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FACT SHEET 

Project Title 
Chehalis Basin Strategy: Reducing Flood Damage and Restoring Aquatic Species Habitat 

Brief Description of Proposal 
The Washington State Department of Ecology (Ecology) prepared this Draft Programmatic 
Environmental Impact Statement (EIS) to evaluate the Chehalis Basin Strategy alternatives designed to 
reduce flood damage and restore aquatic species habitat in the Chehalis Basin in Southwestern 
Washington.  This Draft EIS was prepared in compliance with the Washington State Environmental Policy 
Act (SEPA), and Ecology is the lead agency.  

The SEPA nonproject action is the adoption of a program called the Chehalis Basin Strategy.  The 
strategy is a program of integrated, long-term, flood damage reduction and aquatic species habitat 
restoration actions.  The EIS evaluates how combinations of actions could function together to meet the 
dual purpose and need of reducing flood damage and restoring aquatic species habitat.  The EIS includes 
four action alternatives, which are characterized by different combinations of flood damage reduction 
and aquatic species habitat restoration action elements.  Each action alternative includes one or a 
combination of Large-scale Flood Damage Reduction Actions (i.e., Flood Retention Facility, Airport Levee 
Improvements, I-5 Projects, Aberdeen/Hoquiam North Shore Levee, and Restorative Flood Protection).  
All action alternatives include the same Local-scale Flood Damage Reduction Actions (i.e., Floodproofing, 
Local Projects, Land Use Management, and Flood Warning System Improvements) and Aquatic Species 
Habitat Actions (both low and high scenarios).  In addition, a No Action Alternative is included, which is 
intended to represent the most likely future expected in the absence of implementing an action alternative.  
Under the No Action Alternative, actions to reduce flood damage and improve aquatic habitat conditions 
would continue to a lesser extent than in the action alternatives, and in a piecemeal fashion. 

Contact 
Gordon White, SEPA Responsible Official 
Program Manager, Shorelands and Environmental Assistance Program 
Washington State Department of Ecology 
300 Desmond Drive SE 
Lacey, Washington  98503 
(360) 407-6977 
gordon.white@ecy.wa.gov 
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Permits, Licenses, and Approvals Required 
Numerous regulations, plans, laws, and treaty obligations guided or influenced the development of this EIS.  
Because this is a programmatic EIS for a nonproject action, and the specific nature of projects that would 
be proposed under the Chehalis Basin Strategy is not yet known, it is not possible to present a complete 
list of permits, licenses, and approvals that could be required for the components of the strategy.   

Implementation of the alternatives in the EIS would require compliance with regulations and plans at 
federal, state, and local levels.  To implement the action alternatives or their action elements, the lead 
agency and project proponent would need to comply with applicable laws, regulations, and Executive 
Orders.  Examples of those commonly associated with flood damage reduction and aquatic species 
habitat restoration actions, which may apply, are as follows: 

• State Environmental Policy Act 

• National Environmental Policy Act 

• Endangered Species Act 

• National Historic Preservation Act 

• Magnuson-Stevens Fishery Conservation and Management Act 

• Section 10, Rivers and Harbors Act 

• Sections 401, 402, and 404, Clean Water Act 

• Washington Coastal Zone Management Act 

• Fish and Wildlife Coordination Act 

• National Forest Management Act 

• Federal Emergency Management Agency Guidelines for Flood Risk Analysis and Mapping  

• Executive Order 11988: Floodplain Management 

• Washington State Hydraulic Code 

• Washington State Shoreline Management Act 

• Governor’s Executive Order 05-05: Archeological and Cultural Resources 

• Washington Forest Practices Act 

• Water Right Permit  

• Reservoir Permit  

• Dam Safety Construction Permit  

• Sand and Gravel General Permit  

• Construction Stormwater General Permit 

• Land Clearing Burning Permit  

• Grading Permit 

• Building Permit 
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• Aquatic Use Authorization 

• Railroad right-of-way use/permits 

• Local floodplain management ordinances 

• Local critical areas codes, zoning ordinances, and other land use requirements 

Authors and Contributors 
A list of the individuals from Ecology, other state agencies, tribes, and consulting firms who participated 
in the EIS evaluation is provided in Chapter 8. 

Date of Issue 
September 29, 2016 

Public Comment on the Draft Programmatic Environmental Impact 
Statement 
A public comment period is being conducted from September 29 through October 31, 2016, in 
accordance with Washington Administrative Code (WAC) 197-11-455.  All comments on the Draft EIS 
received during the public comment period will be addressed in the Final EIS, planned for issuance in 
2017.  Comments on the Draft EIS can be submitted in the following ways: 

Online http://chehalisbasinstrategy.com 
 
 
 

By mail Chehalis Basin Strategy EIS 
c/o Anchor QEA 
720 Olive Way, Suite 1900 
Seattle, Washington  98101 

In person October 18, 2016, 6:00 p.m.  
Veterans Memorial Museum 
100 S.W. Veterans Way 
Chehalis, Washington  98532 

 October 27, 2016, 6:00 p.m. 
Montesano City Hall 
112 N. Main Street 
Montesano, Washington  98563 

Timing of Additional Environmental Review 
The analysis in this EIS is programmatic in nature and has been prepared to disclose probable significant 
adverse impacts associated with the Chehalis Basin Strategy.  Any individual actions that are carried 
forward will require additional, more detailed, project-level environmental review prior to 
implementation.  These projects and actions could require SEPA compliance, National Environmental 
Policy Act compliance, or both, depending on the implementing agency, source of funding, and/or types 
of permits required.  If a decision is made to implement the Chehalis Basin Strategy, some projects and 

http://chehalisbasinstrategy.com/
http://chehalisbasinstrategy.com/
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actions could be advanced and ready for additional environmental review in 2017; others could require 
several years before they would be advanced for implementation. 

Document Availability 
The Draft EIS for the Chehalis Basin Strategy is available online at: 
http://www.ecy.wa.gov/programs/sea/sepa/chehalisbasin.html.  Print copies or CDs of the document 
may be obtained by written request to the EIS Project Manager, Chrissy Bailey, at 
chrissy.bailey@ecy.wa.gov, or by calling (360) 407-6781.  Persons with hearing loss can call 711 for 
Washington Relay Service, including TTY service.  Persons with a disability can call 1-866-833-6341 to 
access a Communications Assistant with Washington’s Speech-to-Speech service.   

La Cuenca de Chehalis tiene problemas con inundaciones y la degradación del hábitat acuático.  El 
Departamento de Ecología del Estado de Washington invita al público a comentar sobre las acciones que 
se quiere usar para corregir los problemas.  El periodo de comentario público es del 29 de septiembre 
hasta el 31 de octubre, 2016.  Para obtener más información, favor de comunicarse con Gretchen 
Newman al (360) 407‑6097 o por correo electrónico a preguntas@ecy.wa.gov. 

Location of Background Materials 
During the past several years, Ecology has worked in coordination with local governments, other 
agencies, and community leaders to study the Chehalis Basin.  The agency has collaborated with 
residents, stakeholders, and other agencies to identify potential solutions that will reduce flood damage 
and restore aquatic species habitat.  The EIS builds off this completed work.  Background materials used 
in the preparation of the Draft EIS are available online through the following links:  

• http://chehalisbasinstrategy.com/publications/  

• http://www.ecy.wa.gov/programs/sea/sepa/chehalisbasin.html  

• http://ruckelshauscenter.wsu.edu/projects/current-projects/chehalisfloodingfish/  

 

http://www.ecy.wa.gov/programs/sea/sepa/chehalisbasin.html
mailto:chrissy.bailey@ecy.wa.gov
mailto:preguntas@ecy.wa.gov
http://chehalisbasinstrategy.com/publications/
http://www.ecy.wa.gov/programs/sea/sepa/chehalisbasin.html
http://ruckelshauscenter.wsu.edu/projects/current-projects/chehalisfloodingfish/
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Draft Chehalis Basin Strategy Programmatic EIS 1 

1 EIS OVERVIEW 

1.1 Introduction 
This Washington State Environmental Policy Act (SEPA) Programmatic Environmental Impact Statement 
(EIS) has been prepared to evaluate alternatives designed to reduce flood damage and restore aquatic 
species habitat in the Chehalis Basin located in Southwestern Washington.  The Chehalis Basin has 
experienced both major flooding and substantial degradation of aquatic species habitat.  These issues 
have persisted for almost 100 years without a comprehensive response.  As shown in Figure 1.1, the 
Study Area for the EIS encompasses the entire Chehalis Basin (Water Resource Inventory Areas [WRIAs] 
22 and 23).   

The Governor and Washington State Legislature have made 
it a priority to develop a comprehensive response that 
integrates flood damage reduction and aquatic species 
habitat restoration within the Chehalis Basin.  
A considerable amount of time and effort has been 
invested into studying the problems and identifying 
potential solutions.  The purpose of this EIS is to evaluate 
alternatives for addressing these problems and to support 
the development of an integrated strategy for the Chehalis 
Basin that is fundable and implementable.  

In 2011, the legislature called upon the Office of Financial 
Management (OFM) to evaluate alternative flood damage 
reduction projects and—in coordination with tribal 
governments, local governments, and state and federal 
agencies—to recommend priority actions to mitigate flood 
hazards.  These recommended actions were described in an 
OFM report finalized in December 2012.  The report 
provided the legislature and other decision-makers with 
information to set the course for furthering effective 
solutions to reduce the adverse impacts of flooding and, at 
the same time, support the economic prosperity of 
communities and restore fish populations and other natural 
resources in the Chehalis Basin.   

Chehalis Basin Flooding 

According to accounts dating back to 
the 1930s, minor flooding in the 
Chehalis Basin generally occurred 
every 2 to 5 years, and major flooding 
took place roughly every 10 years.  
Yet, in 2007 and 2009, two 
catastrophic floods occurred in the 
Chehalis Basin only 13 months apart.  
People lost their homes, farms, 
livestock, and businesses; and roads 
and infrastructure were inundated 
with floodwaters. 

Peak flood levels have been rising in 
the Chehalis Basin over the last 
30 years and climate scientists predict 
a continued increase in the years 
ahead.  Many people in the Chehalis 
Basin have expressed the need to take 
action to improve conditions for 
people and the environment.  As one 
resident conveyed, “Do something, do 
it soon, and do it well.” 
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In November 2012, the Governor’s Chehalis Basin Work 
Group (Work Group), a small work group of Chehalis Basin 
leaders convened by then-Governor Christine Gregoire, 
recommended a series of actions for continued feasibility 
and design work.  Taken together, the recommendations of 
the Work Group represented a substantial investment to 
reduce flood damage and restore natural floodplain 
functions and aquatic species habitat in the Chehalis Basin. 
Governor Gregoire endorsed the recommendations from 
the Work Group, and recommended funding to implement 
them in the 2013 to 2015 biennium budget proposal.  
Governor Jay Inslee also included this request in the 
2013 to 2015 capital budget proposal, and the legislature 
approved an investment of $28 million to begin to 
implement the approach.  Over the past several years, the 
Work Group—working with a team of natural and water 
resource experts from federal and state agencies, tribes, 
and environmental groups—has overseen a series of 
technical analyses to support decision-making on 
long-term, large-scale actions in the Chehalis Basin.  In the 
short term, the Work Group’s recommendations have 
enabled the implementation of a number of small-scale 
flood damage reduction and aquatic species habitat 
restoration projects in the Chehalis Basin.  These projects 
have occurred in coordination with the Chehalis River Basin 
Flood Authority and Chehalis Lead Entity.   

At the end of 2014, the Work Group published its 
Recommendation Report, outlining a program of 
integrated, long-term, flood damage reduction and aquatic species habitat restoration actions 
(Ruckelshaus Center 2014).  The Work Group also recommended the preparation of a Programmatic EIS 
to evaluate the potential environmental, social, and economic impacts associated with its recommended 
package of actions, as well as a No Action Alternative.  The EIS process provides an opportunity for the 
public, interested tribes, agencies, stakeholders, and other parties to review the impacts, timing, and 
cost of these actions.   

  

Aquatic Species Conditions 

The Chehalis Basin is the second largest 
river basin within Washington, and 
one of the only remaining systems 
that maintains a generally active 
connection with the floodplain.  
Extensive and diverse in-channel and 
off-channel habitats support multiple 
salmonid species, an abundance of 
mudminnow, the highest amphibian 
diversity in Washington, and 
numerous native species. 

Although there have been robust runs 
of salmon every year for the last 
30 years, poor returns of one or more 
species of salmon have significantly 
limited tribal and non-tribal harvest.  
The productivity of the current habitat 
has been degraded by as much as 87 % 
for some species. 

Starting in the 1850s, human-caused 
impacts on aquatic species habitat have 
been extensive.  Further impacts on 
aquatic habitat have the potential to 
affect state or federally sensitive, 
candidate, or listed species and result in 
further Endangered Species Act listings. 
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During the 2015 to 2017 biennium, the Work Group will continue to analyze and recommend further 
actions to advance the Chehalis Basin Strategy.  In addition to completing this EIS, work in the 2015 to 
2017 biennium includes continued evaluation of large-scale flood damage reduction options; 
identification of aquatic species habitat restoration actions and completion of priority early 
implementation actions; construction of local-scale flood damage reduction actions such as farm 
pads, protection of key infrastructure, and elevating homes; and engagement with Chehalis Basin 
communities, agencies, and tribes to explore whether proposed actions are feasible. 

1.2 Flooding 
Flooding is a common, historical occurrence in the Chehalis Basin and can provide many ecologically 
important functions.  Flooding occurs on the Chehalis River and its tributaries in Lewis County, Thurston 
County, Grays Harbor County, and the Confederated Tribes of the Chehalis Reservation (Chehalis Tribe 
reservation).  One of the earliest reported floods (in 1887) inundated most of the area between Centralia 
and Chehalis, causing damage to farms, fences, and the Northern Pacific Railroad trestle (The Chronicle staff 
2007).  In the past 60 years, major floods occurred eight separate times starting in 1972, with flood levels 
and flood damage in the Chehalis Basin increasing.  The 1996, 2007, and 2009 floods are the three largest 
floods on record.  The 2007 and 2009 floods occurred only 13 months apart, with minimal opportunity to 
restore the area between floods.  Climate scientists predict a continued increase in peak flood levels.   

Recent Flooding in the Chehalis Basin 

February 1996 December 2007 January 2009 
The result of a large frontal storm 
following low-elevation snow 
accumulation, this was the highest 
flood in the valley at the time. 

• Major flooding in Grays Harbor, 
Lewis, and Thurston counties 

• 33% of Centralia and Chehalis 
Urban Growth Areas inundated 

• I-5 closed for 4 days 
• Flood depths up to 10 feet 
• 75% of the Chehalis Tribe 

reservation inundated; access 
routes were under 1 to 4 feet of 
fast-moving water 

The result of heavy rain within a 
concentrated geographic area (the 
heaviest rainfall occurred over a 
12-hour period); this was the largest 
flood to date on the Chehalis River. 

• Major flooding in Grays Harbor, 
Lewis, and Thurston counties 

• Disproportionate flood damage 
in the upper Chehalis Basin 

• 47% of agricultural land 
between Pe Ell and Adna 
inundated 

• I-5 closed for 4 days 
• Flood depths up to 12 feet 
• Heavy flooding on the Chehalis 

Tribe reservation with up to 
4 feet of water in some homes 

The result of heavy rainfall in the 
northeast portion of the Chehalis 
Basin and in the upper Chehalis 
River, this flood ranged from the 
second- to fifth-largest flood in the 
Chehalis Basin, depending on 
location. 

• High flows in the lower 
Chehalis Basin on the Satsop, 
Wynoochee, and Black rivers 

• I-5 closed for 2 days  
• Chehalis River discharge peaked 

at more than 50,000 cubic feet 
per second at Grand Mound  
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Flooding in the Chehalis Basin is variable in severity and geographic extent, as described in the Chehalis 
Basin Flood Hazard Mitigation Alternatives Report (Ruckelshaus Center 2012): 

In the Chehalis Basin, the track of an atmospheric river is an important factor in determining the 
extent and magnitude of floods.  When storms are widespread over the Basin, they cause 
widespread flooding.  When storms center over the Willapa Hills, they cause flooding in the 
upper Chehalis and, as the water moves downstream, throughout the Basin.  When storms are 
centered over the Black Hills and Cascade foothills, they can cause flooding in the Skookumchuck 
and Newaukum Rivers and locally near the confluence of these rivers with the Chehalis in the 
Centralia/Chehalis area; however, they generally do not cause major flooding downstream on 
the Chehalis.  Storms over the southern Olympics in the Satsop and Wynoochee Basins can cause 
flooding in the lower Chehalis, without having much effect in the upper Basin.  Any riverine flood 
event can be exacerbated by high tides and tidal storm surges at the Grays Harbor estuary, 
affecting the coastal cities of Aberdeen, Hoquiam, and Cosmopolis.  Tidal flooding also can occur 
in the absence of any significant river flows. 

Peak annual flows from the 1996, 2007, and 2009 floods rank in the top five at stream gages at the 
Chehalis River near Grand Mound, the Newaukum River near Chehalis, and the South Fork Chehalis River.  
These extreme floods caused the losses of homes, farms, and businesses, and floodwater inundation 
resulted in the closure of Interstate 5 (I-5) for several days.  The majority of the flood damage occurred 
in the cities of Chehalis and Centralia where there is more intensive development in the floodplain.   

Effects of the 2007 Flood in the Chehalis Basin 

Public Health and Safety 
• People trapped in or rescued from their homes 
• Restricted access to hospitals and other public 

services  
• Contaminated drinking water 
• Exposure to hazardous materials in floodwater   
 

Agriculture 
• 1,600 commercial livestock killed in Lewis County 
• Close to $5 million of farm equipment damaged 
• Approximately 4,770 acres of agricultural land 

covered by silt and wood debris 
 

Business 
• More than 200 businesses flooded 
• Revenue lost because of flood damage and 

restricted access 

Transportation 
• Closure of I-5 for 4 days  
• Closure of sections of SR 6, US 12, and local 

roads 
• Damage to roads and bridges throughout the 

Chehalis Basin  
• Closure of Chehalis-Centralia Airport for 3 days  
• Damage to runways at Chehalis-Centralia Airport 
 

Hazardous Materials  
• Flooded areas were contaminated with oil, 

gasoline, paint, pesticides, anti-freeze, 
flammable liquids, and corrosive substances 

• Cleanup took Ecology 10 months 
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More than $90 million in Federal Emergency Management Agency (FEMA) relief funds have been 
distributed to communities within the Chehalis Basin since 1978 (NFIP 2015a), which is a small fraction 
of the flood damages that have occurred.  Precise information on flood costs is difficult to obtain 
because it is collected by different agencies and does not include all damages.  Estimates of private 
property damage are generally not available.  

The non-monetary costs of floods are also high.  Impacts from flooding include threats to public health 
and safety; losses to homeowners, agriculture and commercial businesses; and damage to public 
infrastructure.  Impacts on homes go beyond the financial cost of replacement when people are forced 
to leave behind personal belongings, which are then destroyed by floodwaters.  Repeated flooding also 
makes it difficult to attract new industry to the Chehalis Basin.  The emotional and psychological costs 
are significant.  The losses in the Chehalis Basin from the 2007 flood illustrate the extent of damages 
that floods can cause. 

