmental degradation may be 
removed or pruned prior to receiving written approval from the city 
provided that within 14 days a restoration plan is submitted that 
demonstrates compliance with the provisions of this chapter. 

ii. Tree cutting shall be limited to pruning and crown thinning, unless 
otherwise justified by a qualified professional.  

iii. Any trees that are removed must be replaced with new trees at a 
ratio of two replacement trees for each tree removed within one 
year, in accordance with an approved restoration plan. 

iv. If a tree to be removed provides critical habitat, such as an eagle 
perch, a qualified wildlife biologist shall be consulted to determine 
timing and methods for removal that will minimize impacts. 

d. Standards Applicable to Type 2, 3, 4, and 5 Waters of the State and their 
Buffers. 

i. The following modifications may be permitted in accordance with 
an approved critical area report that demonstrates that proposed 
measures follow mitigation sequencing and will not degrade fish or 
wildlife habitat conservation areas functions or processes on-site or 
in the surrounding area. 

a) Erosion Control Measures. New, replacement, or substantially 
improved erosion control measures. 
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b) Streambank Stabilization. Streambank Stabilization through 
bioengineering or soft armoring techniques. 

c) Docks. Repair and maintenance of an existing dock or pier. 

d) Roads, Trails, Bridges, and Rights-of-Way, provided: 

1) There is no other feasible alternative route with less impact 
on the environment; 

2) Crossings minimize interruption of downstream movement of 
wood and gravel; 

3) Roads shall not run parallel to the water body; 

4) Trails shall be located on the outer edge of the riparian area 
or buffer, except for limited viewing platforms and crossings; 

5) Crossings, where necessary, shall only occur as near to 
perpendicular with the water body as possible; 

e) Utility facilities, including utility lines, facilities, and stormwater 
conveyance, provided: 

1) FWHCAs shall be avoided to the maximum extent possible; 

2) Installation shall be accomplished by boring beneath the 
scour depth and hyporheic zone of the water body and 
channel migration zone, where feasible; 

3) The utilities shall cross at an angle greater than sixty (60) 
degrees to the centerline of the channel in streams or 
perpendicular to the channel centerline whenever boring 
under the channel is not feasible; 

4) Crossings shall be contained within the footprint of an 
existing road or utility crossing where possible; 

5) The utility route shall avoid paralleling the stream or 
following a down-valley course near the channel; and 

6) The utility installation shall not increase or decrease the 
natural rate of shore migration or channel migration. 

f) Clearing and Grading. When clearing and grading is permitted 
as part of an authorized activity or as otherwise allowed in these 
standards, the following shall apply: 
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1) Grading is allowed only during the dry season, which is 
typically regarded as beginning on May 1 and ending on 
October 1, provided that the city may extend or shorten the 
dry season on a case-by-case basis, determined on actual 
weather conditions.  

2) The soil duff layer shall remain undisturbed to the maximum 
extent possible. Where feasible, any soil disturbed shall be 
redistributed to other areas of the project area. 

3) The moisture-holding capacity of the topsoil layer shall be 
maintained by minimizing soil compaction or reestablishing 
natural soil structure and infiltrative capacity on all areas of 
the project area not covered by impervious surfaces. 

4) Erosion and sediment control that meets or exceeds city 
standards must be provided. 

6. Marine and Estuarine Water Quality Protection Zone. 

a. Purpose. The purpose of the Marine and Estuarine Water Quality 
Protection Zone is to protect water quality conditions that support 
shellfish, kelp, eelgrass, herring, and smelt spawning areas.1 

b. Applicability. All property located within three hundred (300) feet landward 
from the OHWM2 of marine waters of the Pacific Coast or estuarine 
waters of Willapa Bay falls within the Marine and Estuarine Water Quality 
Protection Zone.   

c. Protection Standards applicable within the Marine and Estuarine Water 
Quality Protection Zone.  The following protection standards apply within 
areas designated as the Marine and Estuarine Water Quality Protection 
Zone. 

i. The design of new and repair of on-site sewage systems shall 
incorporate  all known, available, and reasonable methods of 
prevention, control, and treatment (AKART) for microbial 
contaminants, consistent with standards of WAC 246-272A.     

ii. No reduction from the 100 foot horizontal separation standard 
between on-site septic system disposal components and surface 
water shall be approved for new septic systems. 

                                            
1 Defined per WAC 365-190-130, although kelp beds and smelt spawning areas are not known to be 
present in Pacific County waters. 
2 The Highest Astronomical Tide elevation shall be used instead of the OHWM on the eastern side of 
the Long Beach Peninsula. 
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iii. On-site sewage system permit applications shall be held by the 
Pacific County Health Officer or his/her designee for evaluation 
during the high winter water table season, if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
requirements of Chapter 246-272 WAC, Pacific County On-Site 
Sewage System Regulations, and this Ordinance.  

iv. Applications for Preliminary Plat subdivisions, or for construction of 
any new office complex, school facility, industrial facility, or 
commercial building shall require preparation and submittal of a 
storm water collection, biofiltration, and disposal system designed 
by a Professional Engineer.  Infiltration of storm water shall be 
encouraged, except where the practice would be injurious or 
potentially injurious to the quality of ground water in designated 
Critical Aquifer Recharge Areas.  

v. Construction of new agricultural facilities involved with the raising or 
keeping of livestock shall require preparation of farm plans and 
compliance with water quality Best Management Practices (BMPs).  

E. Additional Critical Area Report Requirements for Fish and Wildlife Habitat 
Conservation Areas 

1. When Required. A critical area report for fish and wildlife habitat conservation 
areas shall be required when a project area is located in or a distance equal to or 
less than the potential critical area buffer and building setback width of a fish and 
wildlife habitat conservation area. 

2. Additional Requirements: In addition to general requirements of Section 3.L, 
Critical Area Reports, critical area reports for fish and wildlife habitat 
conservation areas must meet the requirements of this subsection.  

a. Preparation by a Qualified Professional. A critical area report for a fish 
and wildlife habitat conservation area shall be prepared by a qualified 
professional biologist with experience preparing reports for the relevant 
type of habitat. 

b. Habitat Assessment. A critical area report for a habitat conservation area 
shall contain, at a minimum, the following information: 

i. A detailed description of vegetation on and adjacent to the project 
area and within the fish and wildlife conservation area and its 
associated buffer. 

ii. Identification of any endangered, threatened, or sensitive species 
that have a primary association with habitat on or adjacent to the 
project area. Identification of any habitats of local importance 
occurring on or adjacent to the site. 
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iii. A discussion of any federal, state, or local special management 
recommendations, including Washington Department of Fish and 
Wildlife habitat management recommendations, that have been 
developed for species or habitats located on or adjacent to the 
project area, and a description of how the project employs with 
those recommendations.   

iv. A detailed discussion of the direct and indirect potential impacts on 
habitat by the project, including both site-specific and landscape-
scale impacts and impacts to water quality. 

c. Additional Information May Be Required. When appropriate due to the 
type of habitat or species present or the project area conditions, the 
county planner may also require the following: 

i. An evaluation by an independent qualified professional regarding 
the applicant’s analysis and the effectiveness of any proposed 
mitigating measures or programs, to include any recommendations 
as appropriate; or 

ii. A request for consultation with the Washington Department of Fish 
and Wildlife or other appropriate agency or tribe. 

F. Additional Mitigation Requirements for Fish and Wildlife Habitat Conservation 
Areas 

1. Mitigation is required when a fish and wildlife habitat regulated under this section 
is temporarily or permanently affected as a result of project approval or activity.  
Mitigation is further required when a fish and wildlife habitat regulated under this 
section has been altered prior to project approval unless the alteration was not 
prohibited by law. 

2. On-site and in-kind mitigation is preferred so as to ensure, to the greatest extent 
practicable, that the plan results in mitigation for direct impacts resulting from the 
alteration. 

3. Off-site mitigation will be used only in those situations where on-site mitigation is 
not possible or where it is demonstrated that off-site mitigation would provide 
greater benefit to the affected species.  When off-site mitigation is allowed, it 
should occur within the same subbasin as the project impact. 

4. Contiguous Corridors. Mitigation sites shall be located and designed to the 
extent possible to preserve or achieve contiguous wildlife habitat corridors to 
minimize the isolating effects of development on habitat areas. 

5. Mitigation shall be completed prior to granting of temporary or final occupancy, or 
the completion or final approval of any development activity for which mitigation 
measures have been required. 
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6. This subsection constitutes general rules which may be modified upon the 
recommendations of a qualified critical area professional as to the scope and 
nature of the mitigation which is needed to protect the habitat system, functions, 
and values at issue for the project. Commented [TB109]: As with critical area reports, 

FWHCAs have their own mitigation requirements on top of 
general requirements in Section 3. Provisions here taken from 
existing CARL general mitigation provisions and BAS. 
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SECTION 6. FREQUENTLY FLOODED AREAS 

A. Purpose 
The purpose of the frequently flooded areas section is to minimize public and private 
losses due to flood conditions in specific areas and to protect the functions and 
values of frequently flooded areas. 

B. Identification 
For the purpose of this Ordinance, frequently flooded areas within Pacific County 
shall be classified using the following criteria: 
1. Those areas of special flood hazard identified by the Federal Emergency 

Management Agency (FEMA) in a scientific and engineering report entitled “The 
Flood Insurance Study for Pacific County and Incorporated Areas” dated May 18, 
2015, and any revisions thereto, with an accompanying Flood Insurance Rate 
Map (FIRM) dated September 27, 1985, or, and any revisions thereto; and those 
floodways and associated floodplains delineated by a comprehensive flood 
hazard management plan adopted by the Pacific County Board of County 
Commissioners, as being with the 100-year floodplain or having experienced 
historic flooding, are hereby adopted by reference and designated as frequently 
flooded areas subject to the provisions of this Ordinance. The flood insurance 
study and the FIRM are on file with the Pacific County Department of Community 
Development. The best available information for flood hazard area identification 
as outlined in Pacific County Code (PCC) 15.08.140(B) shall be the basis for 
regulation until a new FIRM is issued that incorporates the data utilized under 
PCC 15.08.140(B). 

2. When base flood elevation data have not been provided (A and V zones) the 
Administrator, in consultation with the Pacific County Engineer, shall obtain, 
review, and reasonably utilize any base flood elevation and floodway data 
available from a federal, state, or other source. If such documentation is not 
adequate to allow the County Engineer to make such delineation, the person 
seeking development which is covered under this Ordinance shall provide a flood 
hazard study prepared by a qualified critical area professional assessing the 
extent of the 100-year floodplain, which shall be subject to approval by the 
County Engineer. 

C. Protection Standards 
All development within designated frequently flooded areas shall comply with the 
Pacific County Flood Damage Prevention Ordinance No. 167, codified as Chapter 
15.08 PCC, as now or hereafter amended; and/or the Pacific County Shoreline 
Master Program, as now or hereafter amended. 
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SECTION 7. CRITICAL AQUIFER RECHARGE AREAS 

A. Purpose 

The purpose of this section is to establish protection measures for aquifers that are 
susceptible to contamination due to physical (hydrogeologic) factors. 

B. Identification 

Aquifer recharge areas are those areas with geologic and hydrologic conditions that 
promote rapid infiltration of recharge waters to groundwater aquifers. The following 
classifications define critical aquifer recharge areas. 

1. For the purposes of this Ordinance, any land within Pacific County that contains 
the following soil types as listed in the Soil Survey of Grays Harbor County Area, 
Pacific County, and Wahkiakum County, Washington, 1986, Soil Conservation 
Service, USDA, is designated as a critical aquifer recharge area: 

Soil Type Map Unit Description 

8 Beaches 

35 Dune land 

92 Netarts fine sand, 3-12 percent slopes 

108 Orcas peat 

132 Seastrand Mucky peat 

133 Seastrand variant muck 

147 Undorthents, level 

153 Westport fine sand, 3-10 percent slopes 

162 Yaquina loamy fine sand 

2. Special aquifer recharge protection areas include: 

a. Sole-source aquifers designated by the U.S. Environmental Protection 
Agency in accordance with the Safe Drinking Water Act of 1974 (Public 
Law 93-523); 

b. Special protection areas designated by the Washington Department of 
Ecology under Chapter 173-200 WAC; 

c. Wellhead protection areas determined in accordance with delineation 
methodologies specified by the Washington Department of Health under 
authority of Chapter 246-290 WAC; and 

d. Groundwater management areas designated by the Washington 
Department of Ecology in cooperation with local government under 
Chapter 173-100 WAC. 
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C. Protection Standards 

1. New Development Prohibitions. The following types of new development shall 
not be permitted within designated critical aquifer recharge areas: 

a. Solid waste landfills; 

b. Septage application; 

c. Underground storage of heating oil in excess of 1,100 gallons for 
consumptive use on the parcel where stored; 

d. Creosote manufacturing or treatment;  

e. Chemical manufacture or reprocessing of any extremely hazardous waste 
as defined by RCW 70.105.010(6) and listed in Chapter 173-303 WAC; 

f. Mining of any type below the water table; 

g. Processing, storage, and disposal of radioactive substances; and 

h. Hydrocarbon extraction. 

2. Development Standards. 

a. Lots in new subdivisions and new short subdivisions in critical aquifer 
recharge areas outside of Urban Growth Areas shall require a minimum 
net land area of one acre when gravity on-site septic systems are 
proposed, thirty thousand (30,000) square feet when pressure distribution 
or equivalent treatment systems are proposed, and fifteen thousand 
(15,000) square feet or equivalent when sand filter or equivalent treatment 
is proposed. For the purposes of this section "net lot area" shall mean the 
total lot area minus areas covered by surface water lying water-ward of 
the ordinary high water mark, and those areas contained within rights of 
way, and road and/or utility easements. 

b. New and/or repair of on-site sewage systems in critical aquifer recharge 
areas on existing lots of less than one net acre in size shall be designed 
by a Licensed Designer, Registered Sanitarian, or Professional Engineer, 
and shall consist of a pressure distribution drainfield system, and shall 
meet the requirements of Chapter 246-272A WAC, On-Site Sewage 
Systems. 

c. On-site sewage system permit applications in critical aquifer recharge 
areas shall be held by the Health Officer for evaluation during the high 
winter water table season (December - February), if necessary to ensure 
that native soil depth and vertical separation are consistent with the 
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requirements of Chapter 246-272A WAC and any Pacific County 
Ordinance pertaining to on-site sewage disposal. 

d. New subdivisions and new short subdivisions in critical aquifer recharge 
areas shall require a storm water collection, treatment, and disposal 
system designed by a Professional Engineer and approved by the County 
Engineer. This requirement does not apply to short subdivisions in which 
each lot is at least one acre in size. 

e. New development in areas of existing wells shall remove any abandoned 
wells present in the area of development using approved well 
abandonment methods as defined in WAC 173-160. 

D. Additional Critical Area Report Requirements for Critical Aquifer Recharge 
Areas. 

1. When Required. A person seeking the following types of new construction 
activities is responsible for preparing a critical area report for critical aquifer 
recharge areas: 

a. Industrial and commercial agricultural facilities applying fertilizers or 
pesticides in excess of agronomic rates; 

b. Golf courses or other recreational or institutional facilities that involve 
extensive turf cultivation or maintenance; 

c. Above ground storage tanks, with the exception of water tanks; 

d. Industrial or commercial facilities that, when completed, will use, store, or 
handle dangerous wastes in quantities in excess of five (5) gallons or 
twenty-five (25) pounds or more of any one substance, or in aggregate 
quantities of twenty (20) gallons or 100 pounds or more of all dangerous 
wastes; 

e. Fossil fuel exploration or development; and 

f. Commercial underground storage tanks in excess of 1,100 gallons. 

2. Report Contents. In addition to the critical area report requirements of subsection 
3.L of this Ordinance, the report shall include the following information: 

a. A detailed description of the project including all processes and other 
activities which have the potential for contaminating groundwater; and 

b. A hydrogeologic evaluation that includes, at a minimum, a description 
and/or evaluation of the following: 

i. Site location, topography, drainage, and surface water bodies; 
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ii. Soils and geologic units, underlying the site; 

iii. Ground water characteristics of the area, including flow direction, 
gradient, and existing groundwater quality; 

iv. The location and characteristics of wells and springs within 300 feet 
of the perimeter of the property; 

v. An evaluation of existing on-site groundwater recharge; and 

vi. An evaluation of the potential impact of the proposal on 
groundwater quality, both short and long term, based on an 
assessment of the cumulative impacts of the proposal in 
combination with existing and potential future land use activities. 

3. Qualifications of Report Preparers. Critical area reports for critical aquifer 
recharge areas shall be prepared by a Professional Engineer registered by the 
State of Washington, and trained and qualified to analyze geologic, hydrologic, 
and ground water flow systems, or by a geologist or hydrogeologist who has 
received a degree from an accredited four-year college or university and who has 
relevant training and experience in analyzing geologic, hydrologic, and ground 
water flow systems. Such qualifications shall be demonstrated to the satisfaction 
of the Administrator. 
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SECTION 8. GEOLOGICALLY HAZARDOUS AREAS 

A. Purpose 

The purpose of this section is to minimize hazards to the public from development 
activities on or adjacent to areas of geological hazard. Geologically hazardous areas 
include the following: erosion hazard areas; landslide hazard areas; seismic hazard 
areas; mine hazard areas; and tsunami hazard areas. 

B. Identification 

1. Erosion Hazard Areas. Erosion hazard areas are at least those areas identified 
by the U.S. Department of Agriculture’s Natural Resources Conservation Service 
as having a “severe” or “very severe” erosion hazard. Erosion hazard areas are 
also those areas impacted by shoreline and/or stream bank erosion, coastal 
wave erosion zones, and those areas within a river’s channel migration zone. 
The legislative authority of Pacific County may also designated by resolution 
erosion hazard areas. 

2. Landslide Hazard Areas. Landslide hazard areas are those areas meeting any of 
the following criteria: 

a. Areas of historic failure, such as areas designated as quaternary slumps, 
earthflows, mudflows, or landslides on maps published as the United 
States Geological Survey or Department of Natural Resources Division of 
Geology and Earth Resources. 

b. Those areas mapped by the Washington State Department of Ecology 
(Coastal Zone Atlas) or the Washington State Department of Natural 
Resources (slope stability mapping) as unstable (U or class 3), unstable 
old slides (UOS or class 4), or unstable recent slides (URS or class 5). 

c. Any area with all of the following characteristics: 

i. A slope greater than fifteen percent (15%); 

ii. Hillsides intersecting geologic contacts with a relatively permeable 
sediment overlying a relatively impermeable sediment or bedrock; 
and 

iii. Springs or groundwater seepage. 

d. Slopes that are parallel or sub-parallel to planes of weakness (such as 
bedding planes, joint systems, and fault planes) in subsurface materials. 

e. Slopes having gradients greater than eighty percent (80%) subject to rock 
fall during seismic shaking. 
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f. Areas potentially unstable as a result of rapid stream incision and stream 
bank erosion. 

g. Areas located in a canyon or on an active alluvial fan, presently or 
potentially subject to inundation by debris flows or catastrophic flooding. 

h. Any area with a slope of forty percent (40%) or steeper and with a vertical 
relief of ten (10) or more feet except areas composed of solid rock. A 
slope is delineated by establishing its toe and top and measured by 
averaging the inclination over at least ten (10) feet of vertical relief. 

3. Mine Hazard Areas. Mine hazard areas are those areas within one hundred 
(100) horizontal feet of a mine opening at the surface. 

4. Seismic Hazard Areas. For the purposes of this Ordinance, the entire County is 
designated as a seismic hazard area. 

5. Tsunami Hazard Areas. Tsunami hazard areas are shoreline or coastal areas 
susceptible to flooding and inundation as the result of excessive wave runup 
action derived from seismic or other geologic events. 

C. Applicability 

The provisions of this section shall apply only to land use development permits. 
However, the expansion of preexisting structures shall be exempt so long as the 
intrusion into an erosion or landslide hazard area does not increase. 

D. Protection Standards 

1. General Development Standards. 

a. Alterations of geologically hazardous areas or associated buffers shall 
only occur for activities that: 

i. Will not increase the threat of the geological hazard to adjacent 
properties beyond pre-development conditions; 

ii. Will not adversely impact other critical areas; 

iii. Are designed so that the hazard to the project is eliminated or 
mitigated to a level equal to or less than pre-development 
conditions; and 

iv. Are certified as safe as designed and under anticipated conditions 
by a qualified engineer or geologist, licensed in the state of 
Washington. 

b. Critical facilities shall not be sited within or below geologically hazardous 
areas unless there is no other practical alternative. 
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2. Development Standards for Erosion and Landslide Hazard Areas. 

a. Clearing and Grading. 

i. Clearing, grading, and other construction activities shall not 
aggravate or result in slope instability or surface sloughing; 

ii. Vegetation shall be preserved to the extent practicable; 

iii. No dead vegetation (slash), fill, or other foreign material shall be 
placed within a landslide hazard area, other than that approved for 
bulkheads or other methods of stream bank stabilization under the 
Shoreline Master Program unless a geotechnical report shows that 
the activity will not exacerbate landslide hazards; and 

iv. Ground disturbance shall be minimized to the extent practicable. 

b. Ground Surface Erosion Control Management. 

i. There shall be minimum disturbance of vegetation in order to 
minimize erosion and maintain existing stability of hazard areas; 

ii. Vegetation removal on the slopes of banks between the ordinary 
high-water mark and the top of the banks shall be minimized 
because of the potential for erosion; 

iii. Vegetation and organic soil material shall be removed from a fill 
site prior to the placement of clean earthen material; 

iv. Vegetative cover shall be re-established on any disturbed surface 
to the extent practicable; and 

v. To the extent practicable, groundcovers such as filter fabrics, rip-
rap, etc. shall be placed on any disturbed surface when future 
erosion is likely. 

c. Drainage 

i. Surface drainage, including downspouts, shall not be directed 
across the face of a hazard area; if drainage must be discharged 
from the top of a hazard area to its toe, it shall be collected above 
the top and directed to the toe by tight line drain, and provided with 
an energy dissipative device at the toe for discharge to a swale or 
other acceptable natural drainage areas; and 

ii. Stormwater retention and detention systems, including percolation 
systems utilizing buried pipe, may be used if a geotechnical 
assessment indicates such a system shall not affect slope stability 
and the system is designed by a licensed civil engineer; the 
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licensed civil engineer shall also certify that the system is installed 
as designed. 

d. Lot Size. For the purpose of determining lot sizes within erosions and 
hazard areas, the Administrator shall review available information, analyze 
necessary geotechnical assessments, and make a decision on a case-by-
case basis based on the reports. 

e. Buffers 

i. An undisturbed fifty (50) foot buffer, as measured on the surface, is 
required from the top, toe, and along all sides of any existing 
landslide or erosion hazard area; 

ii. Based on the results of a geotechnical assessment, the 
Administrator may increase or decrease the buffer;  

iii. The buffer may be reduced to a minimum of ten (10) feet when a 
geotechnical assessment demonstrates that the reduction will 
adequately protect the proposed development, adjacent 
developments, and the subject critical area. 

iv. The buffer shall be clearly staked before any construction or 
clearing takes place. 

f. Design Guidelines. 

i. Foundations shall conform to the natural contours of the slope and 
foundations should be stepped/tiered where possible to conform to 
existing topography of the site; 

ii. Roads, walkways, and parking areas shall be designed with low 
gradients or be parallel to the natural contours of the site; and 

iii. To the extent practicable, access shall be in the least sensitive 
area of the site. 

g. No critical facilities shall be constructed or located within an erosion or 
landslide hazard area. 

h. Proposals may be exempt from the development standards in this 
subsection through approval by the Administrator if a geotechnical 
analysis, performed by a qualified professional, demonstrates that the 
proposed development will not cause any increased risk to life or property 
or create any significant adverse environmental impacts. 

3. Additional Development Standards for Erosion Hazard Areas. 
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a. No new structures shall be located on a permanent foundation within an 
erosion hazard area, unless the foundation is located at a distance 
landward of the ordinary high water mark that is greater than or equal to 
the amount of land that is expected to erode within the next thirty (30) 
years as determined by the Administrator. 

b. New septic system drainfields in an erosion hazard area shall be located 
landward of any new structure. 

c. Recreational vehicle usage in an erosion hazard area is permitted if 
otherwise allowed by law.  

4. Development Standards for Mine Hazard Areas. Development within a mine 
hazard area is prohibited. 

5. Development Standards for Seismic and Tsunami Hazard Areas. All 
development within areas that meet the identification criteria for seismic or 
tsunami hazard areas shall comply with the model codes as approved and 
adopted by the State Building Code Council, together with any amendments or 
additions. 

E. Additional Critical Area Report Requirements for Geologically Hazardous 
Areas. 

1. When Required. A critical area report for geologically hazardous areas shall be 
required when an erosion or landslide hazard area is located within 200 feet of a 
project area, or if an erosion or landslide hazard area located farther than 200 
feet from a project area may impact the proposal. 

2. Qualified Professional. A critical area report for a geologically hazardous area 
shall be prepared by an engineer or geologist, licensed in the state of 
Washington, with experience analyzing geologic, hydrologic, and groundwater 
flow systems, and who has experience preparing reports for the relevant type of 
hazard. 

3. Geological Hazards Assessment. In addition to the critical area report 
requirements of subsection 3.L, a critical area report for a geologically hazardous 
area shall contain a geological hazards assessment, including, at a minimum, 
the following information: 

a. An assessment of the geologic characteristics of the soils, sediments, 
and/or rock of the project area and potentially affected adjacent 
properties, and a review of the site history regarding landslides, erosion, 
and prior grading. Soils analysis should be accomplished in accordance 
with accepted classification systems. 
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b. A hazards analysis including a detailed description of the project, its 
relationship to the geologic hazard(s), and its potential impact upon the 
hazard area, the subject property, and affected adjacent properties. 

c. A recommendation for the minimum no-disturbance buffer and minimum 
building setback from any geologic hazard. 

4. Mitigation of Long-Term Impacts. When hazard mitigation is required, a 
mitigation plan shall specifically address how the activity maintains or reduces 
the pre-existing level of risk to the site and adjacent properties on a long-term 
basis equal to or exceeding the projected lifespan of the activity or occupation. 

F. Maps and References 

1. Erosion Hazard Areas. The USDA Natural Resources Conservation Service 
(NRCS) maps the location and extent of erosion hazard areas as part of their soil 
survey. Current survey data is available through the NRCS Web Soil Survey. 

2. Landslide Hazard Areas. The Web Soil Survey may be relied upon by the 
Administrator as a basis for requiring field investigation and special reports. In 
the event of a conflict between information contained in the Web Soil Survey and 
information shown as a result of a field investigation, the latter shall prevail. 

3. Seismic Hazard Areas.  

a. The U.S. Geological Survey maps probabilistic earthquake ground motion 
for the United States. As shown on these maps, the earthquake peak 
ground acceleration (PGA) that has a five percent chance of being 
exceeded in 50 years is above 38 g for the entire County. 

b. The Administrator may require site specific field studies or special reports 
for the siting of critical facilities within Pacific County. 

4. Tsunami Hazard Areas. The Washington Department of Natural Resources 
maps modeled tsunami inundation from a Cascadia Subduction Zone 
Earthquake for Washington State. The map covering the Pacific County 
shoreline is Tsunami Hazard Map of the Southern Washington Coast, Walsh et 
al. 2000. 
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SECTION 9. AGRICULTURAL LANDS 

A. Purpose 

The purpose of this section is to conserve agricultural land of long-term commercial 
significance and protect other agricultural land. 

B. Identification 

1. Agricultural Land of Long-Term Commercial Significance. Agricultural land of 
long-term commercial significance includes all land that is devoted to the 
production of aquaculture, cranberries, and/or other bog related crops. These 
areas are zoned as Agricultural District (AG) and are subject to the provisions of 
Chapter 18.28 PCC. 

2. Agricultural Land of Local Importance. Agricultural land of local importance 
includes any diked tideland as listed under soil type nos. 104 and 147 in the Soil 
Survey of Grays Harbor County Area, Pacific County, and Wahkiakum County, 
Washington, 1986, Soil Conservation Service, USDA, that is involved in existing 
and ongoing agricultural activities on the date this Ordinance become effective. 

C. Prohibition against Other Uses 

1. Agricultural Land of Long-Term Commercial Significance. Land that is 
designated as agricultural land of long-term commercial significance on the date 
this Ordinance becomes effective and land that subsequently meets the 
definition of agricultural land of long-term commercial significance shall not be 
used for any other purpose than agriculture. 

2. Agricultural Land of Local Importance. Agricultural land of local importance may 
continue to be used for agricultural activities, including uses pertaining to related 
structures, such as barns and loafing sheds, and may be used for the continued 
occupation of dwelling units in existence on the date this Ordinance becomes 
effective. Any such dwelling units may be replaced, altered, or expanded 
provided that such replacement, expansion, or alteration does not result in an 
increase in the number of dwelling units on the specific parcel which is within 
agricultural land of local importance. Any modification of the sewage disposal 
system must comply with State and Pacific County Board of Health rules. 
Agricultural land of local importance may not be converted to non-agricultural 
uses, activities, and structures, such as the subdivision of land and the 
development of recreation facilities. Subject to the compliance with other 
requirements of law, nothing within this Ordinance prevents the conversion of 
agricultural land of local importance back to tidal land that would be inundated by 
the natural ebb and flow of tidal waters. 
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D. Protection Standards 

  All structures within parcels adjacent to or abutting agricultural land shall maintain 
a minimum setback of (1) one hundred (100) feet from property lines, except for 
structures not requiring building permits, (2) one hundred (100) feet for all wells, 
and (3) two hundred (200) feet for springs; however, the Administrator may reduce 
the setback if the requirements of subsection 3.I, Variance, are met and the 
person requesting the administrative variance records an agricultural easement for 
the benefit of the abutting agricultural land, and grants a right to all normal and 
customary agricultural practices in accordance with Best Management Practices. 

E. Maps and References 

Agricultural land areas shall be field-located based on applicable criteria. 
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SECTION 10. FOREST LANDS 

A. Purpose 

The purpose of this section is to conserve productive forest land. Nothing within this 
section shall be construed in a manner inconsistent with Chapter 76.09 RCW and 
Title 222 WAC. 

B. Identification 

1. General. Forest land is land that is not already characterized by urban growth 
and that is significant for the commercial production of timber and forest 
products. 

2. Classification. 

a. Forest Land of Long-Term Commercial Significance. Forest land of long-
term commercial significance means any land designated on the map of 
Pacific County Forest Land as forest land of long-term commercial 
significance (see Exhibit A). These areas are zoned Commercial Forestry 
District (FC) and are subject to the provisions of Chapter 18.16 PCC. 

b. Transitional Forest Land. Transitional forest land means any land 
designated on the map of Pacific County Forest Land as transitional forest 
land (see Exhibit A). These areas are zoned Transitional Forest Land 
District (FT) and are subject to the provisions of Chapter 18.20 PCC. 

C. Protection Standards 

1. Protection Standards for Forest Land of Long-Term Commercial Significance. 

a. Setbacks. All structures within lands adjacent to or abutting forest land of 
long-term commercial significance shall maintain a minimum setback of 
(1) one hundred (100) feet from property lines, except for structures not 
requiring building permits, (2) one hundred (100) feet for all wells, and (3) 
two hundred (200) feet for springs and uses and activities provided under 
subsection 12.B.; however, the Administrator may reduce the setback if 
the requirements of 3.I, Variance, are met and the person requesting the 
administrative variance records a forestry easement for the benefit of the 
abutting forest land of long-term commercial significance, and grants a 
right to all normal and customary forestry practices in accordance with 
Best Management Practices. 

b. Water Supply. 

i. When residential dwellings, other structures, or any other use is 
supplied with water from off-site sources, an easement and right 
running with the land shall be recorded from the property owners 
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supplying the water prior to final plat approval, building permit 
issuance, or regulated use approval. 

ii. Due to the potential to disrupt forest practices on forest land, new 
residential or recreational public water supplies shall comply with 
State standards and shall not be located within one hundred (100) 
feet of forest land of long-term commercial significance without an 
easement from the adjacent or abutting property owner. 

c. Access. No permit from Pacific County shall imply any permanent 
vehicular access to residential properties across non-owned land. 

d. Surveys. Land surveys or other boundary line determinations shall be 
required in conjunction with the issuance of a building permit on property 
subject to the setback requirements set forth in this subsection to 
demonstrate compliance with the required setback. 

