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1. INTRODUCTION

This review of the best available science (BAS) was compiled to support Burien's Critical Areas
Ordinance (CAO) update. As a requirement of the Washington State Growth Management Act (GMA)
cities and counties must complete periodic updates to their comprehensive plans and development
regulations. Burien’s Comprehensive Plan underwent a full update in 2024. This BAS Review sets the
framework for planned CAO updates in Burien. It serves as the basis for a gap analysis to identify where
updates to current critical area regulations are needed for consistency with BAS.

Under the GMA, Burien must “include the 'best available science’ (BAS) when developing policies and
development regulations to protect the functions and values of critical areas and must give ‘special
consideration’ to conservation or protection measures necessary to preserve or enhance anadromous
fisheries™ (WAC 365-195-900). Regulated critical areas include wetlands, areas with a critical recharging
effect on aquifers used for potable water (i.e., critical aquifer recharge areas), fish and wildlife habitat
conservation areas, frequently flooded areas, and geologically hazardous areas (RCW 36.70A.030).

While this BAS review is a resource for critical area management, it is not intended to provide definitive
answers for all policy and regulatory decisions. Policy and regulations should incorporate BAS but also
necessitate decision-making processes based on societal values. Additionally, ecological systems are
highly complex and the scientific body of knowledge is constantly evolving with the advancement of
new research and technology. Despite these advancements, there are limits to the current state of
science and certain topics may not be fully understood. Where there is scientific uncertainty in the
literature about a particular subject, this review presents a range of potential ideas, theories, or
findings. In accordance with WAC 365-195-920, decision-makers may opt for a precautionary, or no-
risk approach, when scientific information is incomplete.

1.1 Document Organization

The content in this document is structured based upon the five regulated critical areas in Washington
State, generally following the order in which they appear in Chapter 19.40 — Critical Areas of Burien
Municipal Code (BMC):

* Frequently Flooded Areas

* Geologically Hazardous Areas

*  Wetlands

* Fish and Wildlife Habitat Conservation Areas (including streams)
* Critical Aquifer Recharge Areas

T Anadromous fisheries: The commercial, recreational or subsistence harvest of fish that are born in freshwater,
rear at sea, and return to freshwater to spawn. Anadromous fisheries of Washington include salmon (Chinook,
coho, chum, sockeye, and pink), steelhead, bull trout, coastal cutthroat trout, green sturgeon, white sturgeon,
eulachon, longfin smelt, and Pacific lamprey (Rentz et al. 2020).
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Within each critical area section, the following information is provided:

- Existing Conditions: A summary of the known presence of the respective critical area
type within Burien, including supporting figures.

- Functions and Values: A discussion of the functions, values, and/or hazard
characterization of each critical area type, including impacts from urbanization and
special consideration for anadromous fisheries. A general summary of functions and
values is provided in the introductory Section 1.3, Functions and Values.

- Key Protection Strategies: Includes important strategies to protect the respective
critical area such as methods for identification and classification, management
resources, and other standards for protection. Relevant policies from the Sustainability
& Natural Environment element of the Comprehensive Plan (City of Burien 2024b) are
included in this section.

- Climate Change Effects: The effects of climate change on each critical area type are
considered as well as additional policies or strategies to help manage anticipated
climate change impacts. Relevant policies from the Climate Change & Resiliency
element of the Comprehensive Plan (City of Burien 2024a) are included in this section.
A general summary of climate change effects is provided in the introductory Section
1.4, Climate Change.

1.2 Best Available Science

BAS means the current and best available information that follows a valid scientific process as specified
in WAC 365-195-900 through WAC 365-195-925. Characteristics of a valid scientific process include
peer review, standardized methods, logical conclusions and reasonable inferences, quantitative
analysis, proper context, and references. Common sources of scientific information include research,
monitoring, inventory, modeling, assessment, and synthesis (WAC 365-195-905). BAS literature reviews
are a synthesis of the current scientific body of knowledge, and only resources that meet these
requirements are included as reference materials for this BAS.

Burien’s last comprehensive update to its CAO was in 2015. In 2011, The Watershed Company prepared
the report, Burien Comprehensive Plan Update, Best Available Science Review (hereafter 2011 BAS
Review") (The Watershed Company 2011). In 2015, The Watershed Company issued, City of Burien—
Critical Areas Ordinance Update, Addendum to Best Available Science and Gap Analysis Reports (The
Watershed Company 2015). Much of the science foundational to critical areas remains valid since these
previous reports were published. This BAS review does not intend to repeat information that has been
comprehensively addressed elsewhere. Rather, established science or previous study findings are
summarized or referenced where applicable in this document.
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Other Washington State agencies provide comprehensive BAS reviews for specific critical areas
including but not limited to the following documents:

*  Wetlands in Washington State Volume 1: A Synthesis of the Science (Sheldon et al. 2005)

*  Wetlands Guidance for Critical Areas Ordinance Updates, Western and Eastern Washington
(Washington Department of Ecology 2022)

*  Wetland Mitigation in Washington State, Part 1: Agency Policies and Guidance (Washington
Department of Ecology, U.S. Army Corps of Engineers Seattle District, and U.S. Environmental
Protection Agency Region 10 2021)

*  Critical Aquifer Recharge Areas Guidance (Washington Department of Ecology 2021)

*  Riparian Ecosystems, Volume 1: Science Synthesis and Management Implications (Quinn,
Wilhere, and Krueger 2020)

* Riparian Ecosystems, Volume 2: Management Recommendations (Rentz et al. 2020)

This report generally provides a high-level summary of key topics from these resources and others.

1.3 Functions and Values

One key component of this document is the characterization of critical area functions and values. The
concepts of critical area “functions” and “values” are linked but warrant distinction. “Ecosystem
functions” and “ecosystem values” are defined according to WAC 365-196-210(14) and (15),
respectively, as follows:

"Ecosystem functions" are the products, physical and biological conditions, and environmental
qualities of an ecosystem that result from interactions among ecosystem processes and ecosystem
structures. Ecosystem functions include, but are not limited to, sequestered carbon, attenuated peak
streamflows, aquifer water level, reduced pollutant concentrations in surface and ground waters, cool
summer in-stream water temperatures, and fish and wildlife habitats.

"Ecosystem values" are the cultural, social, economic, and ecological benefits attributed to ecosystem
functions.

Functions are beneficial services provided by certain qualities and processes within an ecosystem, while
values are determined by how a service or ecosystem is recognized by people. Values can change while
functions remain constant because factors that affect values are different than those that affect
functions. Values may vary by groups of people, over time, and with landscape context, depending on
the perceived importance and/or scarcity of beneficial services being provided by a critical area
(Sheldon et al. 2005).

Understanding ecosystem values is complex because values are dynamic. Not surprisingly, scientific
literature focuses on ecosystem functions. Although, emerging science is often a response to changing
values. For example, within this document, anadromous fisheries and climate change are considered for
their potential to alter the value of critical area functions, as required by the state laws and regulations
previously noted. Common values of vegetated critical areas in Burien include the economic benefits of
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natural surface water control and pollution abatement; the importance of slope stabilization and urban
heat island effect mitigation for community safety; aesthetic appeal; and the social and cultural benefits
of improved community health, connection, and well-being.

Anadromous Fisheries

Anadromous fisheries are defined as “commercial, recreational or subsistence harvest of fish that are
born in freshwater, rear at sea, and return to freshwater to spawn. Anadromous fisheries of Washington
include salmon (Chinook, coho, chum, sockeye, and pink), steelhead, bull trout, coastal cutthroat trout,
green sturgeon, white sturgeon, eulachon, longfin smelt, and Pacific lamprey” (Rentz et al. 2020). As
previously noted, like climate change, anadromous fisheries are considered with respect to critical area
functions and values. More specifically, anadromous fisheries are recognized as a high-value resource
that is inextricably linked to and influenced by many critical area functions. Communities in
Washington state place a high value on anadromous fisheries because of historical and cultural
significance, economic and recreational benefits, and their vital role in ecosystem processes. At-risk
anadromous fish species and declining populations further increase the importance of protecting
critical area functions that support anadromous fisheries.

1.4 Climate Change

As of July 2023, with passage of Washington House Bill 1181: Climate Change in Local Comprehensive
Planning, the GMA requires jurisdictions to incorporate and evaluate the effects of climate change in
long-range planning. To implement this requirement, the City recently added a Climate Change &
Resiliency element to their Comprehensive Plan (City of Burien 2024a), which builds upon the findings
of the climate vulnerability assessment report (Berk Consulting, Inc, Makers Architecture & Urban
Design, and Perteet 2023). Burien also identifies incorporating best available climate science into
critical area regulations as an action in the Burien Climate Action Plan (City of Burien 2021).

Climate change is anticipated to have a profound influence on natural systems. Addressing anticipated
climate change effects on critical areas allows for decision-makers to incorporate climate resilience into
policy and regulations. This section provides an overview of projected climate change effects in
Washington State, focused on the Puget Sound region, that have the potential to alter the critical area
functions and values in Burien. These observed or predicted effects are referenced and expanded upon
throughout the document.

Increasing air temperatures and more extreme heat
* Long-term warming, a lengthening of the frost-free season, and more frequent nighttime heat
waves have been observed (Mauger et al. 2015).
* Models predict more “hot days” each year (Washington Department of Ecology [Ecology]
2024).
* Global warming of about 1°C has already occurred. Warming may exceed 1.5°C (2.7°F) by 2030
(Snover et al. 2019); and 5.5°F by the 2050s (City of Burien 2021).
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Changes to precipitation patterns

Increases in both the frequency and intensity of heavy rainfall events have been documented in
western Washington (Mauger et al. 2015). Models predict more heavy rainfall events in the
future (Mauger and Won 2019; Ecology 2024).

In the Puget Sound region, models initially showed a trend for a slight decrease in summer
precipitation (Snover et al. 2007; Mauger et al. 2015; 2018). However, the latest projections
suggest that an increase is more likely (Mauger and Won 2019).

An observed and projected decrease in snowpack is anticipated to result in reduced stream
flows later in the year (Ecology 2024).

Increasingly larger and more frequent floods are predicted with less snow and heavier, more
frequent precipitation events (Ecology 2024).

A likely reduction in groundwater availability is anticipated due to changes in precipitation
patterns and intensity and timing of snowmelt combined with increased summer demand from
people and ecosystems (Ecology 2024).

Rising sea levels and changing Puget Sound conditions

Sea levels have risen across Washington'’s coastline and are expected to continue to rise at an
accelerated pace (Ecology 2024).
Projected future sea level rise estimates include:

- Anincrease between 0.2-1.5 feet by 2050 (City of Burien 2021)

- Anincrease between 1.5-2.5 feet for all coastal areas of the state by 2100 (Ecology

2024).

With higher sea levels, coastal flooding and damage from storm surges are predicted to
increase (Mauger et al. 2015).
Washington’s coastal water temperatures have increased by 1.2°F since 1900 and warming is
expected to continue (Ecology 2024).
The acidity of the Puget Sound is increasing (i.e., pH values are decreasing) due to the
absorption of carbon dioxide from the atmosphere into Puget Sound waters (Mauger et al.
2015; Ecology 2024).

Increasing risk of wildfire and smoke

State-wide, hotter, drier summers and snowpack loss are projected to result in conditions that
increase the likelihood of wildfires west of the Cascades (Mauger et al. 2015; Raymond et al.
2022); although the greatest wildfire risk increases occur outside of the Puget Sound region
(Ecology 2024).

King County projects a four-fold increase in annual area burned in Washington's forests by the
2040s (King County, n.d.).

While overall risk from wildfires in Burien may not be as extreme as in other parts of the state,
smoke from wildfires elsewhere often moves into the Puget Sound basin. Projections for future
changes in frequency or intensity of wildfire smoke are not available (Ecology 2024). The
impact of wildfire smoke on natural systems is not fully understood (Voisin et al. 2023).
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Changing environmental conditions for flora, fauna and pathogens

* Climate change effects are anticipated to alter the timing of biological events, species’
geographic distributions, productivity, and resilience of terrestrial ecosystems (Shirk et al. 2021;
Mauger et al. 2015).

* The prevalence and location of certain pests and pathogens will likely shift. Responses are likely
to be species- and host- specific (Mauger et al. 2015).

* Introduced, adaptable species may experience greater opportunity to become established and
spread after disturbance while locally evolved flora and fauna may experience stress from
environmental changes that exceed historic ranges/thresholds. Plant and animal adaptability
and resilience to climate change is variable by species.
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2. FREQUENTLY FLOODED AREAS

2.1 Definition

Frequently flooded areas (FFAs) are defined by Washington State in WAC 365-190-030(8) as follows:

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.

2.2 Existing Conditions

FFAs include, at a minimum, the area with at least one percent chance of flooding per year (also known
as the Special Flood Hazard Area, base flood, and the 100-year floodplain), mapped by the Federal
Emergency Management Agency (FEMA) and the National Flood Insurance Program (NFIP)
(Washington Department of Commerce [Commerce] 2023). FEMA updated their National Flood
Insurance Rate Maps in Burien in 2020.

In Burien, flood hazard areas are located mainly along the Puget Sound shoreline. Other smaller FFAs in
the city include the following, as depicted in (Figure 1):

* Anoblong area in the Chelsea Park Neighborhood, near Linde Hill Park.

* A narrow area along a segment of Miller Creek, just west of State Route 509, in the Five Corners
Neighborhood.

* An area along a segment of Seola Creek in the Shorewood Neighborhood.

Burien is also located adjacent to FFAs located in other jurisdictions. For example, the floodway
associated with the Duwamish River in Tukwila; and 100-year floodplains along the upstream and
downstream portions of Miller Creek in SeaTac and Normandy Park, respectively.
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Figure 1. Frequently flooded areas and critical aquifer recharge areas in Burien.

8 / JUNE 2025

\

p A

[N

FACET



2.3 Hazard Characterization, Functions, and Values

FFAs are regulated to manage potential risks to people and property (Commerce 2023). FFAs are also
part of dynamic and ecologically productive environments that provide habitat for fish and wildlife and
are an important component of watershed processes including flood water storage and conveyance,
nutrient and sediment deposition, and mobilization of large woody debris.

As noted in the 2011 BAS Review, flooding in Burien is most often triggered by heavy rains and
intensified by runoff from impervious surfaces. Along the Puget Sound shoreline, high tides combined
with low-pressure storms can also cause flooding.

Urbanization Impacts

Floodplains have been directly impacted by agriculture, residential development, and urbanization for
centuries because the geographic locations tend to be well-suited for development between flood
events. Floodplains have also been indirectly impacted by similar watershed-scale land use changes.
Increased impervious surfaces and deforestation increase flooding magnitude and frequency (Booth,
Hartley, and Jackson 2002) . Increased flooding magnitude and frequency create greater risk for people
and infrastructure within a floodplain. Approaches to mitigate such risks often worsened downstream
flood impacts and impacted fish and wildlife habitat (e.g., channel straightening and armoring,
construction of dikes and levees, and floodplain fill).