There are a number of questions about what is causing the recent increase in the magnitude of extreme 
floods.  Many factors affect the frequency and magnitude of extreme floods.  In Western Washington, 
atmospheric rivers are the primary contributor to extreme flooding.  Atmospheric rivers funnel large 
quantities of precipitation in a short time span, typically during a period of a few hours to a few days 
(Neiman et al. 2011).  Winter storms associated with atmospheric rivers produce twice the amount of 
precipitation as storms not associated with atmospheric rivers (Ralph et al. 2008).  

Research into other potential contributors to flooding in the Chehalis Basin has been performed for the 
Chehalis Basin Strategy.  In preparation of one of the actions evaluated in the EIS (Restorative Flood 
Protection action element), historical changes were studied in river channels and floodplains in the 
Newaukum River, South Fork Chehalis River, and mainstem Chehalis River.  Based on this research, it 
was determined that significant areas of channel incision (down-cutting of the river) and loss of 
floodplain storage have occurred.  Channel incision and floodplain forest clearing can reduce floodplain 
connectivity and capacity for flood storage, as well as influence flood timing and extents (Dixon et al. 
2016; Watson et al. 2016).  This can result in more rapid downstream conveyance of high flows, which 
directly affects the magnitude and timing of downstream flooding.  In the Chehalis Basin, one of the 
historical practices contributing to channel incision was the use of splash dams to transport logs 
(see Section 3.2.4).  Current land use also contributes to continued down-cutting of the river channels in 
some locations.  Legacy agricultural practices of removing wetlands, straightening and armoring 
riverbanks, and removing floodplain forests increase flooding downstream.  The extent of the increase in 
extreme flooding from changes to river channels and floodplain conditions in the Chehalis Basin has not 
been modeled.  However, preliminary modeling conducted for the Restorative Flood Protection action 
element shows that the flood stage of extreme floods in the Chehalis-Centralia area can be reduced by 
restoring some of the lost floodplain functions (e.g., flood storage) upstream.  
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The effects of forest practices on peak flows have been evaluated through a literature review by the 
University of Washington (see Appendix A).  The review concludes that there is no agreement on 
whether or not forest harvesting causes significant increases in peak flows in extreme floods or in large 
watersheds such as the Chehalis Basin.  Further research and modeling would be needed to understand 
this interaction in the Chehalis Basin.  However, the literature review found consistency in scientific 
research that in small basins, forest harvest increases the magnitude of channel-forming flows, which 
are more moderate floods that occur every 1.5 to 5 years (Perry et al. 2016).  More frequent channel 
forming flows are linked to channel incision, where the stream channel erodes downward (Perry et al. 
2016; Chamberlin et al. 1991).  

Land use activities such as increased impervious surfaces, loss of vegetation, and development in the 
floodplain can contribute to higher volumes and peak flows during floods (CRBFA 2010).  Development 
in the Chehalis River floodplain has primarily occurred in the Chehalis-Centralia area along the I-5 
corridor.  Overall, residential, commercial, and industrial land use collectively comprise only a small 
portion (7%) of the overall land cover in the Chehalis Basin, and impervious surfaces are less than 2% 
(USGS 2001, 2006, 2011).  People have assumed that recent development on the west side of I-5 in 
Chehalis has contributed to increased flooding downstream in the Ground Mound and Oakville areas. 
This development is behind a levee built in the 1940s by the U.S. Army Corps of Engineers (USACE).  
Modeling estimates that the increase caused by fully protecting or filling the 300 acres behind the levee 
would increase the 100-year flood level at Anderson Road and Oakville by less than 1 inch.  Currently, 
only 60 acres of the 300 acres behind the airport levee are filled.  

In the upper Chehalis, Newaukum, and Skookumchuck River basins where extreme flooding has 
occurred, land cover is dominated by forestlands and contains low-density rural and agricultural 
development in river valleys.  These areas have much less impervious surface than the Chehalis-Centralia 
area.  Literature on this topic supports that extreme floods on the Chehalis River, such as those 
experienced in 2007 and 2009, are the result of atmospheric rivers that deliver high rates of rainfall in 
the upper Chehalis Basin above the Chehalis-Centralia area (Neiman et al. 2011; WSE 2014a); however, 
land uses and floodplain conditions also influence downstream flood timing and extents. 

Climate change effects have been documented in a recent study by the Climate Impacts Group (CIG; 
Mauger et al. 2016) and various other studies, as described in Section 3.7.  Rain-on-snow events can also 
add to flooding, particularly in streams in the Chehalis Basin that originate in the snow-dominated areas 
of the Olympic Mountains and Cascade Range foothills (Perry et al. 2016).  

After the 2007 flood—the largest recorded to date in the Chehalis Basin—state and local governments 
began to discuss a Basin-wide approach to flood damage reduction.  These efforts (described in 
Section 2.1) led to the development of the flood damage reduction alternatives evaluated in this EIS.  
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1.3 Habitat Degradation 
The Chehalis Basin is unique in the state because of its extensive floodplains, amphibian diversity, 
relatively healthy and robust salmon runs, and the absence of Endangered Species Act (ESA)-listed 
salmonids.  Substantial diverse in-channel and off-channel habitats support multiple salmonid species, 
an abundance of Olympic mudminnow, the highest amphibian diversity in Washington (Cassidy et al. 
1997), and numerous native species.  However, similar to other basins in the state, it has seen significant 
habitat degradation over the last 100 years, with populations of both fish and wildlife decreasing.   

Beginning in the 1850s, habitat for salmon, steelhead, other fish, and various aquatic and upland species 
has been negatively affected by a number of factors, including urbanization, gravel mining, agriculture, 
logging, removal of large downed-wood from rivers, dredging and filling, dams, and diversions.  The 
Work Group’s 2014 Recommendation Report estimated salmon habitat in the Chehalis Basin is degraded 
by 44% to 78%, depending on the species (Ruckelshaus Center 2014).  While the Chehalis Basin is the 
only river basin in Washington that does not have any federally listed endangered salmonid species, 
some salmon populations have declined, and further declines could result in a future endangered 
species listing (Ruckelshaus Center 2014).   

The natural resources of the Chehalis Basin have supported 
the native people for millennia, and continue to provide 
value to both tribal and non-tribal people of the Chehalis 
Basin.  Farming, forestry, harvesting of shellfish, and fishing 
continue to be central to the Chehalis Basin economy.  
Salmon play a major cultural, recreational, and economic 
role, and the protection and restoration of salmon habitat 
is a primary goal for many in the Chehalis Basin.  On 
average, more than 94,000 salmon (Chinook, coho, and 
steelhead) return to the Chehalis Basin annually 
(Ruckelshaus Center 2014). 

The 2007 flood had a large impact on aquatic habitat in the 
Chehalis River system due to high-volume river flows, 
numerous landslides, bank erosion, sediment accumulation, 
and extensive deposits of wood in the river channel and 
floodplain areas.  Much of the Chehalis River and its 
floodplain lack wood and vegetation and are not resilient to 
impacts from large floods.  A significant percentage of the 
mainstem Chehalis River bank is devoid of vegetation and 
continually eroding, resulting in increased stream 
temperatures and causing impacts on habitat.  Beneficial 

Habitat Needs 

Factors limiting the productivity of 
salmon, which need to be addressed 
in the Chehalis Basin, include the 
following:  

• Reducing the spread of 
non-native invasive species 
(e.g., bass, bullfrogs, sunfish) 

• Correcting fish migration barriers 
(e.g., culverts) 

• Replacing degraded and lost 
riparian corridors 

• Replenishing summer low flows 
and reducing high stream 
temperatures 

• Reducing streambank erosion and 
sedimentation 

• Restoring channel complexity, 
stability, and floodplain habitat 
and connectivity 

Source: ASEPTC 2014a 
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effects on aquatic habitat from the 2007 flood included the 
recruitment of gravel that provides excellent spawning 
areas for resident and anadromous fish in the upper 
Chehalis Basin.  

Water temperature is a key environmental parameter for 
aquatic species, and a key policy concern in the Chehalis 
Basin (ASEPTC 2014a).  The Washington State Department 
of Ecology (Ecology) has recorded water temperature and 
other conventional water quality parameters under a 
long-term ambient monitoring program and other water quality studies in the mainstem Chehalis River 
and prominent tributaries since 1983.  Ecology developed a total maximum daily load (TMDL) Detailed 
Implementation Plan that outlines strategies and specific activities focused on improving water quality 
with respect to fecal coliform bacteria, stream temperature, and dissolved oxygen (DO), based on eight 
TMDL projects.  Because water quality, particularly water temperature, is a primary concern for aquatic 
species habitat restoration, extensive water quality monitoring has been conducted in the upper 
Chehalis Basin.  

Aquatic species habitat restoration and water quality improvement opportunities in the Chehalis Basin 
have been extensively studied.  The Chehalis Basin Salmon Habitat Restoration and Preservation Work 
Plan for WRIAs 22 and 23 sets out specific strategies for restoring habitat, noting recovery issues, and 
identifying general recovery actions (CBPHWG 2008).  The Washington Coast Sustainable Salmon 
Partnership developed the Washington Coast Sustainable Salmon Plan with the primary goal to “prevent 
additional ESA listings of Washington Coast salmon and further diminished salmon populations through 
sustainability instead of ESA recovery planning” (WCSSP 2013).   

 
Bank erosion affects aquatic habitat 

 

 
Culverts can act as barriers to fish passage 

 

Total Maximum Daily Load 

A TMDL is a pollution budget that 
calculates the maximum total amount 
of a pollutant that can enter a 
waterbody with the waterbody still 
meeting applicable water quality 
standard(s). 
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The Chehalis Basin is the second largest river basin within Washington, yet has received far less funding 
for aquatic species habitat restoration than any other salmon region (Ruckelshaus Center 2014).  The 
Chehalis Lead Entity works to identify and prioritize salmon recovery projects in the Chehalis Basin, and 
helps allocate federal and state Salmon Recovery Funding Board (SRFB) funding.  The U.S. Fish and 
Wildlife Service (USFWS)’s Chehalis Fisheries Restoration Program (CFRP) provides funding for projects 
to restore Chehalis River fisheries resources.  The Washington Department of Natural Resources (DNR) 
administers the Family Forest Fish Passage Program (FFFPP), which funds fish barrier removal projects 
on small forest landowner properties.  Projects funded through these organizations have included the 
creation of riparian and off-channel fish rearing habitat, restoration of agricultural wetlands for fish use, 
monitoring fish use of these habitats with a focus on aquatic species habitat restoration and 
preservation, and removal of fish passage barriers.   

1.4 Purpose and Need 
As identified in the Work Group’s 2014 Recommendation Report (Ruckelshaus Center 2014), the 
Chehalis Basin suffers from both major flooding and substantial degradation of aquatic species.  There is 
a clear call to action demonstrated in the report:   

Peak flood levels have been rising in the Basin over the last 30 years and are likely to get 
worse.  The five largest floods in the Basin’s history have occurred during the past 30 years.  
Current ‘low’ estimates of climate change impacts predict an 18% increase in peak flows; the 
‘high’ estimates are upwards of 90%.  Under the latter scenario, floodwaters in the City of 
Centralia would be almost eight feet higher than in the peak of the 2007 flood.  The specter of 
catastrophic flooding casts a shadow over the region’s future, affecting economic prosperity and 
the emotional health of the Basin communities.   

Aquatic species in the Chehalis Basin are significantly degraded, and if action is not taken, this 
degradation is expected to continue.  Salmon habitat in the Basin already is degraded by 44%–
78%, depending on the species.  Failure to take action to restore physical and ecological Basin 
processes and habitat, coupled with potential impacts of climate change, are predicted to result 
in the complete loss (extirpation) of Spring-run Chinook from the Basin late this century, and a 
70% loss of coho.  It is very possible that the current trajectory would lead to Endangered Species 
Act listings and related restrictions, as well as great economic and cultural losses for tribal, 
commercial, and recreational fishers and others who depend on or enjoy these species. 
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In order to positively effect change, the Chehalis Basin 
Strategy will need to provide a long-term, integrated 
approach to substantially reduce damage from a major 
flood and restore degraded aquatic species habitat in the 
Chehalis Basin.  The solution should provide a safer future 
for people, reduced social and economic costs associated 
with floods and degraded aquatic habitat, and a healthier, 
more resilient Chehalis Basin for aquatic species.   

Landowner willingness will be pivotal to the success of the 
strategy.  Implementation of individual or combinations of 
actions, from large-scale and local-scale flood damage 
reduction to habitat restoration, will require voluntary 
participation of landowners, business owners and residents 
of the Chehalis Basin.  No single project alone can 
accomplish a Basin-wide approach to flooding (Ruckelshaus 
Center 2012).  None of the alternatives evaluated can 
completely alleviate the adverse impacts of flooding.  
Flooding in some areas, for example on many of the 
tributaries to the Chehalis River like the Skookumchuck 
River or Black River, would need to be addressed through 
identification of local projects and through programmatic 
efforts such as additional home elevations or buy-outs in 
the floodplain, floodproofing, farm pads, and land use 
management approaches. 

The challenges in the Chehalis Basin are great, but the interest and momentum toward finding an 
effective solution are reflected in the alternatives brought forward in this EIS.  An integrated Basin-wide 
strategy that is financially viable, sustainable, and supported by the community will have the highest 
likelihood of being implemented.  The strategy is intended to maximize the benefits of flood damage 
reduction and aquatic species habitat restoration actions over both the short and long term, while 
avoiding and minimizing adverse environmental, social, cultural, agricultural, and economic impacts.  
The objectives of the Chehalis Basin Strategy include the following, which will be used as the basis for 
evaluating the alternatives: 

1. Reduce the following conditions caused by a major flood: 
A. Threats to human health and safety, including access to critical medical facilities  
B. Flood damage to commercial and residential properties 
C. Flood damage to agricultural properties, livestock, and crops 

Major Floods 

A major flood along the Chehalis River 
is defined as the level where moderate 
flooding in Lewis County (includes 
road closures and floodwaters 
encroaching on some homes and 
businesses) and major flooding in 
Thurston County (constituting 
inundation of farmlands and roads, 
including U.S. 12) occurs.  The 
threshold for a major flood is 
38,800 cubic feet per second (cfs) at 
the Grand Mound gage located along 
the Chehalis River (near Grand 
Mound) in Thurston County, which has 
a 15% probability of occurrence in any 
year (or a 7-year recurrence interval).  
Major floods include events greater 
than 38,800 cfs with a lower frequency 
of occurrence such as 10-year, 
100-year, and 500-year floods (10%, 
1%, and 0.02% probability of 
occurrence in any year).  These floods 
are more extensive and damaging. 
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D. Disruption in transportation systems, including closures of I-5 and local and regional 
transportation systems 

E. Disruption to industry, commercial businesses, and public services  
2. Protect and restore aquatic species habitat function to:  

A. Improve resiliency of natural floodplain processes and ecosystems from the effects of 
climate change, including warming stream temperatures, low flows, and other effects  

B. Increase abundance of native aquatic species, including increased populations of healthy 
and harvestable salmon and steelhead  

C. Reduce the potential for future ESA listings 
D. Enhance tribal and non-tribal fisheries 

1.5 State Environmental Policy Act Review  
As the lead agency, Ecology prepared this EIS in compliance with SEPA to evaluate the Chehalis Basin 
Strategy alternatives to reduce flood damage and restore degraded aquatic species habitat.  The SEPA 
environmental review process provides a way to identify and assess the possible environmental effects 
of a proposal (including alternatives, environmental impacts, and mitigation) before deciding whether to 
proceed.  The process helps decision-makers and the public understand how a proposed action would 
affect the natural and human environment.  The SEPA action is the adoption of a long-term integrated 
program (Chehalis Basin Strategy) that meets the purpose and need of the proposal, and supports the 
Governor’s recommendations on the long-term strategy and future funding. 

For the Chehalis Basin Strategy, a planning-level analysis under a programmatic EIS is appropriate at this 
stage in the decision-making process.  A programmatic (nonproject) SEPA review considers the effects of 
a broad proposal or planning-level decisions that include any or all of the following: a range of individual 
projects, implementation over a long timeframe, or implementation across a large geographic area.  The 
impact assessment in a programmatic EIS is more qualitative than a project-specific EIS; mitigation 
measures are also typically more general and focus on actions that could be implemented or might 
be required.  

Evaluating the Alternatives 

The alternatives in this EIS will be evaluated with regard to their ability to address the purpose and need for the 
Chehalis Basin Strategy: substantially reducing flood damage and restoring aquatic species habitat.   

Achieving the purpose and need involves identifying specific actions for flood damage reduction and aquatic 
species habitat restoration throughout the Chehalis Basin.  A long-term strategy for funding will be developed to 
implement these integrated actions.   
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Once a preferred alternative has been selected, more quantitative evaluations will occur through 
subsequent project-level environmental reviews in order to identify the site- and project-specific 
impacts associated with implementation of given actions.  Environmental and land use permits may also 
be necessary for construction of any projects that move forward.  The following illustrates different 
levels of environmental review and their applicability.  

In accordance with SEPA, a scoping period was conducted from September 18 to October 19, 2015, for 
interested tribes, agencies, and the public to provide input on the content and scope of this EIS.  The 
scoping comments were used to help define the purpose and need, refine the alternatives, and 
determine which elements of the environment were evaluated.  Comments and questions received 
during scoping are further detailed in Chapter 6 and in the Scoping Summary Report (see Appendix B).  

1.6 EIS Scope and Organization 
This EIS evaluates how combinations of action elements could function together to meet the purpose 
and need of flood damage reduction and aquatic species habitat restoration.  It describes how the 
Chehalis Basin Strategy would be implemented, and the potential impacts that could result from the 
implementation of the action elements, the EIS action alternatives, and the No Action Alternative.   

The remainder of this EIS is organized into the following 
chapters to meet the requirements of SEPA: 

• Chapter 2 – Alternatives summarizes the background 
and history of the Chehalis Basin Strategy 
development and details the range of alternatives 
assessed during the EIS process. 

• Chapter 3 – Affected Environment describes the 
current conditions existing in the Study Area for each 
element of the environment examined in this EIS. 

• Chapter 4 – Action Elements: Impacts and 
Mitigation provides the results of an evaluation of 

Elements of the Environment 

Elements of the environment are 
defined in Washington Administrative 
Code 197-11-444, and comprise 
natural and built elements (such as 
fish and wildlife, or public services and 
utilities).  This EIS evaluates impacts 
on these resources from constructing 
and operating the action elements or 
combined alternatives. 

Programmatic 
Environmental Review

• Planning-level concept 
evaluation

• General description of 
potential impacts and 
mitigation

Project-level 
Environmental Review

• Individual project evaluation

• Identification of specific  
impacts and mitigation 
measures

Project Permitting

• Individual project compliance

• Identification of permit 
conditions, best management 
practices, mitigation design 
and monitoring, and other 
measures to reduce impacts
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potential short-term and long-term effects of the action elements relative to each element of 
the environment in the Study Area.  This chapter also identifies potential mitigation measures 
that could be implemented to reduce potential effects. 

• Chapter 5 – Combined Alternatives: Impacts and Mitigation contains the results of an 
evaluation of potential long-term and cumulative effects of the combined alternatives relative 
to the No Action Alternative.  This chapter also identifies potential mitigation measures that 
could be implemented to reduce potential effects. 

• Chapter 6 – Consultation and Coordination summarizes comments and questions received 
during scoping; details the roles of Ecology, other agencies, and tribal governments in the 
development of the Chehalis Basin Strategy and this EIS; and summarizes Ecology’s coordination 
with tribes and other agencies. 

• Chapter 7 – References provides a list of other materials and studies used to inform preparation 
of this EIS.  