2. Protection Standards for Transitional Forest Land. 

a. Setbacks. All residences and commercial/industrial buildings within 
transitional forest land shall maintain a minimum setback of two hundred 
(200) feet from the ordinary high water mark of Willapa Bay. 
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SECTION 11. MINERAL LANDS 

A. Purpose 

The purpose of this section is to conserve mineral lands of long-term commercial 
significance. 

B. Identification 

1. General. Mineral land is land that has long-term significance for the extraction of 
minerals. 

2. Classification. 

a. Mineral land means any area in Pacific County presently covered under a 
valid Washington State Department of Natural Resources (DNR) surface 
mining permit and any beach area where sand is removed for commercial 
purposes. 

b. Any other area shall be classified as mineral land when a surface mining 
permit is granted by the DNR. 

C. Permitted Uses 

1. Primary Uses. The following primary uses are allowed: 

a. Quarrying and mining of minerals or material, including, but not limited to, 
sand, gravel, rock, clay, coal, and valuable metallic and non-metallic 
substances; 

b. The exploitation, primary reduction, treatment, and processing of minerals 
or materials, together with the necessary buildings, structures, apparatus, 
or appurtenances on said property where at least one of the major mineral 
or material constituents being exploited is from said property, including, 
but not limited to, concrete batching, asphalt mixing, brick, tile, terra cotta, 
concrete products, manufacturing plants, rock crushers, and the use of 
accessory minerals and materials from other sources necessary to 
convert the minerals and materials to marketable products; 

c. Agricultural crops, open field grown, stock grazing, and the harvesting of 
any wild crop such as marsh hay, ferns, moss, berries, etc. which may 
coexist with mineral extraction activities within a common ownership; 

d. Existing surface mining operations, operating under the authority of the 
Washington State Surface Mining Act, Chapter 78.44 RCW; 

e. Mining-related activities and structures; 
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f. The maintenance of gas, electric, water, communication, and public utility 
facilities; and 

g. Legal residences existing on the date this Ordinance become effective 
and any accessory uses, including home occupations associated with 
such residences. 

2. Accessory Uses. The following accessory uses are allowed outright where 
directly connected with and in aid of a mining activity: 

a. One single-family dwelling unit per contiguous ownership or one single-
family dwelling unit per five (5) acres of contiguous ownership, whichever 
is the lesser acreage. The lot size/density requirement shall not apply to 
commercial sand removal from beach areas; 

b. Home occupations associated only with mining related activities; 

c. Buildings accessory to a single-family dwelling or mobile home; 

d. Storage of explosives, fuels, and chemicals used for agriculture, mining, 
and forestry subject to all applicable local, state, and federal regulations; 
and 

e. Watershed management facilities including, but not limited to, diversion 
devices, impoundments, dams for flood control, fire control, stock 
watering, and hydroelectric generating facilities, when associated with a 
permitted use or structure. 

3. Incidental Uses. 

a. Required Elements. Incidental uses are permitted where the following 
elements are found: 

i. The use will not significantly affect the overall productivity of the 
mining activity; 

ii. The use is secondary to the principal activity of mining; and 

iii. The use is sited to avoid prime lands where practicable and 
otherwise minimizes the impact to mineral land of long-term 
commercial significance. 

b. Uses Allowed as Incidental Activities. 

i. The growing and harvesting of forest products, the operation of 
portable sawmills and chippers and activities and structures 
incidental to each, and accessory facilities including, but not limited 
to scaling and weight stations, temporary crew quarters, storage 
and maintenance facilities, residue storage and disposal areas, and 
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other uses and facilities involved in the harvesting and commercial 
production of forest products which may coexist with mineral 
extraction activities within a common ownership. 

ii. Public and semi-public buildings, structures, and uses including, 
but not limited to, fire stations, utility substations, pump stations, 
and wells. 

iii. Commercial extraction and processing of oil, gas, and geothermal 
resources. 

iv. Permanent saw mills, shake and shingle mills, plywood mills, green 
veneer plants, particle board plants, other products manufactured 
from wood residues, chippers, pole yards, log sorting and storage, 
buildings for debarking, and drying kilns and equipment. 

v. Structures for agriculture, floriculture, horticulture, general farming, 
dairy, the raising, feeding, and sale or production of poultry, 
livestock, fur bearing animals, honeybees, including feeding 
operations, Christmas trees, nursery stock, floral vegetation, and 
other uses accessory to farming and animal husbandry. 

vi. Forestry, environmental, and natural resource research facilities. 

vii. Telecommunication facilities and electrical transmission lines. 

4. Critical Facilities. Critical facilities are permitted on mining land of long-term 
commercial significance where: 

a. They are identified in an adopted plan of a public agency or regulated 
utility; and 

b. The potential impact on mineral lands is specifically considered in the 
siting process. 

D. Protection Standards 

1. Standards for Existing Permits. All mining sites for which state or federal mining 
permits are required and which are subject to this Ordinance shall be subject to 
the conditions of those permits. 

2. Minimum Density and Lot Area. Prior to full utilization of a designated Mineral 
Land mineral resource potential, subdivisions, short subdivisions, and other 
parcel segregations below five (5) acres are prohibited. This lot size/density 
requirement shall not apply to commercial sand removal from beach areas. 

3. Setbacks. 
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a. Within Designated Mineral Lands. Mining operations which are operating 
under valid state or federal surface mining permits shall use the setback 
and/or buffer standards contained within any reclamation plan required 
pursuant to the state or federal laws pertaining to mining land reclamation. 

b. Within Lands Abutting Mineral Lands. Structures requiring a building 
permit shall maintain a minimum one hundred (100) foot setback from the 
boundary of any designated Mineral Land. 

E. Maps and References 

Mineral land areas shall be field-located based on applicable criteria. 
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SECTION 12. NOTICE ON TITLE FOR RESOURCE LANDS 

A. Applicability 

The provisions of this section apply to development proposed on property on or 
within 500 feet of agricultural land, forest land (not including transitional forest land), 
and mineral land.  

B. Notice on Title for Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site within agricultural land, forest land of long-term 
commercial significance, or mineral land shall record a title notice with the Pacific 
County Auditor when a development activity covered under this Chapter is 
submitted. The notice shall be notarized and shall be recorded prior to approval 
of any development proposal for the site. Such notification shall be in the form as 
set forth below. 

 [Agricultural/Forest/Mineral] Lands Area Title Notification 

 Parcel Number: 

 Parcel Address: 

NOTICE: This parcel lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

2. Land Division Notification. The owner(s) of any site classified as resource land 
(not including transitional forest land), on which a subdivision, short subdivision, 
or other parcel segregation is approved, shall record a notice on the face of the 
plat or short plat and shall record a notice along with any other document filed 
with the Pacific County Auditor. Such notification shall be in the form as set forth 
below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 

Commented [TB138]: Name changed for consistency with 
critical areas section, which has its own notice on title 
requirement 
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inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

 Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that all permits 
issued for regulated activities within designated resource lands (not including 
transitional forest lands) contain a notice as set forth below. 

NOTICE: This property lies within an area of land designated as 
[agricultural/forest/mineral] land by Pacific County. A variety of commercial 
[agricultural/forestry/mineral extraction] activities occur in the area that may be 
inconvenient or cause discomfort to area residents. This may arise from the use 
of heavy equipment, chemicals, and spraying which may generate dust, smoke, 
and noise. Pacific County has established [agriculture/forestry/mineral extraction] 
as a priority use on productive [agricultural/forestry/mineral] lands, and residents 
of adjacent property should be prepared to accept such inconveniences or 
discomfort from normal, necessary [agricultural/forestry/mineral extraction] 
operations. 

C. Notification on Title for Property Adjacent to Designated Resource Lands 

Bracketed text below shall be modified according to the type of resource land in 
question. 

1. The owner(s) of any site adjacent to designated resource lands (not including 
transitional forest lands) shall record a title notice with the Pacific County Auditor 
when a development activity covered under this section is submitted. The notice 
shall be notarized and shall be recorded prior to approval of any development 
proposal for the site. Such notification shall be in the form as set forth below. 

Land Adjacent to Resource Lands Title Notification 

Parcel Number: 

Parcel Address: 

 NOTICE: This parcel lies within 500 feet of land designated as 
resource land by Pacific County. A variety of commercial or industrial 
activities occur in the area that may be inconvenient or cause 
discomfort to area residents. This may arise from the use of 

Commented [TB139]: Title Notification sections for each of 
the three types of resource lands combined here. 
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chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

Signature(s) of Owner(s) 

(NOTARY ACKNOWLEDGMENT) 

2. Land Division Notification. The owner(s) of any site adjacent to designated 
resource lands (not including transitional forest lands), on which a subdivision, 
short subdivision, or other parcel segregation is approved, shall record a notice 
on the face of a final plat or short plat and shall record a notice along with any 
other document filed with the Pacific County Auditor. Such notification shall be in 
the form as set forth below.  

NOTICE: This property lies within 500 feet of land designated as 
resource lands by Pacific County. A variety of commercial and 
industrial activities occur in the area that may be inconvenient or 
cause discomfort to area residents. This may arise from the use of 
chemicals; or from spraying or extraction, which occasionally 
generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource 
lands, and residents of adjacent property should be prepared to 
accept such inconveniences or discomfort from normal, necessary 
commercial resource lands operations. 

 Signature(s) of Owner(s) 

 (NOTARY ACKNOWLEDGMENT) 

3. Regulated Activities Notification. The Administrator shall require that 
permits issued for regulated activities within 500 feet of land classified as 
agricultural land, forest land (not including transitional forest land), and 
mineral land contain a notice as set forth below. 

NOTICE: This property lies within 500 feet of land designated as resource land 
by Pacific County. A variety of commercial and industrial activities occur in the 
area that may be inconvenient or cause discomfort to area residents. This may 
arise from the use of chemicals; or from spraying or extraction, which 
occasionally generates dust, smoke, noise, and odor. Pacific County has 
established resource uses as priority uses on productive resource lands, and 
residents of adjacent property should be prepared to accept such 
inconveniences or discomfort from normal, necessary commercial resource 
lands operations. 



From: Ann Skelton
To: Tess Brandon
Subject: Re: CAO/SMP Pacific COunty
Date: Tuesday, January 12, 2016 7:45:57 PM

Tess,
Thank you for this thorough answer.
Ann
On Jan 11, 2016, at 3:24 PM, Tess Brandon wrote:

> This message contains attachments delivered via ShareFile.
> - PacificCounty_WDNR_TsunamiEvacBrochures.zip 14.7 MB
> - Witter_etal_2011.pdf 28.5 MB
> Download the attachments here - https://thewatershedcompany.sharefile.com/d/temp-769482-870953
> -----------------------------------------
>
> Hi Ann,
>
> I've attached the WDNR tsunami evacuation brochures as well as the Witter et al. (2011) paper that describes the
 inundation scenario used by WDNR to generate the maps in the brochures. Apologies for the use of ShareFile; the
 PDFs are pretty hefty.
>
> As for the FEMA/flooding discussion: In identifying frequently flooded areas, the draft CAO references the
 FEMA special flood hazard area maps (May 2015), as well as "those floodways and associated floodplains
 delineated by a comprehensive flood hazard management plan adopted by the Pacific County Board of
 Commissioners." At the December workshop, there was some concern about whether and how the County's own
 "Frequently Flooded Areas" maps for Flood Control District 1 on the Long Beach Peninsula (July 2015,
 http://www.co.pacific.wa.us/flood%20control/FFAMaps.htm ) should be referenced. There are some differences
 between the FEMA maps and the County's maps. For example, Hines Marsh is designated as an FFA on the
 County's maps, but not on FEMA's; conversely, the Surfside canals are designated as special flood hazard areas on
 the FEMA maps, but not on the County's maps.
>
> The County's Flood Damage Prevention Ordinance, to which the draft CAO refers for protection standards for
 frequently flooded areas, applies to FEMA-designated special flood hazard areas -- in other words, the same areas
 currently designated under the CAO. From what I can tell reading about Flood Control District No. 1, management
 of those areas along the Long Beach Peninsula really have to do with land alteration and drainage, with their own
 set of ordinances. The confusion comes in because, on the County's maps, these areas are labeled "Area of Periodic
 Inundation (Frequently Flooded Areas)." My opinion is that this is not reason enough to bring all of these areas
 under the CAO's designation, and that we should keep with the CAO language as currently drafted.
>
> As for wetland buffers, this is the one area of wetland code that introduces some subjectivity. I haven't come
 across any jurisdictions that have developed categories for land use impacts based on the quantitative metrics
 mentioned in the SJC report (proportion of vegetation cleared, impervious surface created, etc.). We have worked
 with the City of Bellevue to develop something similar for calculating shoreline vegetation impacts, sort of like a
 credit-debit method. It is a nice way to take subjectivity out of the equation, but requires a great deal of work to
 develop in a way that is clearly supported by best available science. Instead, many jurisdictions actually include
 Ecology's table of land use categories to clarify the types of proposed land uses that can result in high, moderate,
 and low levels of impacts to adjacent wetlands (Table 8C-3, Appendix 8-C, Wetlands in Washington State Volume
 2, Ecology 2005).
>
> In practice, I'm not sure I see much difference between the two methods: The permit reviewer would look at things
 like the footprint of the proposed development, including the amount of vegetation cleared and impervious surface
 created, to determine what likely impacts to the adjacent wetland would be, and how the development should be
 categorized. In fact, the different land uses listed in each category specify things like development density (e.g.
 Residential with more than 1 dwelling unit per acre) and impervious surfaces (e.g. logging roads, driveways, paved

mailto:anniskelton@comcast.net
mailto:TBrandon@watershedco.com
https://thewatershedcompany.sharefile.com/d/temp-769482-870953
http://www.co.pacific.wa.us/flood%20control/FFAMaps.htm


 trails). Implementation of either approach should lead to the same result: a buffer that is wide enough to protect the
 wetland from the land use activities adjacent to it.
>
> As for your second question, are you referring to damage to the wetland and its buffer, or to surrounding lands?
 Again, the purpose of the land use categories are to assess likely impacts from the proposed development. Under
 the draft code, the wetland buffer would have to be vegetated (and if it isn't already vegetated and the proposed
 development will have potential impacts on the development, then it must be planted so that it is high-functioning).
 The wetland itself would be rated according to its existing conditions, so any degradation would be reflected in that
 rating.
>
> Finally, as for "cumulative intensity," I believe this sentence is referring to the cumulative impacts from multiple
 projects of a given land use type -- for example, the cumulative impacts to wetlands from all high-density
 residential development. This is not from the WAC; it's really just explaining the rationale behind creating a few
 simple categories for land use types, by intensity of impacts, for use in determining wetland buffer widths for each
 project. This is consistent with the language used in the CAO draft.
>
> I hope all of that made sense. Please feel free to give me a call for clarification or any additional questions.
> Thanks very much,
> Tess
>
> -----Original Message-----
> From: Ann Skelton [mailto:anniskelton@comcast.net]
> Sent: Friday, January 08, 2016 5:35 PM
> To: Tess Brandon <TBrandon@watershedco.com>
> Subject: CAO/SMP Pacific COunty
>
> HI Tess,
>
> I was wondering if you could forward me the tsunami map you were speaking of last night. Also, I was also a bit
 confused by the flooding/FEMA maps discussion -there was talking going on right behind me. I think I heard that
 they need to conform/reflect one another but I'm not quite sure how that can happen.
>
> Question on Wetland buffers: I am looking at Watershed San Juan County BAS Synthesis (2011) 2.3.6 on
 Development Intensity, page 59 on wetlands and was wondering whether you have worked with the alternative
 approach, ie., basing categories on vegetation extent, etc. versus the H,M, and L system. Is that approach on a case-
by-case basis and do you know of any jurisdictions that use it?
>
> Also, in using the H,M or L intensity, where do damaged lands, mowed wetlands etc. fit in? Also in the
 explanation, it clarifies that these categories are intended to "reflect the likely cumulative intensity" of an action. I
 don't think I have heard/read this before; is this in the WAC? Is this referring to cumulative actions of more than
 one project? Or to the cumulative action occurring over and over (such as harvesting or as simply using an area
 repeatedly)? Or both? In PC CAO draft page 34 (E) (b) the language almost implies that the impact will occur once
 - at the point of development - and that the buffer width will be determined by that action. Am I making sense?
>
> Thanks for all your hard work on this. Are you in the office next week?
> Ann
> <Attachments.html>

mailto:anniskelton@comcast.net


From: Key McMurry
To: Dan Nickel; "Bob Burkle"; "Chris Conklin"; "Anne Lefors"; tkollasch@willapabay.org; "Molly Bogeberg"; "warren

 cowell"; "Brian Sheldon"; pjm3011@gmail.com; kelly.rupp@leadtoresults.com; jimsayce@centurytel.net; "Anne
 Lefors"; pjm3011@gmail.com; "Brian Sheldon"; "Ken Wiegardt"; Sarah Sandstrom; Tess Brandon; "Dale
 Beasley"; "Mike Nordin"; "Eric DeMontigny"

Cc: "Tim Crose"; "Faith Taylor"
Subject: RE: Watershed
Date: Tuesday, January 12, 2016 8:58:06 PM
Attachments: wdfw00693.buffers tables.pdf

Hi Everyone
 
More Best Available Science that we should be looking at for buffers on streams and wetlands (both
 freshwater and estuarine).
 
Kelly can you please make sure these and my other comments get put in the record and in the
 DropBox.
 
Ecology Guidelines on buffers / setbacks. I am sure you have looked at this Dan, Sarah and Tess… but
 just in case you haven’t there is good literature referenced in here.
http://www.ecy.wa.gov/programs/sea/shorelines/smp/handbook/Chapter11.pdf
 
Another really good reference on buffers is all of Michael Pollock’s work. Below are a few:
Michael M. Pollock - Google Scholar Citations
Stream Temperature Relationships to Forest Harvest in Western Washington
Setbacks are first for salmon protection plan - Bainbridge Island Review    
A low-risk strategy for preserving riparian buffers needed to protect and restore salmonid habitat
 in forested watersheds of Washington State
The Beaver Restoration Guidebook (USFWS)
 
Thanks Key
 

Key McMurry, Owner
Professional Stream and Wildlife Biologist, PWS
Key Environmental Solutions, LLC.
550 Mill Creek Road
Raymond, Washington 98577
(360) 942-3184 Office
(360) 562-5763 Cell
www.keyenvironmentalsolutions.com
 

From: Dan Nickel [mailto:DNickel@watershedco.com] 
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mailto:ftaylor@co.pacific.wa.us
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiqusHO6KXKAhUF8CYKHc7LBFQQFggqMAI&url=http%3A%2F%2Fscholar.google.com%2Fcitations%3Fuser%3DUrqFn5gAAAAJ%26hl%3Den&usg=AFQjCNGv6XcDsrEIOBaKWYEUjfGrFPZEgg&sig2=17EHPlqVwFSZlT1qcCIgJg
http://www.keyenvironmentalsolutions.com/
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Section I. Introduction 
Purpose of this document  
 
This document was developed to provide shoreline planners and managers with a summary of 
current science and management recommendations to inform protection of ecological functions 
of marine riparian areas (defined in Section III). Washington Administrative Code (WAC 173-
26-186(8)) directs that Shoreline Master Programs (SMPs) “include policies and regulations 
designed to achieve no net loss of those ecological functions.”  The Washington State 
Department of Ecology has produced guidelines to help achieve this standard on marine 
shorelines of Washington (http://www.ecy.wa.gov/programs/sea/sma/guidelines/index.html). In 
addition, the state’s Aquatic Habitat Guidelines (AHG) program developed recommendations for 
protecting marine riparian functions: Protecting Nearshore Habitat and Function in Puget Sound: 
An interim Guide (2007) (http://wdfw.wa.gov/hab/nearshore_guidelines/). The AHG program is 
a partnership of state agencies dedicated to providing science guidance for protection of marine, 
freshwater, and riparian ecosystems. The AHG program develops guidance documents that can 
aid local governments updating Shoreline Master Programs (SMP) and Critical Areas 
Ordinances (CAO).  
 
This information contained in this report will help inform local decisions regarding what is 
needed to protect ecological functions of marine riparian areas. Specifically, we summarize the 
range of marine riparian buffer widths (Appendix G) needed to meet particular levels of 
ecosystem function based on a literature review and input from an expert panel workshop.  
 
Protection of marine riparian areas 
 
Puget Sound’s marine shorelines and riparian areas have been altered over the last 160 years by 
human activities including agriculture, forestry and development. Nearly all of the merchantable 
timber along the marine shorelines of Puget Sound was harvested or burned by 1884 (Chasan, 
1981). Although natural regeneration of riparian vegetation occurred in the years that followed, 
human manipulation of vegetation continues to influence marine shorelines today.  
 
During the past three decades, an extensive body of research has emerged documenting the 
importance of riparian areas in providing ecological functions. These functions include: 
 


 Water quality maintenance 


 Fine sediment control  


 Large woody debris (LWD) delivery and retention  


 Microclimate moderation 


 Nutrient delivery and retention 
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 Fish and wildlife habitat creation and maintenance 


 Hydrology/slope stability 


Most riparian research has focused on stream and riverine ecosystems. Attention to marine 
riparian processes and functions has only emerged in the literature during the past decade, and 
research in this area is increasing. Nevertheless, riparian areas provide ecological functions 
regardless of whether they are adjacent to freshwater or marine water bodies (Desbonnet et al. 
1994, 1995; NRC 1996; NRC 2002; Brennan and Culverwell 2004).  
 
Organization of document 
 
In addition to the Introduction above, this document contains the following sections:  


 Methodology used to compile information.  


 Overview of marine riparian areas.  


 Description of the seven most ecologically important riparian functions and 
recommendations for protecting (sustaining?) these functions. 


 Impacts to riparian functions from activities associated with development, agriculture and 
forest practices.  


 Recommendations to protect and sustain marine riparian functions.  
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Section II. Approach/Methods 
This document summarizes our literature review and synthesis of scientific and technical 
information on riparian areas and presents recommendations to help protect marine riparian 
functions from common human activities. The following seven riparian functions are the focus of 
this document:  


 Water quality 
 Fine sediment control  
 Shade/microclimate  
 Large woody debris (LWD)  
 Detritus and nutrients  
 Fish and wildlife habitat  
 Hydrology and slope stability 


 
We addressed the following questions regarding the seven riparian functions listed above:  


 What are the mechanisms or processes by which riparian areas perform each of the seven 
functions? 


 How do human activities (i.e., agriculture, forestry, and development) affect riparian area 
function? 


 What management approaches are most likely to protect each function? 
 What data gaps and uncertainties exist relative to each function? 


 
 
We paid particular attention to buffer-effectiveness research; that is, research focused 
specifically on the performance of buffers of varying widths at protecting riparian function for 
both freshwater and marine settings within and outside the Puget Sound region. We examined 
seven riparian buffer review documents to help determine the buffer widths that have been 
recommended to protect the seven riparian functions. These seven documents were selected 
because we identified them as being among the most thorough, frequently cited, and 
scientifically sound sources available (Appendix B). They were also selected because of their 
relevance to Washington State (Castelle et al. 1992; FEMAT 1993; Knutson and Naef 1997), the 
Puget Sound lowlands (Castelle et al. 1992; May 2000), and coastal systems (Desbonnet et al. 
1994, 1995).  Because some of the review documents did not consider wildlife, we added some 
pre 2000 references dealing with buffer recommendation for protection of wildlife that we 
encountered during the literature review.   
 
We reviewed books, journals, online gray literature from government sites (USGS, US EPA, 
USDA, Washington State Departments of Ecology, Natural Resources, and Fish and Wildlife); 
online databases [Web of Science, CAB Abstracts, ProQuest, ScienceDirect, Agricola], and 
bibliographies [most notably one written by David Correll for the Smithsonian Institution, 
Correll 1999]. A summary of this information is contained in Appendix C, Tables 1-7.   
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In Appendix G, we summarized buffer width recommendations from Appendix C to achieve 80-
100% effectiveness. We did this in three ways. First we report the smallest and largest buffer 
widths recommended in the literature that achieved a minimum of 80% effectiveness for that 
function. For example, the buffer width recommendation for the water quality function ranges 
from 5-600 m (16 -1920 ft) across all water quality studies.  
 
Secondly, we present average values, which are based on the arithmetic mean of all buffer 
widths recommendations from the literature cited in Appendix C that achieve a minimum 
effectiveness of 80%. For example, the mean width to achieve a minimum of 80% effectiveness 
among 11 studies in appendix C for water quality function was 109 m (608 ft). For single studies 
that offer a range of buffer widths to achieve a minimum of 80% effectiveness, we took the 
average of that range before including it with data from other studies. For example, for the water 
quality function, Mayer et al (2006) offer a buffer range of 6-70 m (19 -224 ft) to achieve 91-
99% effectiveness for subsurface flows for a grass forest buffer. We used a value of 38 m (122 ft, 
i.e., the average of 6 and 70 m; 19-224 ft) to represent this study.  
 
Finally we provide buffer width recommendations to meet 80% effectiveness based solely on 
FEMAT curves. The FEMAT curves plot the relationship between the effectiveness of a mature 
forests buffer at providing an ecosystem function at various buffer widths. For example, the 
FEMAT curve for LWD indicates that an approximately 40 m (131 ft) buffer width achieves 
80% effectiveness of the LWD function. In some cases, the FEMAT function curves illustrate 
several parameters e.g., the water quality FEMAT curve shows total suspended solids (TSS), 
sediment, nitrogen and phosphorus. In this case, a range of widths is reflected in the 
recommendations, to address each parameter of concern.  FEMAT curves did not address 
hydrology/slope or wildlife functions.  FEMAT (1993) uses site potential tree height (SPTH) as a 
proxy for buffer width where one SPTH = 61 meters (200 ft). FEMAT defines site potential tree 
as “a tree that has attained the average maximum height possible given site conditions where it 
occurs” (FEMAT 1993). Like other characteristics of Puget Sound marine shorelines, site 
conditions and thus site potential tree heights will vary across Puget Sound region. 
 
We found no effectiveness studies for litter fall or hydrology/slope stability and thus do not 
report on this function in terms of buffer width effectiveness. For all other function, we report on 
the buffer widths that achieve 80% effectiveness as opposed to other values of effectiveness 
simply because most of the studies could be summarized at this level. The description of 
effectiveness at the 80% level does not imply a recommendation for adopting that level of 
effectiveness.  
 
Because much of the literature was related to freshwater riparian systems, we assembled an 
interdisciplinary science panel to inform the process of adapting fresh water studies to marine 
nearshore environments (Marine Riparian Workshop Proceedings 2008; Appendix H ). We used 
FEMAT (1993) curves as a tool to communicate with the science panel.  First developed in 1993 
for freshwater environments, FEMAT curves depict the relationship between ecological 
functions and the width of mature riparian forests along a generalized shoreline. Relationships 
between ecological function and width of riparian zones for specific shorelines may differ from 
this generalized model due to site-specific factors such as slope, soil, geomorphology, plant 
community type, disturbances, anthropogenic alterations, etc. A riparian function curve for 
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wildlife was not developed due to the complexity of life history requirements for the wide 
variety of wildlife found in marine riparian areas, as well as the lack of scientific information on 
this topic.  
 
The decision to adapt FEMAT-style curves for the marine environment was based on the 
assumption that studies used as the basis for developing these curves can be generally applied to 
the marine environment. The rationale for this application relates to the similarities of riparian 
functions between marine and fresh water systems and the support for this application from a 
number of publications (e.g., Desbonnet et al. 1994, 1995; NRC 2002; Brennan and Culverwell 
2004) and the science panel.  
 
The summary of literature reviews, buffer recommendations and adapted FEMAT curves were 
provided to the science panel at a workshop to solicit their opinion as to the applicability of the 
riparian function curves to the marine environment. The workshop was held on November 19, 
2008 at the University of Washington. It included 14 scientists representing multiple disciplines 
relevant to riparian function and processes. A proceedings document entitled Draft Marine 
Riparian Review Technical Workshop Proceedings was produced as a result of this workshop 
and contains the names, affiliations and expertise of science panel members (Appendix H). The 
consensus of the science panel is that freshwater riparian buffer research as generally depicted in 
the FEMAT curves is applicable to the marine environment. Exceptions are noted in the 
workshop proceeding.  The recommendations contained in this guidance document are the result 
of these efforts. 
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Section III. Overview: Riparian Areas and Riparian Buffers 


Riparian areas 


As defined by the National Research Council (NRC 2002):  
 


Riparian areas are transitional between terrestrial and aquatic ecosystems and are 
distinguished by gradients in biophysical conditions, ecological processes and biota. They 
are areas through which surface and subsurface hydrology connect water bodies with 
their adjacent uplands. They include those portions of terrestrial ecosystems that 
influence exchanges of energy and matter with aquatic ecosystems (i.e., zone of 
influence). Riparian areas are adjacent to perennial, intermittent, and ephemeral streams, 
lakes, and estuarine–marine shorelines.         


Riparian buffers  


Riparian buffers are generally recognized as a “separation zone” between a water body and a 
land use activity (e.g., timber harvest, commercial or residential development) for the purposes 
of protecting ecological  processes, structures, functions) and/or mitigating the threat of a coastal 
hazard on human infrastructures (National Wildlife Federation 2007). As used here, buffers are 
defined as separation zones (as above) that are relatively undisturbed by humans and thus 
represent mature vegetation consistent with the potential of the site.  


Why are marine riparian areas important?   


Based in large measure on our understanding of fresh water riparian ecosystems marine riparian 
areas likely play a central role in maintaining the health and integrity of aquatic and terrestrial 
ecosystems (Desbonnet et al 1994; NRC 2002; Brennan and Culverwell 2004). Many of the 
functions of freshwater riparian areas are similar to marine riparian areas, although marine 
riparian areas also provide functions that are unique to nearshore ecosystems due to differences 
in biogeochemical processes, ocean influences and differences in the biota between fresh and 
marine environments. Marine riparian areas provide a broad suite of functions, seven of which 
are the focus of this document. These include water quality (filtration and processing of 
contaminants); fine sediment control; inputs of large woody debris (LWD); shade/microclimate; 
litter fall/organic matter input; hydrology and slope stability; and fish and wildlife habitat (see 
Section IV).  There are a number of other functions provided by marine riparian areas which 
were not reviewed nor discussed here e.g., recreation, cultural and aesthetic resources, carbon 
sequestration, and providing protection from threats of coastal hazards.  







7 
 


Section IV. Riparian Functions 


1. Water quality 


a. Technical overview: riparian influence on water quality function 


Of the seven riparian functions addressed in this document, water quality is perhaps best 
understood. Riparian areas provide water quality benefits through a variety of mechanisms 
including:  


 Infiltration and corresponding reduction of surface runoff rates/volumes; 


 Intercepting nutrients, fine sediments and associated pollutants from surface water 
runoff;  


 Binding dissolved pollutants with clay and humus particles in the soil; 


 Conversion of excessive nutrients, pollution, and bacteria from surface and shallow 
groundwater into less harmful forms by riparian vegetation; and 


 Regulating water temperature.  


The water quality function of riparian areas is facilitated by vegetation and soils, which slow the 
flow of surface and subsurface water and increases retention or “treatment” time. Vegetation, 
geology, landform, and soil characteristics can affect the manner and rate at which water flows 
over and through the riparian area and the extent to which groundwater remains in contact with 
plant roots and soil particles (Klapproth and Johnson 2000). Microorganisms found in riparian 
soils and sediments, including bacteria, fungi, and other biota, are capable of metabolizing 
pesticides and transforming nutrients and other chemicals into less toxic forms (Ettema et al. 
1999; Klapproth and Johnson 2000). They can also perform chemical reduction reactions such as 
denitrification (Adamus et al. 1991; Schoonover and Williard 2003; Rich and Myrold 2004). In 
addition to reducing the pollutant load to receiving waters, microorganisms cycle nutrients 
including carbon, nitrogen, and phosphorus. Soils high in very fine materials (e.g., clay) tend to 
be less permeable and may facilitate greater runoff, while sand-dominated soils can facilitate 
rapid draining and therefore limited sediment retention (Hawes and Smith 2005). Fine mineral 
soils or soils with high levels of aluminum or iron may be more likely to perform the nutrient 
removal/transformation function than other soil types (Adamus et al. 1991). 
 