Urban development in floodplains also impacts watershed functions (Alberti et al. 2007). Increased
surface water flows in streams can cause scour and channel downcutting, which has the potential to
disconnect streams from their floodplains, increase erosion, increase landslide risk, and result in
sediment deposition in downstream areas (Bolton and Shellberg 2001). Stream incision can also affect
surface and ground water interactions and may result in lower water table levels (Petralia 2022).

Coastal flooding areas are subject to different issues, and risks are largely a function of high tides with
strong winds and/or extreme weather events and presence of people, property, and infrastructure
within the coastal area prone to flooding. Flooding in coastal areas will worsen as sea levels rise due to
climate change (see discussion in Section 2.5). In general flooding can result in significant economic
costs from damaged homes and infrastructure, business disruption, and loss of life. The human and
societal costs of flooding have increased over time as the population and amount of infrastructure in
floodplains has increased with urbanization and climate change.

Special Consideration for Anadromous Fisheries

FFAs commonly occur along salmon bearing streams and marine shorelines, where the protection of
natural systems and processes like flooding directly benefit fish and wildlife habitat, including habitat
for anadromous fish.

Extreme floods impose both positive and negative effects on stream health, and therefore on
anadromous fish habitat. Potential flood impacts include physical trauma and stress to aquatic
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organisms, displacement or stranding, erosion and sedimentation and the potential for disconnected
floodplain habitat, loss of vegetation, pollution, disruptions to food webs and spawning, and disrupted
migration. As a result, extreme floods have been documented to reduce fish densities (Milner et al.
2013). However, some studies show that fish assemblages are resilient to the effects of floods at a basin
scale and recover quickly (George et al. 2015). Positive effects of flooding on anadromous fish include
the creation of new habitats in the form of side channels and pools, mobilization of large woody debris,
and nutrient redistribution (Peters et al. 2015).

2.4 Key Protection Strategies

Key FFA protection strategies related to CAOs are the focus of this section. However, FFAs are protected
through various regulatory mechanisms separate from CAQ regulations, some of which include:

* Clean Water Act

* Endangered Species Act

» State Environmental Policy Act (SEPA)

* Hydraulic Project Approval (HPA) Permit

* Burien's Shoreline Master Program (SMP) (BMC, Title 20)

* Burien's Surface Water Management Regulations (BMC, Chapter 13.10)

2.4.1 ldentification and Classification

FEMA maintains and updates flood maps, called Flood Insurance Rate Maps (FIRM). FIRMs include any
place considered to have a high risk of flooding—also called the Special Flood Hazard Area and 100-
year floodplain—and moderate flood hazard areas, or the areas between the 100-year floodplain and
the 500-year floodplain. FIRMs identify different types of flood hazard zones commonly referenced in
local regulations. FEMA maps are based on past flood events and do not include sea level rise or other
climate impacts (Commerce 2023). Additionally, the flood elevations, floodplain boundaries, and
floodway delineations for the FEMA Flood Insurance Study and FIRM were developed in 1976 — 1977
and may not accurately reflect building and land development in Burien since then. Flood frequency
analyses may also need to be updated due to changes in land use, particularly stormwater discharge,
and floodplain alterations not documented in FIRMs.

2.4.2 Management Resources and Standards

The National Flood Insurance Program (NFIP), administered by FEMA, publishes basic building
standards that can be implemented to protect both floodplain ecological functions and buildings,
infrastructure, and people from flood risk. Burien participates in the NFIP. These standards are generally
the minimum required, and local jurisdictions may choose to implement higher standards or utilize
local information from City-specific studies? to further reduce risk (Commerce 2023). Ecology

2 The City of Burien has identified an area of chronic flooding in the Boulevard Park neighborhood and is working
on solutions to alleviate the issue. This area could be considered for designation as FFA. More information is
available on the City's website.
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encourages local jurisdictions to consider exceeding minimum FEMA requirements for floodplain
management (Washington Department of Ecology, n.d.) For example, King County assigns a flood
protection elevation that is three feet above the base flood elevation, exceeding minimum standards
(King County 2025).

2.4.3 Implement Supporting Policies

Supporting policies from the Sustainability & Natural Environment element of the Burien 2044
Comprehensive Plan are provided below (City of Burien 2024b).

Policy 8.10-1 Allow flood prone properties outside of the floodway to be developed provided that such
development can meet the standards set forth in the federal flood insurance program.

Policy 8.10-3 Prohibit any development within the floodway, which would reduce the capacity of the
floodway or create risks to property.

The Sustainability & Natural Environment element also notes the need to apply a habitat assessment for
development in the 100-year floodplain, consistent with the 2008 Biological Opinion under Section 7 of
the Endangered Species Act (see Section 5.4.1.1 for more information).

Many of the Sustainability & Natural Environment element policies focus on stormwater management.
Stormwater management standards are important for the protection of all critical areas. However,
stormwater design standards are not usually specified in CAOs. Stormwater retrofits and improvements
to existing conditions significantly benefit natural systems and habitats and described in Section
5.4.2.2 under Fish and Wildlife Habitat Conservation Areas. Given the wide range of benefits that
stormwater management improvements can have on critical areas, promoting, streamlining, or
otherwise incentivizing stormwater improvement projects could be considered within the context of
the CAQ.

2.5 Climate Change Effects

Climate change models predict that the frequency of atmospheric rivers, which contribute to intense
deluges in rainwater and other extreme weather events, will become more frequent and severe
(Mauger and Kennard 2017; Salathe et al. 2014). Greater flood risks to property and public safety are
predicted as a result of the increased precipitation paired with the increased frequency and intensity of
extreme weather events (Washington Department of Ecology [Ecology] 2024). Increased flooding also
increases erosion potential along streams and coastal areas.

Sea level rise will also increase flood risk along the Puget Sound shoreline. In Burien, the sea level is
projected to rise between 0.2 and 1.5 feet by 2050 (City of Burien 2021). Sea level rise may also affect
groundwater levels and presents a risk to groundwater aquifers through saltwater intrusion.
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2.5.1 Strategies to Manage Climate Change Impacts on FFAs

Burien may consider establishing FFAs beyond the 100-year floodplain to account for the increased
flood risk anticipated with climate change. Commerce's Critical Areas Handbook (2023) presents the
following as an optional strategy to help local governments plan for flood risk:

Ecology’s RiskMAP (“risk mapping assessment and planning”) program provides additional maps
that can help local governments plan for flood risk in their communities. It integrates several
regulatory and nonregulatory products for hazard mitigation planning, including FEMA’s National
Flood Hazard Layer, 1000-year floodplain maps, depth grids (expected depth of flooding from a 100-
year event), earthquake layers, landslide inventories, and building footprints for residential and
critical facilities buildings. It also includes project data for RiskMAP assessment projects in certain
counties. Maps of the 1000-year floodplain are included; floods of this magnitude are becoming more
common with climate change and wildfires, and more communities are starting to plan for 500-year
and 1000-year floods (instead of just 100-year floods). Communities may also see areas with urban
flooding due to inadequate storm drainage, or issues with groundwater flooding or high sediment
loads in certain streams causing them to meander into new areas. One of the most popular non
regulatory products developed through RiskMAP is map of the base flood elevation plus one, two and
three feet. Base flood elevation is how high FEMA statistically predicts the water to rise in a 100-year
flood event. This helps local communities understand the inundation in low lying areas. The map also
shows information about buildings from local assessor’s offices, like occupancy, use, value, and
materials. It has a GIS model that was developed by FEMA to estimate damage to structures from a
100-year flood or an earthquake.

Burien's Climate Change & Resiliency chapter of the 2044 Comprehensive Plan (City of Burien 2024a) is
based on the Burien Climate Action Plan (City of Burien 2021) and the Climate Vulnerability Assessment
(Berk Consulting, Inc, Makers Architecture & Urban Design, and Perteet 2023). Policies contained in the
Climate Change & Resiliency element related to FFA resiliency and management are provided below,
followed by recommendations for potential accompanying CAO updates.

Policy 9.6-2 Evaluate risks of future park or trail improvements in coastal flooding areas. Adapt parks
and recreation facilities to reflect the risks of climate change including sea level rise, extreme
precipitation, erosion, and landslides. Implement an adaptation hierarchy with strategies and
interventions to protect, accommodate, or retreat from coastal flood hazard areas that would be
exacerbated with climate change. Where interventions are necessary for protection prefer nature-
based designs.

Policy 9.12-5 Avoid the siting of critical facilities in the sea level rise hazard area.
Policy 9.13-1 Provide green stormwater infrastructure to mimic natural systems.

Policy 9.14-2 Improve roadway stormwater system capacity and condition to accommodate future
storm events. Prioritize areas where storm impacts are highest.
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Policy 9.14-3 Incorporate hydrologic climate impacts into design of water crossing structures
(culverts and bridges).

Policy 9.14-4 Reduce stormwater impacts from projects through low impact development/green
stormwater infrastructure (LID/GSI).

Policy 9.15-1 In areas subject to coastal flooding, increase resilience and reduce risk through:

1) Adaptation of infrastructure to enhance ecological protection and resilience (such as green
seawalls and other green infrastructure)

2) Protection of infrastructure necessary to provide access to primary residential structures.

3) Retreat or relocation of secondary structures.

4) Elevating or setting back new and substantially improved structures to reduce the risk of
damage caused by sea level rise.

5) Removal of unlawfully constructed structures.

6) Restrict development that would require hard-armoring infrastructure, taking into
consideration future climate change factors such as sea-level rise and increase in storm surge
capacity and frequency.

Policy 9.16-2 Identify opportunities for joint planning of road, stormwater, and sewer infrastructure
extension in areas subject to extreme precipitation and local flooding to protect water quality and
infrastructure.

Policy 9.17-1 Increase conveyance and treatment facility capacities to accommodate anticipated
peak rainfall events.

Policy 9.17-3 Update codes and design standards to be resilient by including capacity for anticipated
new rainfall patterns.

Based on these policies, the following CAO updates could be considered:

* Consider designating a sea level rise hazard area as a type of FFA. Prohibit or limit the
allowance of critical facilities in the sea level rise hazard area. Critical facilities may include
emergency services, medical facilities, utility infrastructure, and government buildings.

* Promote projects that provide LID or green stormwater infrastructure.

* Require hydrologic climate change projections into the design of stream crossing structures.

* Streamline permitting on projects in critical areas that increase climate resilience and reduce
risk.
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3. GEOLOGICALLY HAZARDOUS AREAS

3.1 Definitions

Geologically hazardous areas are defined by Washington State as “areas that because of their
susceptibility to erosion, sliding, earthquake, or other geological events, are not suited to the siting of
commercial, residential, or industrial development consistent with public health or safety concerns”
(WAC 365-190-030). The four main types of geologically hazardous areas—defined in the following
subsections—are erosion hazard areas, landslide hazard areas, seismic hazard areas, and areas subject
to other geologic events such as coal mine hazards and volcanic hazards (WAC 365-190-120).

3.1.1 Erosion Hazard Areas
Washington State defines erosion hazard areas according to WAC 365-190-030(5) as follows:

“Erosion hazard areas” are those areas containing soils which, according to the United States
Department of Agriculture Natural Resources Conservation Service Soil Survey Program, may
experience significant erosion. Erosion hazard areas also include coastal erosion-prone areas and
channel migration zones.

Furthermore, according to WAC 365-190-120(5), “erosion hazard areas include areas likely to become
unstable, such as bluffs, steep slopes, and areas with unconsolidated soils.”

3.1.2 Landslide Hazard Areas

Washington State defines landslide hazard areas as “areas at risk of mass movement due to a
combination of geologic, topographic, and hydrologic factors,” under WAC 365-190-030(10).

In addition, according to WAC 365-190-120(6):

They include any areas susceptible to landslide because of any combination of bedrock, soil, slope
(gradient), slope aspect, structure, hydrology, or other factors, and include, at a minimum, the
following:

(a) Areas of historic failures, such as:

(i)  Those areas delineated by the United States Department of Agriculture Natural
Resources Conservation Service as having a significant limitation for building site
development;

(i) Those coastal areas mapped as class u (unstable), uos (unstable old slides), and urs
(unstable recent slides) in the department of ecology Washington coastal atlas; or

(i) Areas designated as quaternary slumps, earthflows, mudflows, lahars, or landslides on
maps published by the United States Geological Survey or Washington department of
natural resources.

(b) Areas with all three of the following characteristics:

(i)  Slopes steeper than 15 percent;
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(i)  Hillsides intersecting geologic contacts with a relatively permeable sediment overlying
a relatively impermeable sediment or bedrock; and
(iif) Springs or groundwater seepage.
(c) Areas that have shown movement during the Holocene epoch (from 10,000 years ago to the
present) or which are underlain or covered by mass wastage debris of this epoch;
(d) Slopes that are parallel or subparallel to planes of weakness (such as bedding planes, joint
systems, and fault planes) in subsurface materials;
(e) Slopes having gradients steeper than 80 percent subject to rockfall during seismic shaking;
(f) Areas potentially unstable as a result of rapid stream incision, stream bank erosion, and
undercutting by wave action, including stream channel migration zones;
(g) Areas that show evidence of, or are at risk from snow avalanches;
(h) Areas located in a canyon or on an active alluvial fan, presently or potentially subject to
inundation by debris flows or catastrophic flooding,; and
(i) Any area with a slope of 40 percent or steeper and with a vertical relief of 10 or more feet
except areas composed of bedrock. A slope is delineated by establishing its toe and top and
measured by averaging the inclination over at least 10 feet of vertical relief.

3.1.3 Seismic Hazard Areas

Washington State defines landslide hazard areas as “areas subject to severe risk of damage as a result
of earthquake induced ground shaking, slope failure, settlement, soil liquefaction, debris flows, lahars,
or tsunamis” under WAC 365-190-030(18). In addition, seismic hazard areas also include areas subject
to severe risk of damage as a result of subsidence and surface faulting (WAC 365-190-120).

3.2 Existing Conditions

The City of Burien, like most of the Puget Sound, has near surface geologic conditions dominated by
glacial soils, as shown in Figure 2. Many of these soils, including glacial till and advance outwash, are
dense due to over consolidation of overriding continental glaciers in the past. These materials are
generally competent for development, except where they are located on steep slopes, particularly
when permeable soils overlay impermeable soils on which perched groundwater can collect, which can
potentially result in landslides. Steep slope areas that may be susceptible to landslides are mapped in
Figure 3. These areas coincide with locations where landslides have historically occurred, as mapped by
the Washington Geologic Information Portal (Washington Department of Natural Resources, n.d.-a)

Looser and sandier soils, such as recessional outwash and alluvium, are frequently present below the
local groundwater table making them vulnerable to landslide hazards, as well as seismic hazards, such
as liquefaction and lateral spreading. Figure 3, , depicts areas mapped as potential seismic hazard
areas. These areas have previously been identified as likely to be susceptible to seismic hazards;
however, sites not located within these areas should also be reviewed to determine if they have
subsurface conditions that could be susceptible to seismic hazards.
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Figure 2. Geologic Map of Burien Area, reproduced from Booth and Waldron (2004).
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Figure 3. Geologically hazardous areas in Burien.
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3.3 Hazard Characterization

The purpose of regulating activities in geologically hazardous areas is to protect the public and
environment from potential risks. Geologic events may occur in hazardous areas that can result in
property damage, injury, and the loss of life. The type of land use and development in these areas
influences the level of risk and may, in some cases, increase the potential for a hazardous event. There is
public interest in regulating these areas because a geologic event occurring on one property can
impact large surrounding areas. It is important to identify where such hazard areas are located to
ensure that activities and development in those areas are managed for safety and stability.