• Chapter 8 – List of Contributors identifies individuals from Ecology, other state agencies, tribes, 
and consulting firms who participated in the evaluation. 

• Appendices include specific detailed information relevant to the evaluation provided in this EIS. 
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2 ALTERNATIVES 

2.1 Background and History 
Although flood damage reduction in the Chehalis Basin has been examined in more than 830 studies 
since the 1930s, the efforts conducted to date have not resulted in appreciable reduction of damages to 
residents, communities, infrastructure, and natural resources.  After the 2007 flood, the Chehalis River 
Basin Flood Authority was formed by an Interlocal Agreement among 11 jurisdictions in the Chehalis 
Basin (counties, cities, towns, and the Chehalis Tribe).  The Flood Authority was funded by the 
Washington State Legislature to develop, or participate in the development of, flood damage mitigation 
measures throughout the Chehalis Basin.  The Flood Authority published the Chehalis River Basin 
Comprehensive Flood Hazard Mitigation Plan in 2010.  This plan provided a review of the characteristics in 
the Chehalis Basin affecting flooding, typical flood hazard mitigation solutions, and recommendations 
for jurisdictions to improve existing regulations within floodplains. 

In 2011, the legislature (as part of the capital budget [Engrossed Substitute House Bill 2020, 
Section 1033]) tasked OFM with preparing a report on alternative flood damage reduction projects in 
the Chehalis Basin.  OFM’s report, prepared in coordination with local governments and state and 
federal agencies, contains recommendations for priority flood damage reduction projects requiring 
continued feasibility and design work.  The purpose of the report was to provide the legislature and 
other decision-makers with the information needed to aid their decisions on effective solutions to 
reduce the adverse impacts of flooding, protect and restore fish populations and natural resources, and 
support the economic prosperity of communities in the Chehalis Basin.  

In June 2012, a group of community leaders met to discuss the actions that had been previously taken 
and determine additional flood damage reduction projects that should be implemented.  Both 
policymakers and leaders agreed that no single action would stop all flooding, and that a Basin-wide 
approach that “works with nature” was needed.  This group recommended that the approach should 
include the following (Ruckelshaus Center 2012): 

• Maximization of benefits from flood damage reduction projects and minimization of 
negative impacts 

• Actions that do not result in increasing flood damage in other portions of the watershed 

• A combination and sequence of projects in different locations in the Chehalis Basin that address 
different aspects of flooding, and which reach beyond solely protecting I-5  

• Programmatic actions such as land use management, refinements to forest practices, 
floodproofing, elevating and buy-out of homes, farm pads, improvements to riparian buffers, 
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bank erosion control, and restoration of wetlands and floodplain storage and connectivity that 
can provide small-scale flood storage and habitat benefits 

• Protection and, where possible, improvement to floodplain function, while acknowledging 
historical development in the floodplain  

In August 2012, then-Governor Christine Gregoire appointed a Work Group of Chehalis Basin leaders 
and tasked them with developing recommendations for flood damage reduction actions.  Up to that 
point, flood damage reduction and aquatic species habitat restoration efforts had been conducted 
piecemeal.   

In November 2012, the Work Group recommended an integrated Basin-wide approach that would 
represent a substantial investment to reduce flood damages in the short term, restore natural floodplain 
function and fisheries, and put the Chehalis Basin on firm footing to make critical decisions about 
large-scale actions.   

The 2014 Work Group’s approach called for investments in the following actions, which required 
additional evaluation prior to implementation:  

• Large-scale capital flood damage reduction projects affecting a broad geographic area, such as a 
water retention facility and/or improvements to protect I-5 

• Small-scale capital flood damage reduction projects with more localized benefits 

• Projects that enhance the overall environmental conditions and habitat for aquatic species in 
the Chehalis Basin, including increasing the abundance of fish  

• Strategies to help people already located in the floodplain, and land use management 
enhancements to reduce the potential that new development would increase the risk of 
flood damage 

• An effective flood warning and emergency response system 

Current (2016) Chehalis Basin Work Group Members 

• Rob Duff, Policy Advisor to Governor Inslee 
• Vickie Raines, Grays Harbor County Commissioner and Chehalis River Basin Flood Authority Chair  
• Karen Valenzuela, former Thurston County Commissioner and former Chehalis River Basin Flood Authority 

Vice-chair  
• J. Vander Stoep, private attorney and Chehalis River Basin Flood Authority Pe Ell Alternate  
• Jay Gordon, farmer in lower Chehalis Basin and Washington Dairy Federation Executive Director  
• Don Secena, Chehalis Tribe Chairman  
• Larry Goodell, Jr., Quinault Indian Nation Chairman of Off-reservation River and Ocean Fisheries Committees 
• Steve Malloch, consultant and environmental community member  
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In April 2013, Governor Inslee tasked the Work Group with developing a recommendation on how to 
move these investments in flood damage reduction and aquatic species habitat restoration forward.  
From 2013 to early 2015, the Work Group oversaw a series of technical analyses to support 
decision-making on long-term, large-scale actions and the implementation of a number of small-scale 
projects.  At the end of 2014, the Work Group published the 2014 Recommendation Report, outlining a 
program of integrated, long-term, flood damage reduction and aquatic species habitat restoration 
actions that would require further analysis.   

A timeline of the floods, beginning in 1887, and technical studies completed since the 1930s, is shown in 
Figure 2.1. 
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2.2 Location and Regional Setting 
The Chehalis Basin, located in Southwestern Washington, is the second largest river basin within the 
state.  The Chehalis Basin extends over eight counties, encompassing large portions of Grays Harbor, 
Lewis, Mason, and Thurston counties, and much smaller parts of Pacific, Cowlitz, Wahkiakum, and 
Jefferson counties (see Figure 2.2-1).  The Chehalis Basin is bounded by the Pacific Ocean to the west, 
the Nisqually River Basin and the Cascade Range foothills to the east, the Olympic Mountains to the 
north, and the Cowlitz River Basin to the south (see Figure 2.2-2).  For the purposes of water resource 
planning under the Washington State Watershed Planning Act of 1998, the Chehalis Basin was divided 
into two WRIAs: WRIA 22 and WRIA 23 (CBP 2004). 

The Chehalis River flows approximately 125 miles north-northwesterly to Grays Harbor and the 
Pacific Ocean, and drains an area of approximately 2,700 square miles.  The mainstem Chehalis River is 
formed by the confluence of the East Fork Chehalis River with the West Fork Chehalis River in the central 
Willapa Hills above Pe Ell in Lewis County (see Figure 2.2-2).  Tributaries to the Chehalis River arise from 
diverse sources, including the Olympic Mountains, the Bald Hills, the Willapa Hills, the Black Hills, and a 
spur of the Cascade Mountain Range (ASEPTC 2014a).   

 

Photo credit: The Chronicle, Centralia, Washington 
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In the upstream (southern) portion of the Chehalis Basin, the Chehalis River valley is relatively narrow 
with less natural floodplain area, and land use is predominantly forestlands.  The majority 
(approximately 80%) of the land within the Chehalis Basin is forestland (deciduous, coniferous, and 
mixed forest), with 54% classified as managed forests.  Downstream, agriculture, industry, and 
residential development are concentrated in the floodplain in areas close to primary streams and rivers.  
Major infrastructure, including I-5 and the BNSF Railway and Union Pacific Railroad lines, cut through 
the middle of the Chehalis Basin within the Chehalis River floodplain.  In the lower (northern) Chehalis 
Basin downstream of Centralia, the mainstem Chehalis River valley is much wider, less populated, and 
more predominantly agricultural, except for Aberdeen, Hoquiam, and Cosmopolis at the Grays Harbor 
estuary.  Agriculture within the Chehalis Basin consists mainly of livestock grazing, crop farming, and 
commercial dairy operations (CBP 2004).  In total, agricultural land covers approximately 41% of the area 
within the Chehalis River floodplain, and 5% of the entire Chehalis Basin.   

The total population in the Chehalis Basin is approximately 140,000 (Ruckelshaus Center 2014), including 
four population centers: Chehalis (7,259) and Centralia (16,336) in the upper Chehalis Basin, and 
Aberdeen (16,896) and Hoquiam (8,726) at the mouth of the Chehalis River (U.S. Census Bureau 2015).  
The Chehalis Tribe reservation is situated on approximately 4,849 acres of land near the mouth of the 
Black River on the mainstem Chehalis River.  The Quinault Indian Reservation is located outside of the 
Chehalis Basin, on the southwestern corner of the Olympic Peninsula in Grays Harbor County.  The 
Quinualt Indian Nation’s usual and accustomed fishing areas include Grays Harbor and its tributaries. 
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2.3 Alternatives 
The alternatives evaluated in this EIS represent a variety of approaches to address the dual purpose and 
need of reducing flood damage and restoring aquatic species habitat in the Chehalis Basin.  The 
alternatives are characterized by different combinations of flood damage reduction and a range of 
aquatic species habitat restoration action elements.  In addition, a No Action Alternative is included, per 
SEPA requirements, and for the purpose of having a basis to compare potential benefits and impacts 
with the proposed action alternatives.   

This section includes a description of how the alternatives were developed, as well as a discussion of 
alternatives that were considered but eliminated from further study.  Detailed descriptions of the EIS 
alternatives are provided, as well as a summary (see Table 2.3-1).  An economic analysis is included in 
Appendix C, which analyzes the potential impacts of project alternatives, including costs to the 
environment and benefits associated with reduced flood damage and environmental improvements. 

2.3.1 Alternative Development Process 
The Work Group’s 2014 Recommendation Report was the catalyst for this EIS.  The report contemplated 
three types of dam structures; improvements to the levee around a portion of the Chehalis-Centralia 
Airport; flood protection options for I-5; combinations of aquatic species habitat restoration scenarios; 
local-scale projects identified by the Chehalis River Basin Flood Authority and other stakeholders in the 
Chehalis Basin; land use management efforts such as improved floodplain regulations; and floodproofing 
actions for residents and structures already located in flood-prone areas.  The report also recommended 
the development of this EIS to evaluate a package of potential actions intended to meet flood damage 
reduction and aquatic species habitat restoration goals in the Chehalis Basin.  

The range of potential action elements identified by the Work Group for further evaluation was refined 
during the EIS scoping process and assessed to determine the effectiveness in meeting the purpose and 
need, as well as potential environmental impacts.  As further described in Chapter 6, a total of 43 public 
comments were received (through mail, email, and the project website) and compiled through the end 
of the scoping period.  These comments helped to shape the development and evaluation of 
alternatives for the EIS, including adding the Restorative Flood Protection and Nonstructural Flood 
Protection alternatives, expanding the Aquatic Species Habitat Action scope, considering water rights 
and water supply, and evaluating effects of forest practices on streamflow and landslides.   

In February 2016, the Work Group requested that Ecology consider the Aberdeen/Hoquiam North Shore 
Levee action element as one of its recommended Large-scale Flood Damage Reduction Actions in the 
EIS.  The Aberdeen/Hoquiam North Shore Levee action element originated as a Local-scale Flood 
Damage Reduction Action because it was initially a smaller-scale levee intended to protect Aberdeen; 
however, the levee concept was expanded to protect Aberdeen and Hoquiam, and resulted in flood 
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damage reduction on a similar scale as compared to other Large-scale Flood Damage Reduction Actions 
evaluated in the EIS. 

2.3.2 Action Elements and Proposed Alternatives 
Table 2.3-1 provides a summary of the action elements evaluated in this EIS, and illustrates how the 
action elements are combined into the considered alternatives.  Under the No Action Alternative, 
actions to reduce flood damage and improve aquatic habitat conditions would continue to a lesser 
extent than under the action alternatives (open circles demonstrate the reduced actions under 
this alternative). 
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Table 2.3-1  
Action Elements and Combined Alternatives for Evaluation in the Draft EIS 

ACTION ELEMENT 

PROPOSED ALTERNATIVES 

NO ACTION 
ALTERNATIVE 

ALTERNATIVE 1: 
2014 GOVERNOR’S 
WORK GROUP 
RECOMMENDATION 

ALTERNATIVE 2: 
STRUCTURAL FLOOD 
PROTECTION 
WITHOUT FLOOD 
RETENTION FACILITY 

ALTERNATIVE 3: 
NONSTRUCTURAL 
FLOOD PROTECTION 

ALTERNATIVE 4: 
RESTORATIVE 
FLOOD PROTECTION 

LARGE-SCALE FLOOD DAMAGE REDUCTION ACTIONS 
Flood Retention Facility (dam and 
associated reservoir) 

     

Airport Levee Improvements      
I-5 Projects      
Aberdeen/Hoquiam North Shore Levee      
Restorative Flood Protection      
LOCAL-SCALE FLOOD DAMAGE REDUCTION ACTIONS 
Floodproofing      
Local Projects      
Land Use Management      
Flood Warning System Improvements      
AQUATIC SPECIES HABITAT ACTIONS 
Restore riparian habitat       
Remove fish passage barriers      
Restore off-channel habitat       
Add wood to streams for habitat       
Restore bank erosion to naturally 
occurring rates   

     

Reconnect the floodplain      
Create, restore, and enhance wetlands      

Note: Open circles represent reduced actions under this alternative. 
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2.3.3 Action Elements 
Action elements are described in this section in order from the largest to smallest magnitude flood 
damage reduction actions, followed by aquatic species habitat actions.  Therefore, this section begins 
with a discussion of the Large-scale Flood Damage Reduction Actions, followed by Local-scale Flood 
Damage Reduction Actions, then Aquatic Species Habitat Actions.  For the Large-scale Flood Damage 
Reduction Actions, those actions with the most significant impacts are described first (e.g., Flood 
Retention Facility and Restorative Flood Protection). 

2.3.3.1 Large-scale Flood Damage Reduction Actions 
Flood Retention Facility 
The Flood Retention Facility (a dam and associated 
reservoir) would not protect communities from all flooding; 
however, it is intended to substantially reduce damages 
during a major flood.  The Flood Retention Facility would 
operate at and above the major flood stage in order to 
realize the most flood damage reduction benefit, while 
minimizing impacts on streamflow in the Chehalis River.  
Flood protection provided by the Flood Retention Facility 
would not result in immediate changes to FEMA flood 
hazard mapping; however, regular FEMA mapping updates 
would continue to occur.   

The proposed Flood Retention Facility would be located on Weyerhauser property, south of State Route 
(SR) 6 in Lewis County, on the mainstem Chehalis River about 1 mile south of Pe Ell (see Figure 2.3-1).  
Ownership of the Flood Retention Facility, as well as other acquisition details, has not been determined 

FEMA Flood Hazard Maps 

FEMA prepares and periodically 
updates flood hazard maps in the 
Chehalis Basin and across the country.  
The newest maps, also known as 
Digital Flood Insurance Rate Maps, 
show flood risk at a property-by-
property level based on topographic 
data, hyrologic/hydraulic analyses, and 
data for river flow and storm tides. 

Flood Retention Facilities 

The term “flood retention facility” is used in this document to collectively denote a dam and its associated 
reservoir.  Where the discussion is focused on just the dam or the reservoir, those terms are used instead.  The 
following two types of flood retention facilities are being considered: 

• A dam with a temporary reservoir would be designed to temporarily hold back water during major floods.  
This is known as a flood retention only facility.  The river would flow normally during regular conditions or in 
smaller floods.  

• A dam with a permanent reservoir would continuously hold back water (instead of only during major floods).  
In addition to reducing flood damage during the winter, summer, and early fall, the water from the reservoir 
would be released to provide more water and cooler water temperatures in portions of the Chehalis River 
downstream of the dam.  This is known as a flood retention flow augmentation facility. 
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at this planning-level stage of the process.  Property acquisition within the dam and reservoir footprint 
would be required, and the land would no longer be managed as commercial forestland. 

Two different Flood Retention Facility types (a dam with a temporary reservoir and a dam with a 
permanent reservoir) are being considered (see Figure 2.3-2).  The Flood Retention Only (FRO) facility 
consists of a dam with a temporary reservoir.  The dam would temporarily retain water in the event a 
major flood (as previously described, flows exceeding 38,800 cubic feet per second (cfs) at the Grand 
Mound gage) is predicted.  The flood retention flow augmentation (FRFA) facility consists of a dam with 
a permanent reservoir, which would include additional capacity to retain floodwaters in the event a 
major flood is predicted.  Water stored in the permanent reservoir during winter would be released as 
needed (typically during late spring through early fall) to augment flows and reduce water temperatures 
in portions of the mainstem Chehalis River.  In addition to removal of vegetation for the dam structure, 
tree clearing and vegetation removal would occur within the reservoir area, with the details of the tree 
clearing and vegetation removal approach provided in a Pre-construction Vegetation Management Plan 
(see Chapter 4 for more details).  One of the goals of the Pre-construction Vegetation Management Plan 
would be to reduce the extent of tree clearing and vegetation removal in the reservoir footprint and to 
reduce the amount of woody material that would accumulate in the reservoir during a flood. 

This action element is not assumed or intended to result in residential or community development at or 
around the reservoir.  Creation of a reservoir is not intended to encourage development because it 
would be contrary to the strategy objectives of reducing flood damage to properties and threats to 
human safety from floods, and protection and restoration of aquatic species habitat.  Temporary fish 
passage facilities would be used during construction of the dam, and permanent fish passage facilities 
would be part of the design and operation of the dam.  Fish passage facility designs in this EIS are 
conceptual in nature and would continue to be refined during project-level SEPA analysis.  Both dam 
types evaluated in this EIS would be constructed with roller-compacted concrete, which is more 
cost-effective than other types of construction methods, and would be designed to retain a flow volume 
similar to the 2007 flood.  A new power line would be needed for the construction and operation of the 
dam to power pumps, gates, instruments, and other controls.  The alignment would be selected to avoid 
and minimize impacts, including using existing local transmission lines and locating the line along areas 
cleared for dam construction.   

Construction of the FRO or FRFA dam would include development of a quarry site, material storage, 
material processing, and areas for construction offices and equipment storage.  Three potential quarry 
sites have been located; the most promising is within the reservoir inundation area approximately 
2 miles from the potential dam location, mainly along Forest Road (FR) 1000.  Material from the quarry 
site would be crushed and processed for use in the dam and other structures.  

Other materials necessary for construction of the dam include large quantities of cement and fly ash, 
which would be transported by rail to a railhead (most likely in Chehalis) and by truck for approximately 
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30 miles from the railhead to the site, mainly along SR 6.  Construction equipment and material 
processing equipment would also be transported by existing roads to the dam site.  Construction would 
necessitate development of several miles of temporary construction roads to provide access between 
the materials storage and processing locations and the immediate construction area. 
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Flood Retention Only Facility 
The FRO facility would be constructed in the upper Chehalis Basin to retain water temporarily during a 
major flood.  The FRO dam would not impede Chehalis River flows under normal conditions or during 
smaller floods (e.g., less than 7-year floods).  The FRO dam would transition to flood retention operations 
only during a major flood that could otherwise cause serious damage in downstream areas.  Specific 
flow operations would depend on inflow and the need to hold water to relieve downstream flooding.   

The FRO dam would be designed to provide upstream and downstream juvenile and adult fish passage 
(for salmonids, lamprey, and resident fish species) through three 230-foot-long open tunnels installed at 
river grade at the base of the dam (see Figure 2.3-3).  During flood retention operations, a collection and 
transport system located below the dam would collect salmon, steelhead, and lamprey via a short fish 
ladder; hold the fish; and transport them in a truck to release points above the dam.  The dam structure 
would also include a 210-foot-wide emergency spillway.  During construction, a river bypass tunnel 
would be constructed for use until the tunnels are completed. 