Trees, shrubs and herbaceous plants can trap and retain pollutants from the atmosphere, 
sediments, surface runoff and groundwater (Correll 1997). Plants also help lengthen the 
residence time of water by decreasing flow and velocity, which can increase filtration and soil 
retention potential (Evans et al. 1996; Klapproth and Johnson 2000; Ducros and Joyce 2003). 
Vegetation can help mediate nutrient and pollutant input into receiving waters by stabilizing 
banks to reduce erosion, storing runoff, trapping sediment, and transforming nutrients (Omernik 
et al. 1981; Smith 1992; Osborne and Kovacic 1993; Arthington et al. 1997). 
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b. Key findings from buffer literature and science panel on water quality  
 
Numerous studies have investigated the role of riparian buffers composed of vegetation such as 
grass and forest in controlling the transport of sediment, nutrients, pesticides, metals, 
microorganisms, and other contaminants to receiving waters (NRC 2002). Most research focuses 
on nonpoint source pollution, particularly nutrients (phosphates/phosphorus, nitrates/nitrogen), 
TSS, and sediments. To a lesser degree, research has also addressed bacteria and other pathogens 
along with oils, pesticides, and herbicides. Appendix C, Table 1 provides a summary of water 
quality buffer recommendations reviewed for this document.  
 
Our review suggests that:  


 The range of buffer widths that met a minimum 80% effectiveness for this function was 5 
– 600 m (16-1920 ft; Appendix G). This wide range relates to the breadth of water quality 
issues. See Appendix C to get more specific widths related to specific water quality 
parameters.  


 Minimum buffer widths to achieve 80% effectiveness for different elements of water 
quality functions can be extrapolated from the literature and are listed in Appendix G.  


 Site characteristics and the amount and nature of the contaminant in the water influence 
the buffer’s capacity to ameliorate those contaminants.  


 
A riparian function curve for water quality was developed for review by the science panel to 
determine its application to the marine environment. Summary data from Desbonnet et al. (1995) 
(Table 1) were used to generate a series of curves for four commonly studied contaminants 
including sediment, TSS, nitrogen and phosphorus (Figure 1). These curves, which are similar to 
those developed by FEMAT (1993), demonstrate function (in terms of % removal of 
contaminant) based on a number of studies at different locations and under different site 
conditions. Note that curves are contaminant-specific despite similarity of shape.    
 
Panelists generally agreed that the function curves are conceptually valid for water quality issues 
originating in marine riparian areas. However the panel distinguished marine riparian from 
freshwater riparian function on the basis of drainage area and relative contribution to Puget 
Sound water contamination. Relative to the dynamics affecting water quality in Puget Sound at 
the watershed and landscape scales, undisturbed marine riparian area’s contribution to 
maintaining water quality is limited to the area that drains directly into Puget Sound. 
 Anthropogenic activities in marine riparian areas include the generation and routing (via water) 
of pathogens, nutrients, toxics, heat, and fine sediment (above normal background levels) that 
can affect water quality. However, the marine riparian area is limited in spatial extent; that is, it 
constitutes a small fraction of the Puget Sound drainage basin. Most contaminants reach Puget 
Sound via streams or drainage networks discharging into the Puget Sound Basin, or pathways 







9 
 


that concentrate rainfall and snowmelt from impervious surfaces associated with human 
residential and commercial development and transportation infrastructure. Washington State 
Department of Ecology, United States Environmental Protection Agency, Puget Sound 
Partnership Publication Number 07-10-079 (http://www.ecy.wa.gov/pubs/0710079.pdf ); and 
waste water entering Puget Sound from municipal and industrial facilities. The panel did not 
address nutrient or pathogens from agricultural sources or residential septic systems.  
 
 


Table 1.  Summary data adapted from Desbonnet et al. (1994, 1995) used to generate generalized curve for 
removal effectiveness of various pollutants at different buffer widths. This data is identical to Desbonnet et al 
(1995) with the exception of the zero point which we added for illustrative purposes.   


% Removal Buffer Width in Meters (ft) 


 Sediment TSS Nitrogen Phosphorus 


0 0 0 0 0 


50 0.5 (1.6) 2 (6.6) 3.5 (11) 5 (16) 


60 2 (6.6) 6 (20) 9 (30) 12 (39) 


70 7 (23) 20 (66) 23 (75) 35 (115) 


80 25 (82) 60 (197) 60 (197) 85 (279) 


90 90 (296) 200 (656) 150 (492) 250 (820) 


99 300 (984) 700 (2297) 350 (1148) 550 (1804 
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Figure 1.  Contaminant removal effectiveness of four water quality parameters at various buffer widths 
(adapted from Desbonnet et al. 1995). 


 


c. Conclusions and Recommendations for water quality  


The literature review (see Appendix C) shows removal effectiveness as a function of buffer 
widths. In general, the larger the buffer, the greater its effectiveness in performing a water 
quality function. Long-term studies suggest that contaminant loading can increase over time 
(depending on the site conditions and type of contaminant), thereby reducing the overall 
effectiveness of the buffer.  
 


This document focused on four major water quality contaminants that have received the most 
attention from researchers: nitrogen, phosphorous, total suspended solids and fine sediment. Soil 
characteristics, slope and vegetation cover type are the most important determinants of buffer 
effectiveness to protect water quality. To maximize the buffer’s effectiveness to remove 
contaminants, the following actions are recommended in order of priority:  


 Retain, restore, or enhance vegetation, particularly native vegetation.  


 Manage drainage to ensure that water is moving evenly through the buffer to maximize 
retention time and infiltration, rather than flowing through pipes, culverts, rills, or other 
conveyance mechanisms. Avoid routing drainage to adjacent streams that may transect 
marine riparian areas. 


 Avoid the use of pollutants (petroleum, toxics, pesticides, etc) in or near riparian areas.  


 Avoid construction of impervious surfaces and septic tank drain fields in riparian areas.  
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 Manage agricultural and pasture lands to minimally disturb buffers. 


 Limit or prohibit the application of pesticides and herbicides in or near riparian areas. 


 Avoid disturbance (e.g., grading, compaction, removal) of native soils.  


2. Fine Sediment Control   


a. Technical overview: riparian influence on fine sediment control function 


Riparian areas can play an important role in controlling fine sediment transport into local water 
bodies (fine sediments include fine-grained particles such as silt, clay, sand, and mud particles). 
As described previously, fine sediment plays an important role in ameliorating the effect of toxic 
chemicals and excessive nutrients in water quality.  Fine sediment also is important in 
maintaining soil characteristics necessary for the growth and maintenance of riparian vegetation. 
However, maintaining natural erosion and sediment transport processes is critical to maintaining 
Puget Sound beaches and much of the sediment nourishing these beaches originates in marine 
riparian areas. The delivery of sediment to marine beaches is facilitated by natural driving forces 
(wind and wave action, bluff saturation, leading to slope failures) and it is very important to 
maintain these natural sediment inputs. Thus, there is a need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment 
inputs.  
 
Fine sediments originate from a number of terrestrial sources, both natural and anthropogenic, 
however, the focus of this section is fine sediments originating from development, forestry, and 
agriculture, which can increase fine sediment delivery beyond normative rates. As used here, 
normative rate refers to the rate of sediment delivery in riparian areas undisturbed by human 
activity. Fine sediments become exposed and subject to erosion as a result of vegetation removal, 
excavation and compaction of soils. Once sediments are suspended in surface water, they can be 
delivered through run-off to adjacent waterways unless they settle out or become trapped. 
Undisturbed soils and vegetation in riparian areas act in concert to reduce erosion and slow the 
transport of fine sediment by the following mechanisms (adapted from Greenway 1987; Gray 
and Leiser 1992; and Gray and Sotir 1996): 


 Riparian vegetation intercepts rainfall energy, helping prevent soil compaction; 


 Roots and soils help bind and restrain soil particles and increase sheer strength of the soil;  


 Vegetation slows surface runoff allowing for increased localized sediment deposition and 
decreasing off-site transport; 


 Porous and permeable soils improve water absorption reducing surface flow; and  


 Transpiring vegetation helps moderate soil moisture levels, which increases infiltration 
and decreases saturation that leads to increased surface water run-off.   
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Riparian vegetation can play an even more significant role in sediment and erosion control in 
steep areas through mechanical reinforcement of sediment via roots and stems and by modifying 
hydrology through soil moisture extraction (Gray and Sotir 1996). Mature plant communities can 
be more effective in maintaining slope stability than immature communities. Benefits of 
vegetation increase in areas with several layers of vegetative cover such as herbaceous growth, 
shrubs, and trees (Menashe 2001). 


b. Key findings from buffer literature and science panel  


Most studies include fine sediment control as a component of the water quality function because 
many contaminants adhere to sediments and increasing inputs of sediments to water bodies can 
be considered a water quality problem. Appendix C, Table 1 provides a summary of fine 
sediment control buffer recommendations reviewed for this document. 
 
Our review suggests that:  


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
25-91 meters (Appendix G).  


 Wider buffers are needed in areas with steep slopes. 


 Site specific conditions should be considered when determining buffer width (e.g. soils, 
vegetation type and density, upland/adjacent land uses, and loading).  


 
Two riparian function curves (one for sediment and one for TSS) were developed for review by 
the science panel (Figure 2) using summary data from Desbonnet et al. (1995) (Table 2). Note 
that these curves were included in the water quality section. The data were selected because 
Desbonnet et al’s (1995) work was one of the few sources of summary data for fine sediment 
control at various buffer widths, and represents a number of studies at different locations and site 
conditions. The data show that roughly 90 percent of sediment can be effectively removed by 30-
60 meters (100-200 foot) buffers and roughly 90 percent of TSS can be effectively removed by 
200 meter (650 foot) buffers. 
 
There was general consensus by panelists that function curves for sediment control are 
conceptually valid. Panelists ranked the importance of this function relative to other marine 
riparian functions as low, largely because of the differences in effects of increased sediment 
inputs between freshwater and marine systems. Panelists noted that maintaining natural erosion 
and sediment transport processes is critical to maintaining Puget Sound beaches and much of the 
sediment nourishing these beaches originates in marine riparian areas. Further, they noted that 
delivery of this sediment is facilitated by natural driving forces (wind and wave action, bluff 
saturation, leading to slope failures) and it is very important to maintain these natural sediment 
inputs. Perhaps the biggest current threat to marine riparian systems from human activity is the 
reduction of sediment inputs by armoring shorelines and disrupting natural erosion of bluffs. 
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This is in contrast to freshwater systems, where riparian areas and roads are managed to 
minimize human-induced fine sediment inputs which can impact habitat and water quality of 
freshwater streams. Thus, the panel recognized the need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment 
inputs. Further, the panel recognized marine riparian areas should provide for “normative” 
sediment processes while reducing potentially harmful levels of fine sediments from 
anthropogenic activities. 
 


Table 2.  Summary data adapted from Desbonnet et al. (1994, 1995) used to generate generalized curve 
for removal effectiveness of various pollutants at different buffer widths. This data is identical to 
Desbonnet et al (1995) with the exception of the zero point which we added for illustrative purposes.  
Note that this table is identical to Table 1. 


% Removal Buffer Width in Meters (ft) 


 Sediment TSS Nitrogen Phosphorus 


0 0 0 0 0 


50 0.5 (1.6) 2 (6.6) 3.5 (11) 5 (16) 


60 2 (6.6) 6 (20) 9 (30) 12 (39) 


70 7 (23) 20 (66) 23 (75) 35 (115) 


80 25 (82) 60 (197) 60 (197) 85 (279) 


90 90 (296) 200 (656) 150 (492) 250 (820) 


99 300 (984) 700 (2297) 350 (1148) 550 (1804 


 


 


 
Figure 2.  Sediment and total suspended sediment (TSS) removal effectiveness of two water quality 
parameters at various buffer widths (adapted from Desbonnet et al. 1995). 
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c. Conclusions and Recommendations for sediment 


The literature reviewed for this document (see Appendix C) indicates a range of buffer width 
recommendations. In addition to buffer width, sediment transport through riparian areas is highly 
dependent on slope, land use, rainfall, and vegetation and soil type (Hawes and Smith 2005).    
 
Based on the FEMAT-style figure presented in this section, to achieve 100% effectiveness of the 
buffer to control total suspended solids (TSS) requires a nearly 700 meter (2300 ft) buffer width, 
but will vary depending upon site specific conditions and fine sediment loading.   
 
To maximize the buffer’s effectiveness to control sediment transport, the following actions are 
recommended:  


 Maintain native vegetation cover. 


 Minimize soil disturbance including compaction, plowing, grading and soil removal 
activities.  


 Manage drainage and hydrologic conditions as described for other water quality functions. 


3. Shade/Microclimate 


a. Technical overview: riparian vegetation influence on shade function 


Riparian areas can have microclimates that differ from upland areas and which influence 
physical and biological conditions at a local scale. Marine riparian areas are strongly influenced 
by marine water temperatures during both summer and winter months (warmer in the winter and 
cooler in the summer than upland areas). Living riparian (overstory trees, understory shrubs, and 
ground) vegetation, in turn, can intercept solar inputs and affect microclimate conditions such as 
soil and ambient air temperature, soil moisture, wind speeds, and humidity (FEMAT 1993; 
Knutson and Naef 1997; May 2003; Parkyn 2004). Terrestrial and aquatic microclimates are 
influenced by shade, and temperature fluctuations that can negatively impact both aquatic and 
terrestrial organisms, particularly those that can only survive within a relatively narrow range of 
temperature and moisture conditions. 
 
Solar radiation has long been considered an important limiting factor for organisms in the upper 
intertidal zone of marine environments. Solar radiation affects distribution, abundance, and 
species composition (e.g., Ricketts and Calvin 1968; Connell 1972). Although research is 
limited, studies have quantified the influence of shade on marine organisms such as surf smelt 
(eggs) and talitrids (amphipods) on Puget Sound beaches. In their literature review of causes of 
spatial and temporal patterns in intertidal communities, Foster et al. (1986) found that 
desiccation is the most commonly reported factor responsible for setting the upper elevational 
limits of survival for intertidal animals. More recent studies (Pentilla 2001; Rice 2006) showed 
that a lack of shade on surf smelt spawning beaches results in higher temperatures, drier 
conditions, and increased egg mortality.  
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b. Key findings from buffer literature and science panel  


Recommended buffer widths for the shade function in forested riparian areas include a range of 
values. Appendix C, Table 3 provides a summary of shade buffer recommendations that were 
derived from seven review documents and other literature.   
 
Our review suggests that the range of buffer widths that met a minimum 80% effectiveness for 
this function was 17-38 meters (56 – 125 ft; Appendix G). 
 
The FEMAT curve was selected to represent the shade function because it was the only data that 
depicted shade effectiveness as a continuous function of forested riparian buffer width. The 
values in Table 3 generally agree with values provided by other riparian review and synthesis 
reports. One method for comparing different recommendations among authors is to describe the 
buffer width at a given effectiveness level, such as 80 %.  For example, the FEMAT curve 
suggests approximately 80 percent effectiveness at about 37 meters. Other recommendations for 
achieving 80 percent effectiveness include Wenger (1999) (10-30 meters); Castelle et al. (1992): 
(30 meter minimum); May (2000): (30 meter minimum); and Knutson and Naef (1997) (11-46 
meters to achieve 50-80 percent (Table 3).  
 
Science panelists agreed that shade is an important function for a number of organisms in the 
upper intertidal areas during low tide (when exposed upper intertidal areas are subject to heating; 
see above). On the other hand shade in marine environments is potentially less important in 
moderating water temperature than shade in freshwater systems. Puget Sound water temperatures 
as a whole are unlikely to be affected much by shade cast by riparian vegetation, given the mass 
of water and the exchange rates with water from the Pacific Ocean, primarily through tidal 
actions. Further, shade from riparian areas is likely to cover only a small fraction of the upper 
intertidal area given the shallow gradients on many beaches and mudflats. Panelists noted that 
while increases in solar radiation due to loss of riparian shade could warm shallow intertidal 
waters, particularly pocket estuaries, the amount of warming and effects on biota have not been 
quantified. 
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Table 3. Data used to create generalized curve in Figure 3 indicating percent of riparian shade function 
occurring within varying distances from the edge of a forest stand (adapted from FEMAT 1993). 
 


Effectiveness (%) Buffer Width 
(SPTH) 


Buffer Width 
SPTH m (ft) 


0 0.00 0 (0) 


10 0.07 4 (14) 
20 0.15 9 (30) 


30 0.22 13 (44) 
40 0.29 18 (58) 
50 0.36 22 (72) 


60 0.42 26 (84) 
70 0.50 31 (100) 
80 0.60 37 (122) 


90 0.73 45 (146) 
93 0.80 49 (160) 
95 1.00 61 (200) 


 
 
 


 
Figure 3.  Generalized curve indicating percent effectiveness of riparian shade occurring within varying 
distances from the edge of a forest stand. Tree height (SPTH) is used to indicate buffer width where one 
SPTH = 61 meters (200 ft) (adapted from FEMAT 1993). 


 


c. Conclusions and Recommendations 


The literature review (see Appendix C) indicates a range of buffer width recommendations for 
protecting the shade function. Based on the FEMAT curve reported in this section of the report, 
approximately 1 SPTH (estimated at 61 meters or 200 ft) will provide nearly 100 percent 
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effectiveness of the buffer to protect the intertidal from desiccation, elevated temperatures, and 
other shade-related functions. Of course, in nonforested community types (e.g., prairie and 
grasslands) the shade function from overstory trees may be unattainable.  
 
To maximize the buffer’s effectiveness to provide the shade function, the following actions are 
recommended:  


 Avoid disturbance to native vegetation in riparian areas, especially nearer the water’s edge.  


 Retain, restore, and enhance mature trees and a multi-layered canopy and understory of 
native vegetation at sites that support these types of plant communities. 


 Ensure that riparian areas can be maintained in mature, native vegetation through time.  


 Prevent modifications to banks and bluffs (e.g., armoring) that could disrupt natural 
processes (such as soil creep, development of backshore and overhanging vegetation, 
recruitment of wood and other organic matter to riparian area including beaches and banks.)  


 Prohibit cutting and topping of trees and avoid “limbing” (selective branch cutting to 
enhance views) of trees for view corridors and other purposes within buffers. 


4. Large Woody Debris  


a. Technical overview: riparian influence on large woody debris function  


Forested riparian areas are a significant source of large woody debris (LWD) in freshwater 
systems (Harmon et al. 1986; Sedell et al. 1988; Bilby and Bisson 1998; Hyatt and Naiman 
2001). In marine environments, LWD (also known as ‘driftwood’) originates from both 
freshwater and marine riparian sources. Marine riparian areas contribute LWD to shorelines 
through natural recruitment processes, including windstorms, fires, wave action, and landslides 
(NRC 1996). Most of Puget Sound’s bluffs are naturally unstable and landslides are a common 
occurrence throughout the region (Johannessen and MacLennan 2007).  
 
Large woody debris provides numerous benefits to shorelines and riparian areas including:    


 Moderation of local water temperature and soil moisture;  


 Accumulation of detritus serving as a food source and habitat for invertebrates; 


 Support of terrestrial vegetation (such as nurse logs); 


 Structural complexity that provides habitat for fish and wildlife;  


 Sediment trapping and bank erosion control.   
 
Recent research in the Puget Sound region has shown that marine LWD serves similar functions 
including provision of structural complexity; moderation of local water and soil temperatures; 
and habitat creation. An overview of the marine research by topic area follows.     
 
LWD and Substrate Temperature: Several studies conducted in Puget Sound have shown that 
LWD has a significant effect on substrate temperatures (Higgens et al. 2005; Rice 2006; Tonnes 
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2008). For example, in a study conducted in north Puget Sound, Tonnes (2008) found that mean 
sediment surface temperatures under LWD on accretionary beaches were 7.7° C cooler than 
beach sediments lacking LWD. Mean surface temperatures under driftwood on bluff-backed 
beaches were 2.4° C cooler than nearby sediment. LWD influences sediment temperatures below 
the surface. Mean temperatures were cooler at depths of 5 centimeters and 15 centimeters under 
LWD on both accretionary and bluff-backed beaches (Tonnes 2008).  
 
Detritus:  Driftwood accumulates detritus from both marine and upland sources, which is 
consumed by invertebrates, birds and other organisms (Polis and Hurd 1996; Pank 1997; Dugan 
et al. 2003; Rodil et al 2008).  
 
Invertebrate biomass: Detritus entrained in driftwood has been linked with increased 
invertebrate biomass which, in turn, supports higher level prey for species such as shorebirds. 
Amphipods (Talitridae) are the most abundant macroinvertebrate on Puget Sound beaches. In a 
study of north Puget Sound beaches, Tonnes (2008) found that amphipods represent the 
predominant biomass of invertebrates within the supratidal zone (e.g. within driftwood). 
Amphipods are strongly associated with driftwood, where they find refuge from predators, 
favorable temperature and moisture conditions, and organic matter for consumption. Higher 
densities of amphipods have been found associated with wood than bare sediment.  
 
Structural support: Marine LWD also provides structural support for vegetation similar to nurse 
logs in upland settings. In a survey of  >1 meter (3.28 ft) diameter wood along 3.9 kilometers 
(2.3 miles) of Puget Sound beaches, Tonnes (2008) found that 71 percent supported at least one 
species of terrestrial vegetation. In addition, large wood supported a mean of 2.4 species of 
vegetation with up to 11 species on a single log. Backshore areas can be relatively dry, exposed 
and nutrient deficient, and driftwood may play an important role in providing structural stability, 
moisture and nutrients for establishment of other plant species.  
 
Habitat: Increased vegetation provided by driftwood also increases primary productivity and 
increases structural complexity for fish and wildlife. May et al. (1997) found wood to be one of 
the most important factor in determining habitat for salmonids in fresh water systems. Driftwood 
embedded in beach berms and/or at the toe of banks helps dissipate wave energy and retain 
sediments that, collectively, act to buffer the effects of storm waves and longshore currents by 
moderating or reducing bank erosion. It also provides potential roosting, nesting, refuge and 
foraging opportunities for wildlife; foraging, refuge and spawning substrate for fish; and 
foraging refuge, spawning attachment substrate for aquatic invertebrates and algae. 
 


b. Key findings from buffer literature and science panel  


Numerous studies have investigated the role of riparian areas in providing LWD to adjacent 
water bodies. Appendix C, Table 4 provides a summary of LWD buffer recommendations that 
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were derived from seven review documents and other research. Most studies find that LWD 
originates from within one site potential tree height of the riparian area, although steeper slopes 
may provide LWD from greater distances. Establishing appropriate buffers to maintain the LWD 
function must therefore account for processes affecting the potential for the land-water interface 
to change through time such as sea level rise.  
 
A number of studies and reviews of riparian buffers note that, in addition to considering the 
benefits of LWD in adjacent water bodies, it is important to consider LWD benefits within the 
terrestrial environment, specifically for its contribution of ecological functions e.g., nurse logs, 
habitat, nutrient recycling, and helping maintain soil moisture.  Appendix C, Table 1 provides a 
summary of fine sediment control buffer recommendations reviewed for this document. 
 
Our review suggests that:   


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
17-38 meters (Appendix G).  


 Buffer width effectiveness is strongly influenced by site conditions (such as slope) and 
potential height of mature trees.    


 
The curve adapted from FEMAT (1993) (Appendix D) generally agree with values provided by 
other riparian review and synthesis reports. The FEMAT curve reveals approximately 80% 
effectiveness at about 40 meters; the science panel generally agreed that the curve is 
conceptually valid.   
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Table 4.  Approximated data used to create generalized curve (Figure 4) indicating percent of LWD 
recruitment function occurring within varying distances from the edge of a forest stand (adapted from 
FEMAT 1993).  


Effectiveness (%) Buffer Width 
(SPTH) 


Buffer Width 
m (ft) 


0 0.00 0 (0) 


10 0.07 4 (14) 
20 0.15 9 (30) 


30 0.22 13 (44) 
40 0.29 18 (58) 
50 0.36 22 (72) 


60 0.42 26 (84) 
70 0.50 31 (100) 
80 0.61 37 (122) 


90 0.73 45 (146) 
93 0.80 49 (160) 
95 1.00 61 (200) 


 
 


 
 


 


Figure 4.  Generalized curve indicating percent effectiveness of LWD recruitment from riparian areas occurring 
within varying distances from the edge of a forest stand.  Tree height (SPTH) is used to indicate buffer width.  
One SPTH = 61 meters (200 ft) (adapted from FEMAT 1993).  
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c. Conclusion and Recommendations 


The literature reviewed for this document (see Appendix C) indicates a range of buffer width 
recommendations for protecting the LWD function. Buffer width effectiveness is strongly 
influenced by site conditions (such as slope, vegetation type and age structure, and natural 
disturbance regimes).    
 
There are a range of buffer widths for achieving high levels of effectiveness based on the 
literature in Appendix C ranging from 10 to 130 m (33 – 427 ft). The FEMAT (1993) riparian 
function curve indicates 100 percent effectiveness of the LWD function at approximately 60 
meters (200 ft).   
 
To maximize the buffer’s effectiveness to provide the LWD function, the following actions are 
recommended:  


 Avoid human disturbance in riparian areas.  


 Allow for the accrual of drift wood and other upland sources of LWD on beaches and 
shorelines. 


 Protect, restore, and enhance marine riparian trees to help ensure a long-term source of 
LWD. 


 Provide buffers that allow for long-term source and recruitment of trees (LWD) as 
shorelines retreat, or as a result of soil creep and landslides, and increasing sea levels. 


5. Litter Fall/Organic Matter  


a. Technical overview, riparian influence on litter fall/input of organic matter   


Riparian vegetation provides litter that serves as habitat and food for fishes and aquatic 
invertebrates (Adamus et al. 1991; Levings and Jamieson 2001; Vigil 2003; Lavelle et al. 2005) 
and influences the amount and type of terrestrial invertebrates that fall into aquatic systems. 
Terrestrial invertebrates serve as a major food source for fishes (including salmon) birds, 
mammals, reptiles, and amphibians. Terrestrial insects have recently been shown to be a large 
component of the diet of juvenile salmonids residing in nearshore waters of Puget Sound. In 
addition, some fish and invertebrates feed directly on vegetative detritus (McClain et al. 1998; 
King County DNR 2001; NRC 2002; Vigil 2003; Brennan et al 2004; Lavelle et al. 2005; Fresh 
2007; Duffy et al in review). Nutrient exchange occurs in two directions from the terrestrial to 
aquatic systems and vice versa. Examples of nutrient-energy exchange (marine to terrestrial and 
terrestrial to marine) include:  


1.   Atmospheric input via wet or dry deposition, which can occur through fires, intensive 
farming and agricultural activities, and wind erosion (Lavelle et al. 2005).  


2.   Lateral transfers of nutrients through tidal and wave action, including microalgae and 
macroalgae washed ashore (Adamus et al. 1991).  
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3.   Decomposing secondary consumers, such as juvenile Pacific herring, Pacific sand lance, 
longfin smelt, surf smelt, sole, salmon, seabirds, and marine mammals, which also 
contribute nutrients. For example, Pacific salmon nutrients are deposited by predators and 
scavengers in excreta, or as carcasses and skeletons (Cederholm et al. 1999; Naiman et al. 
2002; Drake et al. 2006). 


4.   Secondary consumers can transport nutrients to upland areas, facilitating nutrient and 
energy exchange between terrestrial and aquatic food webs (Ballinger and Lake 2006). 
For example, Elliott et al. (2003) examined the relationship between bald eagles and 
Plainfish Midshipman, a demersal fish and intertidal spawner. Between May and June of 
2001, the authors found that eagles consumed about 22,700 ± 3,400 midshipman, 
representing large transfers of nitrogen into upland areas, and the potential to enhance 
community productivity along the shoreline. 


b. Key findings from buffer literature and science panel  


A number of references identify the contributions of organic matter (e.g., forest litter, terrestrial 
insects, woody debris) and food web linkages between freshwater and marine riparian areas and 
adjacent water bodies (Appendix C, Table 5). Most studies conclude that the delivery of leaf and 
other organic matter declines at greater distances away from the water’s edge, and that most 
contributions are made within 30-60 meters (100-200 ft) of the shoreline. Appendix C, Table 5 
provides a summary of litter fall buffer recommendations that were derived from seven review 
documents and other research. 
 
Our review suggests that:   


 The range of buffer widths that met a minimum 80% effectiveness for this function was 
17-38 meters (Appendix G).  


 Most litter contributions are made within 30-60 meters (100-200 ft) of the shoreline. 


 As in fresh water riparian systems, the delivery of leaf and other organic matter 
delivered to the marine intertidal areas declines with distance away from the water’s 
edge. 


A riparian function curve for litter fall was adapted from the original FEMAT curve (Appendix 
D). The FEMAT curve reveals approximately 80 percent effectiveness at about 25 meters. The 
science panel generally accepted that the litter fall curve is a valid representation of marine 
riparian environments. Panelists also generally agreed that riparian areas are likely to produce 
insects that fall into the adjacent waters   
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Table 5. Approximated values for cumulative effectiveness of buffer width for litter fall/organic matter 
inputs used to create Figure 5, based on the original FEMAT curve.  


 


 
 
 
 


 


Figure 5. Effectiveness of riparian litter fall/organic matter input as a function of distances from the 
water’s edge (adapted from FEMAT 1993) where one site potential tree height is approximately 60 meters 
or 200 ft.  


Effectiveness (%) 
Buffer Width 


(SPTH) 
Buffer Width 


 m (ft) 


0 0 0 


10 0.04 2.4 (8) 


20 0.08 4.9 (16) 


30 0.12 7.3 (24) 


40 0.17 10.3 (34) 


50 0.22 13.4 (44) 


60 0.27 16.5 (54) 


70 0.33 20.0 (66) 


80 0.40 24.4 (80) 


90 0.50 30.5 (100) 


95 0.65 40.0 (130) 


98 0.90 55.0 (180) 
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c. Conclusion and Recommendations for litter fall/organic matter inputs 


The literature reviewed for this document (see Appendix C) indicates a range of buffer widths to 
achieve this function. In addition, the function curve derived from FEMAT indicates that 
approximately 100 percent of the litter fall function is achieved at 60 meter (200 ft).  
  
To maximize the riparian function for litter fall/organic matter inputs the following actions are 
recommended:  


 Maintain native riparian vegetation in the riparian area.   


 Avoid human disturbance to vegetation. 


 Allow for natural succession of plant communities and maintain sources and accumulations 
of organic matter within riparian areas and on beaches. 


6. Hydrology/Slope Stability 


a. Technical overview: riparian influence on hydrology/slope stability function  


The role of vegetation in protecting hydrologic processes and slope stability is well documented. 
The information generally falls into two areas: research focusing on the impacts of sediment 
inputs to streams and wetlands; and research focused on protecting human infrastructure from 
anthropogenic disturbances such as logging, agriculture and development.  
 
Sidle et al. (1985) found that tree and shrub root strength contributes to slope stability, and loss 
of root strength following tree death or removal may lead to increased incidence of erosion and 
slides. Vegetation also helps lengthen the residence time of soil moisture by decreasing runoff 
volume and velocity. This in turn can increase filtration and soil retention potential (Evans et al. 
1996; Klapproth and Johnson 2000; Ducros and Joyce 2003) and slope stability (Williams and 
Thom 2001). 
 
Vegetation plays an important role in affecting hydrologic processes and slope stability in the 
following ways (adapted from Gray and Leiser 1982): 


Interception: Foliage and plant litter absorb the energy of precipitation, reducing direct 
impacts on soil.  


Restraint: Root systems bind soil particles and blocks of soils, and filter sediment out of 
runoff. 


Retardation: Plants and litter increase surface roughness, and reduce runoff volume and 
velocity, thereby reducing channelization. 


Infiltration: Roots and plant litter help maintain soil porosity and permeability. 


Transpiration: Plants absorb moisture, delaying the onset of soil saturation and surface 
runoff. 
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Root Reinforcement: Roots mechanically reinforce soil by transferring shear stresses in the 
soil to tensile resistance in the roots. 


Soil Moisture Depletion:  Interception of raindrops by foliage and evapotranspiration limit 
buildup of soil moisture. 