3.3.1 Erosion Hazard Areas

Erosion hazard areas present risks to infrastructure, the environment, and public safety. For example,
erosion may undermine the foundation of buildings or other structures, and increase the risk of
landslides which threaten property and human life. There is also a direct link between erosion and
impacts to other aquatic critical areas including streams, ponds, and wetlands (Dubois et al. 2018).

The stability of erosion hazard areas are influenced by the vegetation composition, structures, land
cover (e.g., forested, managed lawn, impervious surfaces, etc.), drainage patterns, and slope of the
ground. Vegetation reduces erosion through rainwater interception and by anchoring soils within root
networks (Booth, Hartley, and Jackson 2002; Naiman and Decamps 1997). In cleared areas that are on
slopes, rainfall tends to concentrate in small channels, and sediment can be mobilized as the water
gains depth, volume, and increased flow. Small channels or rills can eventually develop into gullies in
these types of exposed soils.

Erosion and landslides are natural processes that contribute sediment, rocks, and large woody debris to
streams and other waterbodies. The introduction of periodic pulses or chronic turbidity and suspended
solids associated with erosion has been demonstrated to harm certain types of aquatic life, particularly
salmonids (Bash, Berman, and Bolton 2001). This can occur from activities such as clearing vegetation,
site work that exposes soils during periods of wet weather, and the creation of new impervious surfaces,
which can introduce sediments and pollutants into natural waterways (Booth 1991).

A reduction in stormwater infiltration due to the creation of impervious surfaces generates more rapid
runoff from land into streams and rivers. This results in an increase in peak flow volume, which in turn
produces higher energy and increases the potential for streambank erosion (Booth 1990; 1991; Nelson
and Booth 2002). With reduced stormwater infiltration, there is also an increased potential and risk that
pollutants and contaminants will impair streams.

When development encroaches on geologically hazardous areas, it also increases the probability that
protective measures to prevent geologic movement, such as armoring or retaining walls, will be
needed to protect property. This impacts the ecosystem by interrupting natural geologic processes.
Further, when structures are placed in areas susceptible to erosion, or land use actions cause formerly
stable areas to begin eroding, the risk of erosion increases for surrounding land uses as well.
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3.3.2 Landslide Hazard Areas

Landslides are difficult to predict because sediment composition, topography, previous development,
and hydrology all influence risk of failure. Steeper slopes are more prone to failure due to increased
gravitational stresses (Shipman 2004). Certain land use modifications and development activities have
the potential to increase the likelihood of landslides, such as vegetation removal, cutting into the toe of
a slope, adding fill at the top of a slope, presence of pipelines that break or leak, or creation of new
impervious surfaces that concentrate stormwater flow at the top of a slope. In his study in the City of
Seattle, Tubbs (1974) reported that much as 80 percent of slope failures were influenced in some way
by human activity. This would indicate that steep slope areas or areas prone to landslides would not
necessarily be more stable once they have been altered by human activity. However, there is precedent
for permitting alterations on man-made slopes that meet certain requirements, as provided in the City
of Seattle Environmentally Critical Areas Exemptions (2022). The exemption guidance allows for
alternations on steep slopes that have been legally created by grading and were not steep slopes prior
to that legal grading, or where the steep slope is less than 20 feet in height and is located at least

30 feet from other steep slope areas (City of Seattle 2022).

Methods for limiting the effects of human activity include limiting clearing or reestablishing plants near
steep slopes or other landslide prone areas. In addition to anchoring sediments, the process of
evapotranspiration by plants transforms groundwater into atmospheric vapor and intercepts rainwater
(Schmidt et al. 2001; Watson and Burnett 2017). The anchoring and hydrologic functions of vegetation
lower the risk of slope failure and shallow-rapid landslides (Schmidt et al. 2001).

Alluvial fans are triangle shaped deposits of sediment which occur when mountainous areas approach
topographically flatter areas. They are included in the concept of landslide hazard areas although they
also share characteristics of flood hazard areas due to the associated risks including debris flows, flash
floods, mudflows, and outburst floods. These types of flows are extremely dangerous even at small
levels because of the destructive nature of swiftly moving large debris and floodwaters. The risk of flash
floods and debris flows increases following wildfires due to changing hydrologic characteristics in
landscapes with bare soils and lacking vegetation (WALERT 2023).

3.3.3 Seismic Hazard Areas

The Puget Sound area is known to be seismically active, as evidenced by recent significant seismic
events including the 1949 Olympia (magnitude 7.2), the 1965 Seattle (magnitude 6.5), and the

2001 Nisqually (magnitude 6.8) Earthquakes. The seismic hazard in the area comes from three main
sources: (1) Cascade Subduction Zone (interplate), (2) Benioff Zone (intraslab), and (3) shallow crustal
earthquakes.

Cascade Subduction Zone earthquakes occur locally when the interface bond between the North
American Tectonic Plate and the subducting Juan de Fuca Plate ruptures. In contrast to similar geologic
regimes having subducting plates, such as Alaska or Chile, no earthquakes have been recorded in the
Pacific Northwest from thrust fault deformation between plates. However, seismologists believe that
the Cascade Subduction Zone has created great interplate earthquakes (Magnitude > 8) in the past,
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and is likely to produce earthquakes with magnitudes up to 9. Significant ground accelerations would
occur across the Puget Sound, including within the City of Burien, in the event of a large subduction
zone earthquake; however, the long distance to the rupture area would reduce the intensity of shaking.
Notwithstanding, the duration of the shaking could last several minutes.

Benioff Zone or intraslab events occur due to tensional rupture within the subducting Juan de Fuca
Plate at depths of approximately 28 to 38 miles. This is the source of the largest historical local
earthquakes - 1949 Olympia, 1965 Seattle, and 2001 Nisqually. This source has the potential for events
with magnitudes of approximately 7.5.

The City of Burien is located south of the faults in the Seattle Fault Zone and north of the Tacoma Fault.
No faults are mapped by the United Stated Geological Survey (USGS) as crossing within the city limits
of the City of Burien.

While no faults are shown to cross through the City of Burien, other geologic hazards associated with
the large earthquakes include seismic induced settlement, slope instability, inundation from tsunamis,
liquefaction and lateral spreading. Seismic induced settlement can occur as loose, unsaturated,
granular soils consolidate to become denser as a result of ground shaking. Loose, saturated soils can
also experience settlement; however, in this case, the soil temporarily loses its strength in a
phenomenon known as soil liquefaction. Liquefaction can also result in slope instability following an
earthquake. Slope instability due to liquefaction can occur as either lateral spreading, which typically
consists of a block of non-liquefied soil displacing laterally on top of a layer of liquefied soil, or flow
sliding, in which the slope soils experience a chaotic flow that can displace tens of feet laterally. Both
lateral spreading and flow sliding can cause significant damage to structures and other improvements,
and these effects must be accounted for in design.

Lastly, there is potential for sites near the Puget Sound to experience inundation from tsunamis that
form due to seismic shaking. Tsunamis occur due to large displacements of subsurface material below
bodies of water and result in large waves that could impact coastal properties.

In addition to intense ground shaking caused by faults, as described above, seismic event could also
produce secondary hazards, such as landslides, liquefaction, and tsunamis in the Puget Sound, which
would further threaten the lives, property, and critical infrastructure of the community.

3.4 Key Protection Strategies

Key protection strategies related to CAOs are the focus of this section. However, geologically
hazardous areas are protected through various regulatory mechanisms. Some mechanisms that are
separate from CAO regulations that protect geologically hazardous areas include compliance with the
following (as amended):

* Burien’s Surface Water Management Regulations (BMC, Chapter 13.10)
* Burien’s Buildings and Construction Regulations (BMC, Title 15)
* Burien's Shoreline Management Program (BMC, Title 20)
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3.4.1 ldentification and Classification

The Washington Geologic Information Portal? is a useful resource for identifying and designating
geologically hazardous areas (Department of Commerce 2023), as are previous city-specific studies at
the city-wide scale. Any proposed development in a geologic hazard area or its buffer should be
evaluated on a site-specific basis by a licensed geotechnical engineer or engineering geologist to
properly assess potential for geologic hazard effects on a particular site (Rupke, Huisman, and Kruse
2007). Methods used in site studies should adhere to best professional standards and include
subsurface exploration and testing of soils at an appropriate frequency across the site as necessary.

3.4.2 Management Resources and Standards

The primary goal of protection measures for geologic hazards is to protect people and property. Risk
management occurs during project planning, permitting, and development. Risks can be minimized by
limiting the occupancy and development in geologically hazardous areas. This risk of development in
geologically hazardous areas is evaluated with classification systems to inform site development
restrictions and requirements. One method to manage risk is the protection of buffers around
geologically hazardous areas. For development in erosion hazard or landslide hazard area, design and
construction standards are necessary to prevent the development from reducing slope stability and
ensuring that development is resilient to potential hazards.

Although the general protective approach is to avoid disturbing geologic hazard areas,
WAC 365-190-120(2) states “some geological hazards can be mitigated by engineering, design, or
modified construction or mining practices so that risks to health and safety are acceptable.”

Additional protection strategies were identified by the SR-530 Landslide Commission following the Oso
landslide that occurred in March 2014, located 60 miles north of Seattle. Recommendations from the
commission include integrating and funding Washington’s emergency management system,
supporting a statewide landslide hazard and risk mapping program, establishing a geologic hazards
resilience institute, conducting landslide investigations, and advancing public awareness of geologic
hazards (SR530 Landslide Commission 2014). To improve landslide hazard and risk mapping,
collaboration among agencies and landowners is recommended along with risk prioritization,
utilization of lidar mapping, and GIS database tools.

Per the SR-530 Landslide Commission’s 2014 findings, updates to critical area regulations are
recommended to better identify and regulate land uses in geologic hazard areas. The SR-530 Landslide
Commission’s report (2014) recommends identifying “critical area buffer widths based on site specific
geotechnical studies” as an "innovative development regulation,” that counties and cities should adopt.

Seismic hazards can be managed by applying earthquake-resistant building standards to at-risk areas.
The Washington State Building Code (WAC 51-50) offers guidance from the 2021 International Building

3 https://geologyportal.dnr.wa.gov/
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Code and the 2021 International Existing Building Code with amendments specific to Washington,
including several directly related to seismic standards.

3.4.3 Implement Supporting Policies

Supporting policies from the Sustainability & Natural Environment element of the Burien 2044
Comprehensive Plan are provided below (City of Burien 2024b).

Policy 8.3-1 As slope increases, development intensity, site coverage, and vegetation removal should
decrease and thereby minimize the potential for drainage problems, soil erosion, siltation, and
landslides. Slopes of 40 percent or greater should be retained with relatively intact native vegetation,
free of structures and other land surface modifications.

1. Single family homes and detached single-family garages on existing legally established lots are
exempted from this restriction, provided that:
a. The application of this restriction would deny any appropriate use of this property;
b. There is no other appropriate economic use with less impact;
c. The proposed development does not pose a threat to public health, safety, or welfare
on or off the development site;
d. Any alterations permitted to the critical area shall be the minimum necessary to allow
for economic use of the property;
e. An analysis of soils, footings and foundations, and drainage is to be prepared by
qualified professionals, certifying that the proposed activity is safe and will not adversely
affect the steep slope hazard area or buffer;
f. There are adequate plans, as determined by the City, for stormwater and vegetation
management.

2. Short plats or other divisions of an existing legal lot shall only be approved if all resulting lots
are buildable under this restriction.

3. It is the applicant's responsibility to show that these provisions are met through a mechanism,
such as, or similar to, the SEPA process.

Policy 8.3-2 Prohibit development on areas prone to erosion and landslide hazards. Further, the City
should restrict development on potentially unstable land to ensure public safety and conformity with
existing natural constraints, unless the risks and adverse impacts associated with such development

can be appropriately mitigated.

Policy 8.3-3 Require development proposals to include non-structural measures to stabilize soils,
hillsides, bluffs, and ravine sidewalls and to promote wildlife habitat by retaining or restoring native
vegetation.

Policy 8.3-4 Design land uses on steep slopes to prevent property damage and environmental
degradation, and to enhance open space and wildlife habitat.
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Policy 8.3-5 Where there is a high probability of erosion, ensure grading is kept to a minimum and
disturbed vegetation is restored as soon as feasible. In all cases, require appropriate site design and
construction measures to control erosion and sedimentation.

Policy 8.3-6 Encourage voluntary enhancement in steep slope and landslide hazard areas where
feasible.

Many of the Sustainability & Natural Environment element policies focus on stormwater management.
Stormwater management standards are important for the protection of all critical areas. However,
stormwater design standards are not usually specified in CAOs. Stormwater retrofits and improvements
to existing conditions significantly benefit natural systems and habitats and described in Section
5.4.2.2 under Fish and Wildlife Habitat Conservation Areas. Given the wide range of benefits that
stormwater management improvements can have on critical areas, promoting, streamlining, or
otherwise incentivizing stormwater improvement projects could be considered within the context of
the CAO

3.5 Climate Change Effects

Geologically hazardous areas, particularly erosion hazard areas, and landslide hazard areas, are
influenced by climate change. Climate change models predict warmer temperatures and increased
intensity and frequency in extreme precipitation events (Mauger et al. 2018; Mauger, Morgan, and Won
2021). Increased magnitude and frequency of rain events can lead to over-saturated soils and
contribute to slope instability in hazard areas. Consequentially, geologic hazard risks are anticipated to
increase because rainfall intensity and duration are known indicators of landslide events (Chleborad
2006; DNR 2020). Additionally, the severity and frequency of wildfire is expected to increase,
heightening susceptibility to erosion and landslide hazards (Mauger et al. 2015).