The emergency spillway would discharge into a 70-foot stilling basin, which would provide for 
containment and control of all flows over the emergency spillway.  An anchored log boom would be 
placed upstream of the dam to help contain large woody material (LWM) during flood operations.  A 
combined steel and reinforced concrete trash rack structure would protect the FRO facility entrances 
and prevent the entry of LWM that would not pass through the downstream control valves.  Occasional 
maintenance of the intake to remove accumulated debris would be required. 

The watershed area upstream of the FRO dam is 68.9 square miles, and the reservoir would have a 
capacity of up to 65,000 acre-feet.  The spillway crest elevation for the FRO dam would be above the 
maximum estimated reservoir flood pool elevation.  The top of the FRO dam structure would be 
1,220 feet long, with 3 to 5 feet of freeboard as a factor of safety.  The maximum structural height of the 
FRO dam is estimated to be up to 226 feet. 

Concrete aggregate would be mined within the FRO facility site, and an on-site concrete batch plant 
would produce concrete.  Construction activities would necessitate a detour or bypass road for FR 1000, 
which is a main access road for Weyerhauser forestry operations.  The FR 1000 bypass or detour would 
also be needed during flood conditions while the dam is in operation and FR 1000 is inundated.  Up to 
6 miles of FR 1000 would be inundated and unavailable during flood retention, at which time, a detour 
could be used from FR A-line, FR F-line, and FR 2000 to rejoin FR 1000 upstream of the reservoir.  
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Flood Retention Flow Augmentation Facility 
The FRFA facility would be constructed to provide flood retention similar to the FRO facility, but would 
also include water storage for release in late spring to early fall.  Flow augmentation would be timed and 
designed to increase flow and decrease temperature in the upper Chehalis River downstream of the 
dam.  The FRFA dam would retain water continuously instead of only during a major flood.  Reservoir 
releases would be designed to attenuate floods and control water temperature, transport sediment and 
small debris, and maintain geomorphic processes downstream of the FRFA dam.  The FRFA dam would 
not incorporate hydropower facilities as part of this proposal. 

As shown in Figure 2.3-4, a 210-foot-wide emergency spillway would be located near the current river 
channel location, and would discharge into a 70-foot stilling basin.  The flood control outlets would be 
located along the east (right-looking downstream) side of the emergency spillway.  An anchored log 
boom would be placed to help contain LWM during flood operations.  The FRFA dam would be designed 
to provide fish passage, and a number of fish passage options are currently being evaluated.   

For upstream juvenile and adult salmon and steelhead passage, and adult lamprey passage, two 
alternatives are being evaluated: a fish ladder that would allow salmon and steelhead to pass volitionally 
over the dam; and a collection and transport system that would collect salmon, steelhead, and lamprey 
via a short fish ladder, hold the fish, and transport them in a truck to the release points.  Both 
alternatives would have a normal, high-velocity entrance for adult salmonids and a low-velocity 
entrance for juvenile salmonids, resident fish, and adult lamprey.  To pass adult lamprey, the corners of 
the low-velocity entrance would be rounded, bollards would be placed along the floor to provide 
microhabitats, and a flume entrance would be located in the pool to allow fish to exit the entrance pool, 
enter the flume, and migrate up the flume to a pool located at a higher elevation. Resting pools for 
lamprey would be located in the flume.  Once in the uppermost pool, a wet wall would allow lamprey to 
climb the wall and drop into a hopper than could be loaded onto a truck for transportation upstream.  
One of these alternatives would be incorporated into the final dam design.   

For downstream passage of adult (steelhead) and juvenile salmon, two systems are being evaluated: a 
floating surface collection system and a multi-port system.  The floating surface collection system would 
be located in the forebay, just upstream of the dam, to collect fish.  Fish would then be loaded onto 
transportation vehicles, taken downstream to the adult collection and transportation system (for 
monitoring and sorting), and released downstream.  The multi-port system would be built into the dam.  
A total of four dewatering screen systems would be installed and operated one at a time to 
accommodate the approximately 40-foot fluctuation in forebay elevation.  Adult and juvenile salmonids 
would enter and pass through the dewatering screen system, and be conveyed to a release point below 
the dam via specially designed transportation conduits.  While it is possible that these systems may 
collect juvenile lamprey moving downstream through the reservoir, the expectation is that few juvenile 
lamprey will locate and pass through either downstream passage alternative for the FRFA.   
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The watershed area upstream of the FRFA dam would be the same as the FRO facility (68.9 square 
miles), but the FRFA reservoir would have an increased capacity, up to 130,000 acre-feet.  This includes 
65,000 acre-feet for the conservation pool and 65,000 acre-feet for the flood storage pool.  The 
conservation pool would be filled during winter, and accessed under low-flow conditions to augment 
downstream flows and reduce water temperatures.  The flood storage pool would capture high flows to 
reduce downstream flooding during a major flood.  Actual flood-flow operations would depend on 
inflow and the need to hold water to relieve downstream flooding. 

The spillway crest elevation for the FRFA dam would also be above the maximum estimated reservoir 
flood pool elevation.  The top of the dam would be 2,470 feet long, with an additional 3 to 5 feet of 
freeboard above the maximum pool as a factor of safety.  The maximum structural height of the 
FRFA dam is estimated to be up to 285 feet.  

The FRFA facility would include retirement of a section of FR 1000.  The FRFA reservoir would 
permanently inundate approximately 5 miles of FR 1000, and up to 7 miles during flood retention.  
Approximately 7 miles of new road to replace FR 1000 would need to be constructed outside of the 
reservoir area, or a permanent detour developed using FR A-line, FR F-line, and FR 2000 to rejoin 
FR 1000 upstream of the reservoir.   
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Restorative Flood Protection  
Restorative Flood Protection is intended to rebuild the 
natural flood storage capacity of the Chehalis Basin by 
reversing landscape changes that contribute to 
downstream flooding and erosion.  Restorative Flood 
Protection would increase the flood storage capacity of the 
Chehalis Basin by adding engineered large wood and 
plantings to create “roughness” (or resistance to flow) to 
river and stream channels and the floodplain, and by 
reconnecting river channels to floodplain storage.  This 
strategy would necessitate individual actions be taken on a 
large scale and linked, which requires voluntary 
participation from many landowners within the 
Chehalis Basin.   

Actions that create roughness would raise water elevations 
in the river or stream channel and would cause water to 
spill overbank at lower discharges, hence more frequently.  Overbank flows would spread across the 
floodplain, where over time natural vegetation and engineered structures would act to inhibit flow 
speeds, increase the time that floodwaters are stored, and discourage drainage flowing back to river 
channels.  These actions are intended to reduce the speed at which a flood moves through the channel 
network, thereby reducing the magnitude of flooding downstream.  

Actions to accomplish Restorative Flood Protection would include floodplain and streambank plantings, 
placement of engineered large wood structures in floodplains and on streambanks, and placement of 
engineered wood structures in channels, to mimic natural short-term and long-term ecological 
processes.  These actions are proposed for flood protection, but would be coordinated with and 
complement Aquatic Species Habitat Actions.  Restorative Flood Protection would reduce flood peaks on 
the Chehalis River downstream of the confluence with the Newaukum River, which is where the greatest 
flood damages have historically occurred.   

Actions associated with Restorative Flood Protection, like reinstatement of native vegetation and the 
placement of engineered wood structures in floodplains and in channels, would occur in “treatment” 
areas.  Most of the major river and stream floodplain areas within the mainstem Chehalis upstream of 
the Newaukum River confluence, South Fork Chehalis River, and Newaukum River are potential 
Restorative Flood Protection treatment locations (or opportunity areas).  Figure 2.3-5 shows the 
potential treatment areas suitable for Restorative Flood Protection actions.  There are about 140 river 
miles (RMs) within the Restorative Flood Protection treatment area, and the associated floodplain area 
that is engaged by these rivers during a 100-year flood is about 21,000 acres.     

Restorative Flood Protection 

This approach to reducing flood 
damage at a large scale combines the 
following two types of actions:  

• Constructing projects and 
floodplain plantings that slow and 
store floodwaters more evenly 
throughout the watershed; this is 
referred to as adding “roughness” 

• Helping people in existing and new 
flood and erosion risk areas move 
to safe locations, or floodproof 
their homes and businesses 
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Restorative Flood Protection involves substantial changes to current land use within treatment areas in 
the upper watershed.  To attain downstream reductions in flooding, large areas of valley bottom land in 
upstream areas would be converted to “river management corridors” or “greenways” where flooding 
would occur more frequently than it currently does.  An integral part of Restorative Flood Protection 
would be providing assistance to property owners that would be affected or displaced, and would 
include a suite of options for stimulating new private, agricultural, and recreational development in 
upland areas not at risk of flooding or erosion. 

For a variety of reasons, many miles of the mainstem Chehalis River and its tributaries are isolated from 
their floodplains.  Floodwaters in the Chehalis Basin do not spread out over floodplains, like under 
historical conditions, and move downstream more quickly and with more velocity than in the past.  
Restorative Flood Protection would rely on landowners who are willing to have their floodplain property 
flooded for a longer period of time or more frequently.  In addition, this action element would seek 
landowners who are open to having their floodplain land reforested (roughened).  These actions would 
need to be implemented over large contiguous areas within the identified treatment areas for 
Restorative Flood Protection to be effective.   

Restorative Flood Protection Treatment Areas 
The most suitable areas (shown in green in Figure 2.3-5) for Restorative Flood Protection are areas 
where the river channel has a slope of less than 0.5%.  Computer modeling shows the greatest response 
to roughness actions for river sections with these low slopes (Abbe et al. 2016).  Detailed analysis has 
shown that in steep channels, or channels with slopes greater than 1%, dense vegetation is only half as 
effective in reducing the average flow speed compared to channels with a mild slope (Anderson 2006).  
For this reason, river slope is the primary criterion for determining the technical suitability of the 
Restorative Flood Protection actions.   

The secondary criteria for determining technical suitability of areas for Restorative Flood Protection 
actions are as follows: 

• Degree of channel incision – Much of the Chehalis River channel network in the assessment 
area is incised, meaning that the channel is larger and deeper than under undisturbed 
conditions.  Incised channel segments carry a larger flow volume, and at higher flow velocities, 
than channels under undisturbed conditions.  In the incised areas, flood flows are mostly 
confined to the channel.  Portions of the floodplain along incised channel segments would be 
reconnected through wood placement and elements to add roughness, which slow down flow 
velocity and promote small local floods, thereby reducing larger floods downstream.  Channel 
segments incised between 3 and 6 feet can be treated with engineered wood structures to 
cause flood flows to reach the adjacent floodplain storage.  Channel segments with incision 
greater than 6 feet are considered less suitable, but could be engineered. 
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• Valley confinement – Wider valleys are more suitable for Restorative Flood Protection actions 
than narrower valleys because they provide additional floodplain storage and, therefore, more 
flood attenuation. 

• Floodplain and riparian vegetation – Areas that are not currently forested would respond more 
significantly to increasing roughness through floodplain reforestation and the addition of large 
wood on the floodplain.  Floodplain roughening would attenuate overbank flows. 

At this planning-level stage of the process, the completed analysis is very coarse.  A more detailed, 
site-scale analysis would be required to determine the areal coverage over which Restorative Flood 
Protection actions would be necessary to achieve the most substantial downstream flood damage 
reduction.  For purposes of this EIS, it is assumed that approximately 85% to 90% of the opportunity 
areas would be restored with major obstructions of timber and flanked by protective bank vegetation at 
frequent intervals to reconnect flows to floodplains.  Figures 2.3-6 and 2.3-7 depict what Restorative 
Flood Protection may look like in a hypothetical river valley (note that the image is not within the 
Chehalis Basin). 

Restorative Flood Protection would cause changes to the river and floodplain.  Examples of how these 
changes would appear are illustrated in Figures 2.3-7 and 2.3-8.  Figure 2.3-7 illustrates how the 
Restorative Flood Protection actions would alter a hypothetical river reach.  In Figure 2.3-6, the 
floodplain area is primarily unvegetated and the river channel is a single, fairly straight reach with little 
wood.  Conversely, Figure 2.3-7, the restored condition, shows the following changes: 

• The active river corridor up to the 10-year floodplain (with Restorative Flood Protection) has 
been completely converted to floodplain forest.  In some locations, a 10-year flood already 
overtops the riverbanks.  Restorative Flood Protection actions would increase the magnitude 
and frequency of floodplain inundation, thereby increasing flood depth and extent in areas that 
currently flood, and re-engaging floodplains that have been disconnected from the river.  

• The extensive addition of channel-spanning large wood to the channel has prompted the 
evolution of a more meandering river pattern, with some additional channels forming.  This 
increase in channel length works to lower the overall channel gradient, slowing the water flow, 
and creating new off-channel wetlands for additional water storage.  These off-channel 
wetlands and additional channels afford increased aquatic species habitat diversity and quality. 

Changes to the human landscape are also shown in Figures 2.3-7 and 2.3-8.  As noted above, Restorative 
Flood Protection would displace many types of agriculture that are currently located within the floodplain 
areas.  Many of those affected by this displacement are currently in flood-prone areas and/or at risk to 
future flooding and loss of land from riverbank erosion.  Figure 2.3-7 depicts new farming and rural 
residential land uses in upland areas, which are currently managed forestland.  The community or social 
feasibility of implementing this relocation is currently unknown, and would require, among other things, 
land acquisitions/property transfer, transportation and utility improvements, and water right transfers.  



Figure 2.3-6

Example of Hypothetical Location with Typical Current Channel and Floodplain Conditions

Note: Example of a hypothetical location where the river has been somewhat straightened, in an incised condition, deforested, and disengaged from the floodplain.



Figure 2.3-7

Conceptual Drawing of Restorative Flood Protection Action Area in a Hypothetical River Valley

Note: Conceptual drawing of Restorative Flood Protection action area in a hypothetical river valley, with mature floodplain forest in the 2- to 10-year floodplain and a mixture 

of agriculture and restored floodplain forest in the 100-year floodplain.  



Alternatives 

42 Draft Chehalis Basin Strategy Programmatic EIS 

Restorative Flood Protection actions are briefly described as follows, beginning with in-channel actions 
and extending out into the floodplain.  Together, these actions would impede the flow of water 
downstream through river valleys and protect downstream communities from a wide range of floods, 
while restoring and protecting aquatic species habitat and providing other peripheral benefits.  

In-channel Wood 
The density of installed in-channel wood would vary by site and would not be placed evenly across and 
down the channel.  Locations for in-channel wood installation would be chosen based on additional site 
assessment work that would include more detailed modeling and in-depth field verification of modeling 
conditions and results.  

There are several examples of recent projects that utilized in-channel wood installations to re-engage 
incised rivers and streams with the floodplain.  For example, a recently completed project (fall 2015) on 
the South Fork Nooksack River included channel-spanning logjams installed in four locations along a 
1-mile-long reach.  These jams went from riverbank to riverbank and extended up onto the floodplain to 
the edge of the floodplain forest.  In this example, the jams were located in shallow water on the riffles 
of the river.  In another example of a small creek, called Ellsworth Creek, wood was installed as a loose 
lattice across the creek channel and into the floodplain forest.  The treatment length was about three 
times that of the channel width, or about 150 feet of wood for a 50-foot-wide creek channel.  In rivers, 
logjams could take many forms, from piles of wood at the edge of the channel to mid-channel logjams 
on islands and bars, to logjams that span the entire length of the channel.  In streams, it is possible that 
a single large tree could be enough to perform the function of slowing water and enhancing the flood 
frequency of the adjacent bank and floodplain.  Examples of Restorative Flood Protection in-channel 
wood installation options are shown in Figure 2.3-8.  In all cases, these wood installations are 
engineered to remain secure during flood conditions.   

 
South Fork Nooksack River project 
Photo credit: Gabe Zender (2015) 

 

 
Ellsworth Creek in-channel wood installation  
Photo credit: Mike (Rocky) Hrachovec (2010) 

 

 



Alternatives 

Draft Chehalis Basin Strategy Programmatic EIS 43 

In the examples shown in Figure 2.3-8, the in-channel wood design options vary with desired effect.  For 
example, the deflector logjam at the edge of a river channel works to divert flows, as well as the energy 
of the river, from the banks back into the middle of the channel—similar to the pins in a pinball 
machine.  Mid-channel logjams on an island or bar promote island formation and help to maintain 
multi-threaded channels.  More and longer channels help to slow water velocities with increased friction 
and relatively lower water volumes passing through the split channels.  As mentioned in 
earlier-constructed examples, channel-spanning logjams work to push water up onto the floodplain and 
promote side-channel formation and/or re-engagement; channel-spanning trees in streams work to 
perform a similar function in smaller channels.  As with all of the design options presented in 
Figures 2.3-8 through 2.3-10, these in-channel wood-loading options would be used in conjunction with 
additional design work in the riparian corridor and floodplain.  

  



Figure 2.3-8

In-channel Restorative Flood Protection Example Design Options

Note: Graphic examples of restorative flood protection options for increasing in-channel wood, re-engaging side channels, and other restorative actions.



Figure 2.3-9

Engineered Floodplain Restorative Flood Protection Example Design Options

Note: Graphic examples of restorative flood protection options for engineering the floodplain to have roughness factors similar to a mature floodplain forest, as well as  

re-engaging or creating side channel, swale, and other changes in floodplain surface.



Figure 2.3-10

Miscellaneous Restorative Flood Protection Example Design Options 

Note: Graphic examples of restorative flood protection options for reducing channel confinement, increasing channel length, and storing water in and on the floodplain surface.
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Brushy Riparian Corridors 
Planting willows, red osier dogwood, red alder, and black cottonwood on river and streambanks would 
slow the water along these stream edges, creating turbulence and dissipation of energy as the water 
flows along the channel.  This strategic type of planting would reduce floodwater velocity and add a 
level of flood protection within 10 years of installation, and could be applied immediately and at a broad 
scale.  The effect and extent of this riparian planting could be further enhanced by adding floodplain 
matrices (described below) and in-channel wood (as previously described). 

Engineered Floodplain Roughness  
There are several actions that would slow water on the floodplain (see Figure 2.3-9).  Floodplain wood 
matrices, or triangles of logs held in place by log piles or boulder ballast, would be installed in rows 
perpendicular to the flow of water in such a way that they work like in-channel wood to rack up smaller 
wood and impede the flow of water.  The overall form of these matrices would be very similar to the 
channel-spanning logjam example shown previously.  These matrices are built of dead or live trees.  If 
posts are used to anchor the matrices to the ground, these posts would be buried half in and half out of 
the ground.  Live posts could also be used because they may sprout brushy clumps of branches from the 
base of the trunks, enhancing floodplain forest development.   

Floodplain wood matrices would be combined with shrubs, black cottonwood, Sitka spruce, western red 
cedar, and red alder plantings to create forest groves that would provide both immediate surface 
roughness and serve as long-term future sources of large wood to both the floodplain surface and 
adjacent channel.  

Like the riparian edge planting and in-channel wood installation discussed previously, floodplain wood 
matrices work in the short term to slow floodwaters and enhance natural processes.  In addition to 
floodplain roughness consisting of piles and log matrices, changes in floodplain topography, such as 
longitudinal berms and mounds, could be constructed to store and direct overbank flood flows. 