Buttressing and Arching: Tree trunks can act as buttress piles or arch abutments in a slope, 
counteracting shear stresses. 


Surcharge: The weight of vegetation on a slope may exert a destabilizing down slope stress 
and a stress component perpendicular to the slope that increases resistance to sliding. 


Root wedging: Roots invade cracks and fissures in soil or rock that could add restraint 
stability or cause local instability by wedging action.  


Wind throw: Strong winds cause trees to blow down that can disturb slope soils 
 
Soil saturation strongly influences erosion potential on a slope. The more water that can be 
intercepted, absorbed, or otherwise controlled by vegetation, the greater the slope stability. Soil 
composition and slope geometry (slope height and angle) are also major factors determining 
slope stability. Studies have shown that decreasing vegetation cover results in increased soil 
saturation and slope failure during rainfall events. Some slope failures are unrelated to vegetation 
cover, usually as a result of unusually high precipitation, undercutting, strong winds, or other 
factors. However, in studies of slope failures in urbanized areas such as Seattle, over 80 percent 
of slope failures were attributed to human influence such as vegetation removal and poor 
drainage management (Tubbs 1975; Laprade et al. 2000). 
 


b. Key findings from buffer literature and science panel 


None of the buffer research reviewed for this paper provided buffer recommendations for 
maintaining slope stability and natural hydrologic processes see Appendix C, Table 6). However, 
two documents include some analysis that could be helpful in determining buffer widths to 
protect hydrologic functions. Knutson and Naef (1997) include relevant discussion regarding 
erosion control. Additionally, FEMAT (1993) identified the relationship of tree root strength to 
slope stability and provides a generalized effectiveness curve for root strength.  


 
Since a riparian function curve for hydrology and slope stability was not found in the literature, 
data from Griggs et al 1992 as cited in Macdonald and Witek (1994) were used to describe 
setbacks on bluffs or other unstable slopes to protect against property loss. The minimum 
setbacks for different bluff heights and various levels of stability are illustrated in Table 6 and 
Figure 6. These setbacks do not account for ecological functions but rather focus solely on 
protection against property loss. The FEMAT curve developed for this function is estimated 
based on extent of root systems adjacent to a slide scar margin, or “soil stabilizing zone of 
influence” (equal to slide scar width plus half a tree crown diameter). Such information is not 
easily interpreted into a buffer width or under the variable site conditions existing on marine 
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shorelines. It appears that neither FEMAT (1993) nor other literature makes buffer 
recommendations. Much of the shoreline in Puget Sound is composed of bluff-backed beaches, 
which are naturally eroding. Buffers should be based on site-specific slope conditions, with 
steeper slopes having wider buffers. This approach is similar to establishing stream buffers from 
the outside edge of the 100-year floodplain. However, the variability and multitude of factors 
that need to be considered in determining slope stability in the marine shoreline make it difficult 
to develop specific buffer width recommendations for this function. We offer information from 
Griggs et al 1992 as a way of conceptualizing the idea of maintaining riparian function on 
unstable slopes.   
 
All science panel members agreed that the hydrology/slope stability curve developed with data 
from Griggs et al. 1992 as cited in Macdonald and Witek (1994) is applicable in the marine 
environment. Panelists discussed the importance of hydrology, geomorphology, soil type, and 
vegetation type in supporting slope stability functions in Puget Sound, in addition to the human 
safety concerns about slope stability in the region.   
 
Geomorphology 


 Landforms and geology can be more important here than buffer width. For example, in the 


San Juan Islands, there can be a 45 slope on basalt form that can be very stable. 


 Geomorphic shore form is an important consideration – geologic legacy, landscape position, 
density, slope, etc. Use of Shipman (2008) geomorphic classification system may be useful 
(Appendix F). 
 


Soil and Vegetation 


 Riparian areas can increase slope stability (through root structure) and increase water 
interception and absorption. Protecting natural rates of sediment delivery and protecting 
processes and functions of nearshore ecosystems may be achieved by establishing and 
maintaining adequate riparian buffers.   


 Upslope alterations can be contributing factors to slope instability.  


 It is important to consider flow paths; for example, slope stability may be associated more 
with altered upland drainage patterns or precipitation patterns. Buffer width versus landform 
may be the most important factor. For example, steeper slopes, particularly those with 
underlying geologic instability, require wider buffers. 
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Table 6. Setback distances (in ft) from Griggs et al 1992 as cited in Macdonald and Witek (1994) for 
different bluff heights at various levels of stability where geologic stability for 50-years cannot be 
demonstrated. 


Bluff Height 
(ft) 


Stable 
(1:1)(450) 


Moderately 
Stable (2:1)(300) 


Unstable (1:1)(450)+ 
(2:1)(300) 


20 20 40 60 


40 40 80 120 


60 60 120 180 


80 80 160 240 


100 100 200 300 


120 120 240 360 


140 140 280 420 


160 160 320 480 


180 180 360 540 


200 200 400 600 
 


 


 
Figure 6. Construction setbacks for different bluff heights at various levels of stability, where geologic 
stability for 50-years cannot be demonstrated (after Griggs et al 1992 as cited in Macdonald and Witek 
1994). 
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c. Conclusion and Recommendations 


No riparian function curve was developed for this section, due to the high variability of site 
specific conditions that may be encountered and the lack of summary data that could be 
generally applied.  


To maximize the buffer’s effectiveness to maintain hydrologic functions and slope stability, the 
following actions are recommended:  


 Avoid development near naturally eroding bluffs. 


 Avoid engineering approaches that encroach on buffers to create more stable slope 
conditions. 


 Avoid impervious surfaces and compacted soils. 


 Maintain riparian vegetation especially on steep slopes to prevent excessive erosion and 
allow for evapotranspiration. 


 Avoid ‘loading’ of bluffs whereby excessive moisture (from irrigation, septic fields, 
impervious surfaces, and other sources of water) can exacerbate the instability and erosion 
potential of the site.  


 


7. Fish and Wildlife Habitat 


a. Technical overview, riparian influence on wildlife function   


Provision of wildlife habitat has been well documented for freshwater riparian systems (e.g., 
Knutson and Naef 1997; Cederholm et al 2000; NRC 2002, Buchanan et al. 2001). Riparian 
areas provide the resources and structure to meet important life history requirements such as 
feeding, roosting, breeding, refuge, migration corridors and clean water for a variety of wildlife 
species. Knutson and Naef (1997) report that riparian areas contribute to the high productivity 
and species diversity in aquatic and upland areas.  
 
The wildlife function of marine riparian areas is not well documented, although Buchanan et al. 
(2001) Brennan and Culverwell (2004) described a wide variety of fish and wildlife associations 
for marine riparian areas of Puget Sound. Wildlife species have adapted to the natural processes, 
structure, and functions of marine riparian areas and have also played an important role in 
shaping the structure and character of riparian areas. For example, many birds and mammals that 
breed and rear in upland areas forage in intertidal areas. Thus, these species provide marine 
derived nutrients to uplands in the form of feces and carcasses. These marine derived nutrients 
play an important role in forest ecosystem health (Cederholm et al 2000).  
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b. Key findings from buffer literature and science panel 


A number of studies have examined the role of riparian buffers in supporting wildlife. All studies 
reviewed for this document report that marine riparian areas function as important wildlife 
habitat. Appendix C, Table 7 provides a summary of wildlife buffer recommendations that were 
derived from seven review documents and other research.  
 
Our review suggests that buffer requirements for fish and wildlife depend on different species’ 
individual habitat requirements and may be influenced by season, upland habitat quality and 
connectivity with other habitat areas.   
 
The science panel generally agreed that marine riparian areas provide habitat for many wildlife 
species. Some participants pointed out that without buffers, numerous species would not utilize 
marine nearshore areas or cross onto beaches from upland areas. Perhaps more importantly, 
riparian buffers and other nearby relatively undisturbed areas provide habitat for riparian 
obligates (i.e., those that require habitat in close proximity to water bodies such as great blue 
heron). All panel members agreed that marine riparian areas provide a suite of important services 
for wildlife. Pertinent information from that discussion follows.    


Obligate/Optimal Use Species: The science panel was uncertain if obligate species in Puget 
Sound’s marine riparian areas had been identified (but see Buchanan et al. 2001). They 
suggested that most wildlife in marine riparian areas are probably generalists in their habitat 
use, and the marine riparian environment supports a number of important functions and 
processes that create and maintain wildlife habitat. Larger buffers would increase the number 
of wildlife species using the area and benefit animals with larger home ranges.  


Invasive species within riparian areas may reduce buffer effectiveness. Buffers can harbor 
nuisance wildlife species which is a cause for concern with respect to local wildlife and 
human populations. 


 


c. Conclusion and Recommendations 
The literature (see Appendix C) provides a range of buffer width recommendations, although few 
report 100 percent effectiveness.  Relative to the other riparian functions discussed in this 
guidance document, wildlife needs are widely variable.  
 
The ability to recommend a buffer width that would provide 100 percent effectiveness for 
wildlife is limited at this time because inventories of marine riparian wildlife species and their 
habitat requirements are lacking. Based on the literature surveyed for this guidance document, a 
buffer width greater than 200 meters (660 ft) will protect some wildlife habitat functions.  Buffer 
requirements for fish and wildlife depend on the species’ individual requirements and these may 
change or be influenced by season, upland habitat quality and connectivity with other habitat 
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areas. To maximize the buffer’s effectiveness to support wildlife, the following actions are 
recommended:  


 Ensure that wildlife habitat connectivity is maximized though maintenance of riparian 
corridors.   


 Ensure native vegetation diversity is maintained (both species composition and age 
structure) along buffers to offer maximum habitat opportunities to the broadest range of 
species.  


 Allow for natural disturbances such as floods, wind throw and landslides to provide snags, 
LWD and other complex habitat structural features in the buffer.  


 Understand which local species use marine riparian areas by consulting with WDFW 
Priority Habitat and Species lists or other sources so that buffers can be designed with those 
species’ habitat needs in mind. 


Section V.  Impacts to Marine Riparian Functions  


1. Introduction  


Riparian and aquatic ecosystems are currently being altered, impacted, or destroyed at a greater 
rate than at any time in history (Good et al. 1998). Although no comprehensive study has been 
conducted to document the rate and extent of marine riparian loss across the Puget Sound basin 
over time, three studies conducted between 1980 and 2006 provide some perspective on the 
region’s riparian losses. Bortelson et al. (1980 in Levings and Thom 1994) studied eleven major 
river deltas in Washington and documented a 76 percent loss in tidal marshes and riparian habitat 
during the preceding century. The major losses were within highly developed estuaries including 
the Puyallup and Duwamish River deltas (Bortelson et al. 1980 in Levings and Thom 1994). In 
1995, scientists with the Puget Sound Assessment and Monitoring Program (PSAMP) found that 
approximately 33 percent (or 800 miles) of Puget Sound shoreline had been physically altered by 
bulkheads, docks, or other structures. These structures typically impact riparian areas through 
vegetation removal, soil removal and compaction. MacLennan and Johannessen (2008) 
conducted geographically-focused research in the San Juan Islands and found an average 25% 
loss of marine riparian forest cover on San Juan, Orcas, Lopez and Stuart islands between 1977 
and 2006. 
 
Impacts to riparian function from activities associated with development, agriculture and forestry 
are well documented in the literature and are summarized in Appendix E, Tables 1-2. As 
described in Section IV, the level of disturbance to riparian soils and vegetation are key factors 
determining riparian function. A more detailed description of each of these activities and its 
impact on riparian function is included in the next three sections.  
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2. Development 


Modern development along marine shorelines usually involves the removal of native vegetation, 
topsoil and organic matter and the compaction of soils which result from clearing and grading, 
construction of buildings, pavement, and roads. Additional impacts include the introduction of 
nonnative plant species associated with landscaping. Loss of natural vegetation in riparian and 
stream habitats in developed areas is usually permanent, (Booth 1991 in Knutson and Naef 1997) 
and activities associated with development impact all riparian functions (See Appendix E, Tables 
1-2). Thus riparian areas are more highly altered in developed landscapes than in agricultural and 
forested landscapes on a per acre basis (Booth 1991 in Everest and Reeves 2006) although 
agriculture and forestry typically occur over a larger proportion of the landscape than develop 
areas do.  Below we provide a summary of literature addressing development activities and their 
impacts on riparian function.  


a. Water quality  


Development activities within riparian areas can affect water quality. Alteration within the 
riparian areas causes “changes in loading of nutrients, organic matter, and sediments (Valiela et 
al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et al. 2003); increased loading of 
contaminants and pathogens (Siewicki 1997; Inglis and Kross 2000; Mallin et al. 2000); and 
changes in water flow (Hopkinson and Vallino 1995; Jones et al. 2000)” (in Hale et al. 2004). 
The shoreline and upland development of residential, business, and industrial facilities and 
utilities can result in altered topography, removal of vegetation, soil compaction and grading, and 
rerouting of surface and groundwater flows (Knutson and Naef 1997; NRC 2002; Ekness and 
Randhir 2007; Schiff and Benoit 2007). In general, habitat alteration and development creates 
impervious surfaces, which prevents water from infiltrating into the ground and thus the ability 
of soil to intercept toxic substances; increases the volume of surface water; increases the 
magnitude of local flooding (Montgomery et al. 2000 in Johannessen and MacLennan 2007); and 
increases flooding potential (Glasoe and Christy 2005).  
 


b. Fine sediment control  


Development impacts to the fine sediment/erosion control function of riparian areas are well 
documented. Concentration/ channelization of surface runoff can lead to increased soil erosion 
along and downslope of the path of concentrated flow. Clearing of land for development 
produces the largest amount of sediment to aquatic resources (U.S. EPA 1993 in Stanley et al. 
2005), and developed areas can produce 50-100 times more sediment than agricultural areas 
(Jones and Gordon 2000 in Stanley et al. 2005) on a per acre basis. Direct alteration of soils and 
vegetation within riparian areas can change nutrient loading rates, amounts and types of organic 
matter, and sediment dynamics (Valiela et al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et 
al. 2003 in Hale et al. 2004). In sloped areas, these activities can also result in higher frequencies 
of slope failure, a relationship demonstrated through many field and laboratory studies (Gray and 
Sotir 1996; OSB 2007). Permanent loss of vegetative cover increases soil saturation and surface 
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water runoff, causing increased loading of fine sediments. While undisturbed mature native 
vegetation on slopes provides erosion control and slope stabilization benefits, disturbed or 
degraded sites can undergo continual erosion, which may hinder the development of effective 
vegetation cover. Competition by invasive, exotic plants, such as Himalayan blackberry, can also 
retard or preclude natural establishment of “effective” vegetation (Menashe 2001).  
 


c. Shade/microclimate 


The shade function of riparian areas is affected by many activities in the riparian area, 
particularly those occurring near the water’s edge. Vegetation removal can decrease shade 
(Macdonald et al. 1994; Thom et al. 1994; Macdonald 1995; Penttila 1996; Williams and Thom 
2001) and increase water and beach substrate temperatures (Beschta et al. 1987; Williams and 
Thom 2001; Bereitschaft 2007). Rice (2006) and Sobocinski et al. (2003) demonstrated that 
shoreline modifications (such as boat ramps, bulkheads, roads, and parking lots) that involve 
vegetation removal close to the water’s edge not only reduce shade but also lower species 
diversity and abundance. Maintaining native vegetation in the form of mature trees in riparian 
areas can provide more shade than low-lying shrubs and grasses. Decreased shade, via removal 
of trees can result in increased egg mortality of beach-spawning forage fishes (Pentilla 2001; 
Rice 2006) and reductions in diversity and abundance of invertebrate species, as well as loss of 
habitat structure that supports climate sensitive species (Sobocinski et al. 2003; Brennan and 
Culverwell 2004; Tonnes 2008).  
 


d. Large Woody Debris (LWD)  


The reduced supply of LWD to nearshore ecosystems from marine riparian areas is largely the 
result of historic activities; however, impacts from ongoing development activities also affect this 
riparian function. Activities linked to development that affect marine LWD provision include tree 
removal for development within riparian areas (including shoreline armoring); wood removal 
(e.g., for fire fuel, landscaping, artwork, furniture); controlled and uncontrolled beach fires; 
salvage logging; drift log removal from open water; and vegetation removal.  
 
Shoreline armoring can reduce or eliminate the upper intertidal and supratidal zones.  This is turn 
may mobilize LWD and prevent it from settling on the shore. Low levels of LWD have been 
found on armored beaches compared to unaltered beaches (Sobocinski et al. 2003; Higgins et al. 
2005; Dugan and Hubbard 2006; Defeo et al. 2009). Changes in wood abundance and elevated 
beach temperatures have been documented in several studies around Puget Sound (Higgins et al. 
2005; Rice 2006; Tonnes 2008).  


e. Litter fall/organic matter inputs 


Alteration of riparian habitats can cause changes in nutrient loading, organic matter, and 
sediments (Valiela et al. 1992; Wahl et al. 1997; Jones et al. 2000; Jordan et al. 2003 in Hale et 
al. 2004). In freshwater systems, dams and other water control structures have caused changes in 
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nutrient cycling (Knutson and Naef 1997) through vegetation removal and soil compaction. 
Studies in marine systems show lower levels of terrestrially derived organic litter on armored 
versus unarmored beaches (Sobocinski et al. 2003; Higgins et al 2005; Dugan and Hubbard 
2006; Defeo et al. 2009).  
 


f. Wildlife 


Shoreline modifications can have direct and indirect impacts on wildlife including interfering 
with species behavior, lowering survival, and decreasing habitat quality and quantity.  
 
Habitat Loss/Quality 
Shoreline modifications result in habitat loss, reduction, and or alteration (Paulson 1992; Levings 
and Thom 1994; Williams and Thom 2001; Toft et al. 2004), lower bird biodiversity (Donnelley 
and Marzluff 2004), altered food webs and benthic community composition (Dauer et al. 2000; 
Lerberg et al. 2000 in Hale et al. 2004), creation of passage barriers for salmon and other aquatic 
species (Williams and Thom 2001), and fragmented habitat (Williams and Thom 2001). The 
installation of shoreline armoring structures reduces beach width (decreases habitat), and can 
impede wildlife migration through shoreline corridors (NRC 2002). A reduction in habitat can 
lower diversity and abundance of wildlife, especially in upper intertidal areas. This can in turn 
cause change  trophic relationships  (Sobocinski et al. 2003; Defeo et al. 2009); for example, 
changes in the nearshore habitat can reduce potential spawning grounds for surf smelt and sand 
lance, which are a main component of the Pacific salmon diet (Johannessen and MacLennan 
2007), and a primary food source for marine bird and marine mammals.  
 


e. Hydrology/Slope Stability 


Impacts to the hydrology/slope stability function of marine riparian areas have been widely 
documented in Puget Sound. Urbanization often causes compaction or removal of top soil, 
reducing infiltration and soil storage and increasing runoff.  Erosion may increase downslope of 
concentrated flow outlet (e.g., pipe outfalls, impervious surface runoff) and may increase slope  
failure when this flow discharges to the top of the slope. Vegetation is a critical component in 
maintaining stable slopes (Morgan and Rickson 1995 in Parker and Hamilton 1999; Menashe 
1993), and trees above the top of the slope contribute significantly to the geotectonic stability of 
the slope below (Parker and Hamilton 1999). Tree roots often anchor thin layers of soil to the 
bedrock or provide lateral stability through intertwined roots (Sidle et al. 1985 and Chatwin et al. 
1994 in Stanley et al. 2005). In addition, changes to hydrology from the installation of onshore 
and offshore modifications affects sediment conditions. 
 


3. Agriculture  


Agriculture practices like other land use activities can result in the removal of riparian 
vegetation, addition of pesticides, soil disturbance and thus altered riparian functions. Many 
riparian areas became disconnected from the aquatic environment when tidelands and 
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wetlands/salt marshes were diked and filled to create farmland. In addition, agricultural sources 
of bacterial contamination, fertilizers and pesticides can threaten local water quality.  


a. Water Quality 


Water quality problems associated with agricultural activities include fecal coliform pollution, 
higher water temperatures, and nutrient and pesticide loading from surface and groundwater 
flows (Hashim and Bresler 2005). In some cases, excessive fertilizer use has led to increased 
nutrient levels in aquatic environments, causing algal blooms and eutrophication (Caffrey et al. 
2007). Studies in the Puget Sound region show that agricultural activities can increase 
phosphorus levels in soils and surface runoff (Carpenter et al. 1998 in Stanley et al. 2005) and 
contribute 40 times the amount of nitrogen than forested areas and twice the nitrogen levels of 
developed areas (Ebbert et al. 2000 in Stanley et al. 2005). Agricultural activities that occur 
within, or drain to, riparian areas can negatively impact riparian soils and sediments by causing 
soil loss and erosion (Hashim and Bresler 2005), reductions in native vegetation (Spence et al. 
1996), and altered flow paths leading to increased sediment, nutrient, pathogen, and pesticide 
loading (Sedell and Froggatt 1984). In addition, studies have shown that the conversion of 
riparian areas to cropland has decreased the infiltration potential of riparian soils (NRC 2002).  
 


b. Fine sediment control 


Agricultural activities can negatively affect the soil and sediment stability of marine riparian 
areas. Agricultural activities along Puget Sound shorelines typically result in a loss of native 
vegetation close to the water’s edge because the land is valued for crop production. This loss of 
vegetative cover and root structure can increase erosion rates into receiving waters (Seddell and 
Froggatt 1984).  
 


c. Shade/Microclimate  


Removal of trees within marine riparian areas reduces the amount of shade available (Hashim 
and Bresler 2005). Shade and temperature influence photosynthesis rates of plants and metabolic 
rates of animals. Fluctuations in temperature can alter fish community structure and composition 
(Baltz et al. 1987; Dambacher 1991; Hillman 1991; Reeves et al. 1987). High water temperatures 
can cause behavioral changes in fish by affecting migration timing and patterns (Spence et al. 
1996).  
 


d. Large Woody Debris   


Agricultural activities within riparian areas have resulted in a loss of native vegetation and large 
woody debris, bank instability, and loss of flood-plain function (Spence et al. 1996).  
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e. Litter fall/organic matter inputs 


Agricultural practices have impaired nutrient regulation in riparian areas. For example, the 
conversion of riparian areas to cropland has decreased the infiltration potential of riparian soils 
(NRC 2002), and agricultural activities often require vegetation removal (Everest and Reeves 
2006). Excessive fertilizer use has led to increased nutrient levels in aquatic environments, 
causing algal blooms and eutrophication (Caffrey et al. 2007).  
 


f. Hydrology/slope stability  


Land clearing, tillage, wetland drainage, irrigation and grazing can lead to increased surface 
runoff and greater sediment delivery. Changes in hydrology as a result of agricultural activities 
can result in altered flow regimes, increased sedimentation, and modified and consolidated 
stream channels (Sedell and Froggatt 1984), as well as bank instability (Spence et al. 1996).  
 
Permanent loss of vegetation cover, or replacement by monocrops or other non-native vegetation 
increases soil saturation and surface water runoff. While undisturbed mature native vegetation on 
slopes provides erosion control and slope stabilization benefits, disturbed sites (such as tilled or 
over-grazed land) can undergo continual erosion, and may not establish an effective cover. 
Competition by invasive, exotic plants such as Himalayan blackberry can also retard or preclude 
natural establishment of effective riparian vegetation (Menashe 2001).  
 


g. Wildlife 


Agricultural activities within riparian zones have simplified aquatic and riparian habitats (Spence 
et al. 1996) and may result in lower biodiversity within these areas.  
Grazing practices in riparian areas can damage aquatic habitat through shoreline erosion, 
disturbance (when large animals disrupt stream channels and pools), and deposition of excess 
nutrients and fecal coliform.  


4. Forest Practices 


Coniferous forests are the dominant forest type throughout the Puget Sound basin, with the 
exception of areas with relatively frequent natural disturbance (e.g., landslides, wind stress), or 
soils that would not support conifers (e.g., rocky headlands, shallow soils). The age structure, 
density, diversity, and connectivity of existing riparian forests are important characteristics that 
determine the types and level of functions provided.   
 


a. Water Quality  


Industrial forest practices, including the use of fertilizers and pesticides, timber harvesting, and 
road construction and maintenance, can degrade water quality and cause changes in hydrology 
and riparian vegetation (Jones et al. 2000). Forestry activities within riparian areas negatively 
affect that area’s ability to perform its water quality functions in much the same way that 







36 
 


agricultural practices do. Specifically, the removal of riparian vegetation may limit the ability of 
riparian areas to decrease flows and filter, break down, and slow the flow of pollutants. 
Pesticides can be transported to riparian areas via surface and groundwater flows.   
 


b. Shade/Microclimate  


The removal of canopy through logging and thinning practices opens the understory and ground 
to increased light and air flow. The resulting microclimate changes can change the character of 
the plant species, expose soils and beach sediment to desiccation, and/or alter the temperature of 
water bodies below through the removal of shade-inducing foliage. Timber harvesting within 
riparian areas reduces shade and can increase water temperatures (Hashim and Bresler 2005). 
 


c. Large Woody Debris   


Large old-growth trees within marine riparian areas were historically among the first harvested 
in the region because of their close proximity to water and low transport costs (Prasse 2006; 
Brennan 2007; Chiang and Reese undated). Along Puget Sound shorelines and rivers, the 
number, size and species composition of trees has changed dramatically since the mid 1800s due 
to tree harvest, levee construction, development and invasive species colonization (Spence et al. 
1996; Collins et al. 2002; Brennan 2007). As a result, the composition and volume of LWD on 
beaches has changed, with larger, mature logs occurring with less frequency. In a survey of 3.9 
kilometers of beaches in north Puget Sound, fewer than 5 percent of large logs documented were 
considered ‘new’ recruits to the beach. The remaining 95 percent were severely weathered, and 
carbon dating revealed that many were delivered to the aquatic environment between 1700 and 
1920 (Tonnes 2008).  
 
The amount of new wood, especially large logs, delivered to beaches appears to be declining 
(Gonor et al. 1988; Maser and Sedell 1994; MacLennan 2005; Tonnes 2008), Old growth logs 
are decomposing and gradually disappearing from beaches.  In addition, much of the wood 
currently being recruited to beaches consists of end-cut logs, which are more mobile (due to their 
smaller size and lack of a root wad and branches) and therefore provide somewhat different 
functions over shorter temporal and spatial scales (Tonnes 2008).  
 


e. Fine sediment control 


Road construction in forested areas increases sedimentation and reduces bank stability (Everest 
and Reeves 2006). Construction and maintenance activities can increase fine sediment loads and 
mass wasting processes (e.g., debris avalanches, debris flow, and debris torrents), which in turn 
can cause erosion and changes in stream channel (or beach) morphology (Hashim and Bresler 
2005; Everest and Reeves 2006). Logging and burning can destabilize soils, increase the 
frequency and magnitude of erosion, and cause sedimentation (Knutson and Naef 1997). 
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f. Wildlife 


Forest composition, structure and age class strongly influence type of wildlife habitat available 
and the diversity of wildlife that utilize the habitat. Old-growth rain forests of the Olympic 
Peninsula are among the most productive ecosystems in the world (Franklin and Dryness 1973), 
while younger second and third-growth forests provide fewer habitats and harbor a fewer  
numbers of species (Ruggiero et al 1991). Removal of forest cover and associated structure (such 
as snags and downed logs) can lower the habitat quality in riparian areas, reduce the input of 
nutrients into waterways (an essential food source for aquatic invertebrates) and eliminate 
important wildlife migration corridors.   
 
Forestry practices can cause changes in the abundance and diversity of wildlife in riparian areas. 
This occurs through the loss of LWD, canopy and shrub cover, interior forest habitat within and 
adjacent to the riparian zone, sedimentation of the aquatic habitat, and habitat fragmentation 
(Knutson and Naef 1997).  
 


g. Hydrology/Slope stability 


Intact coniferous forests provide a perennial canopy and extensive root structure, which 
intercepts substantial amounts of precipitation, moderates surface and subsurface flows, and 
reduces erosion potential. Removal of forest cover and structure changes the character of the 
surface flow, particularly on steeper slopes where surface run-off accelerates and erosion and 
flash-flooding of small streams can occur.  
 


5. Other Impacts of Concern 


Development, agriculture and forest practices are only three of numerous potential impacts to 
riparian ecosystems. Additional impacts that were outside the scope of this guidance document 
include:     


 Atmospheric deposition of pollutants.  


 Harmful Algal Blooms (HABs) and other marine-borne pathogens and diseases. 


 Non-native/nuisance Species. 


 Recreation (harvest/collection of organism, trampling, wildlife disturbance). 


 Climate change (changes in air/ocean temperature, sea level rise, changes in hydrology. 
and erosion from increased wave action, shoreline retreat, inundation, flooding). 


 Oil and fuel spills from commercial shipping and tanker traffic. 
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Section VI. General Conclusions and Management 
Recommendations for Protecting Marine Riparian Function 
This section is divided into three categories: (1) general conclusions adapted solely from the NRC 
(2002); (2) overarching recommendation; s; and (3) impact-specific recommendations adapted from the 
literature review with input by the science panel as described above. These recommendations are 
intended to offer guidelines and approaches for protecting marine riparian functions addressed in this 
guidance document.   


1. General Conclusions Adapted Solely from the NRC (2002) 


 Riparian areas perform important hydrologic, geomorphic, and biological functions. These areas 
encompass complex above- and below-ground habitats created by the convergence of 
biophysical processes in the transition zone between aquatic and terrestrial ecosystems. 


 Riparian areas cannot be thought of in isolation from associated water bodies.  The characteristic 
geomorphology, plant communities, and associated aquatic and wildlife species of riparian and 
marine systems are intrinsically linked. 


 Natural riparian systems have adapted to specific disturbance regimes.  Managing riparian areas 
without regard to their dynamic patterns and influences of adjacent water bodies ignores a 
fundamental aspect of how these systems function. 


 Riparian areas, in proportion to their area within a watershed, perform more biologically 
productive functions than do uplands.  Riparian areas provide a wide range of functions, such as 
microclimate modification and shade, bank stabilization and modification of sediment processes, 
contributions of organic matter and large wood to aquatic systems, nutrient retention and cycling, 
wildlife habitat, and general food web support for a wide range of aquatic and terrestrial 
organisms. 


 Riparian areas are effective in filtering and transforming materials (such as dissolved and 
particulate nonpoint source pollutants) from hill slope runoff. 


 Because riparian areas are located at the convergence of terrestrial and aquatic ecosystems, they 
are regional hot spots of biodiversity and often exhibit high rates of biological productivity in 
marked contrast to the larger landscape. 


 During the last decade, a patchwork of federal, state, and local laws and programs has come to 
acknowledge the importance of riparian areas and to require or encourage special management to 
restore or protect their essential functions, although the degree of protection, the focus, and the 
spatial coverage of these laws and programs are highly variable among federal, state, and local 
levels.  


2. Overarching Recommendations  


This section contains general management recommendations that broadly address riparian areas.  


 Protect marine riparian soils and vegetation – prevent damage to native riparian soils and 
vegetation, including clearing and grading, compaction, covering (paving) and removal.  


 Restore damaged marine riparian habitat – restore vegetation, soil characteristics.  
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 Account for scale issues (temporal and spatial) when evaluating riparian condition, current 
functions and potential for future functions, and cumulative effects of alterations. The dynamic 
nature and connectivity of riparian areas and linkages between riparian and aquatic systems 
operate at multiple scales.  


 Exclude all major sources of contamination from the riparian buffer, including construction, 
impervious surfaces, mining, septic system drain fields, agricultural activity, clear cutting and 
application of pesticides and herbicides.  


 Manage riparian areas for the long-term. For many sites, substantial time, on the order of years to 
decades, will be required for vegetation to become fully functional (NRC 2002). 


 Require additional structural setbacks (10-30 ft) landward of buffers will allow routine 
maintenance of structures without compromising buffer function integrity.   


 


3. Recommendations to Avoid or Minimize Specific Impacts  


The following recommendations are directed at protecting riparian functions from activities associated 
with development:  


 Avoid vegetation removal on shorelines and bluffs.  If vegetation must be removed, minimize the 
area and amount removed and locate the disturbed area as far from the water as possible.  
Minimize ground disturbance, removal of mature trees, and introduction of nonnative vegetation, 
especially invasive species such as English Ivy.     