The changing climate is also anticipated to affect the vegetation community composition and native
plant mortality due to shifts in plant hardiness zones and species ranges (Lenoir and Svenning 2015).
Existing species assemblages, canopy types, and root systems may be disrupted and displaced by
invasive species. Although plant provenance is not the only indicator of a plant’s capability to stabilize
slopes, opportunistic invasive plants often have shallow root systems and short lifespans that are less
effective at anchoring soils than native counterparts. Himalayan blackberry, for example, is a
widespread invasive plant likely to displace lost plants and has shallow root system and can cause soil
erosion by preventing the establishment of native counterparts (Gaire et al. 2015). High levels of plant
diversity also generally improve soil stability by combining multiple forms of root architecture
(Ghestem et al. 2014).
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3.5.1 Strategies to Manage Climate Change Impacts on
Geologically Hazardous Areas

Additional strategies that may be useful in managing geologically hazardous areas within the context
of climate change include:

* Encourage or require climate-informed design for development and infrastructure in or near
geologic hazard areas (DNR 2020).

* Require appropriate surface and ground water management practices for development near
erosion hazard areas.

* Encourage utilization of soft shore protection strategies when supported by a site-specific
assessment (not appropriate in all cases).

* |dentify and prioritize geologic hazards within the City, then update mapping as needed using
current practices such as LIiDAR and GIS database tools.

* Keep in communication with the governor’s office to ensure the City of Burien is included in
statewide collaborative efforts to manage geologic hazard areas.

* Manage vegetation for climate resilience and slope stability.
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4. WETLANDS

4.1 Definition

Washington State defines wetlands in WAC 365-190-030(24) as follows:

“Wetland"” or "wetlands” means areas that are inundated or saturated by surface water or
groundwater 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, 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. However, wetlands may include those artificial wetlands intentionally created from
nonwetland areas to mitigate conversion of wetlands, if permitted by the county or city.

4.2 Existing Conditions

Wetlands are recognized as high-functioning ecosystems that provide a wide range of ecosystem
functions and values. However, wetlands were historically drained or filled to accommodate
agriculture, infrastructure and development. This is true in Burien and in many cities in the Puget Sound
region. Burien maintains a GIS database of known wetland features based on site-specific studies.
Additionally, the U.S. Fish and Wildlife Service maps wetlands in their National Wetlands Inventory
(NWI) online database at the landscape scale using aerial imagery and other data sources (U.S. Fish and
Wildlife Service, n.d.-c). Both city-mapped and NWI wetlands are shown in Figure 2.

Relatively large and prominent freshwater wetland features in Burien include the Walker Creek wetland
complex, lake-fringe wetland areas along Lake Burien, Arbor Lake, and wetlands associated with Miller
Creek near the eastern city boundary and Seahurst Park to the west. These features are briefly
described below. Other wetlands—both mapped and unmapped features—are known or expected to
be present within city limits. Wetlands can be located in small depressions, along slopes or breaks in
slopes, and associated with streams. As indicated by NWI, estuarine and marine wetlands are also likely
along the Puget Sound shoreline.

Walker Creek Wetlands

The Walker Creek wetland complex is an approximately 21-acre area between Des Moines Memorial
Drive S and SR-509, north of S 176t Street. This wetland complex is the headwaters to Walker Creek.
Walker Creek originates in this wetland and flows generally west, parallel to Miller Creek, to the Puget
Sound.

Lake Burien
Lake Burien has a lake surface area of approximately 44 acres and is a shoreline of the state. It is located
west of downtown and surrounded by privately owned property dominated by single-family
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residences. There are numerous lake-fringe wetlands along the perimeter of Lake Burien. However, the
condition and continuity of these wetlands are impacted by residential development. As with most
lakes in the region, shoreline armoring, grading, and vegetation removal have likely led to a significant
decline in the abundance and quality of these areas.

Arbor Lake

Arbor Lake, located within Arbor Lake Park at 12380 2"d Avenue S, in the Beverly Park neighborhood, is
the headwater to West Fork Miller Creek. Arbor Lake is a depressional wetland, approximately 7-8 acres
in size. It contains open water, aquatic vegetation, and forested/shrub areas along the perimeter. The
eastern portion of the Arbor Lake wetland area is privately owned and contains residential land uses.
The Washington Geologic Information Portal indicates Arbor Lake or the vicinity may have contained
historical peat deposits (Washington Department of Natural Resources, n.d.-a). Peat soils are common
in headwater wetlands.

Miller Creek Wetlands
Downstream of Arbor Lake, along West Fork Miller Creek, several small wetland features are located
along the stream channel between SR-509 and S 144t Street.

East Fork Miller Creek originates west of Burien in Tub Lake, in SeaTac. Miller Creek then flows south,
just east of Burien city limits, through a series of wetland features, before flowing west back and back
into Burien for a short segment

Seahurst Park Wetlands

According to Burien’s Critical Area Map data, at least one relatively large wetland is located on the
western slopes of the City, in Seahurst Park. Other wetland areas may be present along these forested
slopes, supported by groundwater seeps or streams.
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Figure 4. Wetlands and streams in Burien.
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4.3 Functions and Values

The literature has established that wetlands provide numerous ecological functions with associated
cultural and social values and economic benefits. The 2011 BAS details the wetland functions that are
briefly noted below. Wetland functions vary for a given wetland based on multiple factors, including
wetland landform or hydrogeomorphic class, landscape setting, vegetation structure, hydroperiods,
and presence or absence of priority habitats and species, among others.

Wetlands are highly productive ecosystems. They provide functions through physical, chemical and
biological processes that can be grouped into the following categories (Hruby and Yahnke 2023):

* Improving water quality
- Intercepting and detaining surface water runoff
- Filtering sediment and pollutants
- Uptake of nutrients including phosphorous and nitrogen
* Maintaining the water regime in a watershed (i.e., hydrologic functions)
- Desynchronizing surface water flows and reducing flooding
- Recharging groundwater/aquifers
- Maintaining base stream flows in the dry season
* Providing wildlife habitat
- Seasonal/permanent inundation or saturation
- Varying complexity of vegetative structure and diversity
- Nesting and foraging habitat and migration corridors
- Microclimate, refuge from heat

Burien contains headwater wetlands (Walker Creek wetlands and Arbor Lake). Headwater wetlands play
an important role in desynchronizing flood flows. Furthermore, headwater wetlands commonly include
soils that contain high organic content (like peat and muck), which function to remove a wide range of
pollutants (Hruby and Yahnke 2023). Therefore, headwater wetlands play an important role in
influencing associated stream water quality and quantity. These features are also located within CARAs.
Given their relative locations high in the watershed, they likely provide important groundwater
recharge functions.

Urbanization Impacts

Urbanization impacts wetlands and associated habitat corridors both directly, through fill, and
indirectly, through degradation and fragmentation. General urban impacts are discussed in Section
5.3.2.1 below.

Special Consideration for Anadromous Fisheries

Wetlands provide important functions that also benefit anadromous fish in the vicinity of Burien.
Wetlands improve water quality for downstream water resources where anadromous fish live. They
attenuate flood flows during wet periods and supply water to streams during drought. Wetlands
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located immediately adjacent to salmon bearing waters have the potential to provide direct habitat
benefits. In general, wetlands have high value when considered within the context of anadromous fish.

4.4 Key Protection Strategies

Key wetland protection strategies related to CAOs are the focus of this section. However, wetlands are
protected through various laws and regulatory mechanisms, separate from local CAO regulations,
including the following:

* Clean Water Act

* State Water Pollution Control Act

» State Environmental Policy Act (SEPA)

* Burien's Surface Water Management Regulations (BMC, Chapter 13.10)

4.41 ldentification and Classification

While national and local online databases are useful planning tools, site-level planning and
development require wetland evaluation by a qualified professional. Wetlands are identified and
delineated based upon an assessment of vegetation, soil, and hydrology indicators. The nationwide
standard for wetland delineations is the U.S. Army Corps of Engineers (Corps) Wetlands Delineation
Manual (Environmental Laboratory 1987). In Burien, the Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Western Mountains, Valleys, and Coast Region Version 2.0 also applies
(U.S. Army Corps of Engineers 2010). Wetlands are much more abundant than shown in inventory
databases and may change over time. Many jurisdictions require wetland (and ordinary high water
mark) delineation studies to be reviewed and updated, if necessary, after five years.

Wetlands are classified using a state-wide wetland rating system that has been periodically updated
using BAS; published by the Washington Department of Ecology (Ecology). The Washington State
Wetland Rating System for Western Washington: 2014 Update (Version 2) (Hruby and Yahnke 2023)
applies in Burien and is the regional standard. This rating system is a rapid assessment tool that
evaluates wetland functions in the categories of water quality, hydrology, and habitat, among a
framework of three dimensions including site potential, landscape potential, and societal value. Using
this system, wetlands are classified into one of four categories. This wetland classification system was
designed to help agencies make decisions about protecting and managing wetlands. The rating system
is also used to establish appropriate buffer distances from wetland categories based on the
preservation of functions and values.

4.4.2 Management Resources and Standards

4.4.2.1 Wetland Buffers

Wetland buffers are the primary mechanism for protecting wetlands in Washington. Buffers provide
similar ecological functions as wetlands, primarily related to water quality improvement and wildlife
habitat functions (Sheldon et al. 2005). Buffers are effective in reducing impacts from adjacent land

BAS REVIEW / BURIEN CAO UPDATE / 29



uses on wetlands, although effectiveness can vary based on physical characteristics (e.g., buffer slope,
soils, vegetation, and width) (Sheldon et al. 2005, Hruby 2013).

Ecology's Wetland Guidance for Critical Areas Ordinance (CAQO) Updates (2022) is a tool for local
jurisdictions updating the CAOs. It addresses a variety of topics typically covered under local wetland
regulations. In this guidance document, Ecology recommends three wetland buffer approach options
that local jurisdictions can consider when updating their CAOs. The buffer options are based on a
moderate-risk approach to protecting wetland functions (Ecology 2022). The three buffer options,
summarized below, assume that wetland buffer is well vegetated with native species. See Appendix A of
this report for further details.

* Option 1. Buffer width is based on wetland category and habitat score, if minimization
measures are applied, and a habitat corridor is provided. If a habitat corridor is not provided or
minimization measures are not implemented, then buffer width requirements will increase.
Modified buffers should be no less than 75 percent of the otherwise required buffer. Option 1
provides the most flexibility.

* Option 2. Buffer width is based on wetland category and modified by the intensity of the
impacts from the proposed land use. Option 2 decreases regulatory flexibility and eliminates
buffer averaging and reduction provisions through the application of corridors and
minimization measures.

* Option 3. Buffer width is based on wetland category only. Option 3 is the least flexible, but the
simplest to administer.

Ecology’s guidance also provides recommendations for when it may be appropriate to exclude
functionally disconnected buffers from regulated buffer areas.

4.4.2.2 Wetland Mitigation

Mitigation Sequencing

Mitigation sequencing is the structured process of avoiding, minimizing, and mitigating impacts to a
particular resource. It can be applied to many critical area types and their associated buffers or setbacks
and is implemented to prevent the net loss of critical area functions and values. This process is included
in the Wetland Guidance for CAO Updates (Ecology 2022). It includes the following, to be applied in this
order (WAC 197-11-768):

* Avoiding the impact altogether by not taking a certain action or parts of an action;

* 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;

* Rectifying the impact by repairing, rehabilitating, or restoring the affected environment;

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

* Compensating for the impact by replacing, enhancing, or providing substitute resources or
environments; and/or
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* Monitoring the impact and taking appropriate corrective measures.

Compensatory Mitigation

When wetland impacts are unavoidable, mitigation is required to ensure no net loss of wetland
functions. Wetland Mitigation in Washington State, Part —Agency Policies and Guidance (hereafter
“Interagency Mitigation Guidance”) (Washington Department of Ecology, U.S. Army Corps of Engineers
Seattle District, and U.S. Environmental Protection Agency Region 10 2021), is considered BAS for
wetland mitigation, and it is incorporated into the Wetland Guidance for CAO Updates publication
(Ecology 2022). A number of factors should be considered when developing a compensatory
mitigation plan including but not limited to programmatic vs permittee-responsible mitigation
approaches, concurrent vs advanced mitigation timing, mitigation method (e.g., restoration, creation,
enhancement), mitigation site location, and mitigation site area. Other considerations like
compensation site buffer widths, invasive species, beavers, and climate change are also covered in the
Interagency Mitigation Guidance.

State and federal agencies have determined an order of mitigation preference for compensatory
mitigation according to the 2008 Federal Mitigation Rule (33 CFR Part 332.3[b] and 40 CFR Part
230.93[b]). This establishes the following hierarchy:

1. Mitigation bank credits

2. In-lieu fee (ILF) program credits

3. Permittee-responsible mitigation (PRM) under a watershed approach
4. PRM that is on site and in kind

5. PRM that is off site and/or out of kind

Ecology's recommendations for mitigation ratios for projects in western Washington depend on the
wetland category and type of mitigation action (Granger et al. 2005). Mitigation ratios for direct
wetland impacts are increased to account for temporal losses (Ecology 2022). Current mitigation ratios
recommended by Ecology are provided in Appendix B of this report. When applying advanced
mitigation, the Ecology-recommended ratios account for the wetland category and proposed
mitigation actions (Ecology, USACE, and EPA 2021).

There is risk associated with compensatory mitigation, which is why mitigation sequencing and using
the strategies discussed in Interagency Mitigation Guidance are important. Studies in 2002 and 2008
found that most wetland mitigation does not fully replace impacted functions and falls short of the
goal of no net loss (Johnson et al. 2002; ESA and Ross & Associates Environmental Consulting, Ltd
2008). In a status and trends report, continued loss of wetland area in coastal U.S. regions was
documented from 2004 to 2009 (Dahl and Stedman 2013). Actions that Ecology recommends to
improve mitigation success rates include requiring mitigation sequencing, developing and
implementing a variety of compensatory mitigation tools, thorough review of mitigation plans, and
monitoring to ensure establishment (Washington Department of Ecology, U.S. Army Corps of Engineers
Seattle District, and U.S. Environmental Protection Agency Region 10 2021). Furthermore, in
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Compensating for Wetland Losses Under the Clean Water Act (National Research Council 2001), the
following factors are identified as reducing the risk of mitigation failure: detailed functional assessment,
high success standards, detailed mitigation plans, larger bonds with up-to-date market values, high
replacement ratios, and greater expertise.

Monitoring and Maintenance

Compensatory mitigation sites typically require performance standard monitoring for a 3- to 10-year
period, to ensure that they provide the functions which were planned. Most local governments in the
Puget Sound region require a minimum of five years of maintenance and monitoring. There are few
studies of long-term compliance with performance standards, and one assessment found a reduction
in site compliance 8 to 20 years following installation (Van den Bosch and Matthews 2017).

4.4.3 Implement Supporting Policies

Supporting policies from the Sustainability & Natural Environment element of the Comprehensive Plan
are provided below (City of Burien 2024b). Policies that are already covered under Key Protection
Strategies have not been repeated (e.g., application of critical area buffers).

Policy 8.6-1 Protect the wetlands with an objective of no overall net-loss of functions and values.

Policy 8.6-2 Ensure all wetland functions are considered in evaluating wetland mitigation proposals,
including fish and wildlife habitat, flood storage, water quality, recreation, educational opportunities,
and aesthetics.