Floodplain Forest 
A mature floodplain forest, as has existed historically throughout much of the Chehalis Basin, would be 
envisioned for much of the Restorative Flood Protection treatment areas.  A mature valley forest would 
take time to re-establish; however, active management of the actions described above could be used to 
hasten the establishment of a mixed conifer/hardwood floodplain forest (see Figure 2.3-9).  
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Airport Levee Improvements   
Improvements to the Chehalis-Centralia airport levee include elevating the height of the existing levee 
and raising a portion of Airport Road to provide 100-year flood protection for the Chehalis-Centralia 
Airport, local businesses, and a portion of I-5 (see Figure 2.3-11).  

Improvements to the existing airport levee would be made by increasing the height of the 
9,511-foot-long levee by between 4 and 7 feet.  The improvements would include either earthen 
materials or floodwalls atop the existing levee where the levee footprint is constricted by culverts or 
right-of-way.  If the existing levee is raised by 7 feet, a change to the existing extent and location of the 
northwest corner of the levee could be necessary to avoid interference with the glide path to the active 
runway; otherwise, no change to the extent or location of the levee would be proposed.  The new 
elevation of the levee would be between 181 and 182.5 feet if the levee is raised by 4 feet, depending 
on location, or up to 185.5 feet depending on final engineering requirements.  The existing recreational 
trail located on top of the existing airport levee would be retained.   

In addition to raising the existing levee, 1,700 feet of Airport Road would be raised to meet the raised 
airport levee height along the southern extent of the airport, and all utility infrastructure would be 
replaced, terminating at the West Street overcrossing approach.  Including the raised section of Airport 
Road, the Airport Levee Improvements would result in up to 11,211 lineal feet of protective levee.  

I-5 Projects 
The I-5 Projects action element is intended to protect I-5 and the Chehalis-Centralia Airport.  As shown 
in Figure 2.3-11, this action element includes construction of a series of earthen levees and structural 
floodwalls along I-5, including improvements to the existing airport levee, a new 1-mile-long Chehalis 
Avenue levee, and bridge replacements over Dillenbaugh and Salzer creeks.  The I-5 Projects action 
element is located in Chehalis and Centralia along a 5-mile stretch of I-5, beginning near the 13th Street 
interchange (Exit 76) and extending north to the Mellen Street interchange (Exit 81; WSDOT 2012).  
Stormwater treatment areas would be constructed to address stormwater runoff from I-5 because rain 
that falls on I-5 during storm events would need to be collected, conveyed, stored, or discharged to 
prevent it from covering the lanes of I-5 (WSDOT 2014).  Placement of levees and floodwalls at the 
locations identified above would be designed to maximize the cost-effective protection of I-5 while 
optimizing potential collateral benefits and minimizing adverse environmental impacts.  Protecting I-5 
and the airport may also provide protection to homes and businesses in some parts of Chehalis and 
Centralia (WSDOT 2012). 
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Aberdeen/Hoquiam North Shore Levee 
The Aberdeen/Hoquiam North Shore Levee consists of previously considered smaller projects that were 
combined into a comprehensive approach to protect the cities of Aberdeen and Hoquiam, which would 
result in a total of approximately 5.8 miles (30,000 linear feet) of levees—3.5 miles (18,400 linear feet) 
in Aberdeen and 2.3 miles (11,600 linear feet) in Hoquiam.  The Aberdeen/Hoquiam North Shore Levee 
includes an earlier, smaller project known as the Northside Levee.  The Northside Levee alignment, 
which would encircle Aberdeen’s city center along the north side of the Chehalis River in Aberdeen, 
would be designed to provide 100-year coastal flood protection to Aberdeen (approximately 14.5 feet 
per the North American Vertical Datum of 1988; see Figure 2.3-12).  The city center is subject to coastal 
floods from Grays Harbor and the lowest reaches of the Chehalis and Wishkah rivers, which are tidally 
influenced.  The Northside Levee would run through low, flat, developed urban areas around the city 
center.  The proposed levee system would be built using a combination of earthen levees, floodwalls, 
raised streets, stop-log closures, and pump stations.   

The Aberdeen/Hoquiam North Shore Levee would expand protection beyond Aberdeen’s city center to 
encompass the majority of the lowlands in Aberdeen and Hoquiam east of the Hoquiam River, north of 
Grays Harbor, north of the Chehalis River, and west of the Wishkah River.  Conceptual design features 
include earthen levees, concrete T-walls, raised streets, stop-log closures, and pump stations; sheetpile 
walls could also be needed.  The elevation of the Aberdeen/Hoquiam North Shore Levee would also be 
designed accommodate potential future sea level rise.  The Aberdeen/Hoquiam North Shore Levee 
project is in the initial project planning and design phase; therefore, few details about this action 
element are available. 

According to FEMA Hazus software, up to 2,715 structures could potentially be protected from coastal 
flooding after installation of this action element (Franklin 2016).  The exact extent of flood protection 
and the number of structures protected would be determined during project-level design and 
environmental review. 
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2.3.3.2 Local-scale Flood Damage Reduction Actions 
Floodproofing 
Floodproofing would protect existing structures in the Chehalis River floodplain by elevating structures 
above flood levels, building levees or floodwalls around them, demolishing or purchasing the structure, 
or through other floodproofing measures.  Within Lewis, Thurston, and Grays Harbor counties, 
approximately 75% of the residential homes within the Chehalis River floodplain could feasibly be 
elevated or floodproofed through other means.  For other buildings (commercial, industrial, 
government, schools), it is assumed that approximately 25% of the buildings in the Chehalis River 
floodplain could feasibly be raised, retrofitted, or floodproofed by constructing flood barriers or walls.   

This action element is intended to reduce the cost of repetitive damage to structures in the floodplain 
through a strategic program of floodproofing and buy-outs.  
If structures cannot be floodproofed, and are instead 
purchased in order to be demolished, community values 
would be taken into consideration with regard to creating 
open space, protecting natural resources, and avoiding 
creating areas of nuisance or visual blight.  Many local 
governments in the Chehalis Basin have conducted 
floodproofing and structure elevations, mainly using 
post-flood funding from FEMA.  The EIS anticipates a 
substantially increased level of action with a stable funding 
source, oriented to making the maximum number of 
structures resilient to future flooding.  As noted previously, 
no single Large-scale Flood Damage Reduction Action can 
protect all of the structures in floodplains in the Chehalis 
Basin from flooding.  Programmatic efforts like 
Floodproofing would be necessary to address flooding in 
many areas.  Like other actions in the EIS, Floodproofing 
would rely on the willingness of landowners in order for it 
to be a practical method of flood damage reduction.   

Floodproofing also includes protecting livestock and farm 
investments during flooding events by constructing farm 
pads and creating evacuation routes.  Farm pads are 
constructed of fill and provide an area elevated above flood 
levels to hold livestock and critical farm equipment during a 
flood.  This action element would include potential farm 
pad projects that have been identified by local conservation 

 

Floodproofing 

Floodproofing can be defined as any 
combination of structural or 
nonstructural additions, changes, or 
adjustments to a building that reduces 
or prevents flood damage to the 
structure and/or its contents.  Simply 
stated, floodproofing includes any 
effort a property owner may take to 
reduce flood damage.  For purposes of 
this EIS, Floodproofing is a general 
term intended to encompass a suite of 
permanent measures or actions.  The 
term floodproofing has specific 
meaning under the National Flood 
Insurance Program, the definition of 
which is narrower than how it is being 
used in this EIS. 
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districts, including two in Lewis County, one to two in Grays 
Harbor County, and possibly one in Thurston County.  

Local Projects  
This action element includes a program of localized, 
area-specific projects aimed at immediately protecting 
critical infrastructure, frequently flood-damaged properties, 
and priority areas throughout the Chehalis Basin over the 
next 10 years.  This action element also includes projects 
intended to restore floodplain function.  With or without 
Large-scale Flood Damage Reduction Actions, Local Projects 
would be needed to protect key infrastructure and improve 
the conveyance of water and drainage at key points in the 
Chehalis Basin (Ruckelshaus Center 2012).  This action 
element is based on the Chehalis River Basin Flood 
Authority’s list of projects, with the exception of farm pads 
and evacuation routes, which are included in the 
Floodproofing action element.  The Local Projects action 
element does not include those projects from the Flood 
Authority’s list that have already been completed or are 
currently ongoing, but consists of additional projects 
proposed for implementation, including, but not limited to, 
the following: 

• Protection of wastewater treatment plants (WWTPs), such as the Elma WWTP outfall 
stabilization project and the Montesano WWTP Wynoochee River bank protection project 

• Protection of roads and infrastructure, such as the Grays Harbor County Wishkah Road flood 
hazard reduction project, the Oakville flood relief analysis project, and the Centralia China Creek 
(Phase II) project  

• Certification of existing levees, such as the Aberdeen Southside Dike/Levee Certification, which 
could include some dike improvements 

• Restoration of floodplains, such as the Satsop River Floodplain Restoration (future phases) 

Land Use Management   
This action element involves local governments improving and revising land use regulations and practices.  
Improved Land Use Management would protect remaining floodplain functions and prevent future flood 
damage by minimizing floodplain development.  Some of the recommendations would restrict the 
creation of developable parcels in the floodplain through open space preservation, subdivision set 

Flood Zones 

Flood zones are characterized by high 
to moderate/minimal risk and are 
broken up into areas within the 
Special Flood Hazard Area (SFHA) and 
outside of SFHA (non-SFHA).  SFHAs 
are defined as areas that have a 1% 
chance of being flooded in any given 
year, also referred to as the base flood 
or 100-year flood.  These areas are 
associated with the highest level of 
flood risk.   

Zone A includes areas within the SFHA 
where detailed hydraulic analyses 
have not been performed; therefore, 
no Base Flood Elevations are defined.  
Mandatory flood insurance purchase 
requirements and floodplain 
management standards apply to 
this zone. 

Source: FEMA 2015 



Alternatives 

54 Draft Chehalis Basin Strategy Programmatic EIS 

asides, and low-density zoning.  Other recommendations would increase the cost of future development 
in the floodplain, and include filling restrictions and freeboard elevation requirements. 

The Land Use Management action element reflects model ordinance language for regulatory standards 
that are above the minimum state and National Flood Insurance Program (NFIP) requirements (French & 
Associates 2016).  However, not every provision is appropriate for every community.  For example, open 
space preservation and low-density zoning may only be feasible in counties.  This EIS analyzes the effects 
of implementing the improved Land Use Management provisions in both cities and counties in the 
Chehalis Basin, and indicates whether, and to what extent, the revised regulations and practices 
minimize future floodplain development.  The specific Land Use Management recommendations listed 
below are broken down into three categories: regulatory flood data, floodplain protection, and 
construction standards.  

Regulatory Flood Data 
These provisions would require additional flood data be 
utilized in floodplain regulations beyond that provided on the 
community’s Flood Insurance Rate Map (FIRM), as follows: 

• Communities would adopt flood of record data to 
determine the extent of the regulatory floodplain 
and the regulatory flood elevation where there is 
no Base Flood Elevation (BFE) shown on the FIRM, 
or where the flood of record is higher than the BFE. 

• Under NFIP rules, if there are no BFEs on a FIRM 
(for example in Approximate A zones), new 
buildings do not have to be elevated above the 
flood level.  This provision would require all permit 
applicants in Approximate A Zones to conduct an on-site flood study, or utilize an existing, 
current study, to calculate the BFE.  This would not be required in the following scenarios: 
‒ In Approximate A Zones where flood of record elevations are used for regulations 
‒ Single-family residences: Permit applicants for single-family residences on existing lots would 

have the option of elevating the house 5 feet or more above grade without funding a study 

Flood Insurance Rate Maps 

Flood insurance rate maps generally 
designate Base Flood Elevations, flood 
zones, and the floodplain boundaries 
in a community.  These maps allow 
property owners to obtain reliable 
information on the level of flood risk 
associated with their property.  The 
level of risk is determined by the flood 
zone in which a property is located. 
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Floodplain Protection  
This series of higher standards would minimize 
development in flood-prone locations and protect natural 
floodplain functions, as follows: 

• Open space preservation – This standard would 
minimize construction of new buildings, filling, and 
destruction of natural floodplain functions.  
Publicly owned areas currently open space in the 
floodplain would be required to remain open space 
(i.e., no buildings, filling, storage). 

• Subdivision set asides – This standard would 
require new subdivisions and other large 
developments to set aside all or part of their 
flood-prone area as open space. 

• Filling restrictions – Filling anywhere in the floodplain would either be prohibited or 
compensatory storage would be required. 

• Low-density zoning – Existing zoning districts that require minimum lot sizes of greater than 
10 acres would not be amended to allow more dense development in the floodplain. 

Construction Standards 
The following standards would set higher or more effective protection levels for buildings constructed or 
substantially improved in the floodplain: 

• Freeboard – Freeboard refers to the height above a given water level on which the lowest floor 
of a structure is built.  In this case, the water level is the BFE as defined by regulations.  This 
standard requires the freeboard height of new buildings to be 3 feet above BFE.  This would also 
apply to substantial improvements of existing buildings. 

• Critical facilities – There are two types of critical facilities: those facilities that are vital to flood 
response activities or critical to the health and safety of the public (e.g., hospitals, fire stations), 
and those that, if flooded, would make the flood problem and its impacts much worse 
(e.g., hazardous materials facilities).  Critical facilities require a higher level of protection than 
normal properties.  This higher standard includes two options: prohibit new critical facilities from 
the 500-year floodplain or protect them from damage and loss of access during a 500-year flood. 

• Non-conversion agreements – This standard would require a permit applicant seeking to 
elevate or improve a building on floodwalls to sign an agreement that areas below the BFE or 
flood protection elevation would not be converted to a use (such as a residential living space) or 
be constructed with materials that are subject to water damage.  For example, this means no 

Compensatory Storage 

Compensatory storage means 
compensation for the loss of 
floodplain storage caused by filling in 
the floodplain, which can result in 
raising flood elevations.  
Compensation could include direct 
replacement of storage close to the 
point of the lost floodplain or 
provision of the same volume of 
storage to that volume lost.  
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insulation, carpeting, and plumbing.  The 
agreement would be required to be recorded on 
the property deed or title with the county auditor’s 
office to advise future buyers of the restriction.   

Flood Warning System Improvements   
The existing Chehalis River Basin Flood Warning System, 
completed by the Chehalis River Basin Flood Authority, 
features publicly accessible, real-time, Web-based flood 
data and a monitoring and mapping site.  Improvements to 
the existing flood warning system under this action element 
would include the following: 

• Implementing a program to confirm the river gage 
rating curve/table for the Chehalis River at Centralia 
‒ This gage is currently located at the most 

populous area in the Chehalis Basin and is a key 
location used by the National Weather Service 
(NWS) to issue flood forecasts 

‒ The gage data used to convert river elevations to river flows has never been verified or 
confirmed with actual measurements of river flow 

• Expanding the inundation mapping program to include the community of Bucoda 

• Adding a new NWS river forecast point on the Skookumchuck River near Bucoda 

• Working with the NWS River Forecast Center to implement a new hydraulic model in the lower 
Chehalis River that would provide the following: 
‒ Properly account for tides, storm surge, and sea level rise to better serve residents and 

businesses around Grays Harbor 
‒ Extend the River Forecast Center’s ability to provide specific river forecasts between Porter 

and the mouth of the Chehalis River at Grays Harbor 

• Revising inundation maps after significant floods to incorporate information obtained during the 
events to further verify map accuracy and reflect new changes in the floodplain 

• Funding the addition of all Chehalis River inundation maps to the NWS inundation map website 
(currently only the maps for the Chehalis River at Centralia are available on the NWS website) 

  

Flood Warning System 

The Chehalis River Basin Flood 
Warning System website 
(www.chehalisriverflood.com) 
includes information on weather, 
rainfall, and river forecasts from the 
NOAA Hydrologic Prediction Service; 
interactive flood maps; interactive 
gage data maps and U.S. Geological 
Survey gages; and road conditions 
from WSDOT’s travel alerts.  The 
website also provides a link to the 
Chehalis River Basin Flood Authority 
webpage, which includes information 
on current projects, outreach and 
education, and background documents. 

http://www.chehalisriverflood.com/
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2.3.3.3 Aquatic Species Habitat Actions  
Aquatic Species Habitat Actions would be designed to protect, improve, and create sustainable 
ecosystem processes and functions that support the long-term productivity of native aquatic and semi-
aquatic species, and at much higher levels of abundance than current conditions support.  Both a low 
and a high scenario are contemplated for this action.  Action elements that would be implemented 
include the following:   

• Restore riparian habitat along the lower mainstem Chehalis River and in tributaries throughout 
the Chehalis Basin (low and high restoration scenarios described below)   

• Open up more than 295 miles of streams for migrating fish by removing partially or totally 
blocked fish passage barriers identified by the Washington Department of Fish and Wildlife 
(WDFW); this does not include the required Washington State Department of Transportation 
(WSDOT)-owned culvert corrections 

• Restore off-channel habitat on the mainstem Chehalis River  

• Add wood in the mainstem and tributaries to trap sediment and improve habitat for salmon and 
other species  

• Restore bank erosion to naturally occurring rates 

• Reconnect the floodplain, which could include the following:  
‒ Reconnecting oxbows in specific areas that would not exacerbate invasive predator issues  
‒ Removing levees and bank armoring 
‒ Allowing the river channel to migrate within the floodplain  

• Create, restore, or enhance wetlands for use by semi-aquatic species 

The low restoration scenario focuses on reaches in the middle and upper Chehalis Basin that improve 
habitat for spring-run Chinook salmon (104 river miles), whereas the high restoration scenario occurs 
across a greater geographic area with improvements to habitat focused on areas with the highest 
restoration potential for all salmonid species (356 river miles).  Not all of these river reaches are likely to 
be restored under either restoration scenario, since restoration would be dependent on landowner 
willingness.  For the purposes of this analysis, it is assumed that between 20% and 60% of these river 
reaches would be restored under either scenario.  For the low restoration scenario, this equates to 
between approximately 21 and 63 river miles (1,150 to 2,900 acres).  For the high scenario, this equates 
to between approximately 71 and 214 river miles (3,900 to 9,750 acres).  While these scenarios were 
developed based on habitat potential for salmonid species, the restoration actions will have benefits for 
other fish and amphibians as well.  The low and high restoration efforts evaluated in the EIS are shown 
in Figures 2.3-13 and 2.3-14. 

Restoration of riparian and off-channel habitat would include adaptive management and monitoring to 
ensure these efforts are effective in meeting the goals of the restoration plan and minimizing the 
potential for invasive species.  In addition, the long-term protection of restored riparian habitat under 
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the low or high scenarios through conservation easements and land acquisition would be required.  As 
with other action elements evaluated in this EIS, some Aquatic Species Habitat Actions would rely on the 
willingness of landowners.  This action element would be implemented as soon as possible, be 
completed within 15 to 20 years, and be maintained adaptively over the long term to ensure effective 
restoration for aquatic species in the Chehalis Basin.   

As previously noted, a range of scenarios for restoring aquatic species habitat in and along river reaches 
within the Chehalis Basin are evaluated in this EIS.  Evaluating low and high restoration scenarios is 
intended to bracket the potential range of measures that could ensue from implementation of the 
Aquatic Species Restoration Plan (ASRP), which is being developed by WDFW.  The restoration actions 
identified in the final ASRP (being prepared by winter 2017) are dependent upon site conditions and 
landowner willingness, and would likely be within the low and high restoration scenarios.   