 Avoid locating impervious surfaces in riparian buffers. If impervious surfaces must be located in 
riparian areas, minimize footprint, and mitigate impacts through techniques including pervious 
surfaces such as pervious pavers and concrete; bioretention facilities such as rain gardens; green 
roofs, cisterns, etc. Promote infiltration and implement approved methods/designs for controlling 
rates of surface runoff and pollutant loading. Caution should be taken when designing and 
installing bioretention and other facilities that infiltrate water along slopes and bluffs so as to not 
increase the likelihood of mass failures or erosion.    


 Avoid shoreline modification; maintain existing native vegetation, particularly at and near the 
land-water interface. If shoreline alterations must occur they should be done in a way that 
minimizes potential negative impacts to natural functions and should use the least intrusive 
methods including bioengineering or relocating structures where feasible and practicable. All 
adverse impacts should receive full compensatory mitigation to ensure no net loss of ecological 
functions. 


 Remove invasive plant species from marine riparian areas; Purple Loosestrife, Himalayan 
blackberry, English Ivy and other invasive plants compete with native species, particularly in 
disturbed sites along marine bluffs and shorelines. 


 Restore and replant marine riparian areas with native vegetation to improve the connectivity of 
upland and marine riparian habitat, and to restore functions that benefit the nearshore and beach 
ecosystems. Ensure that replanted marine riparian areas are properly maintained to improve plant 
survival. 
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 Avoid building in the riparian buffers.  If building must occur, then minimize footprint, site 
disturbance and locate structures far enough back from the water’s edge to ensure maintenance 
of functional riparian areas. 


 Avoid locating septic and waste water systems in the riparian area.  If they must be located in the 
riparian area, then they should be designed, maintained, and operated in such a way that that 
human waste and nutrients are prevented from leaching into local water bodies.   


 Avoid disturbance to native vegetation in the riparian area, especially near the water’s edge, with 
the goal of maintaining vegetation communities that are resilient to disturbance from surrounding 
land uses and able to regenerate with minimal human intervention; and to help ensure that 
nutrients, pathogens, toxics, and fine sediments associated with land-use practices are prevented 
from entering water bodies. 


 Avoid land use practices in riparian areas that involve the use or generation of nutrients, 
pathogens, and toxics. Avoid salvage or removal of downed trees, LWD or snags in riparian 
areas and on beaches. Maintain complex, multi-aged riparian forest cover and wide buffers to 
allow natural recruitment of LWD over long time frames. 
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APPENDIX A. Researchers who conducted technical and scientific  


literature review on riparian buffers and functions 


 


 
Section Name Affiliation 


Slope stability/erosion control 
Hydrology 


Jessi Kershner UW School of Marine Affairs 


Water quality 
Litter fall/organic matter 
inputs 


Rachel M. Gregg UW; Washington Sea Grant 


Large Woody Debris Dan Tonnes UW School of Marine Affairs, NOAA-
NMFS 


All Functions Jim Brennan UW; Washington Sea Grant 
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APPENDIX B. Brief descriptions of seven buffer review documents 


 
FEMAT 1993 
The Forest Ecosystem Management Assessment Team (FEMAT) was formed in 1993 with a directive to 
assess management options for managing federal lands within the range of the Northern Spotted Owl along 
the west coast of the United States. The forest plan presents buffer effectiveness curves that were created to 
represent the relationship between buffer width and ecosystem function. 
 
Castelle et al. 1992 
This report focuses on the role of wetland buffers and their effectiveness in protecting ecosystem functions, 
and was developed for Washington State agencies to consult when creating policies for wetland protection. 
The report contains a literature review, an agency survey of buffer requirements of areas throughout the 
United States, and a field study of buffers in King and Snohomish counties. 
 
Knutson and Naef 1997 
This review of fish and wildlife habitat requirements was written for the Washington Department of Fish and 
Wildlife. The authors review freshwater riparian habitat functions (e.g., vegetation, litter fall, large woody 
debris, water quality) and assess the vulnerabilities of riparian habitats to human activities. The report 
provides recommendations using riparian habitat area (RHA) widths. 
 
May 2000 
This report covers buffers as means of protection for riparian habitat functions for stream systems in Kitsap 
County. The author summarizes buffer-related research and pays special attention to the preservation of 
salmonid habitat, including riparian wetlands, and instream spawning and rearing areas. 
 
Desbonnet et al. 1994, 1995 
Both papers focus on the role of vegetated buffers in coastal areas and provide recommendations. These 
papers review the benefits of vegetated buffers, their effectiveness in protecting ecosystem functions, and the 
variables that affect buffer effectiveness, including possible impacts from human activities and land use.  
 
Wenger 1999 
The authors reviewed about 140 articles and books for guidelines on riparian buffers with regards to their 
width, extent, and composition. This review was created to provide guidelines for local officials and natural 
resource managers in Georgia.
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APPENDIX C. Literature cited for seven buffer functions 
 
Study  Year  Study type  Review or original 


research 
Pollutant of 


focus 
Buffer 


Composition 
Buffer range  Minimum Width 


Recommendation1 
Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, 
Inc.  


2007  Wetlands 
and streams 
 


Review of science and 
regulatory approaches 
to buffers 
 


Phosphorus  Not specified  Not specified  30 m (100 ft) for steep 
slope, 50 ft for shallow 
slope  


Base minimum recommendations on 
CWP/EPA 2005. 
 
Buffer composition not specified, but 
recommends grass and trees (best for 
sediment‐ bound nutrients, pesticides, 
and pathogens).  


Nitrogen  30 m (100 ft) 


Biocontaminants, 
pesticides 


15 m (50 ft) 


Goates  2006  Freshwater 
streams 


Review of adequacy of 
standard 30m buffers in 
protecting wildlife 


Not specified  Not specified  15‐40 m (49 – 131 ft) (Phillips 
1989) 


Not specified   


Soluble nitrogen  Forest  30m (98 ft) to remove 97‐
100% (Doyle et al. 1975; Pinay 
and Decamps 1988) 


Nitrogen and 
phosphorous 


Not specified  36 m (118 ft) to reduce 
nutrients (Young et al. 1980) 


Mayer et al.   2006  Freshwater 
and 
wetlands 


Summary of 14 regional 
reviews of riparian 
buffer literature 


Nitrogen 
 


Grass  4.6 – 27m (15 – 89 ft)– surface 
flow, ‐27‐76% effective 
10 – 100 m (33 – 328 ft) 
subsurface flow, 60‐100% 
effective 


>30 m (>98 ft) for 
effective reduction 


Soil type, hydrology (flow paths), and 
subsurface biogeochemistry (e.g., organic 
carbon supply, high nitrate inputs) 
influence nitrogen removal in subsurface 
flows. 
 
Surface flows primarily remove nitrogen 
effectively when buffers are wide enough 
and sufficiently vegetated to control 
erosion and filter particulate nitrogen 
forms. Vegetation type (e.g. grass, trees, 
etc.) influences interception potential; for 
example, grass buffers are better at 
trapping sediment, filtering sediment‐
borne nutrients, and reducing sheet flow. 


Grass forest  7.5 – 15 m (25 – 49 ft) – 
surface flow, 28‐41% effective 
6 – 70 m (20 – 230 ft) – 
subsurface flow, 91‐99%  


Forest  30 – 70 m (98 – 230 ft) – 
surface flow, 78‐79% 
10 – 220 m (33 – 722 ft) 
subsurface flow, 58‐100% 


Forest wetland  5.8 – 38 m (19 – 125 ft) – 
subsurface flow, 59‐100% 


Wetland  20 m (66 ft) – surface flow, 12‐
74% 
1 – 200 m (3.28 – 656 ft) – 
subsurface flow, 52‐100% 


Hawes and 
Smith  


2005  Freshwater 
streams 


  Nitrogen and 
phosphorus 
 
Pesticides 


  4.9 – 50 m (16‐164 ft)  
 
 
15 – 100 m (49‐328 ft) 


5‐30 m (16 – 98 ft) of 
dense grassy or 
herbaceous buffers on 
gradual slopes 


Wider buffers will be able to provide 
longer‐term storage. Nitrogen is more 
effectively removed than phosphorous.  
Greater widths necessary for steeper 
slopes 
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Parkyn  2004  Freshwater 
and 
wetlands 


Summary review of 
published research on 
efficiency and 
management of 
riparian buffer zones 


Solids, 
phosphorus, and 
nitrogen 


Vegetated filter 
strips, usually 
consisting of 
rank paddock 
grasses 


4.6 ‐ 9.1 m (15 – 30 ft) for 
removal of 74‐84% of solids, 
61‐79% of phosphorus, 54‐
73% of nitrogen (Dillaha et al. 
1989) 


Not specified   
 
 


May  
 


2003  PNW 
streams 


Review and summary of 
stream buffer literature 
and evaluation of Puget 
Sound lowland streams. 


Sediment and 
erosion control 


Not specified  8 – 183 m (26 – 600 ft)  
 


Not specified   


Pollutant 
removal 


4 – 262 m (13 – 860 ft) 
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Summary of water quality buffer recommendations from selected review documents. 
Study  Year  Study type  Review or original 


research 
Pollutant of 


focus 
Buffer 


Composition 
Buffer range  Minimum Width 


Recommendation1 
Key findings and comments 


Schoonover 
and Williard  


2003  Stream 
buffer 


Original  Nitrate  Not specified  0 – 10 m (0 – 33 ft) 
(at 3.3 m (11 ft), 61‐90% 
nitrate reduction) 


Not specified  Limited samples in original research along 
cane and forested buffers. 
 
In 10 m(33 ft) cane buffer, about 40% of 
observed 99% nitrate reduction may be 
related to dilution by upwelling groundwater. 
Denitrification and plant assimilation – most 
likely reasons for reduction. 
Results varied based on Nitrate‐N input 
(mg/L) and water table depth. 


Review of 
groundwater 
nitrate removal by 
forest riparian 
buffer zones 


Nitrate  Deciduous 
forest 


19 m – 55 m (62 – 181 ft) 
for 90 – 94% removal 


Forest  16 m – 90 m (53 – 296 ft)  
for >90% removal  


Pine forest  5 m (16 ft) 
for 98% removal  


Alder forest 
 


50 m (164 ft)  
for 98% removal  


Pine/deciduous 
forest 


8 m – 15 m (26 – 49 ft) 
for 21‐93% removal  


GEI 
Consultants 
Inc.   
 


2002  Freshwater 
 


Review of riparian 
buffers on WA 
agricultural lands  


Fecal coliform  Not specified  Not specified  3.8 m (12.5 ft) (Doyle et al. 
1975 and Oskendahl 1997)  


 


Borin and 
Bigon  


2002  Stream 
buffers 


Original  Nitrate  Grass and trees  6 m (1.8 ft) 
for 47‐74% reduction 


6 m (1.8 ft)  Subsurface flow 
5m grass strip and 1m wide row of trees 


Kuusemets et 
al.  
 


2001  Stream 
buffers 


Original  Nitrate  Meadow/Alder 
forest 


31 – 51 m (102 – 167 ft)  31 m (102 ft) for 40% removal 
51 m (167 ft) for 85% removal 


 


Phosphorus  31 m (102 ft) for 78% removal 
51 m (167 ft) for 84% removal 


Christensen   2000  Freshwater 
streams and 
rivers 


Literature review of 
studies on 
freshwater buffers 


Nitrogen  Vegetated  7‐60 m (23 – 197 ft) range 
for removal 


30 m (100 ft) most 
recommended minimum 
width to reduce inputs 


Wide range of effectiveness due to slope, 
vegetation composition, and time of year 
 Phosphorus  5‐50 m (16 – 164 ft) range 


for removal/reduction 
USDA  
 


2000    Review of studies 
evaluating buffer 
effectiveness for 
pesticides 


Not specified  Not specified  4.6 – 9 m (15‐30 ft), up to 
50 m (164 ft) for 
multipurpose buffers 
4.8 – 18 m (16‐59 ft) to 
filter chemicals   
5‐262 m (16 – 860 ft) 
(soluble) 


Not specified   


Wenger   1999  Stream 
buffers 


Review and 
summary of the 
primary buffer 
literature and 
evaluation of 
several models for 
evaluating riparian 
function 


Sediment  Not specified  15 – 30 m (49 – 98 ft)  3 options: 
30.5 m (100 ft) + 0.61 m (2 
ft) per 1% slope 
15.2 m (50 ft) + per 1% slope 
30.5 m (100 ft) fixed buffer 
width (recommended for 
governments that find it 
difficult to implement variable 
width buffers) 


Slopes > 25% does not count toward buffer 
width. 
Long‐term studies suggest the need for wider 
buffers. 
All major sources of contamination should be 
excluded from the buffer, including 
construction, impervious surfaces, mining 
activities, septic tank drain fields, agricultural 
fields, waste disposal, livestock, clear cutting, 
application of pesticides and herbicides. 
Buffer effectiveness declines over time, 
primarily due to loading. 
Must control sources of contaminants. 


Nitrate  15 – 30 m (49 – 98 ft) 


Phosphorus  15 – 30 m (49 – 98 ft) 


Other 
contaminants 


9+ – 15+ m  
    (30+ – 49+ ft) 







76 
 


Knutson and 
Naef  
 


1997  Freshwater 
systems 


Review and 
summary of 
riparian and buffer 
literature 


Sediment 
filtration 


Not specified  8 – 91m (26 – 300 ft)    42m (138 ft) for sediment 
filtration 


 


Other pollutant 
removal 


4 – 184m (13 – 600 ft)    24 m (78 ft) for pollutant 
removal 


Desbonnet et 
al.  


1994, 
1995 


Coastal 
vegetated 
buffers 


Review and 
summary of 
functions and buffer 
studies conducted 
at different 
locations and under 
different conditions 


Sediment 
TSS 
Nitrogen 
Phosphorus 


Not specified  25 – 700m (82 – 2300 ft) 
for all contaminants 


60 m (197 ft) buffer width for 
80% contaminant removal 
(ultimately recommend 
variable widths to 
accommodate small coastal 
lots) 


Authors provide gradient of effective 
sediment and pollutant removal by m/ft and 
percentage: 


5 m (16 ft) 50% or >  
10 – 15 m (32‐49 ft) 60% or >  
20 – 30 m (66‐98 ft) >70%  
50m (164 ft) 75% or >  
75 – 100 m (246‐328 ft) 80% or > 200 m 


(656 ft) 90% or >  
600 m (1968 ft) 99% or >  


FEMAT   1993  Streams 
and rivers 


Based 
recommendation 
primarily on 
literature review by 
Castelle et al (1992) 


  Not specified  3.7 – 262m (12 – 860 ft)   61 m (200 ft) (logging 
operations) 
 
91 m (300 ft) slope distance 
for fish bearing streams  


Widths vary as a function of geomorphic 
characteristics such as slope and soil type and 
by vegetative structure and cover 


Castelle et al.  
 


1992  Wetland 
buffers 


Review and 
summary of 
literature, agency 
survey, and a field 
study on wetland 
buffer use and 
effectiveness 


  Not specified  3.7 – 262m (12 – 860 ft)  
 
19 – 88m (62 – 288 ft) to 
achieve 50‐92% pollutant 
removal effectiveness 


30.5 m (100 ft) or greater  Buffer effectiveness increases with buffer 
width. 
Slope and vegetation cover are most 
important factors for reducing water quality 
impacts (<15% slope and dense vegetative 
cover are most effective). 
Buffers less than 15m (50 ft) are generally 
ineffective in protecting wetlands. 


1Unlike some other authors, Knutson and Naef (1997) does not offer minimum buffer width recommendations based on individual functions, but instead recommend Riparian Habitat Area (RHA) widths based on stream type. 
Authors note that WDFW does not identify minimum (RHA) widths because minimal conditions do not offer adequate habitat to support healthy fish and wildlife in the long run. 
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Summary of fine sediment control buffer recommendations from selected review documents. 
Study  Year  Study type  Review or 


original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, Inc.  


2007  Wetlands 
and streams 
 


Review of 
science and 
regulatory 
approaches to 
buffers 


Not specified    3 m (100 ft) for 
steep slope (5‐15%) 
15 m (50 ft) for 
shallow slope (<5%) 


Base recommendations on CWP/EPA 2005 


Hawes and 
Smith 


2005  Freshwater 
streams 


  Not specified  10 – 45 m (33‐
148 ft) (Army 
Corps   
       1991) 
9 – 61 m (30‐200 
ft) (Fisher and  
       Fischenich 
2000) 
15 – 65 m (49‐
213 ft)     
(Broadmeadow 
and Nisbet 2004) 


  Depends on soil type, slope, land use, rainfall, the rate at which water can be 
absorbed into the soil, type of vegetation in the buffer, the amount of 
impervious surfaces, and other characteristics specific to the site.  
Mixed buffers of trees, shrubs, and grasses are more effective than single 
buffer vegetation type. 


May  2003  PNW streams  Review and 
summary of 
stream buffer 
literature and 
evaluation of 
Puget Sound 
lowland streams 


Not specified  8 – 183 m (26 – 
600 ft) for 
sediment 
removal/erosion 
control 
 


30m (98 ft)   


Pentec 
Environmental 


2001  Freshwater 
in City of 
Everett 


Review  Not specified  15 – 91 m (50‐
300 ft) 


15 m (50 ft) for 60% 
removal 
30 m (98 ft) for 70% 
removal 
91 m (300 ft) for 
80%+ removal 


 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of 
buffer 
recommendation
s for fish habitat 
 


Not specified  9‐90 m (30 – 295 
ft) 


30‐90 m (98 – 295 
ft) 


Ability of buffers to remove sediment varies depending on vegetation type 
and density, type of soil, slope and placement of the filter.  
Grass more effective at removing coarse sediments.  
Non‐linear relationship between buffer width and % sediment removal.  


USDA   2000    Review of studies 
evaluating 
effectiveness of 
buffers to trap 
pesticides 
entering water 


Not specified  4.6 – 15 m (15‐
50 ft) 


4.6 – 9 m (15‐30 ft) 
cited as adequate, 
but for 
sedimentation and 
erosion, wider 
buffers are 
recommended 
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Study  Year  Study type  Review or 
original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature 
review of 
studies on 
freshwater 
buffers 


Not specified  3 – 122 m (10‐
400 ft)  


31 m (100 ft)   


Wenger  1999  Stream 
buffers 


Review and 
summary of the 
primary buffer 
literature and 
evaluation of 
several models 
for evaluating 
riparian function 


Not specified  18‐30 m (49‐98 
ft) 


15 – 30m (49 – 98 ft)  Ability to trap suspended solids is negatively correlated with slope. 
Significant evidence from long‐term analysis that wider buffers are 
necessary to maintain sediment control.  
Buffers are less effective in stopping sediment transported by concentrated 
or channelized flow. 


Knutson and 
Naef 


1997  Freshwater 
systems 


Review and 
summary of 
riparian and 
buffer literature 
 


Not specified  8 – 91m (26 – 
300 ft) for 
sediment 
filtration 
31 – 38 m (100‐
125 ft) erosion 
control 


42 m (138 ft) 
 
 


 


Desbonnet et 
al. 


1994, 
1995  


Coastal 
vegetated 
buffers 


Review and 
summary of 
riparian 
functions and 
buffer studies 
conducted at 
different 
locations and 
under different 
conditions 
(composite of 
data). 
 


Not specified  0.6 – 304 m (1.98 
– 997 ft) for 4 – 
99% removal of 
TSS and 
sediment 


25m (82 ft) for 80% 
removal efficiency 


For TSS removal, an approximate increase in buffer width by a factor of 3.0 
provides a 10% increase in removal efficiency; buffer width must increase by 
a factor of 3.5 to achieve a 10% increase in sediment removal. 
TSS and sediment removal values high in forested buffers. 
Application of vegetated buffers for residential and other developing lands 
has not been adequately addressed in existing implementation efforts. 
Much of the coast is developed (or developing) to the water’s edge, providing 
little means for long‐term protection of coastal water quality, shoreline and 
aquatic habitat, and visual appeal. 
Mechanisms that apply to inland riparian buffers should similarly apply to 
coastal buffers. 


FEMAT  1993  Streams and 
rivers 


  Not specified  3.7 – 262 m (12 – 
860 ft) 


None offered specific 
to sediment 
removal/ water 
quality, other than 
the following: 
61 m (200 ft.) (one 
site potential tree 
height to control 
sediment from  
logging operations) 
two site potential 
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Study  Year  Study type  Review or 
original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


trees, or 91 m (300 
ft) slope distance for 
fish bearing streams 
(for maintaining 
general riparian 
functions) 


Castelle et al.  1992  Wetland 
buffers 
 


Review and 
summary of 
literature review, 
agency survey, 
and a field study 
on wetland 
buffer use and 
effectiveness 
Sediment/soil 
erosion control 
recommendation 
is part of general 
water quality 
buffer 
recommendation 


Not specified  3.7 – 262 m (12 – 
860 ft) 
19 – 88m (62 – 
288 ft) to achieve 
50‐92% 
pollutant 
removal 
effectiveness 


30.5 m (100 ft) or 
greater 


Buffers are essential for wetlands protection. 
Buffer effectiveness increases with buffer width. 
Slope and vegetation cover are most important factors for reducing water 
quality impacts (<15% slope and dense vegetative cover are most effective). 
Buffers less than 15 m (50 ft) are generally ineffective in protecting wetlands. 
Buffer widths effective in preventing significant water quality impacts to 
wetlands are generally 30.5 m (100 ft) or greater. 
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Summary of shade buffer recommendations from selected review documents. 
 


Study 
 


Year 
 


Study focus 
 


Review or 
original 
research 


 
Buffer 


Composit
ion 


 
Buffer Range 


 
Minimum Buffer Width 
Recommendation1 


 
Key findings and Comments 


Hawes and 
Smith 


2005  Freshwater 
streams 


  Not 
specified 


9 – 70 m (30 ft – 230 ft) 
 
 


9 m (30 ft) – adequate, 
may need 70 m (230 ft) 
to completely control 
temperature 


“ The amount of shade required is related to the size of the 
channel. The type of vegetation in the buffer regulates the 
amount of sunlight reaching the stream channel. Generally, a 
buffer that maintains 50% of direct sunlight and the rest in 
dapple shade is considered preferable.” 


Parkyn  2004  Freshwater 
and wetlands 


Summary 
review of 
published 
research on 
efficiency and 
management of 
riparian buffer 
zones 


Vegetated 
filter 
strips, 
usually 
consisting 
of rank 
paddock 
grasses 


5 – 30 m (16‐ 98 ft) 
(for reduced air 
temperatures – Meleason 
and Quinn 2004) 


5 m (16 ft) reduced air 
temp by 3.25ºC 
 
30 m (98 ft) reduced air 
temp by 3.42ºC 


Narrow buffers can maintain cool air temperatures 
 
 
 


>10 m (33 ft)  
(for water temperature 
moderation – Davies and 
Nelson 1994) 


10 m (33 ft) or greater  


45 m (148 ft) or >  
(to maintain natural 
microclimate following 
timber harvest – 
Brosofske et al. 1997) 


45 m + (148+ ft) 


May  2003  Freshwater 
streams 


Literature 
review of 
freshwater 
riparian buffers 


Not 
specified 


11 – 43 m (36 – 141 ft) 
for water temperature 
moderation 


30 m (98 ft)  Buffer width recommendations should be qualified with 
vegetation type and SPTH of trees. “For example, 30 m (98 ft) of 
mature forest may provide a natural level of shade, but the same 
width of deciduous trees (willow, alder, etc.) or shrubs may not. 
With respect to shade and temperature control, a buffer 
composed of grasses, shrubs, and/or small trees is not 
equivalent to a natural riparian forest of mixed, mature 
coniferous and deciduous trees. Buffer quality is as important as 
buffer quantity.”  


 
45 – 200 m (148 – 656 
ft) for microclimate 


 
100 m (328 ft) 


Eastern 
Canada Soil 
and Water 
Conservatio
n Centre 


2002  Freshwater 
streams and 
rivers 


Literature 
review of buffer 
strips 


Not 
specified 


17 – 24 m (56 – 79 ft)  24 m (79 ft) with dense 
trees will maximize 
shading and 17 m (56 ft) 
will supply 90% of shade 
(Belt et al. 1992) 


Loss of vegetation may increase water temperature by 2 to 
100C(Belt et al. 1992).  
Recommend large dense trees and bushes (based on Carlson et 
al. 1992). 
The amount of shade is more dependent on the height and 
density of the buffer than actual width. 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature 
review of 
studies on 
freshwater 
buffers 


Not 
specified 


11 – 43 m (36 – 141 ft)  30 – 43 m (98 – 141 ft) 
for 50‐100% 
temperature moderation  
11 – 24 m (36 – 79 ft) 
and 15 – 30 m (49 – 98 
ft) (36 – 141 ft) for 60‐


11 – 43 m (36 – 141 ft): ranges represent between 60 and 100% 
of shading that is similar to levels of light below the canopy of 
old‐growth riparian trees 
 
22 – 46 m (72‐150 ft) range of effective buffers, 31 m (100 ft) 
min buffer width. “provide shade equivalent to mature forest 
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Study 


 
Year 


 
Study focus 


 
Review or 
original 
research 


 
Buffer 


Composit
ion 


 
Buffer Range 


 
Minimum Buffer Width 
Recommendation1 


 
Key findings and Comments 


80% temperature 
moderation  
23 – 38 m  
for 80% temperature  
        moderation  


conditions, and maintian background water temperatures” 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of 
buffer 
recommendatio
ns for fish 
habitat 
 


Not 
specified 


15 – 30 m (49 – 98 ft) 
(for water temperature 
moderation) 


15 m (49 ft)   
Not specific, but use Dosskey et al. (1997) to recommend  shrub 
and trees to yield high level of effectiveness for temperature 
moderation. Grass ranks low. 
 


Wenger 
  


1999  Stream buffers  Review and 
summary of the 
primary buffer 
literature. 


Not 
specified 


10 – 30 m (33 – 98 ft)  10 m (33 ft) 
(based primarily on 
review by Osborne and 
Kovacic 1993) 


Must be forested and continuous along all stream channels 
Forested buffers of native vegetation are vital to the health of 
stream biota 


Knutson and 
Naef 
  


1997  Fish and 
wildlife 
associated 
with 
freshwater 
systems 


Review and 
synthesis of 
riparian and 
buffer 
literature. 
 
 


Not 
specified 


Temperature Control: 
11‐46 m (35‐151 ft) for 
50‐80% shading 
 
Microclimate 
Maintenance: 61 ‐ 160 m 
(200 – 525 ft) 


Temperature 
27 m (90 ft) 
 
Microclimate: 126 m 
(412 ft) 


Perpendicular distance from stream 
NOTE: Authors (WDFW) do not identify minimum Riparian 
Habitat Area (RHA) widths because minimal conditions do not 
offer adequate habitat to support healthy fish and wildlife in the 
long run. 
 


FEMAT    1993  Streams and 
rivers 


Based 
recommendatio
n primarily on 
Beschta et al. 
1987; 
Steinblums 
1977; Chen 
1991. 
 


Not 
specified 


3.7 – 262 m (12‐860 ft)  None offered specific to 
shade/microclimate, 
other than the following: 
‐ 100 ft.+ to provide as 
much shade as 
undisturbed late 
successional forest 
(Steinblums 1977) 
‐  
 


Buffer width correlates well with degree of shade (citing Beschta 
et al. 1987). 
 
Temperature and microclimate characteristics are influenced by 
season, time of day, aspect and extent of tree removal. 
 
Few reported field observations of microclimate in riparian 
zones, but Chen (1991) documented change in soil and air 
temperature, soil moisture, relative humidity, wind speed, and 
radiation as a function of distance from clear‐cut edge into 
upslope forest. 


Castelle et al.    1992  Wetland 
buffers 


Review and 
summary of 
literature, 
agency survey, 
and a field 
study on 
wetland buffer 
use and 
effectiveness. 


Not 
specified 


15 – 30 m (50‐98 ft) 
(Broderson 1973; Lynch 
et al. 1985 and Brazier 
and Brown 1973) 
 


30.5 m (100 ft) or greater 
for multiple functions; no 
recommendation specific 
to shade 


Buffers are essential for wetlands protection 
Buffer effectiveness increases with buffer width 
Slope, exposure, and canopy cover are considerations for 


establishing buffers on a case‐by‐case basis. 
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Summary of large woody debris (LWD) buffer recommendations from selected review documents. 
 Study  Year  Study type  Basis for Buffer 


Recommendation 
Buffer 


Composition 
Buffer Range  Minimum Buffer Width 


Recommendation1 
Key comments and findings 


May  2003  Freshwater 
streams 


Review and summary of 
stream buffer literature 
and evaluation of Puget 
Sound lowland streams 


Not specified  10 – 100 m (33 – 328 ft) 
 
20‐30 m (Murphy and Koski 1989) 
15‐46 m (McDade et al. 1990) 
45 m (148 ft) (Harmon et al. 1986) 
46 m (151 ft) (Robison and Beschta 
1990) 
50m (Van Sickle and Gregory 1990; 
Collier et al. 1995) 
55m (Thomas et al. 1993) 
200 m (656 ft) Hennings 2001 
(required to minimize non‐native 
veg. intrusion) 


50 m (164 ft)  Approximates one site tree height and is based on 
long‐term, natural levels of LWD 
 
 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐100  m (16 – 328 ft)   
 


 


Christensen  2000  Freshwater 
streams and 
rivers 


Literature review of 
studies on freshwater 
buffers 


Not specified  10 – 100 m (33 – 328 ft)  
provides approximately 80‐90% 
LWD 
 
30 m (98 ft) (Murphy and Koski 
1989) 
31 m (102 ft) (Bottom et al. 1983) 
30‐46 m (98 – 151 ft) (Mc Dade et al. 
1990) 
45 m (148 ft) (Harmon et al. 1986) 
50 m (164 ft) (Collier et al. 1995; 
Robison and Beschta 1990; Van 
Sickle and Gregory 1990) 


46 m (150 ft)   
 
 


Wenger   1999 
  


Stream 
buffers 


Review and summary of 
the primary buffer 
literature 


Not specified  15 – 130 m (49 – 427 ft) (Murphy et 
al 1986) 
 
1 SPTH for LWD input – 3 SPTH for 
stability (allow for wind throw) 
(Collier et al 1995) 


No specific 
recommendation 


LWD is the most important factor in determining 
habitat for salmonids and related fish (May et al. 
1997) 
Of all the ecological functions of riparian areas, 
the process of woody debris loading requires the 
longest time for recovery after harvest (Gregory 
and Ashkenas 1990) 


Knutson and 
Naef 


1997  Freshwater 
systems 


Review and synthesis of 
riparian and buffer 
literature. 
Used average of 
reported widths  


Not specified  30.5 – 61 m (100 – 200 ft)  45m (147 ft) 
 


Perpendicular distance from stream 
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 Study  Year  Study type  Basis for Buffer 
Recommendation 


Buffer 
Composition 


Buffer Range  Minimum Buffer Width 
Recommendation1 


Key comments and findings 


FEMAT  1993  Streams and 
rivers 


Based recommendation 
on the probability that a 
falling tree will enter 
the stream is a function 
of slope distance from 
the channel in relation 
to tree height (citing 
multiple authors). 
Note: does not account 
for steep and unstable 
slopes that would 
increase the likelihood 
of delivery from greater 
distances. 


Not specified  No range provided  None offered specific to 
LWD, other than the 
following: 
Estimation of values 


provided in generalized 
curves indicates 
approximately 70% 
cumulative effectiveness 
for LWD at 0.5 SPTH 
(30.5 m; 100 ft) 
Delivery of wood is low 


at distances greater than 
approximately one tree 
height away from stream 
channel 
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Summary buffer recommendations for input of litter fall/organic matter from selected review documents.  
Study  Year  Study type  Basis for Buffer 


Recommendation 
Buffer 


Composition 
Buffer Range  Minimum Buffer Width 


Recommendation1 
Key comments and findings 


Hawes and 
Smith 


2005  Freshwater 
streams 


Review of buffer 
recommendations 


Not specified  3 – 100 m (10‐328 ft) 
 
Majority of studies 
reviewed fall within 15 – 
31 m (50‐100ft) 


3‐10 m (10 – 33 ft)   Use general rec widths of Jontos 2004 
(modified from Fisher and Fischenich 2000) 
 


Bavins et al.   2000  Fish habitat 
(freshwater 
and marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐100 m (16 – 328 ft)    
 


 
 


Wenger  1999  Stream 
buffers 
 


Citing primary literature, 
specifically Davies and 
Nelson (1994) 


Not specified  15 – 130 m (49 – 427 ft) 
(Murphy et al. 1986) as 
part of combined 
discussion of litter and 
LWD 


30m (98 ft)  Removal of riparian forests has a profoundly 
negative effect on stream biota. 
Results in significant decrease in 
macroinvertebrate and fish abundance 
Forested buffers of native vegetation are vital 
to the health of stream biota. 