Policy 8.6-3 Protect wetlands by maximizing infiltration opportunities and promoting the
conservation or restoration of forest cover and native vegetation.

Policy 8.6-4 Ensure mitigation for any adverse impacts on wetlands is provided in the same basin
within which the impacts occur.

As noted under the FFA section, many of the Sustainability & Natural Environment element policies
focus on stormwater management. Stormwater management standards are important for the
protection of all critical areas. However, stormwater design standards are not usually specified in CAOs.
Stormwater retrofits and improvements to existing conditions significantly benefit natural systems and
habitats and described in Section 5.4.2.2 under Fish and Wildlife Habitat Conservation Areas. Given
the wide range of benefits that stormwater management improvements can have on critical areas,
promoting, streamlining, or otherwise incentivizing stormwater improvement projects could be
considered within the context of the CAOQ.

4.5 Climate Change Effects

Climate change is predicted to significantly impact wetland ecosystems by altering hydrology, reducing
biodiversity, disrupting carbon storage, modifying floral and faunal community composition, and
increasing rates of disease (Aukema et al. 2017; Burkett and Kusler 2000). Anticipated hydrologic
changes that impact wetlands include sea level rise and associated shifts in salinity (Burkett and Kusler
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2000), increased ponding during wet seasons, and decreased water levels during dry seasons (Halabisky
2017; Mauger et al. 2015). Changes to wetland hydrology could result in loss of wetland areas and shifts
in plant communities. Changes to seasonal wetland hydrologic cycles can reduce the ability of wetland
soil bacteria and plants to retain, process, and sequester pollutants (U.S. Environmental Protection
Agency 2015). Although wetlands are dynamic by nature, their ability to adapt to change is limited.
Wetlands that are most vulnerable or likely to experience the greatest changes from the effects of
global warming are those in coastal areas and those where surface water and stormwater are main
sources of hydrology.

Wetlands provide functions that assist in the mediation of climate change impacts. Wetlands are
important carbon sinks (Washington Department of Ecology 2022). Wetlands help offset climate
change through carbon storage by limiting the decomposition of organic carbon and sequestering
greenhouse gas emissions (Gallagher, Zhang, and Chuan 2022). Wetlands and wetland buffers, like
riparian corridors, support a shaded and cool microclimate that provides refuge for wildlife from higher
temperatures as well as wildlife corridors at a local or landscape scale (National Association of Wetland
Managers 2015). Wetlands attenuate flood waters, which are anticipated to increase in frequency and
intensity with climate change.

While climate change is predicted to impact wetland systems, wetlands will also play a role in
mitigating the extent and anticipated effects of climate change. The potential outcome of climate
change impacts on wetlands is two-pronged: loss of wetland area may result in release of stored
carbon; and loss of wetland area or impacts to wetland conditions may reduce or impair the functions
that wetlands can provide. These “positive feedback” mechanisms can incrementally intensify climate
change by releasing stored carbon into the atmosphere and magnify its adverse impacts on
communities by reducing wetland areas and impairing their functions. Consequently, the value of
wetland functions can be perceived as very high when considered in the context of climate change.

4.5.1 Strategies to Manage Climate Change Impacts on Wetlands

Policies contained in the Climate Change & Resiliency element related to wetland resiliency and
management are copied below, followed by recommendations for potential accompanying CAO
updates.

Policy 9.13-2 Increase the amount and resilience of trees and plants. Promote proper selection and
planting of trees for drought tolerance.

Policy 9.17-2 Increase restoration requirements or incentives for wetlands, habitats, and urban forests.

Policy 9.17-3 Update codes and design standards to be resilient by including capacity for anticipated
new rainfall patterns.
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Based on these policies, the following CAO updates could be considered:

Require incorporation of climate change considerations in wetland mitigation design including
but not limited to future hydrologic patterns and native plant selection for resilience.

5. FISH AND WILDLIFE HABITAT CONSERVATION
AREAS

5.1

Definition

Washington State defines fish and wildlife habitat conservation areas (FWHCAs) in WAC 365-190-
030(6) as follows:

(a)

(b)

(c)

“Fish and wildlife habitat conservation areas” are areas that serve a critical role in sustaining
needed habitats and species for the functional integrity of the ecosystem, and which, if altered,
may reduce the likelihood that the species will persist over the long term. These areas may
include, but are not limited to, rare or vulnerable ecological systems, communities, and habitat or
habitat elements including seasonal ranges, breeding habitat, winter range, and movement
corridors; and areas with high relative population density or species richness. Counties and cities
may also designate locally important habitats and species.

"Habitats of local importance" designated as fish and wildlife habitat conservation areas include
those areas found to be locally important by counties and cities.

"Fish and wildlife habitat conservation areas" does not include such artificial features or
constructs as irrigation delivery systems, irrigation infrastructure, irrigation canals, or drainage
ditches that lie within the boundaries of, and are maintained by, a port district or an irrigation
district or company.

The following FWHCAs must be considered for classification and designation (WAC 365-190-130):

(a)
(b)
(©
(d)
(e)

()
9)
(h)

Areas where endangered, threatened, and sensitive species have a primary association;
Habitats and species of local importance, as determined locally;

Commercial and recreational shellfish areas;

Kelp and eelgrass beds; herring, smelt, and other forage fish spawning areas;

Naturally occurring ponds under 20 acres and their submerged aquatic beds that provide fish or
wildlife habitat;

Waters of the state;

Lakes, ponds, streams, and rivers planted with game fish by a governmental or tribal entity; and
State natural area preserves, natural resource conservation areas, and state wildlife areas.
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5.2 Existing Conditions

FWHCAs cover a broad range of species and habitats and there are various state and federally
maintained databases online which map many of these areas. In Burien, key FWHCAs discussed in this
section include habitats associated with state and federally listed species, waters of the state (primarily
streams), and Washington Department of Fish and Wildlife (WDFW) Priority Habitats and Species (PHS).
No waterbodies in the city are stocked with game fish by a governmental or tribal entity; and there are
no state natural area preserves, natural resource conservation areas, or state wildlife areas in Burien.

5.2.1 Species and Habitats

5.2.1.1 State and Federally Listed Species and Associated Habitat

The 2011 BAS Review reported that the state and federally listed species known to occur in Burien were
chum salmon (Oncorhynchus keta) and Bald Eagle (Hailaeetus laucocephalus). While these species
continue to use habitat in the city, they are no longer state or federally listed in this region. Some chum
salmon populations remain federally listed; and the species is considered a WDFW Priority Species (see
Section 5.2.3). Bald Eagles have been delisted but remain protected under the Bald and Golden Eagle
Protection Act.

In Burien, state and federally listed species are present in aquatic habitats. Accessible streams in Burien
(primarily Miller and Walker Creeks) are considered Essential Fish Habitat (EFH) for listed species, as
summarized in Table 1 below. Salmon Creek also provides fish habitat for non-listed species. Stream
systems are discussed further in the next section (see Section 5.2.2). The Puget Sound marine habitat,
west of Burien, is mapped as critical habitat for several listed species, including Chinook salmon and
killer whale (Table 1). The Puget Sound shoreline in Burien also provides shellfish habitat, eelgrass beds,
and smelt and sand lance spawning areas, all areas that must be considered for classification and
designation as FWHCA.

5.2.1.2 Priority Habitats and Species

Many jurisdictions incorporate WDFW's PHS List as habitats and species of local importance into their
FWHCAs regulations, by reference. WDFW manages the PHS List, mapping (PHS on the Web*), and
accompanying management recommendations. In Burien, Biodiversity Areas and Corridors are present
along the western forested ravines, including the areas around Salmon Creek, Seahurst Park, Miller
Creek and Walker Creek (Figure 4).

WDFW's PHS List and associated mapping are regularly updated. For example, the 2011 BAS noted the
presence of a Great Blue Heron breeding area near Seahurst Park, which is no longer mapped by
WDFW. Suitable nesting habitat for Great Blue Herons still presumably exists along the forested ravines
near the shoreline.

4 https://geodataservices.wdfw.wa.gov/hp/phs/
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Table 1.  Summary of ESA-listed species in Burien aquatic habitats.
Miller Creek—Essential Fish Habitat (EFH)?

Chinook salmon (Oncorhynchus tshawytscha), Puget Sound ESU—Federal Threatened,

fall run documented

Steelhead trout (Oncorhynchus mykiss),
winter run modeled (gradient accessible)

Walker Creek—EFH!

Chinook salmon,
fall run modeled (gradient accessible)

Steelhead trout,
winter run modeled (gradient accessible)

Puget Sound—Critical Habitat? 3
Chinook salmon, Puget Sound ESU

Killer whale (Orcinus orca),
Southern Resident DPS

Yelloweye rockfish (Sebastes ruberrimus),
Puget Sound-Georgia Basin DPS

Bocaccio (Sebastes paucispinis),
Puget Sound-Georgia Basin DPS

Bull trout (Salvenlinus confluenctus)

Source Notes:

Puget Sound DPS—Federal Threatened,
State Candidate

Puget Sound ESU—Federal Threatened

Puget Sound DPS—Federal Threatened,
State Candidate

Federal Threatened

Federal Endangered,
State Endangered

Federal Threatened

Federal Endangered

Federal Threatened,
State Candidate

1. SWIFD Map Viewer (Northwest Indian Fisheries Commission, n.d.)
2. West Coast Region Species and Habitat App (NOAA Fisheries, n.d.)

3. Critical Habitat for Threatened & Endangered Species (U.S. Fish and Wildlife Service, n.d.-a)
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Figure 5. WDFW-mapped priority habitats and species in Burien.
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5.2.2 Waters of the State—Streams and Riparian Areas

Waters of the state include lakes, rivers, ponds, streams, inland waters, underground waters, salt waters,
wetlands and all other surface waters and watercourses (RWC 90.48.020, WAC 173-201A-020). Wetlands
are designated as a separate critical area and addressed elsewhere in this document. Small ponds and
lakes are commonly classified as depressional wetlands (if under 20 acres) or may contain lake-fringe
wetlands. The ponds and lakes in Burien are generally covered under the Wetlands section. The Puget
Sound is mapped as critical habitat for listed species, as previously discussed. This section focuses on
streams and riparian areas in Burien.

A stream is generally defined as naturally occurring flowing water, with periodic or continuous flow,
sufficient to create a channel. This definition includes natural waterbodies that are conveyed in artificial
channels, but generally does not include artificial irrigation channels (WAC 173-22-030(8)). Riparian
areas are the vegetated margins of a waterbody. The City of Burien contains portions of Salmon Creek,
Miller Creek, Walker Creek, and a few smaller tributaries along slopes near the Puget Sound (Figure 2).

Salmon Creek

Salmon Creek in a perennial stream with Hicks Lake reportedly serving as the headwaters according to
the 2011 BAS Review. The following is an excerpt from the Stormwater Management Action Plan (Otak
2023) regarding aquatic habitat in Salmon Creek and its tributaries:

According to the WDFW's SWIFD data, coho salmon and cutthroat trout are potentially present in
Salmon Creek. The main stem of Salmon Creek is identified on the Burien critical areas map as a
Type F stream, defined as a perennial stream containing fish habitat; therefore, a buffer with a width
of 100 feet must be maintained along the stream (BMC 19.40.340). While Salmon Creek is identified
as a Type F stream, it is inaccessible to anadromous salmonids due to multiple fish passage barriers
on the main stem. The first, near the mouth of the stream, is described as a dam but it is likely a
portion of an existing shoreline bulkhead. The second barrier is a 0.0 percent passable culvert
beneath Shorewood Drive SW. The final barrier is a 0.0 percent passable culvert in the ravine.

According to the City, in the past, Salmon Creek supported cutthroat trout and coho, chum,
steelhead, and Chinook salmon. Salmon migration was blocked when a rock was placed at the
mouth of the stream in the 1940s. Today, the Shorewood Drive culvert blocks migration due to its
steep grade, high water velocity, and shallow depth. Despite the blockage, cutthroat trout and sculpin
are currently believed to reside in Salmon Creek. Juvenile coho salmon are also released annually by
Trout Unlimited.

Miller Creek
Miller Creek is a perennial, fish-bearing stream that originates in Arbor Lake. Stream flows are
influenced by both stormwater and groundwater (Otak 2023). The following is an excerpt from the
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Stormwater Management Action Plan by Otak (2023) regarding aquatic habitat in Miller Creek and its
tributaries:

Fish that have been identified in the Puget Sound region at the mouth of the stream include rainbow
trout, cutthroat, Dolly Varden, eastern brook trout, whitefish, largemouth bass, perch, crappie, and
catfish. WDFW and various tribal governments supplement the natural stocks in order to maintain
river runs for most of these species.

West Fork Miller Creek and Downtown Tributary, while also identified as Type F streams, are
inaccessible to anadromous salmonids because of multiple fish passage barriers downstream on the
mainstem.

Similarly, Lake Burien Creek is identified as a Type F stream, but has a complete fish passage barrier
at SW 158th Street that precludes the upstream migration of anadromous salmonids.

In Miller and Walker Creek “annual spawning returns of one to two thousand chum, coho, steelhead,
and cutthroat are estimated to have occurred before the effects of urbanization, an approximate ten-
fold difference over recent returns” (City of Burien et al., 2006). SWIFD confirms the presence of these
fish in Miller Creek. The returning salmon population in Miller Creek has decreased in the last
decade. In 2011, the Miller and Walker Creeks Stewardship group observed 420 salmon in Miller
Creek and in 2021 only 32 salmon were observed (Kemp, 2021). In 2020, other species observed in
Miller Creek included sculpin, sunfish, and cutthroat trout (Gregersen, 2020).

Walker Creek

Walker Creek is located adjacent to Miller Creek and shares some similar characteristics. Walker Creek is
also a perennial stream with fish habitat, influenced by stormwater runoff and groundwater. A large
wetland complex in the southeast corner of the City is the headwaters to Walker Creek. As noted in the
2011 BAS Review, urban activities have impacted this stream:

The headwater area is highly urbanized, and a culvert beneath Highway 509 likely acts as a fish
passage barrier. The channel in this area also does not contain suitable fish habitat. Downstream of
the headwater wetland, the creek runs through and along suburban development and roads, and
through numerous undersized culverts. Where riparian vegetation exists in this reach, it is primarily
young deciduous plants and often ornamental species and lawn. Homeowners have altered the
channel in places. Substrate is sand and silt with occasional gravel and large woody debris is scarce.
Lower reaches have somewhat better riparian habitat, but urban encroachment is also evident in the
form of lawns, landscaping, and invasive plants. The lowest reaches, nearest Puget Sound, also
exhibit a great deal of channel disturbance and alteration, with little natural riparian vegetation and
high sedimentation (King County and Washington State Conservation Commission 2000).