This action element assumes the improved function of riparian areas on two types of lands within the 
Chehalis Basin: publicly and privately managed forestlands, most of which fall under the Washington 
Forest Practices Act (FPA) and Habitat Conservation Plans (HCPs); and areas outside of managed 
forestlands, most of which lie downstream of the publicly and privately managed forestlands.  Within 
managed forestlands, the mechanism for achieving riparian improvements is the maturation of riparian 
buffers established under FPA.  For areas outside managed forestlands, conditions are expected to 
improve due to active riparian restoration, land acquisition, or other measures.  
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Figure 2.3-13

Aquatic Species Habitat Actions - Low Scenario
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2.3.4 Alternatives 

2.3.4.1 No Action  
The No Action Alternative is intended to represent the most likely future expected in the absence of 
implementing the proposed action alternative.  Under the No Action Alternative, the recently increased 
levels of legislative funding for actions to address flood damage and aquatic species habitat degradation 
in the Chehalis Basin would not continue.  Instead, funding for flood damage reduction and habitat 
improvements would be reduced to their historic levels after June 30, 2017.   

For the purposes of the EIS, Ecology considers the No Action Alternative to include projects and 
programs that have been planned and designed to address flood damage and/or aquatic species habitat, 
are currently underway or being constructed, or have identified funding for implementation and are 
scheduled for implementation this biennium. 

The No Action Alternative includes habitat restoration projects, local projects, farm pads, and 
evacuation route projects funded through the 2017 biennium.  Long-term restoration strategies will be 
addressed in the ASRP.  The near-term aquatic species habitat restoration projects that have been 
funded and will be implemented by 2017 are considered part of the No Action Alternative.   

Implementation of existing state and local floodplain regulations, existing land use regulations, planned 
updates to Comprehensive Plans, and planned or ongoing updates to Shoreline Master Programs (SMPs) 
are considered part of the No Action Alternative. 

Other individual actions that form the No Action Alternative include the continuation of SRFB-funded 
projects, as well as the continuation or implementation of Ecology’s Water Quality Program, 
Conservation Reserve Enhancement Program (CREP), USFWS’ CFRP, DNR’s Forest Practices HCP and 
FFFPP, and WSDOT programs.  The cities of Aberdeen and Hoquiam are currently developing a 
coordinated approach to reduce flooding, promote community development, and support salmon 
recovery efforts as part of the Timberworks Master Plan.  The Timberworks Master Plan will proceed 
concurrently with the preliminary design of the Aberdeen/Hoquiam North Shore Levee action element, 
but would proceed even if the levee did not.  Therefore, it is considered part of the No Action Alternative.  

Ecology’s Water Quality Program 
Ecology administers the Water Quality Program, which provides funding for high-priority projects that 
protect and improve the health of Washington’s lakes, rivers, streams, and marine water.  Funding 
comes from a mix of state and federal funds dedicated for water quality improvement and protection.  
Ecology awards grants and loans to eligible public bodies under the following four main funding programs: 

• Centennial Clean Water Program 

• Clean Water Act (CWA) Section 319 Nonpoint Source Grant Program (Section 319) 
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• Washington State Water Pollution Control Revolving Fund Program (Revolving Fund) 

• Stormwater Financial Assistance Program 

TMDLs and other water quality improvement programs are currently being administered within the 
Chehalis Basin for National Pollutant Discharge Elimination System-permitted point sources, but 
nonpoint source pollution reduction activities are implemented on an opportunistic and voluntary basis.  
Water quality improvement actions are eligible for funding under the Centennial Clean Water Program, 
Section 319, and the Revolving Fund sources.   

Habitat Restoration Programs 
Conservation Reserve Enhancement Program 
CREP is a joint federal- and state-funded program that restores riparian habitat and enhances wetlands 
along streams for salmon.  Approximately 80% of the funding comes from the U.S. Department of 
Agriculture Farm Service Agency, with the remainder through the Washington State Conservation 
Commission.  The landowners are paid rent for allowing their land to be used for fish and wildlife 
improvements and receive a monetary bonus for signing up.  

Salmon Recovery Funding Board Supported Projects 
Under the No Action Alternative, implementation of SRFB-funded projects in the Chehalis Basin would 
continue through the Chehalis Lead Entity.  Funding for salmon and other aquatic species habitat 
restoration and preservation projects in the Chehalis Basin (WRIAs 22 and 23) would continue at historic 
levels.  For example, from 1999 through 2014, approximately $1.6 million was granted for an average of 
nine aquatic species habitat restoration projects per year.  This includes sponsor matching, which is 
approximately $500,000 per year.   

Chehalis Fisheries Restoration Program 
Under the No Action Alternative, the implementation of CFRP, which includes aquatic species habitat 
restoration and an education program, would continue in the Chehalis Basin.  The primary objectives of 
CFRP are to restore or improve spawning and rearing habitat, improve water quality, and increase public 
awareness.  Projects include restoring or improving spawning and rearing habitat through fish passage 
barrier removal, riparian planting, removing invasive plants, and incorporating large wood into other 
projects.  CFRP funds are used to support projects funded through USFWS at investments of about 
$200,000 per year.  The CFRP annually provides 20% of the funds allocated for the program to the 
Quinault Indian Nation and the Chehalis Tribe.   

Forest and Timber Programs 
DNR Forest Practices Habitat Conservation Plan  
The DNR Forest Practices HCP would continue to be implemented within the Chehalis Basin.  The plan 
applies to forest practice activities such as timber harvesting and forest road construction, and 
maintenance that can affect aquatic and riparian habitat on private and state forestlands. 
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DNR Family Forest Fish Passage Program 
DNR administers the FFFPP, which funds fish barrier removal projects on small forest landowner 
properties.  As a result of the FFFPP, nearly 66 landowners replaced 86 barriers to open approximately 
160 miles of stream habitat within the Chehalis Basin between 2003 and 2015.  There are currently 
108 projects on the FFFPP waiting list within the Chehalis Basin.  At an average cost of $100,000 per 
project, the total cost to correct these barriers is approximately $10.8 million.   

WSDOT Programs 
Under the No Action Alternative, no action would be taken to prevent flooding of I-5.  WSDOT would 
continue to use its existing emergency detour routes when I-5 is closed due to flooding.  One route uses 
SR 7 and U.S. Route (US) 12.  The other detour routes trucks around I-5 through Oregon and Eastern 
Washington (see Section 3.13.1 for additional information).   

WSDOT would also continue to implement its state-wide fish passage restoration program.  Under this 
program, WSDOT is removing culverts that are inadequate to allow fish to migrate upstream and 
downstream as necessary for growth and reproduction.  Fish passage restoration under this program 
would continue at existing levels under the No Action Alternative. 

Timberworks Master Plan 
Currently, Aberdeen and Hoquiam are affected by coastal, riverine, small drainage, and localized 
flooding, which exacerbates the economic challenges currently facing these communities.  The 
Timberworks Master Plan will be developed to address these flooding issues in collaboration with the 
community.  Efforts include identifying benefits such as reduced flood risk and increased public open 
space, as well as education regarding flood risks.   

2.3.4.2 Alternative 1: 2014 Governor’s Work Group Recommendation  
The Work Group published its 2014 Recommendation Report, outlining a program of integrated, 
long-term, flood damage reduction and aquatic species habitat restoration actions for further study in 
the 2015 to 2017 state biennium budget.  Since then, the Work Group membership has changed, and 
they are evaluating the alternatives in this EIS and public comments in crafting their recommendation to 
the Governor later in 2016.  This recommendation, the 2014 Governor’s Work Group Recommendation 
(Alternative 1), would achieve flood damage reduction through the implementation of a comprehensive 
package of actions to: provide Large-scale Flood Damage Reduction Actions (including the Flood 
Retention Facility) that target a broad geographic area, provide Local-scale Flood Damage Reduction 
Actions with more localized benefits, restore aquatic species habitat, and implement nonstructural 
actions that restore aquatic species habitat and reduce flood damage.  Action elements included in 
Alternative 1 are as follows: 

• Large-scale Flood Damage Reduction Actions – Flood Retention Facility (FRO or FRFA), Airport 
Levee Improvements, and Aberdeen/Hoquiam North Shore Levee 
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• Local-scale Flood Damage Reduction Actions – Floodproofing, Local Projects, Land Use 
Management, and Flood Warning System Improvements 

• Aquatic Species Habitat Actions – Low- or high-scenario restoration actions that include 
restoring riparian habitat; removing fish passage barriers; restoring off-channel habitat; adding 
wood; restoring bank erosion to naturally occurring rates; reconnecting the floodplain; and 
creating, restoring, and enhancing wetlands 

2.3.4.3 Alternative 2: Structural Flood Protection Without a Flood Retention 
Facility 

Alternative 2 evaluates a scenario in which Large-scale Flood Damage Reduction Actions in the upper 
Chehalis Basin would be focused primarily on I-5 and the Chehalis-Centralia Airport.  This alternative 
includes the Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee as 
the Large-scale Flood Damage Reduction Actions.  The rest of the action elements identified under 
Alternative 1 and identified in Table 2.3-1 (the Local-scale Flood Damage Reduction Actions for more 
localized benefit, and Aquatic Species Habitat Actions) are also included in Alternative 2.   

2.3.4.4 Alternative 3: Nonstructural Flood Protection 
Alternative 3 represents a “nonstructural” approach to reducing flood damage and restoring aquatic 
species habitat.  In contrast to implementing Large-scale Flood Damage Reduction Actions, flood 
damage would be reduced through a programmatic effort to floodproof or remove existing structures.  
These structures and their contents would be protected from significant damage during floods through 
elevation and other measures.  In limited situations where structures cannot be elevated or 
floodproofed, the most feasible action would be removal of structures.  While flooding would continue 
to occur, the damage, and the cost of recovering, from such floods would be reduced.  This alternative 
includes the implementation of all of the Local-scale Flood Damage Reduction Actions and Aquatic 
Species Habitat Actions identified in Table 2.3-1, without any of the Large-scale Flood Damage Reduction 
Actions (Flood Retention Facility, Airport Levee Improvements, I-5 Projects, Aberdeen/Hoquiam North 
Shore Levee, or Restorative Flood Protection).  

2.3.4.5 Alternative 4: Restorative Flood Protection  
The proposed actions under Alternative 4 include increasing the flood storage capacity of the Chehalis 
Basin watershed by adding roughness to the river and stream channels and floodplain, and by 
reconnecting floodplain storage to the river.  This alternative focuses on reducing flood peaks 
downstream of the Newaukum River confluence on the mainstem Chehalis River, and would be 
accomplished through implementation of Restorative Flood Protection under the Large-scale Flood 
Damage Reduction Actions.  This alternative also includes the implementation of all of the Local-scale 
Flood Damage Reduction Actions and Aquatic Species Habitat Actions identified in Table 2.3-1.  The 
Restorative Flood Protection action element would be coordinated with and complement the Aquatic 
Species Habitat Actions within the treatment areas.  
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2.3.5 Elements Considered, but Not Carried Forward in the EIS Alternatives 
Over the years, many flood damage reduction approaches have been studied in the Chehalis Basin—
from raising bridges and removing constrictions, to reconnecting floodplains, to a series of small 
projects, to more and better levees, to dredging (Ruckelshaus Center 2014).  These alternatives were 
eliminated from further detailed study for a variety of reasons, and are not carried forward in this EIS, as 
described in this section. 

2.3.5.1 Other WSDOT I-5 Protection Alternatives 
The objective of the I-5 (13th Street to Mellen Street) protection analysis, led by WSDOT, was to 
evaluate possible alternatives to potentially protect I-5 and the Chehalis-Centralia Airport from 
floodwaters, and improve access to medical and other critical facilities during floods.  WSDOT also 
evaluated whether these alternatives would address the future need for widening this stretch of I-5 and 
considered those needs in the design of the alternatives.  The following six primary alternatives were 
evaluated (WSDOT 2014): 

• I-5 Levees and Walls, Raise Airport Levee, New SW Chehalis Levee – This alternative was a 
combination of earthen levees and structural walls along I-5, improvements to the existing 
Chehalis-Centralia airport levee, a new levee in southwest Chehalis, and bridge replacements 
over Dillenbaugh and Salzer creeks.  Portions of this alternative were carried forward into the 
action elements and alternatives evaluated in this EIS. 

• I-5 Raise and Widen Only – This alternative involved raising I-5 using fill material, widening I-5 
from four to six lanes, and raising bridges, but did not include raising the Chehalis-Centralia 
airport levee or building a new levee in southwest Chehalis.  WSDOT found this alternative 
would improve conditions for approximately 840 buildings, but would have a negative impact 
for approximately 300 buildings.  Therefore, this alternative was not carried forward. 

• I-5 Express Lanes – This alternative was the construction of new express lanes adjacent to I-5 to 
provide traffic the opportunity to bypass I-5 if the main interstate was closed by floods.  WSDOT 
found there were significant uncertainties with the express lanes, including whether the City of 
Tacoma would sell the right-of-way along the Tacoma Rail line and the potential cost.  The 
express lanes would also not provide local access to I-5 between 13th Street and Mellen Street, 
and the City of Chehalis expressed strong concerns about the potential effects of the express 
lanes alternative on the community.  WSDOT also found this alternative would improve 
conditions for approximately 890 buildings, but would have a negative impact for approximately 
170 buildings.  The alternative did not include protection for the Chehalis-Centralia Airport.  For 
all of these reasons, this alternative was not carried forward. 

• I-5 Temporary Bypass – This alternative involved the construction of temporary bypass lanes 
adjacent to I-5, similar to the express lanes alternative.  WSDOT found there were also 
significant uncertainties with the bypass lanes, including similar right-of-way, cost, and local 
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access concerns.  The City of Chehalis also expressed strong concerns about the potential effects 
of the temporary bypass lanes alternative on the community.  WSDOT found this alternative 
would improve conditions for approximately 900 buildings, but would have a negative impact 
for approximately 170 buildings.  The alternative did not include protection for the 
Chehalis-Centralia Airport and did not address the need to widen I-5 in the future.  Therefore, 
this alternative was not carried forward. 

• I-5 Viaduct – This alternative evaluated constructing a viaduct by elevating I-5 on piers, widening 
I-5 to six lanes, and reconstructing all interchanges in the area.  WSDOT determined that this 
was not a viable alternative due to high costs and increased flood elevations in the urban areas 
of Centralia. 

• I-5 Relocation – WSDOT’s final alternative was to relocate I-5 outside the flood area.  The 
alternative included widening I-5 to six lanes and would require constructing new interchanges.  
WSDOT determined that this was not a viable alternative due to the high costs and impacts on 
the built and natural environment in and around Chehalis and Centralia. 

The fill, viaduct, and relocation alternatives had cost estimates ranging from $350 million to $2 billion 
(Ruckelshaus Center 2012).  In 2014, in consultation with WSDOT, the Work Group concluded that most 
of these additional efforts to protect I-5 from flooding would not be cost-effective and could increase 
flood damage to people and communities, particularly on the west side of I-5 near the Chehalis River, 
and along Dillenbaugh Creek and the Newaukum River. 

Although protection of I-5 was the main focus of the 2012 WSDOT report, flood risks to SR 6 and US 12 
were also recognized.  The floods of 1996, 2007, and 2009 inundated SR 6 and US 12 with up to 9.5 feet 
of water—and even after installation of a Flood Retention Facility in the upper Chehalis Basin, the 
modeled 100-year flood indicated SR 6 and US 12 would continue to flood with up to 5.1 feet of water.  
WSDOT evaluated preliminary concepts for flood protection, which involved raising the roadway in 
flood-prone areas along SR 6 and US 12.  WSDOT preliminarily estimated of the costs of these 
improvements to be $30 to $40 million even with a Flood Retention Facility in place.  Additional costs for 
mitigation would also be incurred.   

2.3.5.2 U.S. Army Corps of Engineers Twin Cities Project and Alternatives 
In the 1980s, USACE began to evaluate a plan for flood damage reduction through Chehalis and 
Centralia, including protection of I-5.  The basic plan, to build 11 miles of new levees in the floodplain, 
was authorized for further analysis by Congress as the USACE Centralia Flood Damage Reduction Project 
(aka the Twin Cities Project), but was not funded for construction.  The plan included levees on the 
Chehalis River, the lower 2 miles of Dillenbaugh and Salzer creeks, and the lower Skookumchuck River 
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(Ruckelshaus Center 2012).  Approaches evaluated by USACE included the following categories of 
elements (PIE 1998): 

• Nonstructural options for reducing flood damages, including the following: 
‒ Watershed management measures such as reforestation, timber harvest control, and 

development control to reduce the amount of erosion and silting of streams, and to 
decrease the magnitude of peak runoff associated with flooding in the Chehalis Basin 

‒ Floodproofing residential, commercial, and industrial structures in the Chehalis-Centralia 
area that are currently subjected to flooding 

‒ Evacuating and relocating, including moving all residential, commercial, and industrial 
buildings in the Chehalis-Centralia area out of the floodplain 

USACE determined that evacuation and relocation would not be politically or economically 
feasible, and that the other nonstructural options for reducing flood damages would not reduce 
flooding to the extent that damages to I-5 would be reduced.  However, these options could 
remain viable as components of a future approach.  In fact, portions of these options were 
carried forward into the action elements and alternatives evaluated in this EIS.   

• Hydraulic capacity improvements through excavation directly in the river channels 
(e.g., dredging) or the construction of levees, or a combination of the two, including 
the following: 
‒ Clearing vegetation and debris out of the main channel of the Chehalis River 
‒ Excavating and enlarging river sections where flow is constricted, including variations 

involving excavation in the mainstem Chehalis River, the Skookumchuck River, and the 
Newaukum River 

‒ Dredging 9 miles of the mainstem Chehalis River in the Centralia area and constructing 
levees along the banks of the Chehalis River, Skookumchuck River, and Salzer Creek 

‒ Building levees in Centralia and Chehalis to protect urban areas 
‒ Straightening and enlarging the Chehalis River, and building levees along both banks of the 

Chehalis and Skookumchuck rivers 

USACE determined that the removal of vegetation and debris would require annual 
maintenance; would affect habitat for fish, water quality, and bank erosion; would result in an 
insignificant increase in flow capacity compared to the flood discharges; and would not reduce 
I-5 flooding.   

Dredging and sediment management actions to lower the mainstem Chehalis River channel 
bottom by as much as 15 feet, from approximately Mellen Street in Centralia to Lincoln Creek, 
were evaluated at various times by USACE and consultants.  Dredging of the Chehalis River 
would also require some dredging in the lower reaches of the Skookumchuck River 
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(Ruckelshaus Center 2012).  According to a 1998 Pacific International Engineering Chehalis River 
Basin Flood Reduction Report (cited in Ruckelshaus Center 2012), channel dredging in this reach 
of the Chehalis River could result in potentially significant environmental impacts, would require 
long-term maintenance, would likely affect water quality during construction, and would raise 
issues related to permitting feasibility.  The project would damage high-quality habitat near the 
WDFW Bob Oke Game Farm (with a potential to negatively affect Chinook salmon, coho salmon, 
and other species), as well as the only riparian forest in the area for miles, which also provides 
public access (Ruckelshaus Center 2012). 

As with channel dredging, USACE determined that channel excavation and levee construction 
were characterized by significant concerns regarding environmental impacts and permitting 
feasibility, and were not economically feasible.  USACE constructed some urban area levee 
projects and did not move forward with others, but determined that straightening and enlarging 
the Chehalis River with levees along both banks was not economically justified and would incur 
the greatest environmental impact of the previously studied flood impact reduction options. 