Knutson and 
Naef 


1995  Freshwater 
systems 


Review and synthesis of 
riparian and buffer 
literature 
Discussed as 
“contributions to the 
food web” and in relation 
to LWD 
Used average of reported 
widths  


Not specified  30 – 61 m (100 – 200 ft) 
(same as LWD) 


45m (147 ft) – none offered 
specific to this function, but 
discussed along with 
LWD/Structural Diversity 
 


Riparian areas are the dominant contributor 
to the aquatic food web (approximately half 
dissolved compounds, half particulate matter) 


Desbonnet et al.  1994, 
1995 


Coastal 
vegetated 
buffers 


  Not specified  This function not reviewed 
by these authors 


Not specified   


FEMAT  1993  Streams and 
rivers 


Based recommendation 
primarily on Erman et 
al. (1977) and “best 
professional judgment.” 
Erman et al. reported 
that composition of 
benthic invertebrate 
communities in streams 
with riparian buffers 
greater than 30.5m (100 
ft.) were 
indistinguishable from 
streams flowing 
through unlogged 
watersheds. 


Not specified  No range offered, but 
produced effectiveness 
curve consistent with 
Erman et al (1977) and 
“best professional 
judgment” 


30.5 m (100 ft) or more (one‐
half site potential tree height, or 
more) to maintain biotic 
community structure in stream 


Distance from which litter originates depends 
on site‐specific conditions 
Delivery of leaf and other particulate organic 
matter declines at distances greater than 
approximately one‐half tree height from 
stream channel 
Riparian forests of widths equal or greater 
than 30.5 m (100 ft) retained sufficient litter 
inputs to maintain biotic community 
structures in the stream. 
 


Castelle et al  1992  Wetland 
buffers 


Review and summary of 
literature review, agency 


Not specified  This function not reviewed 
by these authors 


30.5 m (100 ft) or greater for 
multiple functions; no 


Vegetation provides a food source through leaf 
litter and insect drop and provides cover 
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Study  Year  Study type  Basis for Buffer 
Recommendation 


Buffer 
Composition 


Buffer Range  Minimum Buffer Width 
Recommendation1 


Key comments and findings 


survey, and a field study 
on wetland buffer use 
and effectiveness 
 


  recommendation specific to 
inputs of organic matter   


through deposition of large organic debris. 
Buffer effectiveness increases with buffer 
width.  Slope, exposure, and canopy cover are 
considerations for establishing buffers on a 
case‐by‐case basis. 
Cite Erman et al. (1977) and Newbold (1980), 
who found that a 30 m (98 ft) buffer was 
successful in maintaining background levels of 
benthic invertebrates in streams adjacent to 
logging activity 
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Summary of hydrology/slope stability buffer recommendations from selected review documents. 
Study  Year  Study type  Review or original 


research 
Buffer 


Composition 
Buffer Range  Minimum Buffer 


Width 
Recommendation1 


Key findings and comments 


City of Boulder 
PDS and 
Biohabitats, Inc.  


2007  Wetland and stream 
 


Review of science and 
regulatory approaches 
to buffers 


Not specified  Not specified  Not specified  Best vegetation type: shrubs and trees  
 


Hawes and 
Smith 


2005  Freshwater  Review  Not specified  9 – 30 m (30‐98 ft)  10‐20 m (based on 
Jontos 2004) 


 


May   2003  PNW streams  Review and summary 
of stream buffer 
literature 


Not specified  Not specifically 
reviewed by this 
author. Some 
information may be 
derived from 
summary of sediment 
removal and 
streambank erosion 
control: 
 
8‐183 m (26‐600 ft)  
for sediment control 


30 m (98 ft) 
 
 


 


 


Bavins et al.   2000  Fish habitat 
(freshwater and 
marine) 


Summary of buffer 
recommendations for 
fish habitat 
 


Not specified  5‐125 m (16‐410 ft) 
for stabilization of 
bank erosion 


5 m (16 ft) (of 
vegetated buffer 
required to protect 
riverbank stability) 
 


“The Guidelines for Queensland Streambank Stabilisation 
with Riparian Vegetation recommend a naturally 
diverse and dense vegetation community within a 
buffer zone width determined by the minimum width of 
5 m (16 ft) (the basic allowance) plus the height 
allowance and the establishment allowance. An example 
of a ‘decision tree’ is provided in the guidelines to assist 
the determination of riparian zone widths. It should 
also be acknowledged that erosion processes are 
natural and even healthy vegetated streambanks are 
not static, and should not be expected to remain 
unchanged by erosive forces over time.” 


Christensen  2000  Freshwater  Review  Not specified  Not specified  31 m (100 ft)    


Wenger   1999 
 


Stream buffers  Review and summary 
of the primary buffer 
literature and 
evaluation of several 
models for evaluating 


Not specified  Author did not 
review these 
functions specifically.  
However, the review 
of sediment and 


30 m (98 ft) (general 
buffer 
recommendation) 


Buffer effectiveness increases with buffer width 
Long‐term studies have suggested that much wider 
buffers (than those recommended) are necessary for 
sediment control. 
Efficiency of buffers can be expected to vary based on 
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Study  Year  Study type  Review or original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


riparian function  surface runoff is 
relevant to these 
topics.   


slope, soil infiltration rate, and other factors.  Width 
may be extended to account for steep slopes and land 
uses that yield excessive erosion. 
One of the most important roles of protected riparian 
buffers is to stabilize banks. 
 


Knutson and 
Naef 


 1997 
  


Freshwater systems  Review and summary 
of riparian and buffer 
literature. 
 


Not specified  Authors provide 
some relevant 
review, but no 
recommendations 
specific to these 
topics. However, 
discussion and 
recommendations for 
erosion control are 
relevant. 
 
30 – 38 m (98‐125 ft) 
for erosion control 


34 m (12 ft ) 
 
NOTE: Authors 
(WDFW) do not 
identify minimum 
Riparian Habitat Area 
(RHA) widths because 
minimal conditions 
do not offer adequate 
habitat to support 
healthy fish and 
wildlife in the long 
run. 


Riparian areas assist in regulating stream flow by 
intercepting rainfall, contributing to water infiltration, 
and using water via evapotranspiration – vegetation 
helps to trap water flowing on the surface, storing it in 
the soil and later releasing it to streams, moderating 
peak stream flows. 
Used average of reported widths.  
Note that larger buffer in range is for controlling mass 
wasting. 
 


Desbonnet et al   1994, 
1995 


Coastal vegetated 
buffers 


  Not specified  These functions not 
reviewed by these 
authors 


Not specified   


FEMAT  1993  Streams and rivers    Not specified  No range offered, but 
produced 
effectiveness curve 
for slope stability 
based on an estimate 
of tree root strength. 


Not specified  Based recommendation on the width of a slide scar plus 
half a tree crown diameter, which is an estimate of the 
extent to which root systems of trees adjacent to the 
slide scar margin affect soil stability. 
Steep hill slope areas are common initiation sites of 
debris slides and debris flows (Dietrich and Dunne 
1978). 
Root strength provided by trees and shrubs contribute 
to slope stability; and loss of root strength following 
tree death by harvest or other causes may lead to 
increased incidence of slides (Sidle et al. 1985) 


Castelle et al.  1992  Wetland buffers  Summary of literature 
review, agency survey, 
and a field study on 
wetland buffer use and 
effectiveness 


Not specified  This function not 
specifically reviewed 
by these authors 
 


30.5 m (100 ft)  or 
greater for multiple 
functions; no 
recommendation 
specific to hydrology 
and slope stability.   


Buffers play a role in moderating water level 
fluctuations…vegetation impedes the flow of runoff and 
allows it to percolate into the ground. The soil then 
yields this water to the wetland over an extended 
period of time, resulting in stable, natural ecosystems. 
Buffer effectiveness increases with buffer width 
Slope, exposure, and canopy cover are considerations 
for establishing buffers on a case‐by‐case basis. 
The best functioning buffers were the most stable, and 
buffer stability was in turn enhanced by high 
percentage vegetative cover and dense stands of trees, 
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Study  Year  Study type  Review or original 
research 


Buffer 
Composition 


Buffer Range  Minimum Buffer 
Width 


Recommendation1 


Key findings and comments 


rather than by sparse vegetation or individual trees 
protruding above an understory (citing Darling et al 
1982). 


1Unlike some other authors, Knutson and Naef (1997) do not offer minimum buffer width recommendations based on individual functions, but instead recommend Riparian Habitat Area (RHA) widths 
based on stream type.  Authors do not identify minimum (RHA) widths because minimal conditions do not offer adequate habitat to support healthy fish and wildlife in the long run. 
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Summary of wildlife buffer recommendations from selected review documents. Buffer composition was not specified. 
Study  Year  Study type  Review or 


original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


City of 
Boulder PDS 
and 
Biohabitats, 
Inc.  


2007  
 


Wetland and 
streams 
 


Review of 
science and 
regulatory 
approaches to 
buffers 


 


    31 m (100 ft) for 
unthreatened species 
 
61 – 91 m (200‐300 ft) for 
rare, threatened and 
endangered  
 
15 m (50 ft) for species 
diversity in rural areas; 
31 m (100 ft) for species 
diversity in developed 
areas 


Base recommendations on CWP/EPA 2005 
 


Goates  2006  Freshwater 
streams 


Review of 
adequacy of 
standard 30m 
buffers in 
protecting 
wildlife 


  30.5 m (only 44% of nests and 
hibernation burrows of turtles 
in South Carolina (Burke and 
Gibbons 1995) 
 
30 m (98 ft) buffer inadequate 
to maintain bird species in 
logged areas of western WA 
(Pearson and Manuwal 2001) 


73 m (240 ft) required to 
protect 90% of 
hibernation and nesting; 
275 m (902 ft) to protect 
100% (Burke and Gibbons 
1995) 
 
45 m (148 ft) buffer 
required to maintain bird 
community (Pearson and 
Manuwal 2001) 


30m minimum protect from timber harvests (Castelle et al. 1994; 
Semlitsch and Bodie 2003; Lee et al. 2004) 
 
Recommend that managers consider temporal constraints, long‐term 
analyses, sex, and location. 
 


Hawes and 
Smith 


2005  Freshwater  Review    10 – 50 m (33‐164 ft)     


Parkyn  2004  Freshwater 
and wetlands 


Summary 
review of 
published 
research on 
efficiency and 
management of 
riparian buffer 
zones 


  3‐107 m (10 ft ‐ 351 ft) 
(depending on particular 
resource needs of invidiual 
species – Castelle et al. 1994) 
 
 


  Will differ depending on needs of species 


May   2003  PNW streams    Yes  15‐100 m (49 – 328 ft)  100 m (328 ft)  Compiled different recommendations from authors, including: 
30m for macroinvertebrates, Chinook salmon, Cutthroat trout  
>30m for macroinvertebrates and salmonids  
30‐70 m (98 – 230 ft) for salmonids  
30‐70 m (98 – 230 ft) and 67‐93 m (220 – 305 ft) for small mammals  
100 m (328 ft) min for migration corridor for large mammals and for 
interior habitat and migration corridor 
50‐125 m (164 – 410 ft) for nesting, migrating, and feeding habitat for 
birds  
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Study  Year  Study type  Review or 
original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


200 m (656 ft) for eagle nest and heron rookery, deer and elk habitat 
Bavins et al.   2000  Fish habitat 


(freshwater 
and marine) 


Summary of 
buffer 
recommendatio
ns for fish 
habitat 
 


Yes, but 
primarily 
limited to 
fish 


5‐106 m (16 – 348 ft)  for 
species diversity and 
distribution (e.g., connectivity 
between marine and 
freshwater environments; 
continuous lines of vegetation; 
migration pathways) 
15‐45 m (49 – 148 ft) for 
provision of other wildlife 
habitat (wildlife corridors) 
5‐100 m (16 – 328 ft) for 
provision of remnant 
vegetation 
30 m (98 ft) or > for salmonid 
eggs to develop normally 


Not specified, but 
recommend vegetated 
buffers 


 
 
 
 
 
 
 


Wenger  1999  Stream 
buffers 


  Yes  Ranges reported for different 
wildlife types 


Generally: 15‐100+m (49 – 
328+ ft) 


100m (328 ft)  While not practical on all streams, there should be some with 90‐300m 
riparian corridors, along with large blocks of upland forest targeted 
for preservation. 


Knutson and 
Naef 


1997  Freshwater 
systems 


  Yes  8‐300 m (26 – 984 ft)  88m (average of reported 
widths) 


“Buffers” described as “Riparian Habitat Area” widths 


Desbonnet et 
al 


1994, 
1995 


Coastal 
vegetated 
buffers 


  Yes  15‐200 m (49 – 656 ft)  No single buffer 
recommendation offered 


Reported buffer widths were intended as minimum values to meet 
desired objective 
5 m (16 ft) poor habitat value; useful for temporary use by wildlife 
10 m (33 ft) minimal protection for stream habitat, useful for 
temporary use by wildlife 
15 m (49 ft) minimal wildlife and avian value 
20 m (66 ft) minimal value for habitat, some for avian habitat 
30 m (98 ft) maybe useful as travel corridor for wildlife and avian 
habitat 
50 m (164 ft) minimal habitat value 
75 m (246 ft) fair to good wildlife and avian habitat value 
100 m (328 ft) good wildlife habitat, may even protect significant 
wildlife habitat 
200 m (656 ft) excellent wildlife value, likely to support a diverse 
community 
600 m (1968 ft) excellent wildlife habitat value, supports diverse 
community, protects significant species 


Castelle et al.  1994  Wetland 
buffers 


  Yes  2‐110 m (7‐361 ft) wildlife     


Johnson and 
Ryba 


1992  Stream 
buffers 


  Yes  10‐200 m (33‐656 ft)     Birds require larger buffers than other wildlife groups.  
Salmonids require ~30 m (100 ft) buffer. 
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Study  Year  Study type  Review or 
original 
research 


Review of 
Multiple 
Wildlife 
Types 


Buffer Range 
 


Minimum Buffer 
Recommendation 


Key comments and findings 


 
Castelle et al  1992  Wetland 


buffers 
  Yes  Ranges varied by wildlife type  33‐98 m (108 – 321 ft)  Draws conclusion from WA Dept. of Wildlife (1992) Buffer needs of 


wetland wildlife. 
Groffman et 
al 


1990      Yes  32‐100 m (105 – 328 ft) (or 
more) 


No single buffer 
recommendation offered. 
32‐100 m (or more in 
case of threatened or 
endangered species) 


Buffer model is offered, based on 4 factors: 1) habitat suitability; 2) 
wildlife spatial requirements; 3) access to upland and/or transitional 
habitats; 4) noise impacts on feeding, breeding, and other life 
functions. 
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APPENDIX D. Original FEMAT curves. 
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APPENDIX E: Literature summary documenting the impacts of development, agriculture and 


forest practices on riparian functions 
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Land use impacts on riparian function (Development, Agriculture and Forestry) 


La
n
d
 u
se
  


Riparian function impaired 


Specific activities 
associated with 
land use category 


Impact findings on function  Literature cited 
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D
ev
el
op
m
en
t 


X  X  X  X  X  X  X 


Clearing and 
grading/vegetation 
removal 
 
Construction of 
homes, buildings, 
roads/Impervious 
surfaces 
 
Shoreline armoring 
(docks, bulkheads, 
etc.) 
 
Landscaping (non‐
native plants) 
 
Recreational 
activities (hiking, 
biking, 
beachcombing, etc.) 
 


Riparian areas are more highly altered in developed landscapes than in 
agricultural and forested landscapes 


Booth 1991 (in Everest and Reeves 2006)  


Direct alteration within the riparian area (vegetation removal/reduction, soil 
compaction, grading) causes changes in loading of nutrients, organic matter 
and sediments; reduces capacity of riparian area to filter/absorb pollutants; 
increases sediment loading 


Valiela et al 1992; Wahl et al. 1997; Jones et al. 
2000; Jordan et al. 2003 (in Hale et al. 2004) 


Creation of impervious surfaces (e.g., parking lots, paved streets, sidewalks, 
roads), vegetation removal, and soil compaction cause surface water to 
increase in volume and magnitude. Increased runoff decreases the ability of 
soils and vegetation to infiltrate and intercept pollutants , increases flooding 
potential.  


Knutson and Naef 1997; Montgomery et al. 
2000 (in Johannessen and MacLennan 2007); 
Glasoe and Christy 2005; 
Hashim and Bresler 2005; Ekness and Randhir 
2007; Schiff and Benoit 2007 


Construction of boat landings, docks, and piers creates increased slopes, 
causing increased and concentrated water flows; construction of domestic, 
residential and industrial facilities and utilities in and near riparian areas can 
result in altered topography, removal of vegetation, and rerouting of surface 
and groundwater flows 


Knutson and Naef 1997; NRC 2002; Ekness and 
Randhir 2007; Schiff and Benoit 2007 


Construction close to the water’s edge (bulkheads, docks, etc.) reduce shade 
as well as species diversity and abundance 


Sobocinski et al. 2003; Rice 2006 


Areas with high levels of impervious surface coverage (>50%) correlated 
with low macrobenthic diversity and abundances 


Lerbert et al. 2000 


Vegetation removal causes decreased shade and increased temperatures 
 


Beschta et al. 1987; Macdonald et al. 1994; 
1995; Thom et al. 1994; Penttila 1996; Williams 
and Thom 2001; Bereitschaft 2007 


Removal of vegetation cover also reduces LWD and canopy cover, which 
serve to dissipate flow energy and control temperature by shading 


Booth et al. 2006 


Increases of light levels in the upper intertidal zone results in higher levels of 
mortality and dessication of insects, invertebrates, and the eggs of intertidal 
spawning fish like Pacific sand lance and surf smelt. 


Pentilla 1996, 2000; Rice 2006 


Low levels of organic litter and LWD have been found on armored beaches   Sobocinski et al. 2003; Dugan and Hubbard 
2006; Defeo et al. 2009 


Increased surface runoff of toxins  
Toxins can affect wildlife through physiological and behavior changes, 


Klapproth and Johnson 2000; Krebs and Bums 
1977; Krebs and Valiela 1978; Moore et al. 1979 
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reduced density and species richness  (in Adamus et al. 1991); Firehock and Doherty 
1995 (in Klapproth and Johnson 2000); Hashim 
and Bresler 2005; PSAT 2007 


Vegetation is a critical component in maintaining stable slopes .  
Roots anchor thin layers of soil to the bedrock or provide lateral stability 
through intertwined roots. 


Morgan and Rickson 1995 (in Parker and 
Hamilton DATE); Sidle et al. 1985 and Chatwin 
et al. 1994 (in Stanley et al. 2005). 


Decreased wood abundance and elevated beach temperatures have been 
documented in several studies around Puget Sound.  


Higgens et al. 2005; Rice 2006; Tonnes 2008 


Low levels of LWD and organic litter have been found on armored beaches as 
compared with unaltered beaches  


Sobocinski et al. 2003; Dugan and Hubbard 
2006; Defeo et al. 2009 


Dams and other water control structures have caused changes in nutrient 
cycling 


Knutson and Naef 1997 


Offshore structures (e.g., breakwaters, jetties) can cause increased 
deposition of beachwrack .  


Martin et al. 2005 in Defeo et al. 2009 


Shoreline modifications result in 
1. wildlife habitat loss, reduction, and or alteration  
2. lowered bird biodiversity 
3. altered food webs and benthic community composition  
4. creation of passage barriers for salmon and fragmented habitat 


connectivity  
5. lowered abundance of wildlife which can cause harm to upper 


trophic levels, like Pacific salmon 
 


1. Paulson 1992; Levings and Thom 1994; 
Williams and Thom 2001; Toft et al. 2004; 
Griggs 2005 


2. Donnelley and Marzluff 2004 
3. (Dauer et al. 2000; Lerberg et al. 2000 in 
Hale et al. 2004),  


4. Williams and Thom 2001).  
5. Sobocinski et al. 2003; Johannessen and 
MacLennan 2007; Defeo et al. 2009 


Habitat alteration can cause increased loading of contaminants and 
pathogens  


Siewicki 1997; Inglis and Kross 2000; Mallin et 
al. 2000 (in Hale et al. 2004) 


Habitat alteration can cause changes in water flow  Hopkinson and Vallino 1995;  Jones et al. 2000 
(in Hale et al. 2004) 


Clearing of land for development produces the largest amount of sediment to 
aquatic resources; developed areas can produce 50‐100 times more 
sediment than agricultural areas  


U.S. EPA 1993 (in Stanley et al. 2005); Jones and 
Gordon 2000 (in Stanley et al. 2005 
 


A
gr
ic
u
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u
re
 


X    X    X  X  X 


Clearing and 
grading/vegetation 
removal 
 
Application of 
pesticides/fertilizers 
 
Tillage/irrigation 
practices 


Loss of native vegetation and LWD, bank instability and loss of floodplain 
function 


Spence et al. 1996 (in Everest and Reeves 2006) 


Increased phosphorus and nitrogen levels in soils and surface runoff; 40 
times the amount of nitrogen in agricultural land than forested areas and two 
times the nitrogen levels of urban areas in Puget Sound  


Carpenter et al. 1998 (in Stanley et al. 2005); 
Ebbert et al. 2000 (in Stanley et al. 2005  


Excessive fertilizer use has led to increased nutrient levels in aquatic 
environments, causing algal blooms and eutrophication  


Caffrey et al. 2007 


Activities can cause soil loss and erosion  Hashim and Bresler 2005 
Loss of vegetation cover, changes in hydrology cause altered flow regimes; 
increased sedimentation 


Seddell and Froggatt 1984 (in Everest and 
Reeves 2006) 


Activities within riparian areas have simplified aquatic and riparian habitats  Spence et al. 1996 (in Everest and Reeves 2006) 
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Direct alteration can cause increased loading of contaminants and pathogens  Inglis and Kross 2000 (in Hale et al. 2004)  


Conversion of riparian areas to cropland can decrease the infiltration 
potential of riparian soils 


NRC 2002 


Fo
re
st
ry
 


X  X      X  X  X 


Introduction of 
pesticides and 
fertilizers 
 
Impervious surfaces 
(roads etc) 
 
Vegetation removal 
(timber harvesting) 


Timber harvesting within riparian areas reduces shade  Hashim and Bresler 2005 


Timber harvesting within riparian areas increases sedimentation  Everest and Reeves 2006 
Timber harvesting within riparian areas reduces bank stability  Everest and Reeves 2006 
Road construction and maintenance activities can increase fine sediment 
loads and mass wasting processes, and can reduce bank stability 


Hashim and Bresler 2005; Everest and Reeves 
2006 


Forestry practices can cause changes in the abundance and diversity of 
wildlife in riparian areas. This occurs through the loss of LWD, canopy and 
shrub cover, interior forest habitat within and adjacent to the riparian zone, 
sedimentation of the aquatic habitat, and habitat fragmentation. 


Knutson and Naef 1997 


Removal of trees within marine riparian reduces available shade (thereby 
increasing water temperatures); temperature changes affect water quality 
and changes in fish/wildlife behavior, structure, and composition. 


Hashim and Bresler 2005 
Vigil 2003; Everest and Reeves 2006 


Forestry practices, including use of fertilizers and pesticides, timber 
harvesting, and road construction and maintenance, degrade water quality 
and can cause extensive changes in hydrology and riparian vegetation 


Jones et al. 2000 
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Impact of specific activities on riparian function 
Specific 
activities 


Typically 
associated 
with land 
use 


Riparian function impaired  Finding  Literature cited 
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Clearing and 
grading/ 
vegetation 
removal 
(including 
timber 
harvesting) 


Development 
Agriculture 
Forestry 


X  X  X    X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Common development practices can result in conditions that produce unhealthy plants 
that require excessive fertilizers and pesticides 


WDOE 2007 


The reduction or removal of slope vegetation can result in either increased rates of soil 
erosion or higher frequencies of slope failure. 


OSB 2007 


Permanent loss of vegetation cover or replacement by ineffective vegetation increases soil 
saturation and surface water runoff. Disturbed or degraded sites undergo continual 
erosion and may not establish an effective cover. 


Menashe 2001 


Vegetation removal decreases shade, leading to increased temperatures that can impact 
wildlife survival 


Macdonald et al. 1994; Thom 
et al. 1994; Macdonald 1995; 
Penttila 1996, 2000; Williams 
and Thom 2001; Rice 2006; 
Bereitschaft 2007 


Can cause extensive changes in hydrology and riparian vegetation.  Jones et al. 2000 
Timber harvesting within riparian areas reduces shade; agricultural activities can degrade 
water quality by increasing fecal coliform levels, temperatures and nutrient/pesticide 
loading. 


Hashim and Bresler 2005 


Timber harvesting within riparian areas reduces bank stability  Everest and Reeves 2006 
Agricultural activities within riparian zones have resulted in a loss of native vegetation 
and LWD, bank instability, and loss of floodplain function. 


Spence et al. 1996 (in Everest 
and Reeves 2006) 


Agricultural activities within riparian areas have simplified aquatic and riparian habitats  Spence et al. 1996 (in Everest 
and Reeves 2006) 


Construction 
and 
maintenance 
of impervious 
surfaces (e.g. 
roads, homes 
and buildings) 
 


Development 
Agriculture 
Forestry 


X        X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Can degrade water quality (including increased temperatures) and cause extensive 
changes in hydrology 


Jones et al. 2000 


Direct alteration can cause increased loading of contaminants and pathogens  Mallin et al. 2000 (in Hale et 
al 2004) 


Can increase fine sediment loads and mass wasting processes, which can cause erosion.  Hashim and Bresler 2005 
Direct alteration within the riparian area causes changes in loading of nutrients, organic 
matter and sediments 


Valiela et al 1992;  Wahl et al. 
1997; Jones et al. 2000; 
Jordan et al. 2003 (in Hale et 
al. 2004) 


Areas with high levels of impervious surface coverage (>50%) correlated with low 
macrobenthic diversity and abundances. 


Lerbert et al. 2000 
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Impervious surfaces cause increased volume and magnitude of surface water runoff, 
decreasing the ability of soil and vegetation to absorb/intercept pollutants 


Montgomery et al. 2000 (in 
Johannessen and MacLennan 
2007) 


Impervious surfaces increase flooding potential  Glasoe and Christy 2005 
Increased sedimentation has also been shown to affect juvenile and filter‐feeding fish.   Williams and Thom 2001 


Shoreline 
armoring (e.g. 
docks, 
bulkheads, etc) 


Development  X 
 


        X    The construction of boat landings, docks, and piers often creates increased slopes, which 
causes increased and concentrated water flows. Shoreline armoring structures, such as 
rip‐rap, concrete, and bulkheads, can require the removal of vegetation and can also 
impede the movement of wildlife that utilize the shoreline as migration corridors. 


NRC 2002 


The installation of shoreline armoring structures reduces beach width, resulting in the 
loss of wildlife habitat (in upper intertidal areas) 


Griggs 2005 


Associated with low levels of organic litter and LWD  Sobocinski et al. 2003; Dugan 
and Hubbard 2006; Defeo et 
al. 2009 


Alters hydrologic processes, which affects sand transport rates, erosion and beach 
accretion processes 


Defeo et al. 2009 


Shoreline modifications result in habitat loss, reduction, and or alteration* lowered bird 
biodiversity** (altered food webs and benthic community composition*** creation of 
passage barriers for salmon and fragmented habitat connectivity****  


 


*Paulson 1992; Levings and 
Thom 1994; Williams and 
Thom 2001; Toft et al. 2004 
** Donnelley and Marzluff 
2004 
***Dauer et al. 2000; Lerberg 
et al. 2000 in Hale et al. 2004 
****Williams and Thom 2001 


Construction 
and 
maintenance 
of impervious 
surfaces (e.g. 
roads, homes 
and buildings) 
 


Development 
Agriculture 
Forestry 


X        X  X  X  Can lead to an increase in contaminated runoff  Ekness and Randhir 2007 
Can degrade water quality (including increased temperatures) and cause extensive 
changes in hydrology 


Jones et al. 2000 


Direct alteration can cause increased loading of contaminants and pathogens  Mallin et al. 2000 (in Hale et 
al 2004) 


Can increase fine sediment loads and mass wasting processes, which can cause erosion.  Hashim and Bresler 2005 
Direct alteration within the riparian area causes changes in loading of nutrients, organic 
matter and sediments 


Valiela et al 1992; Wahl et al. 
1997; Jones et al. 2000; 
Jordan et al. 2003 (in Hale et 
al. 2004) 


Areas with high levels of impervious surface coverage (>50%) correlated with low 
macrobenthic diversity and abundances. 


Lerbert et al. 2000 


Impervious surfaces cause increased volume and magnitude of surface water runoff, 
decreasing the ability of soil and vegetation to absorb/intercept pollutants 


Montgomery et al. 2000 (in 
Johannessen and MacLennan 
2007) 


Impervious surfaces increase flooding potential  Glasoe and Christy 2005 
Increased sedimentation has also been shown to affect juvenile and filter‐feeding fish.   Williams and Thom 2001 


Shoreline 
armoring (e.g. 
docks, 
bulkheads, etc) 


Development  X          X    The construction of boat landings, docks, and piers often creates increased slopes, which 
causes increased and concentrated water flows. Shoreline armoring structures, such as 
rip‐rap, concrete, and bulkheads, can require the removal of vegetation and can also 
impede the movement of wildlife that utilize the shoreline as migration corridors. 