Additionally, the following is an excerpt from the Stormwater Management Action Plan (Otak 2023)
regarding aquatic habitat in Walker Creek and its tributaries:

Fish that have been identified in the Puget Sound region at the mouth of the stream include rainbow
trout, cutthroat trout, Dolly Varden, eastern brook trout, whitefish, largemouth bass, perch, crappie,
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and catfish. WDFW and various tribal governments supplement the natural stocks in order to
maintain river runs for most of these species.

In Miller and Walker Creek “annual spawning returns of one to two thousand chum, coho, steelhead,
and cutthroat are estimated to have occurred before the effects of urbanization, an approximate ten-
fold difference over recent returns” (City of Burien et al., 2006). SWIFD confirms the presence of these
fish in Walker Creek in addition to coastal cutthroat trout. The returning salmon population in
Walker Creek has decreased in the last decade. In 2011, the Miller/Walker Creeks Stewardship group
observed 507 salmon in Walker Creek, and in 2021 only 41 salmon were observed (Kemp, 2021).

Other Systems

Other smaller, generally non-salmonid stream systems are present along the western forest slopes and
within the designated PHS Biodiversity Areas and Corridors along the Puget Sound shoreline. The
Seahurst Park area includes two streams with several tributaries with a relatively intact corridor of
native forest in ravines. Seola Creek is present at the north end of the city’s shoreline. A small corridor in
private ownership extends from the shoreline eastward toward Lake Burien but does not connect to the
lake. The corridor appears to be mostly vegetated but interrupted by roads and residential land uses.

5.3 Functions and Values

FWHCA functions include the biological, chemical, and physical habitat conditions and processes that
affect wildlife. Since wildlife may include all species, from the largest megafauna to microorganisms,
these functions encompass a complex web of interacting ecological processes. At the highest level,
FWHCAs function to provide wildlife with suitable habitat. They also provide communities with sources
of food and materials for consumptive and productive uses. Additionally, they are valued for a range of
non-consumptive cultural, social, and economic benefits (Chardonnet et al. 2002).

5.3.1 Species and Habitats

In addition to contributing to high-level ecosystem functions, species listed as threatened or
endangered or otherwise identified as a conservation priority have increased value because of threats
to species or populations. For some species, like anadromous fish, their role with respect to ecosystem
functions and cultural significance is so important that population or species losses would have
cascading effects. Salmon are a keystone species. They are part of a complex food web and play an
important role in the transfer of nutrients from marine ecosystems to freshwater and terrestrial areas.

Special Consideration for Anadromous Fisheries

One key purpose of designating FWHCAs as critical areas is to protect important habitat necessary for
threatened and endangered species including salmon. FWHCAs, specifically those including streams
and riparian areas, are critical for functioning salmon habitat and special consideration for anadromous
fish is inherent in the designation of this critical area type.

A

FACET

40 / JUNE 2025



5.3.2 Streams and Riparian Areas

Streams, lakes, ponds, and their associated riparian areas provide particularly important habitat for a
diverse array of wildlife species. They also provide various landscape and ecosystem functions.
Commonly recognized functions and processes that influence the habitat conditions within aquatic
FWHCA types are outlined below.

Water Quality

Fish and other wildlife like amphibians require cool, clean water to meet their life history needs.

- Riparian vegetation influences stream temperatures and microclimate conditions such
as air temperature, wind, light, and moisture. Factors affecting water temperature and
microclimate include shade, orientation, relative humidity, ambient air temperature,
wind, channel dimensions, groundwater, hyporheic exchange, and overhead cover
(Quinn, Wilhere, and Krueger 2020).

- Salmonids have been studied frequently due to their cultural and economic
importance, relative sensitivity to high temperatures, and narrow thermal tolerance
(Quinn, Wilhere, and Krueger 2020). Amphibians also have narrow thermal tolerances,
and they are particularly sensitive to changes in microclimate conditions (Bury 2008).

Hydrologic

Streams, lakes, and ponds may have complex and extensive connections to other surface
waters and groundwater resources in a watershed.

- Hydrologic forces move material downstream.
Fish and wildlife are adapted to, and in some instances reliant upon, the natural variability in
seasonal and flood flows within a system.
Riparian vegetation reduces the quantity of surface water runoff through rainwater capture
and evapotranspiration (Wynn and Mostaghimi 2006).
Floodplains, wetlands, and sinuous stream channels attenuate flood flows, which protects
downstream areas from flooding.

Physical Habitat Characteristics

Riparian microclimate affects many ecological processes and functions, including plant growth,
decomposition, nutrient cycling, succession, productivity, migration and dispersal of flying
insects, soil microbe activity, and fish and amphibian habitat (Brosofske et al. 1997).
Large woody debris (LWD) plays a significant role in the geomorphic formation of stream
channels and in the creation of diverse channel habitat morphologies (Quinn, Wilhere, and
Krueger 2020).
Streams migrate naturally which often results in complex natural geomorphology, floodplains,
and heterogeneous ecosystems.

- Bank stability is influenced by factors such as bank material, hydraulic forces, and

vegetation (Ott 2000).
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Beaver dams incorporate both small and large wood, and serve to slow water, retain sediment,
and create pools and off-channel ponds used by rearing coho salmon and cutthroat trout
(Pollock et al. 2004; Naiman, Johnston, and Kelley 1988).

5.3.2.1 Urbanization Impacts

Urbanization affects natural surface waters and riparian areas (and associated fish and wildlife) in
significant and numerous ways. This section outlines the mechanisms by which urbanization impacts
the key functions and processes previously described.

Changing Landcover and Impervious Surfaces

Removal of riparian vegetation impacts water quality by increasing stream temperatures
(Beschta et al. 1987; Murray et al. 2000, Moore et al. 2005, Gomi et al. 2006).

Widespread removal of forested areas in a watershed is likely to create unstable channels
(Booth, Hartley, and Jackson 2002). Increased erosion and bank instability coupled with a
reduction of forest cover simplify stream morphology, leading to incised, wider, and straighter
stream channels (Konrad and Booth 2005).

Impervious surfaces impact hydrologic functions.

- Impervious surface is positively correlated with high flow volumes, daily streamflow
variability and negatively correlated with groundwater recharge rates and summer low
flow volumes (Burges, Wigmosta, and Meena 1998; Cuo et al. 2009; Jones 2000; Konrad
and Booth 2005).

- Flows become more synchronized and become more variable and volatile (Sheldon et
al. 2005).

- Less dynamic stream morphology is linked to accelerated water transport and reduced
temporary instream flood storage capacity (Kaufmann and Faustini 2012).

- Hydrological functions are also altered through soil compaction, draining, and ditching
across a landscape (Moore and Wondzell 2005; Booth, Hartley, and Jackson 2002).

Habitat Removal, Degradation, and Fragmentation

Habitat loss, degradation, and fragmentation have profound impacts on wildlife and their
ecosystems (Gaston 2010; Wiegand, Revilla, and Moloney 2005; Young et al. 2016).

- Habitat loss and fragmentation reduce biodiversity (MacArthur and Wilson 1967).
Anthropogenic inputs and disturbance from high-intensity land uses (e.g., noise, light, physical
intrusions by people and pets, pollution, garbage, etc.) degrade retained habitats in urban
settings.

Fragmentation from roads, fences, buildings, and various land uses restrict interpatch
movements and migrations in urban landscapes (Wiegand, Revilla, and Moloney 2005).
Urban areas tend to contribute a disproportionate amount of sediment and contaminants to
receiving waters (Soranno et al. 1996). Heavy metals, bacterial pathogens, as well as PCBs,
hydrocarbons, and endocrine-disrupting chemicals are aquatic contaminants that are
commonly associated with urban and agricultural land uses.
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5.4

- Some contaminants have significant effects on aquatic organisms. For example, coho
salmon pre-spawn mortality is caused by a breakdown product of tire wear, 6PPD-
quinone (Tian et al. 2021). Coho pre-spawn mortality is also positively correlated with
the relative proportion of roads, impervious surfaces, and commercial land cover within
a basin (Feist et al. 2011).

- Fine sediment adversely affects stream habitat (Jensen et al. 2009; Galbraith et al. 2006;
Knutson et al. 2004).

Cumulative impacts of direct and indirect habitat alterations, including hydrologic changes,
compromised water quality, and habitat fragmentation tend to reduce the habitat functions
and values of wetlands and riparian areas (Azous and Horner 2010; Sheldon et al. 2005).

Key Protection Strategies

Key FWHCA protection strategies related to CAOs are the focus of this section. However, FWHCAs are
protected through various laws and regulatory mechanisms, separate from local CAO regulations,
including the following:

5.4.1

Endangered Species Act

Magnuson-Stevens Fishery Conservation and Management Act
Migratory Bird Treaty Act

Bald and Golden Eagle Protection Act

Clean Water Act

State Water Pollution Control Act

Hydraulic Project Approval (HPA) Permit

Water Rights Regulations (WAC 173-152)

State Environmental Policy Act (SEPA)

Burien's Surface Water Management Regulations (BMC, Chapter 13.10)

ldentification and Classification

Online resources are available that can be used to aid in determining the likely presence or absence of
the various types of FWHCAs. Several important online mapping tools are listed below; however, this
list is not exhaustive. Not all FWHCAs are mapped, and anything identified online should be verified in
the field by a qualified biologist.

SWIFD Map Viewer (Northwest Indian Fisheries Commission, n.d.)

West Coast Region Species and Habitat App (NOAA Fisheries, n.d.)

Critical Habitat for Threatened & Endangered Species (U.S. Fish and Wildlife Service, n.d.-a)
Information for Planning and Consultation (U.S. Fish and Wildlife Service, n.d.-b)

PHS on the Web (Washington Department of Fish and Wildlife, n.d.)

Washington Natural Heritage Program Data Explorer (Washington Department of Natural
Resources, n.d.-b)
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5.4.1.1 Species and Habitats

Listed species are designated by state and federal agencies, which periodically monitor and manage
the listing status. Burien may choose to designate and maintain their own species of local importance,
although most jurisdictions adopt the WDFW-managed Priority Habitats and Species list by reference.

5.4.1.2 Streams and Riparian Areas

The ordinary high-water mark (OHWM) is typically used to determine the edge of surface waters for
jurisdictional purposes. However, for tidal waters, the Corps uses the high tide line to determine
jurisdiction, while Ecology uses the OHWM if present or the line of mean higher high tide if the OHWM
cannot be found. The definition of OHWM is slightly different between the Corps and Ecology, but the
meaning is essentially the same. The OHWM should be determined in the field by a qualified biologist
using an appropriate manual:

* National Ordinary High Water Mark Field Delineation Manual for Rivers and Streams (David et
al. 2025)

*  Determining the Ordinary High Water Mark for Shoreline Management Act Compliance in
Washington State (Anderson et al. 2016)

* A Guide to Ordinary High Water Mark (OHWM) Delineation for Non-perennial Streams in the
Western Mountains, Valleys, and Coast Region of the United States (Mersel and Lichvar 2014).

DNR classifies streams and other water bodies using a the “water typing system” based on various
characteristics, fish use, and functions of a natural water feature (WAC 222-16-030), summarized in
Table 2. Characteristics common to water typing systems are flow volume, fish use and accessibility,
seasonality, and presence of salmonids. Many local jurisdictions have previously incorporated use of
this water typing system in their CAOs for applying buffer widths to streams. However, the latest
riparian management zone guidance from WDFW does not use the water typing system but instead
treats all streams equally and differentiates protection based on soil type and associated dominant tree
species (Rentz et al. 2020). This new riparian management zone guidance is discussed further in
Section 5.4.2.2.

Table 2. Water type classifications using DNR'’s water typing system.

Type S= Streams and waterbodies that are designated “shorelines of the state” as

Shoreline defined in RCW 90.58.030.

Type F= Streams and waterbodies that are known to be used by fish, or meet the

Fish physical criteria to be potentially used by fish. Fish streams may or may not
have flowing water all year; they may be perennial or seasonal.

Type Np= Streams that have flow year round and may have spatially intermittent dry

Non-Fish reaches downstream of perennial flow. Type Np streams do not meet the

physical criteria of a Type F stream. This also includes streams that have
been proven not to contain fish using methods described in Forest
Practices Board Manual Section 13.
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Type Ns= Streams that do not have surface flow during at least some portion of the
Non-Fish Seasonal year, and do not meet the physical criteria of a Type F stream.

5.4.2 Management Resources and Standards

5.4.2.1 Species and Habitats

Agencies which designate species and habitats as conservation priorities (e.g., state and federally listed
threatened and endangered; WDFW Priority Habitats and Species) typically publish management
recommendations. Use of management recommendations and/or direct consultation with state or
federal agencies are standards that local jurisdictions use as part of FWHCA protections.

FEMA Floodplain Habitat Assessments

In 2008, the National Marine Fisheries Service (NMFS) issued a Biological Opinion under Section 7 of
the Endangered Species Act, which found that the implementation of the NFIP in the Puget Sound
region jeopardized the continued existence of federally threatened salmonids and federally
endangered Southern Resident killer whales. As a result, NMFS established Reasonable and Prudent
Alternatives to ensure that development within the 100-year floodplain, floodway, Channel Migration
Zone (CMZ), and riparian buffer zone do not adversely affect water quality, flood volumes, flood
velocities, spawning substrate, or floodplain refugia for listed salmonids. Because the NFIP is
implemented by FEMA through participation by local jurisdictions that adopt and enforce floodplain
management ordinances, FEMA has delegated responsibility to the local jurisdictions to ensure that
development does not adversely affect listed species. Projects within FEMA-designated floodplains are
required to prepare habitat assessments to ascertain their potential effects on species listed under the
Endangered Species Act. In particular, floodplain storage volumes may not be decreased nor base flood
level elevations increased.

5.4.2.2 Streams and Riparian Areas

Buffers based on Water Typing

Historically, most local jurisdictions in Washington state have managed stream and riparian habitats
using fixed- or standard-width stream buffers. Using this approach, buffer widths have typically been
determined based upon stream type characteristics and site-specific factors. This protection
mechanism arose in the forestry industry after stream habitats were impacted during the industrial
forestry expansion in the mid-20th century (Richardson, Naiman, and Bisson 2012). The benefit of the
fixed-width buffer is that it is relatively simple to establish, implement, and administer. If fixed-width
buffers are implemented, buffers should be sufficiently wide to ensure they are effective under a range
of variable conditions. The latest BAS and state guidance recommends a conceptual shift from the
fixed-width buffer approach regarding the way that streams and riparian areas are protected, as
described in the next section.
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Riparian Management Zones

In 2020, WDFW developed BAS guidance for the protection of riparian areas (Rentz et al. 2020; Quinn,
Wilhere, and Krueger 2020). The guidance emphasizes a shift in terminology and framework from the
concept of “stream buffers” to “riparian management zones” (RMZs). The RMZ is the area next to rivers
and streams that has the potential to provide full riparian functions. It is established from the edge of a
channel migration zone or OHWM (where a channel migration zone is not present). WDFW
recommends that riparian ecosystems, or RMZs, are designated as a fish and wildlife habitat
conservation area itself to protect its fundamental value, rather than as a buffer for rivers and streams
(Rentz et al. 2020).