• Floodway and floodplain excavation options to increase high-flow hydraulic capacity of the 
Chehalis, Skookumchuck, or Newaukum rivers as follows: 
‒ Excavating and terracing the floodplain adjacent to the river channel to provide additional 

flow area for higher flow events 
‒ Creating a secondary flood bypass channel to increase the area of flow during high-flow events 

USACE determined that both floodway and floodplain excavation options for increasing 
high-flow capacity would also cause an increase in peak flows downstream.  Floodway 
excavation was also determined to have potentially significant environmental impacts.  The 
secondary flood bypass channel options were also determined to have substantial impacts on 
the built environment including displacement of numerous residents and businesses, effects to 
agricultural lands, and the necessary relocation of medical or other public facilities. 

• Flood control dam options to retain flood flows included the following: 
‒ Modifying Skookumchuck Dam 
‒ Constructing upstream flood control dam projects at five potential locations 
‒ Building several small headwater dams at 12 sites in drainages above Chehalis-Centralia 
‒ Constructing one or more flood storage areas in the floodplain through enclosing a large 

area with a dike 

Most of the modifications to the Skookumchuck Dam did not appear to be economically justified 
to USACE, so design work was suspended.  A rubber weir option at Skookumchuck Dam was also 
examined; all of the Skookumchuck Dam modifications were found to have potentially 
significant environmental impacts including to water quality, instream flows, and habitat.  
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Constructing flood storage areas in the floodplain with a dike was determined to be less efficient 
and effective than a flood control dam or storage in the headwaters, and would have potentially 
substantial environmental impacts.  Building several small headwater dams was determined to 
have a poor benefit-to-cost ratio and was not evaluated further by USACE.  Several of the other 
flood control dam projects were determined to be economically infeasible, result in minimal 
downstream benefit, or result in significant impacts related to transportation and the built 
environment.  However, Floodproofing was carried forward into the action elements and 
alternatives evaluated in this EIS.   

Work on the USACE Twin Cities project was largely stopped in 2011 after it was determined that it would 
not have protected I-5 during a 100-year flood, would have increased flooding upstream and 
downstream of the Twin Cities, and would not pass the USACE cost-benefit test.  USACE issued a draft 
close-out report for the project with options for how to proceed.  USACE could decide to reframe the 
project and move forward with individual pieces, or they could re-evaluate the project and conduct 
additional feasibility study work to determine if a different project approach might provide better 
benefit-to-cost ratios.  The latter would require a local sponsor, and both would require additional 
funding (Ruckelshaus Center 2012). 

2.3.5.3 Alternate Water Retention Facility Location or Multiple Locations  
The Chehalis River Basin Flood Authority built on early work by USACE and the Lewis County Public 
Utilities District to evaluate flood retention structures in the Chehalis Basin.  A number of locations were 
considered in the early analysis of potential water retention facilities, including on the Newaukum River, 
upper Chehalis River, and South Fork Chehalis River.  Based on favorable topography and maximum 
drainage area, a site upstream of Pe Ell on the upper Chehalis River and a site on the South Fork Chehalis 
River were initially carried forward (EES 2010).  Based on additional studies and a technical workshop in 
2012, it was determined that a single flood retention facility on the mainstem would provide the 
greatest reduction of flooding Basin-wide (Ruckelshaus Center 2012).  The South Fork Chehalis River was 
not favorable from a cost-benefit analysis, including increased flood damage to commercial buildings 
and transportation delay or detours (EES 2010).  Future study would be needed to evaluate the effects 
on Thurston and Grays Harbor counties, as well as impacts on fisheries. 

2.3.5.4 Floodwater Bypass Routes/Structures Near Mellen Street and Scheuber 
Road 

The bridge at Mellen Street was evaluated as a potential cause of flood impacts in the Twin Cities area.  
However, the HEC-RAS hydraulic modeling done to evaluate potential benefits for the Chehalis Basin 
Flood Hazard Mitigation Alternatives Report predicted that there would be little benefit from removing 
the bridge.  This result was, in part, because even without the bridge, the natural topography at this 
location acts as a constriction on floodwaters (Ruckelshaus Center 2012).  A different approach for 
reducing flood impacts in this vicinity would be to construct a high-flow bypass from the left edge of the 
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Chehalis River floodplain, which would bypass this constriction.  Likewise, a Scheuber Bypass Alternative 
was explored.  This approach would provide culvert or bridge connections under SR 6 to pass high flows 
downstream and through the bypass, with the goal of reducing peak flood levels in Chehalis. 

The floodwater bypass routes/structures proposed near Mellen Street and near Scheuber Road in 
Centralia would provide high-flow routes for floodwater to move past existing development and 
constrictions.  These routes could also provide an opportunity for aquatic species habitat restoration or 
ecological restoration (e.g., off-channel areas, wetlands).  The Chehalis Basin Flood Hazard Mitigation 
Alternatives Report included potential concerns with this alternative due to predicted downstream flows 
and increased water levels, and WDFW staff expressed concern about the potential for the project to 
become a “fish sink” where fish are moved into the area during floods and then become trapped when 
floodwaters recede (Ruckelshaus Center 2012).  Due to the potential for increased flooding to other 
communities and impacts on aquatic species, it was determined that these projects should not be 
carried forward. 

2.4 Applicable Regulations, Plans, Laws, and Treaty 
Obligations 

There are numerous regulations, plans, laws and treaty obligations that guided or influenced the 
development of this EIS.  Implementation of the alternatives in the EIS will also require compliance with 
regulations and plans at federal, state, and local levels.  A summary of these legal requirements and 
policies is provided in Sections 2.4.1 through 2.4.4. 

2.4.1 Tribal Authority 
Tribal Regulations 
Two tribes are located in or adjacent to the Study Area: the Chehalis Tribe and the Quinault Indian 
Nation.  As with most tribal governments in Washington, these tribes retain sovereign rights that are 
guaranteed under treaties and federal laws.  For activities on tribal lands, tribal laws may require 
permits and approvals such as Tribal Environmental Policy Act determinations; critical areas approvals; 
clearing, grading, and building permits; and land use approvals.  Implementing elements of EIS 
alternatives on tribal lands would need to be consistent with land use plans and comply with the 
applicable tribal laws.  

Tribal Rights 
As a signatory of the Treaty of Olympia (1856), the Quinault Indian Nation has treaty-reserved rights 
that reserve the rights to “taking fish, at all usual and accustomed fishing grounds and stations” and the 
privilege of hunting and gathering, among other rights, in exchange for ceding lands it historically 
roamed freely (Sharp 2016a).  As a treaty tribe, the Quinault manage their fisheries and are responsible 
for regulating tribal fishers both on and off the reservation.  The Quinault Indian Nation is a co-manager 
with WDFW for salmon, steelhead, white sturgeon, and Dungeness crab.  Treaty resources, including fish 
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and plants, supported by the Pacific Ocean, the Pacific coast, Grays Harbor and its rivers and tributaries 
are inextricable from the Quinault people’s traditional and modern ways of life.  Impacts on 
treaty-reserved rights cannot be mitigated without consent of an affected treaty tribe.  Any discussion 
or consideration of mitigation for impacts on treaty rights require consent by the Quinault Indian Nation. 

Federal courts determined the usual and accustomed fishing areas of Quinault Indian Nation include 
“the waters adjacent to their territory” and “Grays Harbor and those streams which empty into Grays 
Harbor” (United States vs. Washington, 459 F.Supp. 1020, 1079 [W.D. Wash. 1978], affirmed 645 F.2d 
749 [9th Cir. 1981]).  In a later compilation of key Boldt Decision findings, the court concluded, “The 
Quinault Tribe has usual and accustomed fishing places in Grays Harbor and its watershed, including the 
Humptulips River” (United States vs. Washington, 459 F.Supp. 1020, 1038 [W.D. Wash. 1978] affirmed, 
645 F.2d 749 [9th Cir. 1981]).  The Chehalis River and all of its tributaries empty into Grays Harbor and 
are, thus, within the Quinault Indian Nation’s usual and accustomed fishing areas (Sharp 2016a). 

The Chehalis Tribe is a federally recognized tribe in the Chehalis Basin, and the 4,849-acre (7.6-square 
mile) Chehalis Tribe reservation is located on the Chehalis River at the mouth of the Black River near 
Oakville, northwest of Centralia.  Because the Chehalis Tribe is a non-treaty tribe, their fisheries are 
limited to the portion of the rivers on the reservation, and their harvest is a portion of the non-treaty 
allowable harvest.  The Chehalis Tribe’s portion of the non-treaty harvest is based on a sharing formula 
between Washington State and the Chehalis Tribe. Access to fishing and hunting on off-reservation 
lands are also available to members of the Chehalis Tribe.  Recreational fishing on reservation lands is 
permitted with a tribal fishing license.  Tribal members who fish off-reservation must have a valid 
Washington State fishing license and follow Washington State regulations. 

2.4.2 Federal Regulations 
National Environmental Policy Act 
Enacted in 1969, the National Environmental Policy Act (NEPA) is the federal mandate to evaluate 
environmental consequences of proposals before decisions are made by federal agencies.  
Implementing elements of the EIS alternatives may require NEPA review if federal agency approval or 
federal funding are required.   

Endangered Species Act  
Enacted in 1973, ESA is designed to protect fish and wildlife species from extinction.  This EIS identifies 
those species and critical habitats within the Chehalis Basin that are currently listed under ESA by 
USFWS and the National Marine Fisheries Service (NMFS).  Implementing elements of the EIS 
alternatives may require ESA review if federal agency approval or federal funding is required.  

Magnuson-Stevens Fishery Conservation and Management Act  
Implementing elements of the EIS alternatives that could affect Essential Fish Habitat (EFH) of 
commercial fisheries would require review by NMFS for federal- or state-sponsored projects. 
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Clean Water Act 
Enacted in 1972, CWA was developed to protect water quality in surface water and groundwater.  As 
water resources are a substantial component of the EIS alternatives, CWA requirements are a key part 
of the impact analyses documented in this EIS.  Implementing elements of the EIS alternatives that could 
affect water resources would require compliance with CWA, which includes both federal- and state-level 
permits.  Detailed information on CWA requirements can be found in Appendix D. 

Rivers and Harbors Act 
Construction of elements of the EIS alternatives that include work in, over, or under navigable waters of 
the United States would require a Rivers and Harbors Act Section 10 permit from USACE.   

Coastal Zone Management Act 
The Coastal Zone Management Act (CZMA) is a federal program that allows states to develop a Coastal 
Zone Management Plan to define allowable land and water uses within the state coastal zone.  
Implementation of elements of the EIS alternatives that are within Thurston, Mason, Grays Harbor 
and/or Pacific counties would involve review by Ecology to ensure the activities are consistent with 
CZMA requirements. 

Fish and Wildlife Coordination Act 
Consultation with USFWS is required during implementation of the water resource development 
(e.g., flood control, water storage) portions of the program.  This consultation is typically conducted 
concurrently with other regulatory review or permitting processes under NEPA, ESA, and CWA 
compliance.   

National Forest Management Act 
The National Forest Management Act calls for the development of land and resource management plans 
within national forests.  Implementation of elements within the EIS alternatives that are within national 
forestlands, such as the Olympic National Forest, would be evaluated by the U.S. Forest Service (USFS) 
for their consistency with the applicable forest plan.   

National Historic Preservation Act 
Enacted in 1966, the National Historic Preservation Act establishes a comprehensive program to preserve 
historic and cultural sites.  Formal consultation with the State Historic Preservation Office, tribes, and other 
interested parties to address potential effects to historic properties would occur during implementation of 
elements of the EIS alternatives if federal agency approval or federal funding are required.   

Executive Order 11988: Floodplain Management 
Executive Order 11988 requires federal agencies to avoid, to the extent possible, direct and indirect 
impacts of development in the floodplain and short- and long-term impacts related to modification or 
occupation within floodplains.  Federal agencies responsible for funding and/or permitting elements of 
the EIS alternatives would need to comply with Executive Order 11988. 
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2.4.3 State and Local Regulations 
State Environmental Policy Act 
As described in Section 1.5, SEPA helps ensure that potential environmental impacts are considered 
during decision-making on projects and nonproject actions, such as adopting regulations, policies, or 
plans.  Following this EIS review process, additional SEPA review would likely be necessary for 
implementing project-specific action elements of the EIS alternatives. 

Washington State Hydraulic Code 
The Washington State Hydraulic Code serves to protect fish, shellfish, and their habitats.  Implementing 
elements of the EIS alternatives that use, divert, obstruct, or change the natural flow or bed of salt or 
fresh state waters would require a Hydraulic Project Approval from WDFW.   

Shoreline Management Act 
All local jurisdictions within the Study Area with Shorelines of the State have adopted SMPs consistent 
with the Shoreline Management Act, which emphasizes appropriate shoreline land use, protection of 
shoreline environmental resources, and protection of the public's right to access and use state 
shorelines.  Implementing elements of the EIS alternatives that are within state shoreline areas would 
require a shoreline permit from the local jurisdiction to ensure the project is consistent with the SMPs. 

Executive Order 05-05 
Under this order, implementing elements of the EIS alternatives using state capital improvement funds 
would need to be reviewed by the Washington State Department of Archaeology and Historic 
Preservation (DAHP), in consultation with the Governor’s Office of Indian Affairs and concerned tribes, 
in order to address potential effects to historic properties.   

Washington Forest Practices Act 
Enacted in 1974, FPA regulates forest practices on all non-federal and non-tribal land in Washington.  In 
response to the federal listing of certain fish species, the Washington State Forest Practices HCP was 
created and approved to ensure forest practice operations protect habitat, support healthy forests, and 
support economically viable harvests.  Implementing elements of the EIS alternatives that include forest 
management practices would need to comply with the FPA. 

Floodplain Management 
Cities and counties are responsible for managing development in floodplains in accordance with their 
locally adopted floodplain management ordinances.  In order to maintain membership in the NFIP, 
which is implemented nationally by FEMA, jurisdictions are required to adopt minimum floodplain 
management regulations.  FEMA reviews jurisdiction’s floodplain development permits during regularly 
scheduled community assistance visits.  In Washington, Ecology is the lead agency responsible for 
overseeing floodplain management.  
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Water Resources 
The Washington State Water Code is made up of a series of laws that govern the use, access, ownership, 
and management of surface water and groundwater in the state.  Ecology is responsible for overseeing 
the implementation of many elements of the State Water Code, including working with WDFW to 
establish minimum flow levels in streams to protect fish, wildlife, and water quality. 

Dam Safety 
Construction of a dam would require compliance with a series of dam safety permits from Ecology.  
These regulations establish requirements for operation and maintenance plans, owner inspections, and 
emergency actions. 

Local Regulations 
In addition to the shoreline management and floodplain management regulations described here, 
implementing elements of the EIS alternatives would also likely include compliance with local critical 
areas codes, zoning ordinances, and other land use requirements.   

2.4.4 Relevant Plans 
This section provides information on regional management plans that are in effect within the 
Chehalis Basin, which could influence the implementation of elements of the EIS alternatives.   

2.4.4.1 Total Maximum Daily Load Implementation Plans  
The following TMDLs are in place in WRIAs 23 and 23:  

• Grays Harbor/Chehalis Fecal Coliform Bacteria TMDL (Rountry and Pelletier 2002) 

• Upper Chehalis DO TMDL (Jennings and Pickett 2000) 

• Upper Chehalis Temperature TMDL (Ecology 2001) 

• Upper Chehalis Fecal Coliform TMDL (Ahmed and Rountry 2004) 

• Upper Chehalis River Dry Season TMDL (Pickett 1994a) 

• Black River Wet Season Nonpoint Source TMDL (Coots 1994) 

• Black River DO and Phosphorus TMDL (Pickett 1994b) 

• Upper Humptulips River Water Temperature TMDL (Graber and Stoddard 2003) 

2.4.4.2 Flood Hazard Management Plans 
Flood hazard management has been ongoing in the Chehalis Basin for many years, as evidenced by the 
plans listed here, which contain recommendations on how to mitigate flood hazards within each 
jurisdiction.  Each of the plans recommends both structural and nonstructural elements to flood damage 
reduction.  Many elements from the following plans have been incorporated into the EIS alternatives: 

• Grays Harbor County Comprehensive Flood Hazard Management Plan (CH2M HILL 2001) 
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• Lewis County 2007 Flood Disaster Recovery Strategy (Cowlitz-Wahkiakum Council 
Governments 2009) 

• Comprehensive Flood Hazard Management Plan for Confederated Tribes of the Chehalis 
Reservation (GeoEngineers and Herrera 2009) 

• Chehalis River Basin Comprehensive Flood Hazard Management Plan (CRBFA 2010) 

• Thurston County Flood Hazard Mitigation Plan (Tetra Tech 2013) 

2.4.4.3 Watershed Management Plan 
Following the enactment of the Watershed Planning Act in 1998, the two WRIAs (22 and 23) in the 
Chehalis Basin were created.  The Chehalis Basin Watershed Management Plan was approved by 
Grays Harbor, Lewis, Mason, and Thurston counties in May 2004, and is currently in place for these two 
WRIAs.  The plan provides recommended strategies for setting instream flows, improving water quality, 
and protecting or enhancing fish habitat. 

2.4.4.4 Habitat and Salmon Recovery Plans 
In response to a federal mandate under ESA, seven regional organizations in Washington formed to 
develop salmon recovery plans and coordinate implementation.  The regional organizations are made up 
of local, state, and federal agencies; tribes; citizens; and others interested in salmon recovery.  The 
Washington Coast Sustainable Salmon Partnership is the regional organization coordinating these efforts 
relative to the EIS Study Area.  The Washington Coast Sustainable Salmon Partnership has produced the 
Washington Coast Sustainable Salmon Plan to address recovery of salmon populations in this region, in 
collaboration with the Grays Harbor and Chehalis Basin Lead Entity. 
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3 AFFECTED ENVIRONMENT 

This chapter describes the resources of the Chehalis Basin Study Area that could be affected by 
construction and implementation of the EIS action elements and combined alternatives.  The Study Area 
encompasses the entire Chehalis Basin (WRIAs 22 and 23); however, the geographic extent to which 
each resource could be affected (affected environment) may vary.  For example, the affected 
environment could be limited to the mainstem Chehalis River and its floodplain, or be expanded to 
include a broader geographic area to capture the migratory patterns of fish and wildlife throughout the 
Chehalis Basin.  For each environmental resource discussed in this chapter, the extent of the affected 
environment is described at the beginning of that section. 

The level of detail provided in this chapter varies depending on the resource.  More information is 
provided for those resources with the most potential to be substantially affected by implementing 
elements of the alternatives.  A site-specific and more detailed description of environmental resources 
would be prepared during subsequent project-level environmental review and prior to implementing 
specific actions or projects. 

3.1 Water Resources 
This section describes the current precipitation, surface water (including streamflow, flooding, and 
water quality), groundwater, water use, and water rights conditions within the Chehalis Basin.  
An understanding of the quantity and quality of surface water and groundwater is important for 
considering the effectiveness of the alternatives as well as their potential impacts.  High river flows 
result in flooding, while low river flows and impaired water quality currently affect aquatic species.   

3.1.1 Precipitation 
Water resources in the Chehalis Basin are strongly influenced by precipitation, and while the Chehalis 
Basin is mostly rain-dominated, the Wynoochee and Satsop River sub-basins are somewhat influenced 
by high, snow-dominated areas in the Olympic Mountains.  The Newaukum and Skookumchuck River 
sub-basins are affected by some rain-on-snow floods.   