NRC 2002 
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The installation of shoreline armoring structures reduces beach width, resulting in the 
loss of wildlife habitat (in upper intertidal areas) 


Griggs 2005 


Associated with low levels of organic litter and LWD  Sobocinski et al. 2003; Dugan 
and Hubbard 2006; Defeo et 
al. 2009 


Alters hydrologic processes, which affects sand transport rates, erosion and beach 
accretion processes 


Defeo et al. 2009 


Shoreline modifications result in habitat loss, reduction, and or alteration* lowered bird 
biodiversity** (altered food webs and benthic community composition*** creation of 
passage barriers for salmon and fragmented habitat connectivity****  


 


*Paulson 1992; Levings and 
Thom 1994; Williams and 
Thom 2001; Toft et al. 2004 
** Donnelley and Marzluff 
2004 
***Dauer et al. 2000; Lerberg 
et al. 2000 in Hale et al. 2004 
****Williams and Thom 2001 


Tillage and 
irrigation 
practices 


Agriculture  X              Can result in soil loss and erosion as well as the transport of pesticides and fertilizers to 
surface and groundwater 


Hashim and Bresler 2005 


Introduction of 
pesticides and 
fertilizers 


Development 
Agriculture 
Forestry 


X              Can degrade water quality and cause extensive changes in hydrology and riparian 
vegetation 


Jones et al. 2000 


Agricultural activities result in fecal coliform pollution, and nutrient and pesticide loading  Hashim and Bresler 2005 


Recreational 
activities 
(trails, etc) 


Development              X  Trampling of riparian soils leads to compaction, erosion and the destruction of soil 
microbial communities 


NRC 2002 
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APPENDIX F. Puget Sound Shore Form Tables (adapted from Shipman 2008) 


 
 


Shoreline Type Landforms Characteristic Regional Location(s) Characteristic Human 
Modifications 


Rocky Coasts 
(resistant bedrock 
with limited upland 
erosion) 


Plunging 
(rocky shores within minimal erosion/deposition 
and no erosional bench or platform) 


San Juan Islands  
 
Strait of Juan de Fuca 


Intertidal fill 
Armoring of pocket beaches 


Platform 
(wave-eroded platform/ramp, but no beach) 
Pocket Beaches 
(isolated beaches contained by rocky headlands) 


Beaches 
(shorelines consisting 
of loose sediment and 
influenced by wave 
action) 
             
              


Bluffs 
(formed by landward retreat of the shoreline) 
 


Main Basin, most of Puget Sound 
Whidbey Basin  
Northern Straits 
South Sound 
San Juan Islands 


Armoring 
Intertidal and backshore fills 
Groins and jetties 
Overwater structures 
Slope stabilization 
Fill at base of bluff 
Upland hydrologic changes 
Inlet stabilization 


Barriers 
(formed where sediment accumulates seaward of 
earlier shoreline) 


Embayments 
(protected from wave 
action by small size 
and sheltered 
configuration) 
 


Open coastal inlets 
(small inlets protected from wave action by their 
small size or shape, but not extensively enclosed 
by a barrier beach) 


Northern Straits 
Main Basin 
South Sound  
Kitsap bays and inlets  
Hood Canal  
 
Includes Port Madison, Discovery 
Bay, Eld Inlet, Kala Point, Point 
Monroe, Foulweather Bluff, 
Beckett Point 
 
 
 


Watershed modifications: 
hydrology, sediment loading 
Fill 
Bank armoring 
Inlet modifications: relocation, 
stabilization, closure, dredging 
Wetland and intertidal fill 
Barrier modification 


Barrier estuaries 
(tidal inlet largely isolated by a barrier beach and 
with a considerable input of freshwater from a 
stream or upland drainage) 
Barrier lagoons 
(tidal inlet largely isolated by a barrier beach and 
with no significant input of freshwater) 
Closed lagoons and marshes 
(back-barrier wetlands with no surface 
connection to the Sound) 


Large Deltas 
(long-term deposition 
of fluvial sediment at 
river mouths) 
 


River-dominated 
(extensive alluvial valleys with multiple 
distributaries and significant upstream tidal 
influence) 


Strait of Juan de Fuca  
Stilliguamish River 
Elwha River 
Dosewallips River 
Hood Canal (South of Foulweather 
Bluff) 


Diking 
Draining 
Cultivation 
Watershed changes 
Dredging 
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Wave-dominated 
(deltas heavily influenced by wave action, 
typically with barrier beaches defining their 
shoreline) 
Tide-dominated 
(deltas at heads of bays where tidal influence is 
much more significant than fluvial factors, 
typically with wedge-shaped estuary) 
Fan deltas 
(steep, often coarse-grained deltas with limited 
upstream tidal influence) 
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APPENDIX G.  A summary of buffer width recommendations from Appendix C. 


See Section II for a description of how this table was created. 


 
 
 


Function Buffer width 
recommendation to 


achieve ≥ 80% 
effectiveness 


Literature cited Average of all literature 
(to achieve ≥ 80% 


effectiveness) 
 
 


Minimum buffer width  
(approximate) based on 


FEMAT curve to 
achieve ≥ 80% 
effectiveness 


Water quality 5-600 m (16 – 1,968 
ft) 


(Appendix C contains 
specific buffer widths 


for different water 
quality parameters)  


5 m (16 ft):  Schooner and 
Williard (2003) for 98% removal 
of nitrate in a pine forest buffer 


109 m (358 ft) 
 
 


25 m (82 ft) sediment 
60 m (197 ft) TSS 
60 m (197 ft) nitrogen 
85 m (279 ft) 
phosphorus 


600 m (1969 ft):  Desbonnet et al 
(1994/1995) for 99% removal 


Fine sediment 
control 


25-91 m (92 – 299 ft) 25 m (82 ft): Desbonnet et al 
(1994/1995) for 80% removal 


58 m (190 ft) 
 


25 m (82 ft) (sediment) 
60 m (197 ft) (TSS) 


91 m (299 ft): Pentec 
Environmental (2001) for 80% 
removal 


Shade 17-38 m (56 – 125 ft) 17 m (56 ft): Belt et al 1992 IN 
Eastern Canada Soil and Water 
Conservation Centre (2002) for 
90% 


24 m (79 ft) 37 m (121 ft) (.6 
SPTH*) 


38 m (125 ft): Christensen (2000) 
for 80% temperature moderation 


LWD 10-100 m (33 – 328 
ft) 


10 m (33 ft): Christensen (2000) 
for 80-90% effectiveness 


55 m (180 ft) 40 m (131 ft) (.65 
SPTH*) 
 100 m (328 ft): Christensen (2000) 
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for 80-90% effectiveness 
Litter fall No studies found  N/A N/A 24 m (79 ft) (.4 SPTH*) 
Hydrology/slope 
stability 


No studies found  N/A N/A N/A 


Wildlife 73-275 m (240 – 902 
ft) 


73 m (240 ft): Goates (2006) for 
90% of hibernation and nesting 


174 m (571 ft) N/A 


275 m (902 ft): Burke and 
Gibbons 1995 IN Goates 2006 for 
100% of hibernation and nesting 


* Tree height (SPTH) is used to indicate buffer width where one SPTH = 61 meters or 200 ft (adapted from FEMAT 1993)
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SECTION I:  Introduction/Background  


 
The Marine Riparian Technical Review Workshop (riparian workshop) was held on November 19, 
2008 at the University of Washington’s School of Aquatic and Fishery Sciences. The goal of the 
workshop was to solicit expert scientific opinion to help the state’s Aquatic Habitat Group (AHG) 
develop management guidelines to protect marine riparian functions. The AHG is a multi-agency 
panel assembled to provide guidance for local governments updating Shoreline Master Programs and 
Critical Areas Ordinances to better protect ecological functions, including marine riparian functions. 
The riparian workshop included a panel of 14 scientists (including three members of the AHG) with 
expertise in riparian functions and processes. Panelists were asked to help determine how best to apply 
knowledge about freshwater riparian functions to protect marine riparian functions and processes. 
Seven specific riparian functions were addressed during the workshop, including: 
 


A. Water Quality 


B. Shade/Microclimate 


C. Large Woody Debris (LWD) recruitment 


D. Litter Fall/Provision of allochthonous inputs 


E. Fine Sediment Control  


F. Wildlife  


G. Hydrology/Slope Stability 


 
The names, affiliations, and expertise of panelists (including the three members of the AHG who also 
served as panelists) are included in Appendix A.  
 
The riparian workshop was the second of a three-phase project. Phase I involved a literature review 
and the development of draft riparian guidance document; Phase II (the riparian workshop) is the focus 
of these proceedings. Phase III will involve finalizing the guidance document based in part on expert 
input solicited during Phase II. Although shoreline managers utilize a variety of tools to protect 
aquatic and riparian ecosystems, this project is focused on providing guidance on establishing 
appropriate buffers for protection of marine riparian area functions.   
 
In preparation for the workshop, the AHG modified the functional effectiveness curves (also known as 
riparian function curves) designed and used by FEMAT (1993) to characterize the relationship 
between buffer width and riparian functions in freshwater environments of the Pacific Northwest (see 
original curves at end of Appendix A). These regenerated riparian function curves are based on the 
results of function studies conducted primarily in freshwater systems and are presented as analogs for 


                                                 
 Allochthonous inputs are organic matter brought in from outside a system.  
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marine riparian areas. The relevance of freshwater riparian functions to marine riparian functions has 
been recognized and supported in a number of publications (e.g., Adamus et al. 1991; Desbonnet et al. 
1994, 1995; NRC 2002; Brennan and Culverwell 2004; Lavelle et al. 2005). The curves plot the 
relationship between buffer width (X axis) and its relative effectiveness (Y axis) in maintaining or 
providing a particular function (e.g., pollution abatement/water quality, LWD recruitment, wildlife 
habitat). These curves are particularly well suited to define tradeoffs between buffer width or size and 
function loss based on the following assumptions:   
 


1. By virtue of their location, riparian areas mediate important ecological processes and functions 
that benefit adjacent water bodies (and vice versa).   


2. The functional effectiveness of buffers at various widths illustrated by the riparian function 
curves reflects a generic or typical setting (i.e., a prototypical morphology and physical setting 
of a relatively undisturbed vegetation community growing adjacent to a water body).  


 
Most studies focus on receiving waters to measure and observe how riparian functions are manifested 
in the ecosystem, yet many of these ecological functions occur within the riparian area as well. For 
example, the curve describing LWD recruitment is measured from the middle or edge of the stream, 
not within the riparian area. For some functions, site potential tree height (SPTH) was used as a proxy 
for buffer width, whereas other buffer width determinations are provided as simple linear 
measurements. More details about how the riparian function curves were used to solicit expert opinion 
during the riparian workshop is included in the following section. Input gathered from panelists during 
the workshop on the applicability of riparian research to protect marine riparian functions is intended 
to meet the state’s best available science criteria. 
 


SECTION II:  Workshop Objectives and Approach  


 
The four key objectives for the workshop were to: 
  


1. Solicit expert opinion on the applicability (or fit) of using freshwater riparian function curves 
to protect marine riparian functions.  


2. Solicit expert opinion on the uncertainties associated with the application of buffers in different 
physical or ecological settings (e.g., geomorphology, vegetation type and cover, exposure, 
etc.). 


3. Identify literature that could help inform the development of buffers for marine riparian areas. 
4. Identify data gaps, uncertainties, and research needs associated with marine riparian areas. 


 
To achieve these objectives, the workshop was divided into three facilitated sessions as described 
below. 
 
Session I: Background/context 
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Panelists were provided with background information on marine riparian protection efforts in the 
Puget Sound region. This was followed by an overview and summary of scientific information for 
each of the seven riparian functions addressed in the workshop. Riparian function curves for six of the 
seven riparian functions (wildlife was not included, see details in section III d) were presented along 
with underlying science used to generate the curves, providing a context for how applicable the 
function curves could be for marine settings.  
 
Session II: Riparian function curve review 
Panelists were asked to review the riparian function curve generated for each riparian function and to 
respond to three questions: 
 


1. Does the riparian function curve “fit” (e.g., is it applicable) in marine settings? The 
applicability of a particular function curve refers to how well the curve describes the functions 
of marine riparian areas in a prototypical shoreform/beach type in Puget Sound.  
 


2. How important is this riparian function in marine settings? Panelists were asked to provide 
their opinion on the capacity of undisturbed marine riparian areas to provide each function or 
process on a scale of 1 (lowest) to 10 (highest). For example, for the hydrology/slope stability 
function, participants were asked to assign points based on their understanding of marine 
riparian areas’ ability to protect hydrology and slope stability functions derived from riparian 
vegetation. This information was used to generate discussion and help the workshop organizers 
better understand where and why opinion differed among panel members.  
 


3. How should the curve be modified to better characterize the marine riparian environment?  If 
the panelists thought a function curve did not accurately describe a relationship, they were 
asked how the curve should be modified to better describe it.  Panelists were asked to provide 
supporting information for suggested modifications.  


 
Session III: Additional information (caveats, controlling factors, missing literature, and data gaps):    
 
For each of the seven functions, panelists were asked:  
 


1. Which controlling factors (e.g., shore form, slope, disturbance, vegetation type, aspect, soils, 
etc) are most important in determining the specific relationship between buffer width and this 
function?  
 


2. What additional literature would be informative? 
 


3. What data gaps exist?  
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SECTION III: Overview of Riparian Functions and Key Findings of 
Science Panel    
 
A. Water Quality 


 
Overview   
 
The water quality function of riparian areas is well understood and widely documented, although much 
of the literature is focused on freshwater systems. Riparian vegetation and soils bordering both 
freshwater and marine systems act in concert to intercept and absorb water; absorb and process 
nutrients, sediments, and pollutants; store and transmit water; and retain or decompose pollutants 
(Correll 1997; Wenger 1999; Vigil 2003; Brennan and Culverwell 2004; Hawes and Smith 2005). 
Vegetation and soils decrease surface and subsurface water velocity and flow, thereby increasing the 
potential for retention, filtration, and/or transformation of sediments and other contaminants. A 
number of factors have a strong influence on buffer effectiveness for water quality, including 
vegetation type and density, topography and slope (i.e., geomorphology), contaminant load, amount of 
impervious surface, ability to provide sheet flow (as opposed to channelized flow), 
infiltration/absorption capacity, organic and moisture content of soils, and soil texture (permeability).  
 
Riparian function curve for water quality 
The data (Table 1) and graph (Figure 1) below were adapted from Desbonnet et al. (1995) to provide a 
generalized representation of buffer width recommendations for water quality.  It is considered a good 
synopsis of the findings of several buffer review and synthesis papers, and was one of the few sources 
of summary data for water quality effectiveness at various buffer widths.
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Table 1. Summary data used to produce a generalized curve for effectiveness of vegetated buffers to remove various pollutants at different 
widths (adapted from Desbonnet et al. 1995). TSS = total suspended sediment. We found no information available on composition of 
vegetation within the buffer. 


% Removal 
Buffer Width (m) 


Sediment TSS Nitrogen Phosphorus 
50 0.5 2 3.5 5 
60 2 6 9 12 
70 7 20 23 35 
80 25 60 60 85 
90 90 200 150 250 
99 300 700 350 550 


 


 
Figure 1. Contaminant removal effectiveness of four water quality constituents at various buffer widths (adapted from 
Desbonnet et al. 1995).
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Key science panel findings 
 
Water quality is an important function of marine riparian areas, but relative to the dynamics affecting 
water quality in Puget Sound at the watershed and landscape scales, many panelists concluded that an 
undisturbed marine riparian area’s contribution to maintaining water quality is proportional to the 
upland area. Anthropogenic activities in marine riparian areas undoubtedly include the generation and 
routing (via water) of pathogens, nutrients, toxics, heat, and fine sediment (above normal background 
levels) that can affect water quality. However, the marine riparian area is limited in spatial extent; that 
is, it constitutes a small fraction of the Puget Sound drainage basin. Most contaminants reach Puget 
Sound via: 
  


1) Streams or drainage networks discharging into the Puget Sound Basin, or pathways that 
concentrate rainfall and snowmelt from impervious surfaces associated with human residential 
and commercial development and transportation infrastructure; and  


 
2) Waste water entering Puget Sound from municipal and industrial facilities (i.e. municipal 


sewage treatment plants and direct discharge from industrial facilities).  
 


Thus, while minimizing impervious surfaces and controlling harmful inputs into surface and 
groundwater is as important in marine riparian areas on an acre for acre basis as it is across the entire 
Puget Sound basin, many panelists believed that relative to the larger watersheds that deliver 
pollutants to Puget Sound, marine riparian areas contribute a small fraction of the ecological function 
in mitigating water quality impacts at a landscape scale. However, given their proximity to nearshore 
development and their role in influencing shoreline habitats and species, the panel generally agreed 
that marine riparian areas do play a role in protecting water quality (i.e., site specific, along marine 
shorelines) and contribute to the cumulative watershed influences. One aspect of residential 
development in marine riparian areas not addressed during the workshop included pollution from 
failing septic systems including bacteria and nutrients.  
 
Panelists generally agreed that the curve in Figure 1 is conceptually valid for water quality issues 
originating in marine riparian areas.  
   
B. Shade/Microclimate 


 
Overview  
 
Marine riparian areas have unique natural climate control mechanisms that differ from upland areas 
and which influence both physical and biological conditions at a local scale. Riparian vegetation can 
intercept solar inputs and help create microclimate conditions (soil and ambient air temperature, 
moisture, solar radiation, wind, humidity) in both terrestrial and aquatic environments (FEMAT 1993; 
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Knutson and Naef 1997; May 2003; Parkyn 2004). Forested buffers have an insulating effect, helping 
to moderate ambient air, soil, and water temperatures, keeping them warmer in the winter and cooler 
in the summer (Castelle et al. 1992; FEMAT 1993; Osborne and Kovacic 1993; Knutson and Naef 
1997; Chen et al. 1999; Wenger 1999; Bavins et al. 2000; Rice 2006; Tonnes 2008). 
 
Riparian function curve for shade    
In order to develop a graphic representation of shade effectiveness (Figure 2), the generalized curve 
from FEMAT (1993) (Appendix D) was used to generate the data needed (Table 2) to create a plot of 
buffer width effectiveness at varying distances from the edge of a forest stand. 
 
 
Table 2. Approximated data used to create a generalized curve (Figure 3) indicating percent of 
riparian shade function occurring within varying distances from the edge of a forest stand (adapted 
from FEMAT 1993) (SPTH = site potential tree height). 


Cumulative 
Effectiveness (%) 


Buffer Width 
(SPTH) 


SPTH m(ft) 


0 0.00 0(0) 
10 0.07 4(14) 
20 0.15 9(30) 
30 0.22 13(44) 
40 0.29 18((58) 
50 0.36 22(72) 
60 0.42 26(84) 
70 0.50 31(100) 
80 0.61 37(122) 
90 0.73 45(146) 
93 0.80 49(160) 
95 1.00 61(200) 
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Figure 2. Generalized curves representing cumulative effectiveness of microclimate attributes as a 
function of distances of the edge of a forest stand (after Chen 1991). One tree height equals 200ft 
(61m) (from FEMAT 1993).   
 
 
Key science panel findings 
 
Panelists unanimously agreed that shade/microclimate is an important marine riparian function. In 
contrast to freshwater environments, where shade can help moderate stream water temperatures, shade 
in marine environments was considered less important in moderating water temperature than in 
moderating temperatures of beach substrates in the supratidal zone and in intertidal zones during low 
tides, especially during summer months. Panelists noted that while increases in solar radiation due to 
loss of riparian shade could warm shallow intertidal waters, the effects of this warming have not been 
quantified. They pointed to studies indicating that riparian vegetation plays an important role in the 
survival of forage fish spawn (Penttila 2001; Rice 2006) by reducing either heat or desiccation stress. 
They also noted that solar radiation is an important limiting factor for most rocky intertidal organisms 
(Ricketts and Calvin 1968; Connell 1972), and that shade may be particularly important for climate-
sensitive species. Panelists also noted that ultraviolet radiation is an important consideration because it 
will persist, even on cloudy days.    
 
Additional panel comments include:   


 Overall, vegetation community type is an important consideration for assessing the shade 
function as some shorelines, even in an undisturbed state, do not support forest community 
types.  
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 Important factors that influence marine riparian shade include aspect, SPTH, bank 
morphology, and other site characteristics that affect plant growth. 


 Loss of overstory trees can increase solar radiation to the patch and to the upper beach – an 
effect that may persist for decades or even longer.  


 The continuity of the vegetated community structure over time is an important component 
of the shade characteristics it provides (as well as other functions) and is influenced by 
natural processes and disturbances. In the Puget Sound marine environment, where 
slumping cliffs and erosion are common shoreline characteristics, the shade function 
depends on a recruitment process. For example, the setback distance of a tree that is 50 feet 
from the shoreline today will shrink over time as a result of bank erosion, or surface soil 
creep. This differs from the shade function in freshwater environments, which may be 
relatively more stable, but is somewhat analogous to a relocation of the stream channel in a 
floodplain, albeit with somewhat greater predictability because the shoreline only migrates 
in one direction. 


 
Data gaps 


 Limited knowledge exists on survival thresholds for climate-sensitive species, especially in the 
marine environment.  


 Microclimate data are typically derived from upland research. Applying upland climatic data to 
the marine environment where many buffers are simply one-sided is a large data gap. 


 Research is needed on the influence of shade to groundwater (some of which is discharged to 
beaches via surface flows) on shorelines. 


 
C. Large Woody Debris (LWD) Recruitment and other functions of wood 


 
Overview 
 
The contribution of large woody debris (LWD) into marine environments is considered an important 
function of marine riparian areas, although the relative proportion of wood delivered from the marine 
setting compared to river systems is not well documented (Brennan and Culverwell 2004; Tonnes 
2008). The role of upland riparian areas in providing LWD in freshwater environments, however, has 
been very well studied. It is generally believed that LWD provides similar functions in both freshwater 
and marine systems (Harmon et al. 1986; Sedell et al. 1988; Bilby and Bisson 1998; Hyatt and Naiman 
2001; Latterell and Naiman 2007) including: 


 Accumulation of organic matter and sediments. 


 Habitat structure for periphyton (Coe et al. 2009), invertebrates, fish, and wildlife. 


 Bank stability and erosion control. 


 Substrate (such as “nurse logs”) for recruitment of plant species.  


 Moderation of local benthic temperatures and moisture regimes on beaches. 
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The source of LWD in streams and rivers is riparian forest growth both adjacent to and upland from 
the stream channel. Similarly, the natural source of marine LWD (also known as “driftwood”) comes 
from adjacent marine riparian areas, or is delivered from rivers, streams, and other shoreline areas via 
marine currents. In recent decades, the volume and quality (wood variety and dimensions) of LWD 
from natural sources appear to have been reduced due to historic and current logging practices, the 
conversion of shoreline areas for agriculture and flood control levees, and urbanization (Tonnes 2008). 
Persistence and residency time of LWD are controlled by decomposition rates of different wood types, 
size and dimensions of the wood, their ability to become trapped or anchored, and the exposure to 
hydraulic forces (e.g., river flows, tides, waves, currents).  
Riparian function curve for LWD 
For the LWD riparian function curve (Figure 3), cumulative effectiveness of LWD recruitment data 
(Table 3) was plotted as a function of potential tree height (based on the FEMAT 1993). 
 
Table 3. Approximated data used to create generalized curve (Figure 3) indicating percent of LWD 
recruitment function occurring within varying distances from the edge of a forest stand (adapted from 
FEMAT 1993).  Note that one SPTH equals 200 feet (61 meters). 


Cumulative 
Effectiveness (%) 


Buffer 
Width 


(SPTH) 
SPTH 
m(ft) 


0 0 0 
10 0.09 6(18) 
20 0.18 11(36) 
30 0.25 15(50) 
40 0.32 20(64) 
50 0.4 24(80) 
60 0.47 29(94) 
70 0.55 34(110) 
80 0.65 40(130) 
90 0.8 49(160) 
93 0.85 52(170) 
95 0.9 55(180) 
99 1 61(200) 
99 1.2 73(240) 
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Figure 3. Generalized curve indicating percent effectiveness of LWD recruitment from riparian areas 
occurring within varying distances from the edge of a forest stand. Tree height (SPTH) is used to 
indicate buffer width. One SPTH is equal to 200ft (61m) (FEMAT 1993). 
 
Key science panel findings 
 
In general, the science panel agreed that the LWD effectiveness curve is conceptually valid although 
the proportion of marine LWD entering via shorelines versus river systems is largely unknown. The 
panel recognized that the quantity and availability of marine LWD is likely to be lower now than 
historically, particularly in the largest diameter classes, as a result of historic harvest, urbanization, 
salvage logging, and efforts by the U.S. Army Corps of Engineers to remove floating logs that pose 
navigation hazards. Wood entering beaches from coastal shorelines may be more stable since this 
LWD often includes root balls, or may be anchored in the bank, which could reduce its mobility 
during high tide and storm events. Dan Tonnes discussed his thesis research in Whidbey Basin, where 
he found that 1.4 percent of the LWD on sediment bluff beaches originated from adjacent unstable 
bluffs. Additional points raised by the panel included: 


 LWD is important for many nearshore organisms that use wood as food and habitat. 


 LWD helps stabilize beaches and reduce wave-cut erosion of bluffs. 


 The shape of the function curve is primarily based on downhill delivery, within a distance of a 
single tree height and for more stable and less steep. The shape of the curve would be different 
under steeper and less stable slope conditions. 
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D.  Litter Fall/Provision of Allochthonous Inputs 


 
Overview 
 
Riparian areas contribute significantly to material creation, cycling, and movement between terrestrial 
and aquatic systems (Lavelle et al. 2005; Ballinger and Lake 2006). Although the exchange of energy 
and nutrients between aquatic and terrestrial systems is identified as an important ecological process 
for maintaining productivity, most studies of these interactions focus on the influence of allochthonous 
inputs of organic material on stream systems. The contribution of these inputs to marine systems and 
influence on productivity and other ecological functions is not well understood.   
 
Riparian vegetation provides organic litter that serves as habitat and food for fishes and aquatic 
invertebrates (Adamus et al. 1991; Vigil 2003; Lavelle et al. 2005;; Ballinger and Lake 2006). Aquatic 
invertebrates are important components of stream systems and are often used as indicators of stream 
health (Wenger 1999). Riparian vegetation influences the amount and type of terrestrial invertebrates 
that fall into aquatic systems which in turn serve as a major food source for freshwater fishes birds, 
mammals, reptiles, and amphibians (Romanuk and Levings 2003; Sobocinski 2003). Terrestrial insects 
are an important food source for many salmonids in streams, and have recently been shown to be a 
large component of the diet in juvenile salmonids while residing in marine nearshore waters of Puget 
Sound (Sobocinski 2003; Brennan et al. 2004; Duffy et al. 2005; Fresh et al. 2006; Fresh 2007). In 
addition, some fish and invertebrates feed directly on vegetative detritus (McClain et al.1998; King 
County DNR 2001; Vigil 2003; Lavelle et al. 2005). 
 
 
Riparian function curve for allochthonous inputs  
The FEMAT (1993) “litter fall” buffer effectiveness curve was used to recreate a generalized graphic 
representation of allochthonous inputs because data required to generate a graph were not available 
from other sources.  
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Table 4. Approximated data used to create generalized curve (Figure 5) indicating percent of riparian 
allochthonous input function occurring within varying distances from the edge of a forest stand 
(adapted from FEMAT 1993). 


Cumulative 
Effectiveness (%) Buffer Width (SPTH) SPTH m(ft) 


0 0 0 
10 0.04 2.4(8) 
20 0.08 4.9(16) 
30 0.12 7.3(24) 
40 0.17 10.3(34) 
50 0.22 13.4(44) 
60 0.27 16.5(54) 
70 0.33 20(66) 
80 0.4 24.4(80) 
90 0.5 30.5(100) 
95 0.65 40(130) 
98 0.9 55(180) 


 
 
 


 
                                                 
 An estimate of values from FEMAT 1993 plotted on an X and a Y axis, or extrapolating from FEMAT graphs to come up with specific 
numbers to plot on a new graph. See guidance document for more detail.   
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Figure 4. Generalized curve indicating percent effectiveness of riparian allochthonous input and litter 
fall occurring within varying distances from the edge of a forest stand. One site potential tree height is 
equal to 200ft (61m) (adapted from FEMAT 1993).  
 
Key science panel findings 
 
Overall there was a general acceptance that organic nutrient exchange is a relevant function of marine 
riparian areas and that the conceptual curve is a valid representation of marine allochthonous input 
functions. In addition, there was a consensus on the following:   


 Energy and nutrient exchange is a multi-dimensional characteristic across the aquatic and terrestrial 
interface. For example, litter fall/allochthonous input is not limited to leaves, but includes other 
matter such as plant stems, insects, and other organic matter.  


 Riparian areas are likely an important area of emergence for insects, and some flying insects may 
be introduced to marine waters via wind and stream inputs. Panelists noted that some of the insects 
found on beaches and in the diet of juvenile salmonids do not fly and are not as likely to become 
airborne and transported via wind.  


 Nutrient exchange is not simply unidirectional, but bi-directional. Marine derived nutrients are also 
transported into the terrestrial environment via multiple pathways including:  


o Atmospheric input via wet or dry deposition, which can occur through fires, intensive 
farming and agricultural activities, and wind erosion (Lavelle et al. 2005).  


o Lateral transfers of nutrients through water flows, including microalgae and macroalgae 
washed ashore (Adamus et al. 1991; McLachlan and Brown 2006).  


o Decomposing secondary consumers, such as juvenile Pacific herring, Pacific sand 
lance, longfin smelt, surf smelt, sole, salmon, seabirds, and marine mammals, also 
contribute nutrients. For example, in freshwater systems, Pacific salmon nutrients are 
deposited by predators and scavengers in excreta, or as carcasses and skeletons 
(Cederholm et al. 1999; Naiman et al. 2002; Drake et al. 2006). 


o Secondary consumers can transport nutrients to upland areas, facilitating nutrient and 
energy exchange between terrestrial and aquatic food webs (Ballinger and Lake 2006). 
For example, Elliott et al. (2003) examined the relationship between bald eagles and 
Plainfish Midshipman, a demersal fish and intertidal spawner. Between May and June 
of 2001, the authors found that eagles consumed about 22,700 ± 3,400 midshipman, 
representing large transfers of nitrogen into trees, and the potential to enhance 
community productivity along the shoreline.  


 


The overall relevance of this function curve was ranked in the middle, likely because many panelists 
did not feel knowledgeable enough to make an informed ranking due to a lack of empirical studies in 
marine riparian systems. 
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E. Fine Sediment Control 


 
Overview 
 
One of most studied functions of riparian areas is fine sediment control. Fine sediments enter 
waterways from a number of terrestrial sources, both natural and anthropogenic. The human-derived 
fine sediments originate primarily from construction sites, suburban and urban developed areas, 
forestry and agricultural practices, and unpaved roads that drain into waterways. Sediments become 
exposed and subject to erosion as a result of vegetation removal, excavation, road wash from unpaved 
roads, and compaction of soils. Once sediments are suspended in and moved by surface water runoff, 
they can be delivered to waterways unless they settle out or become trapped.  
 
Excess amounts of sediment, particularly fine sediments, can have numerous deleterious effects on 
water quality and aquatic biota. The following list briefly summarizes several major effects from 
anthropogenically-produced sediment (adapted from Wenger 1999): 


 Sediment deposited in rivers and streams can reduce habitat for fish and invertebrates. 


 Suspended sediment reduces light transmittance, which decreases primary productivity. 


 High concentrations of fine suspended sediments cause direct mortality, or impairment 
(such as suffocation and/or reductions in food supply) for many fish and invertebrates. 


 Excess suspended sediments can interfere with filter feeders’ apparatus thus reducing the 
abundance and diversity of filter-feeding organisms, including mollusks and some 
arthropods. 


 Sediments absorb chemical compounds, serving as a delivery mechanism for contaminants 
to water bodies.   


 
Riparian buffers composed of dense vegetation can act as a “line of defense” for reducing or 
eliminating anthropogenic sedimentation of waterways in a number of ways by (adapted from Wenger 
1999): 
 


 Displacing sediment-producing activities away from a water body;  


 Trapping terrestrial sediments in surface runoff; 


 Reducing the velocity of sediment-bearing storm flows, allowing sediments to settle out of 
water and be deposited on land; 


 Creating sheet flow of surface waters, reducing channelization (which can increase 
conveyance and erosion); 


 Stabilizing banks and bluffs, preventing landslides and other erosion; 


 Intercepting and absorbing precipitation in the canopy, understory, and ground cover, 
thereby reducing the amount of water that can displace sediments; and/or 
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 Contributing LWD, which helps to trap sediments, support vegetation, and reduce erosion 
from stream flows and waves.  


 
Research on buffer effectiveness has examined both forested buffers (composed of native vegetation) 
and grass buffers, although results are mixed as to which is most effective at controlling fine 
sediments. Riparian buffers composed of dense vegetation can reduce the velocity of sediment bearing 
storm flows, help reduce channelization, and intercept precipitation in the canopy thereby reducing the 
amount and energy of water that can displace sediments. In addition, composition and density of 
riparian vegetation (both standing and as LWD) are important elements for controlling surface flows, 
trapping sediments, and reducing erosion. Riparian soils also play an important role in absorbing water 
and trapping sediments.  
 
An important factor in determining the sediment removal capabilities of riparian areas is slope. 
Riparian areas with steeper slopes require wider buffers to provide the same level of sediment removal 
(similarly with contaminant removal). Capacity is also an important consideration. High levels of 
sediments can exceed the capacity of riparian areas to trap sediments. If overloaded, riparian 
effectiveness can be reduced to a point where this function is essentially lost. 
 
Riparian function curve for fine sediment control  
To illustrate fine sediment control in generalized curves for riparian buffer effectiveness at various 
widths, the summary data from Desbonnet et al. (1995) (Table 5) were used to generate a scatter plot 
(Figure 5) and associated curves, similar to the riparian buffer curves developed by FEMAT (1993).  
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Table 5. Summary data used to generate generalized curves for sediment control effectiveness at 
different buffer widths (adapted from Desbonnet et al. 1995). 


 
 
 


 
 
 
 
 
 
 


 
Figure 5. Generalized curve illustrating sediment removal effectiveness at various buffer widths 
(adapted from Desbonnet et al. 1995). 
 