WDFW's current recommendations for establishing RMZ widths are based primarily on a site potential
tree height (SPTH) framework, where the width of the RMZ would be equivalent to one 200-year SPTH.
The SPTH framework is based on a 1993 model developed by the Forest Ecosystem Management
Assessment Team (FEMAT) to understand how riparian functions change with distance from a stream
channel. This model, or relationship, is known as the FEMAT curves and it demonstrates that most
riparian ecosystem functions occur within one 200-year SPTH (Figure 6).

100
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Figure 6. FEMAT curves figure, reproduced from Rentz et al. (2020).
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The SPTH is defined as “...the average maximum height of the tallest dominant> trees (200 years or
more) for a given site class.” To apply their methodology, WDFW has developed a web-based mapping
tool for use in determining SPTH based on the 200-year site index (Rentz et al. 2020). In Burien (and
other urban areas), the web-based mapping tool relies upon imputed, or estimated, SPTH values
because of limited soil survey and forest productivity data. In Burien, Douglas-fir (202-ft SPTH) and red
alder (103-ft SPTH) are commonly identified using the web tool. When more than one tree species is
associated with a soil polygon or with the imputed data for urban areas, WDFW recommends using the
largest SPTH value.

WDFW recommends assigning an RMZ width of 100 feet at a minimum to provide adequate
biofiltration and infiltration of runoff for water quality protection from most pollutants, but also in
consideration of other habitat-related factors including shade and wood recruitment. A 100-foot-wide
buffer is estimated to achieve 95 percent pollution removal and approximately 85 percent surface
nitrogen (Rentz et al. 2020).

Establishing fully functional RMZs in urban areas is often infeasible because of the extent of existing
development within riparian areas. In these circumstances, WDFW recommends effective watershed
management, preservation, and protection, resulting in nearly full restoration of riparian ecosystem
habitat functions as is feasible within existing constraints. WDFW provides management
recommendations to local governments regarding ten common development activities in riparian
areas. WDFW recommends that where development may impact a RMZ or stream/riparian functions,
mitigation sequencing should be applied, and unavoidable impacts should be described and mitigated
in a project-specific riparian Habitat Management Plan (Rentz et al. 2020).

Redevelopment and Stormwater Management

To achieve improved water quality in the City’s streams, lakes, and ponds, riparian buffer areas should
be utilized effectively to provide both biofiltration of stormwater runoff and protection from adjacent
land uses. Both goals can be achieved by providing dense, well-rooted vegetated buffer areas.

Biofiltration swales, created wetlands, and infiltration opportunities for specific stormwater runoff
discharges can be utilized to intercept runoff before it reaches stream channels. Stormwater runoff that
is conveyed through stream buffers in pipes or ditch-like channels and discharged directly to stream
channels “short circuits” or bypasses buffer areas. To maintain buffer functions, including water quality
treatment via biofiltration, discharges should be dispersed in outer buffer areas. In areas where
stormwater flows untreated through riparian buffer areas, the buffer is underutilized and is prevented
from providing the intended or potential biofiltration function.

WDFW management recommendations for urban riparian ecosystems include delineate stream
ordinary high water marks and associated riparian management zones, document current conditions
and target degraded riparian areas for restoration, maintain or improve functions through regulations

> Dominant trees are those which extend above the normal level of the forest canopy.
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and voluntary measures, prioritize opportunities to maintain and restore in-stream and riparian
connectivity, manage stormwater following latest Ecology manual, and require stormwater retrofit for
redevelopment projects (Rentz et al. 2020).

5.4.3 Implement Supporting Policies

Supporting policies from the Sustainability & Natural Environment element of the Comprehensive Plan
are provided below (City of Burien 2024b)..

Policy 8.2-2 Maintain or restore stream banks and stream channels to their natural condition
wherever such conditions or opportunities exist.

Policy 8.2-3 Manage or clear Himalayan blackberry, English ivy, and other weeds in vegetation
understory.

Policy 8.2-5 Consider the impacts of new development on water quality as part of its environmental
review process and require, where appropriate, low impact design, and any other mitigation
measures.

Policy 8.2-7 Consider the impacts of new development on the quality of land, wildlife, and vegetative
resources as part of its environmental review process and require any appropriate mitigating
measures. Such mitigation may involve the retention of significant habitats.

Policy 8.2-8 Identify existing and potential wildlife habitat corridors and work to enhance their
ecological function and connectivity to other habitat areas.

Policy 8.4-6 Coordinate with adjacent jurisdictions and state, federal, and tribal governments during
land use review to identify and protect habitat networks that are adjacent to jurisdictional
boundaries.

Policy 8.4-7 Ensure that habitat networks throughout Burien are designated and mapped. The
network should be of sufficient width to protect habitat and dispersal zones for small mammals,
amphibians, reptiles, and birds. These networks should be protected through incentives, regulations,
and other appropriate mechanisms. Site planning should be coordinated during development review
to ensure that connections are made or maintained amongst segments of the network.

Policy 8.4-12 Whenever possible, replace culverts with bridges wide enough to permit movement of
terrestrial wildlife species to restore habitat connectivity.

As noted previously, many of the Sustainability & Natural Environment element policies focus on
stormwater management. Stormwater management standards are important for the protection of all
critical areas. However, stormwater design standards are not usually specified in CAOs. Stormwater
retrofits and improvements to existing conditions significantly benefit natural systems and habitats as
described in the previous section. Given the wide range of benefits that stormwater management
improvements can have on critical areas, promoting, streamlining, or otherwise incentivizing
stormwater improvement projects could be considered within the context of the CAOQ.
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5.5 Climate Change Effects

Climate change presents increased risks to FWHCAs. Climate change is anticipated to result in habitat
loss and modification through temperature changes, sea level rise, ocean acidification, extreme
weather events, changes in precipitation, pest infestations, food web disruptions, and disease
(Nagelkerken et al. 2023). The range of effects on fish and wildlife depend on species specific
interactions and may include range shifts, phenological shifts, changes to morphology and behavior,
biodiversity loss, and extinction (Sattar et al. 2021). The cumulative impact of these factors on wildlife is
anticipated to result in loss of biodiversity and increases to extinction rates (Sattar et al. 2021).

Heat stress and reduced water availability during the growing season may stress trees and plants and
favor opportunistic and adaptable weeds (Burien Climate Vulnerability Assessment 2023).

Urban forests and natural systems are considered both climate change adaptation and mitigation
strategies (Berk Consulting, Inc, Makers Architecture & Urban Design, and Perteet 2023).

5.5.1 Strategies to Manage Climate Change Impacts on FWHCAs

Policies contained in the Climate Change & Resiliency element related to FWHCA resiliency and
management are copied below, followed by recommendations for potential accompanying CAO
updates.

Policy 9.13-2 Increase the amount and resilience of trees and plants. Promote proper selection and
planting of trees for drought tolerance.

Policy 9.13-3 Provide incentives or requirements for habitat enhancement and restoration to increase
plant density and diversity and habitat connectivity.

Policy 9.14-3 Incorporate hydrologic climate impacts into design of water-crossing structures
(culverts and bridges).

Policy 9.17-2 Increase restoration requirements or incentives for wetlands, habitats, and urban forests.

Policy 9.17-3 Update codes and design standards to be resilient by including capacity for anticipated
new rainfall patterns.

Policy 9.17-4 Partner with adjacent agencies to facilitate actions on shared assets, such as Miller
Creek.

Based on these policies, the following CAO updates could be considered:

* Require incorporation of climate change considerations in stream restoration or mitigation
design including but not limited to future hydrologic patterns and plant selection.

* Consider requiring management of noxious weeds when prevalent, under certain
circumstances.
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6. CRITICAL AQUIFER RECHARGE AREAS

6.1 Definition

Critical aquifer recharge areas (CARAs) are defined in WAC 365-190-030(3) as follows:

Critical aquifer recharge areas are areas 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.

6.2 Existing Conditions

Different types of features may be considered for designation as CARAs, as mapped by agencies at
various scales. At the highest level, Sole Source Aquifers are mapped by the U.S. Environmental
Protection Agency. The are no Sole Source Aquifers in Burien. CARAs may also include Wellhead
Protection Areas (WHPA), mapped by the Washington Department of Health's (DOH) Source Water
Assessment Program (SWAP) Mapping Tool. According to the SWAP Mapping Tool, there are only two
Group B wells within city limits.

The aquifer recharge areas shown in the City's 2015 Critical Areas Map were based on the following
sources (per BMC 19.40.420.3.B):

i. Guidance Document for the Establishment of Critical aquifer recharge area Ordinances,
December 1998, Washington State Department of Ecology, Publication No. 97-30, Version 3.0,
47p.

ii. Geologic Map of the Des Moines 7.5 Minute Quadrangle, D.B. Booth and H.H. Waldron, (2000),
United States Geological Survey, Open File Report in press.

iii. Occurrence and Quality of Ground Water in Southwestern King County, Washington, (1995),
United States Geological Survey, Water Resources Investigations Report 92-4098, 69p.

Since CARAs are defined by conditions underground, mapping their locations and extent can prove
more challenging than mapping other critical areas, defined by above-ground conditions. City-
mapped aquifer recharge areas occur sporadically throughout Burien (Figure 1). More than any other
critical area, aquifer recharge areas can consist of both developed and undeveloped land. Many of the
City-mapped aquifer recharge areas occur in the vicinity of wetland and stream features.

6.3 Hazard Characterization, Functions, and Values

The goal of establishing CARAs is to protect the quantity and quality of a community’s drinking water.
Clean drinking water in aquifers is the product of beneficial ecosystem services in a watershed. CARAs
are also hydrologically connected to other critical areas (like streams and wetlands) and they provide
important functions associated with those areas.
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https://app.leg.wa.gov/wac/default.aspx?cite=365-190-030
https://www.codepublishing.com/WA/Burien/html/Burien19/Burien1940.html#19.40.420

Burien’s water is provided by various water districts; and the majority of the City's water supply comes
from the Cedar River watershed via Seattle Public Utilities. Therefore, CARA regulations within the city
are effectively:

* Protecting drinking water resources outside of city limits influenced by CARAs within city limits,
and

* Protecting the functions and values of other natural resources that are associated with the
CARAs in Burien.

The primary function of CARAs is to recharge, or supply, aquifers with groundwater through
percolation. Water for aquifer recharge can come from rainfall, snowmelt, lakes, rivers, streams or
wetlands. Aquifer discharge occurs when water leaves an aquifer and is discharged to surface water
(e.g., seeps, springs, wetlands, streams, lakes, estuaries, and shorelines) or extracted by wells or other
means.

Urbanization Impacts

The amount of water available for aquifer recharge is influenced by groundwater sources, aquifer
storage capacity, aquifer discharge, and changes from land use and human activities. Land use and
development typically alter the dynamics of aquifer recharge within a basin by altering vegetative
cover, removing, and destroying native soil structure, modifying surface drainage patterns, and adding
impervious and nearly impervious surfaces, such as roads and other compacted soils.

While aquifer recharge areas function to replenish groundwater supplies, they can also serve as a
conduit for the introduction of contaminants to groundwater and aquifers. Vulnerability of
contamination to public water supply is primarily influenced by two factors, the history of
contamination loading and hydrogeologic susceptibility of the aquifer (Washington Department of
Health 2017). To be considered vulnerable, an aquifer would need to be both susceptible and have
significant contamination loading.

Contamination loading refers to the quantity and types of pollutants present in an area, including
exposure concentration, frequency, and chemical composition. Aquifer susceptibility refers to how
easily water and pollutants can move from the surface through the ground to reach the underlying
aquifer. There are many factors which influence susceptibility including the following (Washington
Department of Ecology 2021; Eberts, Thomas, and Jagucki 2013):

* Characteristics of the vadose zone including depth to water table and travel time. Travel time is
influenced by hydrogeological factors including material composition and preferential flow
paths

* Permeability

* Infiltration rate

* Chemical retardation

* Adsorption
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* Hydraulic conductivity

* Hydrologic and pressure gradients
* Groundwater flow direction

* Groundwater flow rate

Special Consideration for Anadromous Fisheries

As stated previously, groundwater can be supported by aquatic resources like streams and wetlands
(i.e., recharge sources). Streams and wetlands can also be locations for groundwater discharge. Since
groundwater can be an important component of stream flow, CARAs are important for maintaining the
groundwater supply for streams, especially during dry periods. Furthermore, groundwater sources can
be significantly cooler than ambient stream temperature. Cold water refugia is utilized by anadromous
fishes at all life stages during peak summer temperatures. The role CARAs play in maintaining stream
flows and water quality directly benefits salmon and other anadromous species. Similarly, preventing
groundwater contamination is important for fish and wildlife because they also rely on clean water.

6.4 Key Protection Strategies

CARA protection strategies related to CAOs are the focus of this section. CARAs are protected through
laws and regulations separate from local CAO regulations, including the following:

» Safe Drinking Water Act

* Clean Water Act

*  Water Rights Regulations (WAC 173-152)

* State Water Pollution Control Act

» State Environmental Policy Act (SEPA)

* Burien's Surface Water Management Regulations (BMC, Chapter 13.10)

6.4.1 Identification and Classification

As stated previously, the aquifer recharge areas shown in the City’s 2015 Critical Areas Map were based
on the following sources (per BMC 19.40.420.3.B):

i. Guidance Document for the Establishment of Critical aquifer recharge area Ordinances,
December 1998, Washington State Department of Ecology, Publication No. 97-30, Version 3.0,
47p.

ii. Geologic Map of the Des Moines 7.5 Minute Quadrangle, D.B. Booth and H.H. Waldron, (2000),
United States Geological Survey, Open File Report in press.

iii. Occurrence and Quality of Ground Water in Southwestern King County, Washington, (1995),
United States Geological Survey, Water Resources Investigations Report 92-4098, 69p.

Ecology recommends the following to classify CARAs based on susceptibility to allow decision makers
to protect drinking water resources in priority areas, as follows (Washington Department of Ecology
2021):
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* Analyze the susceptibility of the natural setting where groundwater occurs.
* Inventory existing potential sources of groundwater contamination.

* Classify the relative vulnerability of groundwater to contamination events.
* Designate areas that are most at risk to contamination events.

6.4.2 Management Resources and Standards

Current Ecology CARA guidance protection recommendations include (2021):

*  Protect by minimizing activities and conditions that pose contamination risks.

* Ensure that contamination prevention plans and best management practices (BMPs) are
implemented and followed. Review BMPs for infiltration designs with water quality treatment.
Stormwater control usually affects the vadose zone and seasonal water tables with low risk to
deeper water supply aquifers. Some exceptions are those glacial outwash plains with extensive
deposits of coarse gravels near the surface.