 
Key science panel findings 
 
There was general consensus by panelists that the riparian function curve for sediment control is 
conceptually valid. The panelists discussed the relationship between sediment delivery and land use, 
the role of sediment, the definition of sediment (e.g., size, class), and the source and function of 
natural versus unnatural causes of sedimentation. Panelists ranked the relevancy of this function as it 
relates to other marine riparian functions as low, largely because there is a strong contrast in natural 
and anthropogenic sediment issues in freshwater and marine systems. Panelists noted that maintaining 
natural erosion and sediment transport processes are critical to maintaining beaches in Puget Sound. 


% 
Removal 


Buffer Width(m) 
Sediment TSS 


50 0.5 2 
60 2 6 
70 7 20 
80 25 60 
90 90 200 
99 300 700 
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They also noted that much of the sediment nourishing Puget Sound beaches originates in marine 
riparian areas, facilitated by natural driving forces (wind and wave action, bluff saturation, leading to 
slope failures).  The panelists felt strongly that it was very important to maintain natural sediment 
inputs from marine riparian areas into Puget Sound – that perhaps the biggest threat to marine systems 
from human activity is the reduction of sediment inputs by armoring shorelines and disrupting natural 
erosion of bluffs. This is in sharp contrast to freshwater systems, where riparian areas are managed to 
minimize human-induced fine sediment inputs which substantially impact habitat and water quality of 
freshwater streams. Thus, the panel recognized the need to distinguish between “normative” 
sedimentation rates in marine riparian areas as opposed to human-induced changes to sediment inputs. 
Further, while the risks of human induced inputs of fine sediments into marine shorelines have not 
been as well studied as freshwater systems, the panel recognized marine riparian areas as important for 
ensuring “normative” sediment processes and reductions of potentially harmful levels of fine 
sediments from anthropogenic activities. 
 
Additional key comments and questions raised by the science panel are provided under the following 
topics: 
 
Definition of Sediment 


 Most reviews of the water quality functions in riparian areas incorporate a discussion of sediment 
control as part of the discussion of other contaminants. Associating sediment control functions 
with other water quality functions may help reduce the confusion concerning natural sediment 
delivery and transport processes versus excessive fine sediment inputs from anthropogenic 
sources. 


 How sediment is defined (e.g., size, class) can change the role and function within the ecosystem 
as a whole. Perhaps identifying “anthropogenically-derived fines” would help clarify this. 


 Sediment delivery is critical to sustaining Puget Sound beaches and is part of the natural 
watershed process that shapes the shoreline. 


 
Land Use 


 Land use practices influence the characteristics, timing, and magnitude of sediment input, and can 
increase annual sediment loads reaching streams by several factors.  


 
Role of Sediment 


 The role of sediment in nearshore processes of Puget Sound needs to be acknowledged and not 
confused with controlling fine sediment (and associated contaminant) delivery to marine waters. 
The compounds that bind to sediment (such as phosphorus) are delivered to the nearshore aquatic 
environment (where they may play an important ecological role), thus natural levels of sediment 
delivery should be an important component of riparian management. 
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F. Wildlife 


 
Overview 
 
In a review of eight separate reports synthesizing much of the literature on riparian functions and 
buffers, all include a discussion of the importance of riparian areas to wildlife and offer either a range 
of reported buffer widths, and/or specific buffer recommendations for protection of wildlife habitat. 
The provision of wildlife habitat is commonly identified as one of the most important functions of 
riparian areas by meeting important life history requirements such as feeding, breeding, refuge, and 
migration corridors.  
 
Riparian function curve for wildlife 
FEMAT (1993) did not generate a riparian function curve for wildlife. Although a number of other 
publications describe the importance of riparian areas for supporting wildlife, functional effectiveness 
data are specific to individual species life history requirements, so it was not possible to generate a 
function curve. Some researchers have attempted to use physical criteria (plant community, 
microclimates) as a surrogate for identifying unique riparian habitat attributes for wildlife.  
 
 
Key science panel findings 
 
Although no riparian function curve for wildlife was available for panel review, there was general 
consensus that marine riparian areas provide a suite of functions for wildlife as habitat buffers and 
migration corridors. Some participants pointed out that there are a number of species that would not 
utilize marine nearshore areas, or cross onto beaches, if a buffer did not exist, which led to a 
discussion of obligate versus facultative uses. All panel members agreed that marine riparian areas 
provide a suite of important services for wildlife and this function was rated high across the panel. 
Discussion on the wildlife function included:  
 
Obligate/Optimal Use Species 


 There are few known marine riparian obligate species and it was unclear if the process of 
identifying obligate species in marine riparian areas had been carried out. It is believed that most 
wildlife in these areas are generalized in their use and preference, although few studies have 
focused on this set of questions for marine riparian areas. The unique aspect about the marine 
riparian environment is that it supports a number of important functions and processes that create 
and maintain wildlife habitat. Diversity was mentioned frequently with regard to riparian areas; 
many wildlife species are generalists in their use of ecotones, so increased local species diversity 
may or may not lead to high regional diversity. Heightened local diversity occurs because 
structural diversity and vegetation are linked closely with the aquatic system. Larger buffers 







125 
 


would benefit bigger animals with wider ranges, and are important for wildlife sensitive to human 
disturbances. See Marzluff (2005), Sax and Gaines (2003), and Scott and Helfman (2001).  


 Invasive species within riparian areas need to be considered as they may reduce buffer 
effectiveness. Buffers can harbor nuisance species and any pathogens that are transported along 
with their introduction, which is a cause for concern with respect to local wildlife and human 
populations. 


 
Additional Key Comments: 


 It may be helpful to provide more information on the functions of ecotones in the guidance 
document (e.g., define and provide information on multiple functions of ecotones).  


 Need to consider obligate versus facultative use species in the buffer. For example, some 
shorebird species may be obligate users of the marine riparian zone during migration periods. 


 Address seasonal variability as it relates to wildlife usage; 


 Need to consider supralittoral (i.e. the splash/spray zone above spring high tide line, not 
submerged by water) use by plovers, seals, otters, deer, and other animals. 


 Buffer areas could disrupt or enhance migratory pathways, depending on the species life history 
requirements and habits. 


 Functional connectivity between habitats does not always have to be continuous; some animals 
can leap-frog areas. 


 Some structural elements may need to be considered for specific wildlife needs (may vary with 
beach and/or buffer type). 


 Wildlife may have important roles, through selective feedings and deposition of nutrients, in 
shaping the structure and productivity of marine riparian areas (Naiman and Rogers 1997). 


 
 
G. Hydrology/Slope Stability 


 
Overview 
 
Substantial literature exists on the role of vegetation in controlling hydraulic processes and increasing 
slope stability. Much of this literature addresses the impacts (such as sedimentation, siltation, and 
excessive flow volumes) of logging, agriculture, urbanization, and other practices to streams and 
wetlands. A significant portion of the literature on impacts has little to do with maintaining or 
protecting ecological functions of riparian or aquatic systems, but rather focuses on how these impacts 
affect human infrastructure. Regardless of the system (freshwater or marine), or the focus of the 
research and assessment reports (ecological or social implications), the general consensus is that 
vegetation can play an important role in controlling hydrologic processes and slope stability in the 
following ways (adapted from Griggs et al. 1992: IN Macdonald and Witek 1994): 
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 Interception: Foliage and plant litter absorb the energy of precipitation, reducing direct impacts 
on soil. 


 Restraint: Root systems bind soil particles and blocks of soils, and filter sediment out of runoff. 


 Retardation: Plants and litter increase surface roughness, and reduce runoff volume and velocity, 
reducing channelization. 


 Infiltration: roots and plant litter help maintain soil porosity and permeability. 


 Transpiration: plants absorb moisture, delaying the onset of soil saturation and surface runoff. 


 
In addition, the influences of woody plants on mass movement may include: 


 Root Reinforcement – Roots mechanically reinforce soil by transferring shear stresses in the soil 
to tensile resistance in the roots. 


 Soil Moisture Depletion – Interception of raindrops by foliage as well as evapotranspiration limit 
buildup of soil moisture. 


 Buttressing and Arching – Tree trunks can act as buttress piles or arch abutments in a slope, 
counteracting shear stresses. 


 Surcharge – The weight of vegetation on a slope may exert a destabilizing down slope stress and 
a stress component perpendicular to the slope that increases resistance to sliding. 


 Root wedging – Roots invade cracks and fissures in soil or rock that could add restraint stability 
or cause local instability by wedging action. 


 Wind throw – Strong winds exert an overturning movement on trees causing blow down (usually 
of aged, diseased, or undermined trees) that disturb slope soils. 


 
Riparian function curve for hydrology and slope stability 
No data could be found plotting the functional effectiveness of the hydrology/slope stability function, 
so data were generated following the model provided by Griggs et al. (1992) (IN  Macdonald and 
Witek 1994) were used to create Table 6 and Figure 6. This study addresses setbacks on bluffs and 
other unstable slopes to protect against property loss.  
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Table 6. Setback distances (ft.) for different bluff heights at various levels of stability where geologic 
stability for 50 years cannot be demonstrated (after Griggs et al. 1992). 
 


Bluff 
Height 


(ft) 
Stable 


(1:1)(450) 


Moderately 
Stable 


(2:1)(300) 


Unstable 
(1:1)(450)+ 
(2:1)(300) 


20 20 40 60 
40 40 80 120 
60 60 120 180 
80 80 160 240 
100 100 200 300 
120 120 240 360 
140 140 280 420 
160 160 320 480 


180 180 360 540 
200 200 400 600 


 
 


 
Figure 6. Construction setbacks for different bluff heights at various levels of stability, where 
geologic stability for 50 years cannot be demonstrated (after Griggs et al. 1992). 
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Key science panel findings 
 
All participants agreed that the hydrology/slope stability graphic is applicable in the marine 
environment. Panelists discussed the importance of hydrology, geomorphology, soil type, and 
vegetation type in supporting slope stability functions in Puget Sound, in addition to the human safety 
concerns about slope stability in the region.   
 
Geomorphology 


 Landforms and geology can be more important here than buffer width. For example, in the San 


Juan Islands, there can be a 45 slope on basalt form that can be very stable. 


 Consider geomorphic shore form (e.g., geologic legacy, landscape position, density, slope, etc.). 
Use of Shipman (2008) geomorphic classification system may be useful. 


 
Soil and Vegetation 


 Soils and vegetation play important roles in slope stability and hydrology. 


 The relationship of riparian vegetation and slope stability is very specific to hydrologic and 
geologic conditions. It is important to consider flow paths; for example, stability may be 
associated more with altered upland drainage patterns or precipitation patterns. Therefore, this 
relationship may be site-specific.  


 Need to consider the role of vegetation on the slope itself versus above the slope, which would 
yield different functions. The relative importance of vegetation at each location, given site-
specific conditions and methods of protection need to be determined. Similar to the discussion of 
“sediment” above, management should allow for normative rates of LWD recruitment and erosion 
to provide sediments and wood to beaches. 


 Buffer width versus landform may be the most important factor. For example, steeper slopes, 
particularly those with underlying geologic instability, require wider buffers. 


 Need to maintain normative rates of sediment delivery by using setbacks and buffers – should 
avoid interfering with natural processes. 


 Upslope alterations are large contributing factors to slope instability.  


 Home protection and public hazard considerations are likely to garner public support for buffers. 


 Riparian areas can increase slope stability (through root structure) and increase water interception 
and absorption. Protecting natural rates of sediment delivery and protecting processes and 
functions of nearshore ecosystems may be achieved by establishing and maintaining adequate 
riparian buffers. 
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SECTION IV:  Summary and Conclusions 


The purpose of this workshop was to solicit expert opinion on how best to apply riparian science to 
protect marine riparian functions and processes with a particular emphasis on buffers. The science 
panel included fourteen scientists with expertise related to riparian ecosystems. Panelists were asked 
for input on a variety of questions related to seven specific riparian functions and/or processes.    
 
In general, panelists agreed that findings from studies of freshwater riparian areas are transferable to 
marine riparian areas, although some processes and functions are unique to marine riparian areas.   
 
A summary of panelist responses to the key questions follows (note: questions were asked for each of 
seven riparian functions). 
 
1. Is there general agreement that this function applies in the marine environment?  On a scale 


of 1-10 (low to high), what is the relative importance of this particular function in the marine 
environment? 


 
General consensus was reached that each of the seven functions reviewed during the workshop applies 
in both freshwater and marine riparian environments, although their relative importance varied. For 
example, three functions (LWD, litter fall, and hydrology) emerged as having higher relative 
importance to marine environments, based on a subjective ranking process. Many panelists noted that 
marine riparian science would be greatly improved with additional research. It was also generally 
agreed these areas should be viewed and managed holistically to address multiple processes and 
functions at small and large spatial and temporal scales 
 
Water Quality – The panel agreed that while water quality is an important function of marine riparian 
areas overall, the relative contribution of these areas is minor at a larger scale compared to the 
freshwater inputs from the Puget Sound drainage basin as a whole. However, water quality functions 
provided by marine riparian areas may be very important, especially at a site specific level, depending 
upon land use practices and the integrity of the riparian area.  
 
Shade/Microclimate – According to the panel, shade is of medium relative importance to marine 
riparian areas in Puget Sound relative to water temperatures in the marine environment, which was 
judged to be less sensitive to solar inputs than waters in freshwater systems. However, shade has been 
shown to play a role in survival of upper intertidal organisms in Puget Sound. Additional research is 
needed to fully understand its role. Erosion and tree removal within and outside the riparian buffer can 
disrupt the shade function in the marine environment. In addition, the limited knowledge on the 
survival thresholds for climate-sensitive species in the marine nearshore environment is a major data 
gap. 
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LWD Recruitment – LWD in the marine nearshore provides important functions but it was unclear 
how much of that wood comes from marine riparian areas versus rivers. LWD is known to supply 
nutrients, stabilize beaches and banks, reduce wave erosion, enhance establishment and growth of 
vegetation, and provide refuge, nesting and foraging habitat for a variety of species. There is an overall 
general lack of information specific to the marine environment, but sources of LWD to beaches 
include freshwater riparian material, logging activity, and marine riparian areas. Recruitment of 
marine LWD requires buffers that allow for natural erosion and recruitment over extended time 
periods as banks and bluffs recede.   
 
Litter Fall/Provision of Allochthonous Inputs – These inputs are relevant to both marine and 
freshwater environments. Terrestrial source nutrients have been shown to be important to the 
nearshore ecosystem, and some studies have determined that riparian areas serve as emergence habitat 
for fish prey and support a number of trophic levels in the nearshore food web. Nutrient and energy 
exchange is not unidirectional and marine derived nutrients find their way to terrestrial environments. 
Some panelists noted that the contribution of allochthonous inputs to and their influence on 
productivity in marine systems is a data gap. 
 
Fine Sediment Control/Delivery – This process is important in both marine and freshwater systems. 
Sediment delivery to the Puget Sound via river systems and eroding marine bluffs (convergence 
zones) is critical to beach forming processes. Fine sediments originating from anthropogenic sources 
need to be distinguished from natural sources and background levels. Riparian areas can help control 
harmful levels of fine sediment and associated contaminant delivery to the aquatic environment while 
allowing natural processes to continue. 
 
Wildlife – Marine riparian areas provide a suite of habitat functions for wildlife including feeding, 
breeding, and migration corridors. Some panelists pointed out that there are a number of species that 
would not cross into the nearshore area if a marine riparian buffer did not exist. Few studies have 
focused on wildlife utilization of marine riparian areas, but much of what has been studied about the 
life history requirements in other areas would apply to those species that occur in these areas. Some 
species may be highly adapted to marine riparian areas and could be considered obligate species, 
although survey data are lacking.    
 
Hydrology and Slope Stability – Vegetation can play an important role in controlling runoff, 
maintaining slope stability, and maintaining normative rates of erosion. From this perspective, one 
function of a riparian area is protecting people from landslides. The safety factors provided by buffers 
may resonate with people more directly if the argument is framed in terms of the need for normative 
rates of erosion and sediment delivery to beaches along with protection of human structures.  
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2. Does the FEMAT-style curve adapted for this function “fit” for the marine environment? 
(Yes or No)   


 
Nearly every panelist agreed that all six of the FEMAT-style curves adapted for riparian processes and 
functions (a wildlife functional effectiveness graph was not provided) were a reasonable “fit” or 
conceptually valid for the marine environment, notwithstanding site and scale controlling factors. 
Several exceptions and caveats were included, such as the LWD function (every panelist felt that the 
curve’s “fit” would vary at a site specific scale); and the shade function (participants pointed to many 
factors that needed to be considered, including aspect and temporal/spatial variability.  
 
3. Which controlling factors are most important in determining the specific relationship 


between buffer width and function (e.g., shore form, slope, vegetation type, aspect, soils)?      
 
Responses to this question are summarized in Table 7 below. The discussion of these topics was very 
limited due to time constraints.   
 
Table 7. Controlling factors for riparian buffer functions.  


Process/Function Controlling Factors 
Water Quality  anthropogenic activities 


 flow concentration 
 slope (highly relevant to flow 


concentration) 
 vegetation type and density 


LWD  condition of vegetation – species, 
size, presence, age, structure 


 landslides 
 climatic events, wind action, 


precipitation, ice storms 
 anthropogenic disturbances: 


forestry/logging 
 trigger trees (cause others to fall) 
 soils 
 geology 
 groundwater/hydrology 
 condition of wood (insects, root rot, 


disease) 
 fire (consideration of fine scale 


disturbances versus catastrophes) 
 invasive species 


Litter  vegetation species, type, age, 
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Fall/Allochthonous 
Inputs 


structure 
 vertical diversity (big trees versus 


understory, ground cover) 
 climatic events, wind action 
 slope (degree) 
 shoreform type 
 anthropogenic disturbances 


Hydrology/Slope 
Stability 


 soils  
 geology 
 erosion rates 
 presence of vegetation 
 groundwater/hydrology 
 anthropogenic disturbances and 


upland activities 
 topography 
 climatic events, wind and wave 


exposure, storm severity (climate 
impacts/change) 
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Parking Lot Ideas 


Throughout the workshop, panelists brought up ideas, issues, concerns, and questions. A number of 
these topics and considerations were outside the scope of the workshop but were noted as “Parking 
Lot” issues. They fell into two main topic areas: buffer management and research gaps and needs, and 
have been grouped by these two categories below.    


Guidance on Buffer Management 


 Many uncertainties exist in managing marine riparian areas. Using a precautionary approach 
and adaptively managing these areas is important. 


 Management of marine riparian areas must consider a time element.  Like many other 
ecological elements, the processes and functions of marine riparian areas evolve over extended 
time periods, which need to be considered for developing appropriate management actions. For 
example, since plants and plant communities (extent, age since last disturbance, composition) 
are important determinants of riparian functions, managers need to consider the time it takes 
for large trees to grow and plant communities to become established and maintained through 
time.  Similarly, the time it takes to reestablish following a disturbance event (natural or 
anthropogenic) should be incorporated into the management strategy (e.g., for protection, 
enhancement, restoration, recreation).  


 Management of marine riparian areas must consider multiple spatial scales.  Connectivity is an 
important characteristic of riparian areas for maintaining ecological functions. Fragmentation 
and narrowing of buffers can have larger-scale effects. Because shoreline development and 
permitting typically occur on a site-by-site basis, current management does not account for 
cumulative and large-scale impacts. In addition, bluffs may continue to erode over time, sea 
levels will rise and existing buffers will likely become narrower as a result of human or natural 
disturbance, thereby providing reduced functions. This should be a management consideration 
for creating sustainable processes and functions. 


 In addition to ecological functions, riparian areas have important social, cultural, economic, 
and recreational values and these should be important management consideration.   


 Riparian buffers need to be recognized as being important for human safety in addition to their 
ecological importance. A large portion of Puget Sound shorelines is naturally eroding, which 
potentially threatens human infrastructure and safety. The effects of climate change are likely 
to increase erosion rates and threaten existing infrastructure.  


 Sediment (including mass wasting) is important for maintaining beaches in Puget Sound and 
should not be confused with fine “anthropogenic” sediments that could have adverse 
environmental effects. One of the key functions of riparian areas is pollution abatement (e.g., 
trapping fine sediments, treatment of contaminants associated with fine sediments, absorption 
and treatment of water-borne contaminants). Natural sedimentation and transport processes 
should be maintained, at normative rates, while also ensuring that riparian functions are 
protected. 
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 The term “large wood” has not been precisely defined within the nearshore setting. “Small 
wood” (i.e. under 1 m long) has been found to moderate beach temperatures and support richer 
communities of macroinvertebrates. 


 Invasive and nuisance species can have a profound effect on riparian functions .  Many 
invasive and nuisance species are well-adapted to disturbance and once established, may alter 
natural processes and functions, and/or may prevent native species from reestablishing.  


 Marine riparian buffers should not be the sole mechanism by which the marine nearshore 
ecosystems are protected.  


 Resiliency of vegetation in marine riparian areas is a function of patch size. As vegetation 
patches become smaller (thinner) and more isolated by human development, they are more 
likely to experience disturbances that can change structure and function of that plant 
community. Isolated patches of relatively undisturbed vegetation may be more susceptible to 
wind-throw, or invasion of nonnative species, such as English ivy. Further, these patches may 
become isolated to the point where they suffer from a lack of recruitment of new propagules. 
They can also be eliminated altogether as a consequence of bluff retreat. 
 


Research Needs and Data Gaps 


 Link riparian processes and functions to a geomorphic classification for Puget Sound.  A 
geomorphic classification (e.g., Shipman 2008) may be helpful in developing a riparian 
classification scheme and may also be informative for identifying important marine riparian 
functions and processes 


 Determine a standard for describing buffer widths. Some investigators have used site potential 
tree height (SPTH) for determining buffer widths. 


 The influence of groundwater on trees and vegetation in the riparian zone. 


 Relative contribution of litter fall/allochthonous inputs from the riparian zone versus rivers and 
other outside areas. 


 Value of litter fall/allochthonous inputs and relative food web energetic contribution to the 
riparian system. 


 Identification of priority pollutants in the Puget Sound nearshore system. The panelists noted 
the need to understand the role of septic systems as likely primary pollutant sources in marine 
riparian areas; in freshwater systems, septic pollution has been shown to affect fish community 
structure (Moore et al. 2003). 


 Identification of optimal use and obligate species in marine riparian areas  


 Classification of the intensity, frequency, and conditions that could give rise to massive slope 
stability failures in Puget Sound. 


 Vegetation dynamics and the effects on riparian function in areas surrounded by human 
developed lands. 
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 Riparian condition related to volumes/timing and types of terrestrial insects delivered to 
nearshore settings. 


 The geomorphic functions of driftwood along various Puget Sound shoreline types. 
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Appendix A. List of Participants 


Name Affiliation Expertise 


Jim Agee UW Forest Ecology 


Derek 
Booth 


UW, 
Stillwater 
Sciences 


Geohydrology 


Jim 
Brennan 


UW Sea 
Grant 


Marine/Nearshore 
Ecology 


Randy 
Carman* 


WDFW Marine/Nearshore 
Ecology 


John 
Marzluff 


UW Wildlife 


David 
McDonald 


SPU Soils Sciences 


Bob 
Naiman 


UW Riparian Ecology 


Michael 
Pollock 


NMFS Riparian Ecology 


Tim 
Quinn* 


WDFW Wildlife 


Steve 
Ralph 


Stillwater 
Sciences, 
Inc. 


Aquatic Ecology 


Si 
Simenstad 


UW Marine/Nearshore 
Ecology 


Kathy 
Taylor* 


WDOE Marine Ecology 
/Forest Ecology 


Dan NMFS Biology 
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Tonnes 


Steve 
Toth 


Independent 
Consultant 


Geomorphology 


* Member of Aquatic Habitat Group
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Appendix B. Agenda 


TIME TOPIC PRESENTER/ 
FACILITATOR 


8:00-8:20  Welcome, introductions, agenda review Hilary  


8:20-8:45  Background, goals, objectives, 
terminology  


Hilary   


8:45-9:45  Summary of riparian functions and 
applicability to marine shorelines 


Jim 


9:45-10:00  Break  
10:00-Noon Detailed discussion of functions 


Key questions for each function: 


 Does the FEMAT-style buffer curve 
derived from the freshwater science 
for this function “fit” for the marine 
environment?   


 Why or why not?   


 How is the relationship between 
buffer width and this function likely 
to be different in marine compared 
with freshwater systems?   


 What data exists to support each of 
the differences identified in answer 
to question the question above?  


Hilary/Panel 


Noon-1:00  Lunch  
1:00-3:00  Detailed discussion of functions 


Key questions for each function: 
 Does the FEMAT-style buffer curve 


derived from the freshwater science 
for this function “fit” in the marine 
environment?   


 Why or why not?   


Hilary/Panel 
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 How is the relationship between 
buffer width and this function likely 
to be different in marine compared 
with freshwater systems?   


 What data exists to support each of 
the differences identified in answer 
to question the question above?  


3:00-3:15  Break  


3:15-4:45  Controlling factors discussion for 
functions 


 Which controlling factors are most 
important in determining the 
specific relationship between buffer 
width and this function? (e.g., shore 
form, slope, vegetation type, aspect, 
soils) 


 What are the most important data 
gaps and uncertainties associated 
with the relationship between buffer 
width and this function?   


 How certain are we of the 
relationship presented?  


Hilary 


4:45-5:00  Wrap-up, next steps 
 Summarize key 


thoughts/recommendations 


 Summarize next steps 
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Appendix D.  Original FEMAT curves (FEMAT 1993) 


 
 
 


           
 
 
 
 







Sent: Tuesday, January 12, 2016 12:45 PM
To: Key McMurry; 'Bob Burkle'; 'Chris Conklin'; Anne Lefors; tkollasch@willapabay.org; Molly Bogeberg;
 warren cowell; 'Brian Sheldon'; pjm3011@gmail.com; kelly.rupp@leadtoresults.com;
 jimsayce@centurytel.net; 'Anne Lefors'; pjm3011@gmail.com; 'Brian Sheldon'; 'Ken Wiegardt'; Sarah
 Sandstrom; Tess Brandon; 'Dale Beasley'; 'Mike Nordin'; 'Eric DeMontigny'
Cc: 'Tim Crose'; Faith Taylor
Subject: RE: Watershed
 
All,
The  jurisdictions we presented in our comparison were the ones requested by the Planning
 Commission.  Keep in mind, the following question will always be asked: “what is the smallest buffer
 we can use.”  I believe what we conveyed during our presentation was that the buffers we had
 listed for Type F waters and their corresponding potential reduction to 100 feet is the absolute
 minimum standard allowable to support most riparian functions.  This also assumes that the
 reduced buffer is fully functioning.  The County decision makers may certainly decide to go with
 larger buffers, if desired, and we would support it. 
 
Thanks,
 
DAn nICKEL

Principal | Environmental Engineer
(425) 822-5242 x204
 
THE WATERSHED COMPAny

watershedco.com
 

From: Key McMurry [mailto:key@keyenvironmentalsolutions.com] 
Sent: Sunday, January 10, 2016 11:59 PM
To: 'Bob Burkle'; 'Chris Conklin'; Anne Lefors; tkollasch@willapabay.org; Molly Bogeberg; warren cowell;
 'Brian Sheldon'; pjm3011@gmail.com; kelly.rupp@leadtoresults.com; jimsayce@centurytel.net; 'Anne
 Lefors'; pjm3011@gmail.com; 'Brian Sheldon'; 'Ken Wiegardt'; Sarah Sandstrom; Tess Brandon; 'Dale
 Beasley'; Dan Nickel; 'Mike Nordin'; 'Eric DeMontigny'
Cc: 'Tim Crose'; Faith Taylor
Subject: FW: Watershed
 
Hi Everyone
 
Here is another example of Best Available Science.
 
On the table for comparing buffers, I noticed that none of the most restrictive jurisdictions were
 listed. I have already mentioned that we need to be looking into other sources for “Best Available
 Science” like: CMER, Timber Fish and Wildlife, TnC’s experimental forests, work the Tribes have
 done, and DnR’s experimental forests.
 
I don’t want to be disagree with Watershed in front of the public, but I would like to go on the
 record that I disagree with Watershed’s answer that they gave us at the workshop in regards to
 “Best Available Science” and Skagit County. Watershed told us that Skagit County’s report used
 2007 “Best Available Science” and for Pacific County they had used more current “Best Available
 Science”. Watershed then went onto to say that 100’ would cover all of the riparian functions that
 would benefit the streams, so that is why they added 30’ to provide extra protection. I am sorry but

http://www.watershedco.com/
mailto:key@keyenvironmentalsolutions.com
mailto:tkollasch@willapabay.org
mailto:pjm3011@gmail.com
mailto:kelly.rupp@leadtoresults.com
mailto:jimsayce@centurytel.net
mailto:pjm3011@gmail.com


 this is simply not true as far as “Best Available Science” and 100’ being able to cover all the needed
 riparian functions. I have been working around streams and salmon for a long time and BAS on
 stream buffers did not go down from 2007, they got bigger. Why would we would go backwards??
 
The buffers that were suggested coming out of the CAO subcommittee were substantially different
 then what we are now seeing on streams and wetlands, particularly the stream buffers.
 
Thanks Key
 

Key McMurry, Owner
Professional Stream and Wildlife Biologist, PWS
Key Environmental Solutions, LLC.
550 Mill Creek Road
Raymond, Washington 98577
(360) 942-3184 Office
(360) 562-5763 Cell
www.keyenvironmentalsolutions.com
 

Hi Everyone
 
Thank you for the CAO agenda and powerpoint, I look forward to our meeting
 tomorrow.
 
As most of you know, I have raised concerns with some of our Pacific County’s “draft”
 wetland and stream buffers widths, so I asked Molly and Ann to help me look into
 other literature and compare some other counties buffers.
 
Question for Watershed-Why does the Skagit County Wetland Buffers and best
 available science differ significantly than what is being proposed for Pacific County and
 best available science?
http://www.skagitcounty.net/PlanningAndPermit/Documents/CAO/030807/Best
 Available Science Docs/Best Available Science Wetland Fish and Wildlife.pdf
 
Kelly if you could please get these into the DropBox and put them in with the public
 comments, I would greatly appreciate it.
 
Thanks Key
 

http://www.keyenvironmentalsolutions.com/
http://www.skagitcounty.net/PlanningAndPermit/Documents/CAO/030807/Best%20Available%20Science%20Docs/Best%20Available%20Science%20Wetland%20Fish%20and%20Wildlife.pdf
http://www.skagitcounty.net/PlanningAndPermit/Documents/CAO/030807/Best%20Available%20Science%20Docs/Best%20Available%20Science%20Wetland%20Fish%20and%20Wildlife.pdf


Key McMurry, Owner
Professional Stream and Wildlife Biologist, PWS
Key Environmental Solutions, LLC.
550 Mill Creek Road
Raymond, Washington 98577
(360) 942-3184 Office
(360) 562-5763 Cell
www.keyenvironmentalsolutions.com
 
From: Molly Bogeberg [mailto:molly.bogeberg@TNC.ORG] 
Sent: Wednesday, January 06, 2016 3:35 PM
To: Key
Cc: Tom Kollasch
Subject: Stream Buffers: PC CAO
 
Hi Key,
 
I’ve been doing a bit of searching and asking around and I have come up with a
 document that contains a few buffer tables from literature (in case you haven’t seen
 them). The document also includes some unpublished results from a TnC study on
 buffers and the associated literature review. A caution is that the TnC study was
 looking to protect all stream functions. This may be different than the minimum buffer
 widths that PC is looking to implement to prevent complete loss of species/habitat.  
 
…I have also attached a few additional papers suggested by our forest team.
 
 
Also see: FEMAT 1993 Report http://www.blm.gov/or/plans/nwfpnepa/FEMAT-
1993/1993_%20FEMAT_Report.pdf
(see pages V28-V30: suggesting 200 foot buffer to protect water quality)

 
I hope this helps!
 
Best,
Molly
 
 
 
 
Molly Bogeberg
Temporary Marine Projects Manager

http://www.keyenvironmentalsolutions.com/
mailto:molly.bogeberg@TNC.ORG
http://www.blm.gov/or/plans/nwfpnepa/FEMAT-1993/1993_%20FEMAT_Report.pdf
http://www.blm.gov/or/plans/nwfpnepa/FEMAT-1993/1993_%20FEMAT_Report.pdf


The nature Conservancy
(805) 304-8973
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