* Manage groundwater withdrawals and recharge impacts to maintain availability for drinking
water sources and maintain stream base flow from groundwater to support in-stream flows,
especially for salmon-bearing streams.

6.4.3 Implement Supporting Policies

Supporting policies from the Sustainability & Natural Environment element of the Comprehensive Plan
are provided below (City of Burien 2024b):

Policy 8.5-2 Protect the quality and quantity of groundwater by:

1) Developing a process by which the City will review, and implement, as appropriate, Wellhead
Protection Programs in conjunction with adjacent jurisdictions and ground water purveyors,
and adopting best management practices for new development. The goals of those practices
should be to promote aquifer recharge quality and quantity; and

2) Refining regulations as appropriate to protect critical aquifer recharge areas based on
information derived through the preparation of Groundwater Management Plans and
Wellhead Protection Programes.

Policy 8.5-3 Provide incentives for and promote groundwater recharge by allowing and encouraging
the use of low-impact development techniques that infiltrate runoff where site conditions permit.

Policy 8.5-4 Protect groundwater sources from contamination by requiring pollution source controls
and stormwater pretreatment.

Policy 8.5-5 Ensure Comprehensive Plan land use decisions consider impacts to quantity and quality
of groundwater supply.

Policy 8.5-6 When considering new or modified groundwater policies evaluate costs of
implementation.
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6.5 Climate Change Effects

Climate change impacts to drinking water systems are projected based on increased drought, increased
wildfires, and increased flooding (Asinas, Raymond and Mehta 2022):

* Groundwater resources may be at risk from prolonged, multi-year droughts, although the
likelihood of multi-year droughts in the Pacific Northwest is unclear. More research is needed
to understand past and future changes in groundwater within the context of climate change
(Ecology 2024). Droughts may put pressure on groundwater supplies potentially causing
aquifer depletion (Asinas, Raymond and Mehta 2022).

*  Wildfires will introduce more particulates and contaminants into the environment, which settle
on surface water and infiltrate into groundwater (Burton, et al. 2016, Mansilha, et al. 2020).

* Heavy rainfall and flooding can introduce surface contaminants into groundwater resources
(Asinas, Raymond and Mehta 2022).

6.5.1 Strategies to Manage Climate Change Impacts on CARAs

The Climate Change & Resiliency element of the Comprehensive Plan (City of Burien 2024a) includes
many policies that indirectly benefit aquifers, but none that are focused on CARA protection or
management specifically.

No additional strategies beyond those included in the previous section are provided at this time.
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Appendix C. Buffer Approaches for Western
Washington

Option 1

Table 1. Wetland buffer width requirements, in feet, if Table 2 is implemented and a habitat
corridor is provided

Category of
wetland

Habitat score
3-5 points
(corridor not
required)

Habitat score
6-7 points

Habitat score
8-9 points

Buffer width
based on
special
characteristics

Category | or Il
Based on rating
of wetland 75 110 225 NA
functions (and
not listed below)
Category I:
Bogs and
Wetlands of
High
Conservation
Value

NA NA 225 190

Category I:

NA NA 225 NA
Interdunal

Category I:

Forested 75 110 225 NA

Category I:
Estuarine and
wetlands in
coastal lagoons

NA NA NA 150

Category Il

NA NA NA 110
Interdunal

Category Il
Estuarine and
wetlands in
coastal lagoons
Category llI:

All types except | 60 110 225 NA
interdunal
Category Il
Interdunal
Category IV:
All types

NA NA NA 110

NA NA NA 60

40 40 40 NA

Publication 22-06-014
Page C-1

Appendix C. Buffer Approaches for Western Washington
October 2022



Impact minimization measures

Developments that produce the listed disturbances and are requesting a buffer
reduction are required to address the disturbance through the use of applicable

minimization measures.

This is not a complete list of measures, nor is every example measure required. Though
not every measure is required, all effort should be made to implement as many
measures as possible. Regulatory staff should determine, in coordination with the
applicant, which measures are applicable and practicable.

Table 2. Impact minimization measures

o Agricultural buildings

Examples of Activities and uses that Examples of measures to minimize
disturbance cause disturbances impacts
Lights ¢ Parking lots ¢ Direct lights away from wetland
e Commercial/Industrial ¢ Only use lighting where necessary for
¢ Residential public safety and keep lights off when
e Recreation (e.g., athletic not needed
fields) ¢ Use motion-activated lights

o Use full cut-off filters to cover light bulbs
and direct light only where needed

o Limit use of blue-white colored lights in
favor of red-amber hues

¢ Use lower-intensity LED lighting

¢ Dim light to the lowest acceptable
intensity

Noise e Commercial

o Industrial

¢ Recreation (e.g., athletic
fields, bleachers, etc.)

e Locate activity that generates noise
away from wetland

o Construct a fence to reduce noise
impacts on adjacent wetland and buffer

e Commercial/industrial

¢ Residential areas

¢ Application of pesticides
¢ Landscaping

e Agriculture

¢ Residential ¢ Plant a strip of dense shrub vegetation
e Agriculture adjacent to wetland buffer

Toxic runoff e Parking lots * Route all new, untreated runoff away
¢ Roads from wetland while ensuring wetland is

not dewatered
¢ Establish covenants limiting use of
pesticides within 150 ft. of wetland
o Apply integrated pest management
(These examples are not necessarily
adequate for minimizing toxic runoff if
threatened or endangered species are
present at the site.)
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Examples of
disturbance

Activities and uses that
cause disturbances

Examples of measures to minimize
impacts

Stormwater
runoff

¢ Parking lots

¢ Roads

¢ Residential areas

e Commercial/industrial

¢ Recreation

¢ Landscaping/lawns

e Other impermeable
surfaces, compacted soil,
etc.

e Retrofit stormwater detention and
treatment for roads and existing
adjacent development

¢ Prevent channelized or sheet flow from
lawns that directly enters the buffer

e Infiltrate or treat, detain, and disperse
new runoff from impervious surfaces
and lawns

Pets and human
disturbance

e Residential areas
e Recreation

¢ Use privacy fencing

¢ Plant dense native vegetation to
delineate buffer edge and to discourage
disturbance

¢ Place wetland and its buffer in a
separate tract

¢ Place signs around the wetland buffer
every 50-200 ft., and for subdivisions
place signs at the back of each
residential lot

e When platting new subdivisions, locate
greenbelts, stormwater facilities, and
other lower-intensity uses adjacent to
wetland buffers

Dust

o Tilled fields
e Roads

e Use best management practices to
control dust
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Table 3. Wetland buffer width requirements, in feet, for applicants not providing a habitat
corridor or implementing measures in Table 2

Category of
wetland

Habitat score
3-5 points

Habitat score
6-7 points

Habitat score
8-9 points

Buffer width
based on
special
characteristics

Category | & 1I:
Based on rating
of wetland
functions (and
not listed below)

100

150

300

NA

Category I
Bogs and
Wetlands of
High
Conservation
Value

NA

NA

300

250

Category I
Interdunal

NA

NA

300

NA

Category I
Forested

100

150

300

NA

Category I
Estuarine and
wetlands in
coastal lagoons

NA

NA

NA

200

Category Il
Interdunal

NA

NA

NA

150

Category Il
Estuarine and
wetlands in
coastal lagoons

NA

NA

NA

150

Category Il
All types except
interdunal

80

150

300

NA

Category Il
Interdunal

NA

NA

NA

80

Category IV

NA

NA

NA

50
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Conditions for implementing Tables 1, 2, and 3

1. Wetlands that score 6 points or more for habitat function: the buffers in Table 1 can
be used only if all of the following criteria are met:

a. A relatively undisturbed, vegetated corridor at least 100 feet wide is protected
between the wetland and:

i. A legally protected, relatively undisturbed and vegetated area (e.g.,
Priority Habitats, compensatory mitigation sites, wildlife areas/refuges,
national, county, and state parks where they have management plans
with identified areas designated as Natural, Natural Forest, or Natural
Area Preserve, or

ii. An area that is the site of a Watershed Project identified within, and
fully consistent with, a Watershed Plan as defined by RCW 89-08-460, or

iii. An area where development is prohibited according to the provisions
of the local shoreline master program, or

iv. An area with equivalent habitat quality that has conservation status in
perpetuity, in consultation with WDFW.

b. The corridor is permanently protected for the entire distance between the
wetland and the shoreline or legally protected area by a conservation easement,
deed restriction, or other legal site protection mechanisms.

c. Presence or absence of the shoreline or Priority Habitat must be confirmed by
a qualified biologist or shoreline Administrator.

d. The measures in Table 2 are implemented, as applicable, to minimize the
impacts of the adjacent land uses.

2. For wetlands that score 5 or fewer habitat points, only the measures in Table 2 are
required for the use of the buffers in Table 1.

3. If an applicant does not apply the mitigation measures in Table 2 or is unable to
provide a protected corridor, then the buffers in Table 3 shall be used.

4. The buffer widths in Tables 1 and 3 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 must either be planted to create the appropriate native plant
community or be widened to ensure that the buffer provides adequate functions to
protect the wetland.
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Note: An expanded table with graduated buffer widths based on habitat score is
also outlined in the July 2018 Appendix 8-C’®of Wetlands in Washington State,
Volume 2. This is an approach that assigns unique buffer widths to each habitat
score in seven increments. It is a gradual increase in buffer width with each
point. Compared to Option 1, this avoids a marked increase in buffer width
resulting from an increase of one point in the habitat score.

Option 2

Table 1. Width of buffers, in feet, needed to protect wetlands from impacts of proposed
land uses (used with Table 2)

Land use with Land use with Land use with high
Category of wetland . * . * . *
low impact moderate impact impact
I 150 225 300
Il 150 225 300
11 75 110 150
v 25 40 50

*See Table 2 below for types of land uses that can result in low, moderate, and high
levels of impacts to wetlands

Table 2. Levels of impacts from proposed land use types

[Local governments are encouraged to ensure the uses in this table match the uses
specified in their development and land use regulations and are consistent with the
principles in this example.]

Level of impact

from proposed Types of land use
land use
High e Commercial

e Urban

e Industrial

o Institutional

¢ Mixed-use developments

* Residential (more than 1 unit/acre)

¢ Roads: federal and state highways, including on-ramps and exits,
state routes, and other roads associated with high-impact land uses

¢ Railroads

o Agriculture with high-intensity activities (dairies, nurseries,
greenhouses, growing and harvesting crops requiring annual tilling,
raising and maintaining animals, etc.)

76 https://apps.ecology.wa.gov/publications/parts/0506008part3.pdf
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Level of impact
from proposed

Types of land use

land use
* Open/recreational space with high-intensity uses (golf courses, ball
fields, etc.)
e Solar farms (utility scale)
Moderate ¢ Residential (1 unit/acre or less)
¢ Roads: Forest Service roads and roads associated with moderate-
impact land uses
o Open/recreational space with moderate-intensity uses (parks with
paved trails or playgrounds, biking, jogging, etc.)
o Agriculture with moderate-intensity uses (orchards, hay fields, light or
rotational grazing, etc.)
o Utility corridor or right-of-way used by one or more utilities and
including access/maintenance road
e Wind farm
Low ¢ Natural resource lands (forestry/silviculture—cutting of trees only, not
land clearing and removing stumps)
¢ Open/recreational space with low-intensity uses (unpaved trails,
hiking, birdwatching, etc.)
o Utility corridor without a maintenance road and little or no vegetation
management
o Cell tower
Option 3

Table 1. Wetland buffer width requirements, in feet, based solely on wetland category

32:?:: o of Buffer width
| 300

I 300

m 150

v 50
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APPENDIX B. Wetland Mitigation Ratios
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Appendix E. Mitigation Ratio Tables

Compensation ratios for permanent impacts (western
and eastern Washington)

Table 1
Category of
impacted Re-
wetland (based | establishment Rehabilitation Preservation Enhancement
on score for or creation
function)
Category | 4:1 8:1 16:1 16:1
Category Il 3:1 6:1 12:1 12:1
Category Il 2:1 4:1 8:1 8:1
Category IV 1.5:1 3:1 6:1 6:1
Notes:

Ratios for rehabilitation, preservation, and enhancement may be reduced when
combined with 1:1 replacement through re-establishment or creation. See Table
6B-2 in Wetland Mitigation in Washington State — Part 1: Agency Policies and
Guidance —Version 2 (Ecology et al., 2021 or as revised).

All proposed preservation sites need to meet the preservation criteria listed in
Chapter 070.3.E of Appendix A, Sample Wetland Regulations.

The ratios provide in Table 1 are for permanent, direct impacts to wetlands. For
recommended ratios for other types of impacts (e.g., long-term temporary,
conversions), see Chapters 6B4.4 through 6B4.8 of Wetland Mitigation in
Washington State — Part 1: Agency Policies and Guidance —Version 2 (Ecology et
al., 2021 or as revised).

The category of impacted wetland is based on scores for functions.
Compensation ratios in this table generally do not apply when impacts involve a
wetland whose category is based on special characteristics. Compensation ratios
for impacts to wetlands with special characteristics are provided in Table 2
below. Specific tables are provided for western and eastern Washington.
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Compensation ratios for unavoidable permanent
impacts to wetlands with special characteristics

(western Washington)

Table 2. Western

coastal lagoons

only)

Category of

impacted Re-

wetland (based establishment or | Rehabilitation Preservation Enhancement

on special creation

characteristics)

Category | 6:1 12:1 24:1 24:1

forested

Bogs NA NA 241 NA

retlands of High | Consult with WA | Consult with WA | ,, _ Consult with WA

DNR DNR ' DNR

Value

Category | 3:1 (re- Limited

Estuarine establishment 6:1 12:1 circumstances

wetlands only) (case by case)

Category I 4:1 (re- Limited

Estuarine establishment 8:1 16:1 circumstances

wetlands only) (case by case)

Category | A s .

Interdunal 41 8..1 (limited 161 No’g considered an
circumstances) option

wetlands

Category | 4 .

Interdunal 2:1 4_.1 (limited 8:1 No’g considered an
circumstances) option

wetlands

Category Il and 4 .

IV Interdunal 151 3_.1 (limited 6:1 Not_ considered an
circumstances) option

wetlands

Category | 4:1 (re- .

Wetlands in establishment 8:1 16:1 NOt. considered an

option

coastal lagoons only)

Category I 3:1 (re- .

Wetlands in establishment 6:1 12:1 Not considered an

option

Note: Methods of compensation are limited for certain wetlands with special

characteristics. Some of these wetland types only occur naturally and have never been
successfully created or rehabilitated. Some may take more than a lifetime to re-
establish. Thus, avoidance is the best regulatory approach when addressing these
wetlands. Refer to Chapter 6B.5 of Wetland Mitigation in Washington State — Part 1:
Agency Policies and Guidance —Version 2 (Ecology et al., 2021 or as revised) for more
information on methods of compensation and ratios for wetlands with special

characteristics.
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