Precipitation varies within the Chehalis Basin and ranges from an annual average of 43 inches along the 
low-lying valley areas near Centralia and Chehalis to more than 250 inches in the Olympic Mountain 
watersheds (Gendaszek 2011).  In the Chehalis River headwaters, the Willapa Hills average more than 
120 inches of precipitation per year (see Figure 3.1-1; WSE 2014b).  Previous studies estimate an 
average rainfall of 73 inches for the entire Chehalis Basin, including its tributaries.  The lower 
Chehalis Basin (WRIA 22) typically has higher average precipitation than the upper Chehalis Basin 
(WRIA 23); however, the upper sub-basins of WRIA 23 (Chehalis River headwaters, South Fork Chehalis 
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River, and Elk Creek) all have average rainfalls above the 73-inch Chehalis Basin average 
(Tetra Tech/KCM 2002).  The summer months are considered to be the dry season, during which 
precipitation drops to nearly zero (Northwest Area Committee 2015). 

Peak precipitation events in the Chehalis Basin are typically caused by atmospheric river (also termed 
“Pineapple Express”) weather systems, which funnel moisture from the tropics to locations in 
Western Washington, resulting in heavy precipitation and major flooding in the Chehalis Basin 
(Neiman et al. 2011).  These events typically happen between November and February.  In the 2007 
flood, which was caused by an atmospheric river, rainfall in the Willapa Hills headwaters of the Chehalis 
River ranged from 12 to 26 inches in a 4-day period (December 1 to December 4, 2007; WSE 2014a).   

Due to the size and geographic variation of the Chehalis Basin, the effects of atmospheric river events 
may be concentrated in one area, but the area and amount of precipitation will depend on the 
orientation of the event as it arrives in the Chehalis Basin.  The strongest effects of any given event 
could be centered on the Willapa Hills, the Cascade Range foothills, or the southern Olympic Mountains.   

As the Earth’s climate changes, precipitation patterns may also change.  Section 3.7 includes a discussion 
of projected future changes in precipitation within the Pacific Northwest and the Chehalis Basin 
associated with climate change. 
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3.1.2 Surface Water  
The primary surface water features in the Chehalis Basin are the Chehalis River and its tributaries, other 
rivers that drain directly into Grays Harbor (e.g., Humptulips River), lakes, and Grays Harbor.  In the last 
few decades, the Chehalis Basin has experienced both major flooding and drought conditions (low 
streamflows in rivers during summer months), which has affected both water quality and habitat 
conditions.  The following sections describe surface water resources for the mainstem Chehalis River 
(including high flows and flooding, low flows and instream flows, and water quality), tributaries to the 
Chehalis River, and tributaries to Grays Harbor. 

3.1.2.1 Streamflow 
There are nine active U.S. Geological Survey (USGS) gages (see Figure 3.1-2) on the Chehalis River that 
provide information on streamflow rates and water surface elevations.  Additionally, there are 15 other 
active USGS gages and five active Ecology gages in the Chehalis Basin on other rivers and streams.  
Multiple other gages collected streamflow data in the past, but are currently inactive.  Three of the 
active gages, which have been measuring streamflows for more than 60 years, are referred to as 
primary USGS gages and are typically used to define the flow of the Chehalis River.  These three gages 
are identified as follows: 

• Doty – USGS Gage No. 12020000 

• Grand Mound – USGS Gage No. 12027500 

• Porter – USGS Gage No. 12031000 

Figure 3.1-3 presents a series of hydrographs, which illustrate the annual range of average weekly flows 
in the Chehalis River using data from the three primary gages at Doty, Grand Mound, and Porter.  The 
hydrographs show that river flows are typically highest from November to February, and lowest from 
July to September.  The average weekly flows from July to September range from 30 to 80 cfs at Doty, 
200 to 500 cfs at Grand Mound, and 400 to 800 cfs at Porter.  Average weekly flows from November 
to February range from 640 to 1,360 cfs at Doty, 2,600 to 6,700 cfs at Grand Mound, and 3,400 to 
10,000 cfs at Porter. 
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Streamflow Monitoring Locations



Figure 3.1-3

Chehalis River Streamflow History
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3.1.2.2 Flooding and Floodplains 
Flooding is a frequent occurrence in the Chehalis Basin.  
Major floods have affected Lewis, Thurston, and Grays 
Harbor counties in 1972, 1975, 1986, 1990, 1996, 2007, and 
2009, causing the disruption of lives and commerce and 
millions of dollars of flood damage.  Flooding closed I-5 
through Chehalis and Centralia for multiple days during the 
1996, 2007, and 2009 floods (CRBFA 2010).  Since 1980, 
Lewis County has experienced 16 federally declared 
disasters, 13 of which were caused or exacerbated by 
flooding.  Floods have affected major infrastructure (such 
as roads and bridges), commercial and residential property, and public health and safety, including 
blocked roadway access and emergency response (CRBFA 2010). 

Many factors affect the frequency and magnitude of floods.  In Western Washington, atmospheric rivers 
are the primary contributor to extreme flooding (see Section 1.2).  Research into other potential 
contributors to flooding in the Chehalis Basin has been performed for the Chehalis Basin Strategy.  The 
effects of forest practices on peak flows have been evaluated through a literature review by the University 
of Washington (see Appendix A).  In small basins, forest practices increase channel-forming flows 
(corresponding to return periods of about 1.5 to 5 years) and low flows, but there is limited agreement 
in the literature on the effects forest practices have on extreme flows in large watersheds such as the 
Chehalis Basin (Perry et al. 2016).  Climate change effects have been documented in a recent study by 
the CIG (Mauger et al. 2016) and various other studies, as described in Section 3.7.  Rain-on-snow events 
can also add to flooding, particularly in streams in the Chehalis Basin originating in the snow-dominated 
areas of the Olympic Mountains and Cascade Range foothills (Perry et al. 2016).  

Flood Definitions 

• 10-year flood – 10% chance of
occurrence in any given year

• 100-year flood – 1% chance of
occurrence in any given year

• 500-year flood – 0.2% chance of
occurrence in any given year 
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Floods that cause substantial damage in the Chehalis Basin are typically associated with a 10-year flood, 
with increasing damage for larger events (WSE 2014b).  Table 3.1-1 lists the estimated peak flows of the 
10-year, 100-year, and 2007 floods at the three primary USGS gages.  The chart on the prior page shows 
the highest recorded peak flows at the USGS gage near Grand Mound since 1933.  The five largest peak 
flows in the past 87 years (all above 50,000 cfs) have occurred since 1986 (December 2007, February 1996, 
January 1990, November 1986, and January 2009).  Widespread flooding and damage were associated 
with each of these events (WSE 2014b).   

Table 3.1-1  
Peak Flows at Primary Gage Locations During Major Floods  

FLOOD  DOTY GRAND MOUND PORTER 
10-year 18,760 45,350 51,680 
100-year 37,000 75,000 89,500 
December 2007 52,600 79,100 86,500 

Note: Flows are in cubic feet per second.   
Sources: WSE 2014b; USACE 2003 

 

A one-dimensional hydraulic model (HEC-RAS), used for estimating flood levels, has been developed for 
the Chehalis River extending from upstream of Pe Ell to the mouth of the river at Grays Harbor and for 
the lower reaches of key tributaries (WSE 2014c).  The following tributaries were analyzed with the 
hydraulic model:  

• South Fork Chehalis River 

• Stearns Creek 

• Newaukum River 

• Dillenbaugh Creek 

• Salzer Creek 

• Skookumchuck River 

• Hanaford Creek 

• Lincoln Creek 

• Independence Creek 

• Black River 

• Satsop River 

• Wynoochee River 

The hydraulic model was developed using highly accurate topographic data obtained through recent 
Light Detection and Ranging (LiDAR) mapping, topographic data obtained from river channel surveys, 
and data from recent floods to ensure it accurately depicts flood levels and floodplain areas to the 
extent feasible.  The model has been used to analyze and map flood conditions and floodplain areas, 
and was most recently updated for the purpose of evaluating benefits and impacts of flood damage 
reduction alternatives (WSE 2014c).  The model was also used to determine the extent of the 100-year 
floodplain along the Chehalis River and in lower reaches of the listed tributaries affected by the 
Chehalis River.  The 100-year floodplain represents the extent of area that would be flooded during an 
event that has a 1% chance of occurrence in any year, otherwise referred to as the Chehalis River 
floodplain for this analysis. 
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Figure 2.2-2 in Section 2.2 shows a map of the Chehalis River floodplain and the listed tributaries.  On the 
Chehalis River, floodplains are generally narrow in the upper part of the Chehalis Basin where gradients 
are steeper and the river channel is more incised.  Floodplains are much wider in the low-lying 
Chehalis River valley, which allows a major flood to spread out, thus storing water and reducing the peak 
flow (WSE 2014b).  The lowest 13 miles of the Chehalis River (starting near Montesano) are tidally 
influenced (GHLE 2011), meaning the tidal elevation directly affects the flood level along the Chehalis 
River.  In communities adjacent to Grays Harbor (Aberdeen, Hoquiam, South Aberdeen, and Cosmopolis) 
and those adjacent to the Pacific Ocean (Ocean Shores and Westport), coastal flooding is caused by high 
tides and strong winds from winter storms that produce storm surges.  Weather fronts that produce 
storm surges also bring heavy rains, which can worsen flooding when combined with high tides 
(FEMA 2011).  

Chehalis and Centralia both have urbanized areas within the floodplain, as do several other towns, 
unincorporated areas, and tribal communities within the Chehalis Basin.  An estimated 1,385 residential 
and commercial structures are located within the Chehalis River floodplain.  Additional structures exist 
in tributary floodplains.  An estimated 2,040 structures were flooded during the December 2007 flood.  
An estimated 73 structures in the Chehalis River floodplain are predicted to flood with more than 5 feet 
of water during a 100-year flood (WSE 2014d).  The Chehalis-Centralia area has the highest concentration 
of residential and commercial structures in the Chehalis River floodplain, and sustains the most damage 
during a major flood.  In the communities adjacent to Grays Harbor and the Pacific Ocean that are 
subject to coastal flooding (Aberdeen, Hoquiam, Ocean Shores, Westport, and unincorporated 
Grays Harbor County), there are an estimated 5,041 structures within the coastal floodplain.  All of these 
structures could experience coastal flood damage to some extent during a 100-year flood (Franklin 2016).   

  

Chehalis River Floodplain 

There are many different floodplain maps that illustrate the extent of flooding in the Chehalis Basin, the most 
common being the FEMA floodplain maps.  However, to determine impacts from Large-scale Flood Damage 
Reduction Actions on the Chehalis River 100-year floodplain, a model by Watershed Science and Engineering 
(WSE 2014c) was used.  This Chehalis River floodplain differs from the FEMA flood maps in that the floodplain 
extent and elevation has been refined based on observed and modeled floods in the Chehalis Basin.   

In some cases, the Chehalis River floodplain continues upstream on some tributaries.  The floodplain associated 
with these tributaries represents modeled surface water elevations in these tributaries during a 100-year flood 
on the Chehalis River.   
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3.1.2.3 Minimum Instream Flows 
Minimum instream flows were established for the Chehalis Basin in 1976 by Ecology (Washington 
Administrative Code [WAC] 173-522) to protect and preserve instream resources and uses such as fish 
and wildlife, aesthetics, water quality, navigation, livestock watering, and recreation.  Instream flow is 
established as a streamflow (in cfs) at a specific location on a river or stream.  It is a water right to 
protect the quantity of flow for instream resources, which is often defined as a range (or regime) and 
usually changes from month to month (Ecology 2015a).  Minimum instream flows were established for 
31 locations in the Chehalis Basin, 5 of which are located on the mainstem Chehalis River.   

In addition to establishing minimum instream flows under WAC 173-522, four streams in the 
Chehalis Basin were closed to further consumptive appropriation during late spring and summer.  This 
additional closure increased the total number of closed streams in the Chehalis Basin to 24.  The five 
minimum instream flow control locations on the Chehalis River are at its confluence with Elk Creek and 
with the Newaukum River, at Grand Mound and Porter, and below its confluence with the Satsop River.  
At Grand Mound, minimum instream flows range from 165 cfs in August and September to 1,300 cfs 
from December to April (Anchor QEA 2016a).  At this location, instream flows have been below the 
minimum for up to 42% of the days in a year (Anchor QEA 2016a).  Minimum instream flows have also 
been less likely to be met from May through August.   

Tributaries for which minimum instream flows were also established for are as follows: 

• Elk Creek 

• South Fork Chehalis River 

• South Fork Newaukum River 

• North Fork Newaukum River 

• Newaukum River 

• Salzer Creek 

• Skookumchuck River 

• Black River 

• Cedar Creek 

• Porter Creek 

• Cloquallum Creek 

• East Fork Satsop River 

• Decker Creek 

• Middle Fork Satsop River 

• Satsop River 

• Wynoochee River 

• Wishkah River 

• East Fork Wishkah River 

• West Fork Hoquiam River 

• Middle Fork Hoquiam River 

• East Fork Hoquiam River 

• Humptulips River 

• Elk River 

• Johns River 

• Newskah Creek 

• Charley Creek 
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During the period of time when instream flows are below the minimum established for the Chehalis Basin, 
the holders of water rights issued after March 10, 1976 (junior water rights), may be required to stop 
withdrawing water.  The first curtailment orders in the Chehalis Basin were issued on June 5, 2007.  On 
July 30, 2015, Ecology issued curtailment orders to 93 water users with irrigation water rights from a surface 
water source in the Chehalis Basin to stop diverting water because of the low streamflow experienced 
(Gallagher 2015).  Curtailment orders were also issued on May 20, 2016.  Curtailment orders for junior 
irrigation water rights extend through the end of the irrigation window (October 1), although a handful 
extend to October 15.  Section 3.1.4 provides more information about water rights in the Chehalis Basin. 

3.1.2.4 Chehalis River Water Quality 
A variety of factors influence the water quality of the Chehalis River, including land use, land cover and 
vegetation, changes in flow regimes, hydromodification (such as levees and bank armoring), and 
pollutant discharges from discrete or point sources (such as WWTPs) and nonpoint sources (such as 
stormwater runoff).  In the undeveloped upstream areas of the watershed with good forest cover, little 
to no development, and limited impervious surfaces, the water quality of the Chehalis River is generally 
good (Anchor QEA 2014; Ecology 2016a).  Downstream—in areas dominated by agricultural lands that 
lack riparian forest cover, in cities, and in towns—water quality is generally moderate to poor 
(Anchor QEA 2014; Ecology 2015b).   

The primary water quality parameters that are discussed in this EIS are temperature, DO, pH, turbidity, 
nutrients, chlorophyll-a, and fecal coliform bacteria.  Other water quality constituents, such as 

Water Quality Assessment 

Washington’s Water Quality Assessment (Ecology 2016a) is administered by Ecology and identifies the water 
quality status of surface waterbodies in the state.  This assessment is required by the Clean Water Act Sections 
303(d) and 305(b).  The Water Quality Assessment identifies the following five water quality categories: 

• Category 1 – Meets tested standards for clean waters 
• Category 2 – Waters of concern 
• Category 3 – Insufficient data 
• Category 4 – Polluted waters that do not require a TMDL and have pollution problems that are being solved 

in one of three of the following ways: 
o Category 4a – Has a TMDL 
o Category 4b – Has a pollution control program 
o Category 4c – Is impaired by a non-pollutant, such as low water flow 

• Category 5 – Polluted waters that require a TMDL or other water quality improvement project; Category 5 
waters are placed on the 303(d) list of waters whose beneficial uses (e.g., aquatic life uses, recreation, 
water supply) have been impaired by pollution 
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concentrations of metals and organic compounds, are also important; however, these are not generally 
a concern in the Chehalis River and are not discussed further in this section, with the exception of the 
Black River.  The potential for spread of toxic contaminants during floods is discussed in Section 3.15.   

The evaluation of the existing water quality conditions in the Chehalis Basin was compiled based on the 
following sources:  

• Ecology’s ambient and long-term water quality monitoring stations in the mainstem 
Chehalis River (at Dryad and Porter) and its tributaries  

• TMDLs (see Section 2.4.4.1; Collyard and Von Prause 2010; Ahmed and Rountry 2004; Graber 
and Stoddard 2003; Ecology 2001; Rountry and Pelletier 2002; Pelletier and Seiders 2000; 
Jennings and Pickett 2000; Pickett 1994a, 1994b; Coots 1994) 

• Other state-funded and cooperative studies (Anchor QEA 2012, 2014; Green et al. 2009)   

• Chehalis Basin Watershed Management Plan (CBP 2004) 

The applicable water quality standards for the Chehalis River and its tributaries are identified in 
Appendix D, Table D-1.  These standards identify designated beneficial uses, establish specific numeric 
and narrative criteria that must be maintained to support the designated use, and establish policies for 
anti-degradation to protect the state’s surface waterbodies.  The beneficial uses in the Chehalis River 
that would be affected by actions in the Chehalis Basin Strategy are aquatic life uses and recreation.  

3.1.2.4.1 Long-term Water Quality Trends 

Ecology has developed a water quality index (WQI) record to summarize and present water quality data 
in a general, easily interpreted, and numeric format for rivers and streams in Washington.  A WQI ranges 
numerically from 1 to 100.  The higher the WQI, the better the quality of the water.  In general, a score 
of 80 and above is of the lowest concern and represents good water quality, scores 40 to 80 indicate 
areas of moderate concern, and scores below 40 do not meet expectations and are of the highest 
concern with the poorest water quality (Ecology 2015c).   

Ecology maintains long-term water quality monitoring stations at Dryad (RM 97.8) and Porter (RM 33), 
and calculates annual WQIs for the Chehalis River at these two locations.  WQI is determined on an 
annual and monthly basis using multiple physical and chemical parameters for a 20-year record 
(1994 to 2014).  For the following discussion, the overall WQI was used, which combines the various 
parameters measured (e.g., turbidity, water temperature, DO, fecal coliform bacteria).  During the 
20-year record, there was a trend of improvement in the overall WQI for the Chehalis River at Dryad.  
Based on the 2014 results, the water quality was of moderate concern (see Figure 3.1-4; Ecology 2015d).  
There was also a trend of improvement in overall WQI downstream at Porter; however, the water 
quality was not as good as it was upstream at Dryad.  Ecology has listed water quality at Porter to be of 
moderate concern (see Figure 3.1-4; Ecology 2015e).   
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The station WQI rating represents an overall categorization of the water quality at these two 
Chehalis River locations based on data from the combination of numerous water quality parameters. 
However, Ecology’s sampling results show lower or degraded water quality for specific water quality 
parameters (such as water temperature and DO), which are discussed in the following sections.  

Figure 3.1-4  
Overall Water Quality Index Trends for Chehalis River (1994 to 2014) 

Source: Ecology 2015d, 2015e 

3.1.2.4.2 Temperature 

Water quality in the mainstem Chehalis River is degraded during summer months when water 
temperatures are high and DO concentrations are low (Anchor QEA 2014).  Because most of the extent 
of the mainstem Chehalis River downstream of Pe Ell is wide, lacks a viable riverbank (riparian) forest 
that provides shade, and has shallow water depths, direct solar heating of the water surface occurs and 
results in warm water temperatures.  Water temperatures routinely exceed the water quality standards 
criteria for applicable aquatic life-designated uses (see Appendix D, Table D-1).  The spawning and 
incubation temperature criteria along the upper mainstem that apply from September 15 to July 1 have 
also reported exceedances (see Appendix D, Figures D-1 and D-2; Ecology 2011a).  Based on data 
collected by Ecology, the lower mainstem is identified in Ecology’s Water Quality Assessment as a water 
of concern (Category 2) for temperature (Ecology 2016a).  

Based on Ecology’s continuous data collected at its long-term station at Dryad, the highest daily water 
temperature recorded at this station was 28°C on July 29, 2009—well above the maximum temperature 
criterion of 16°C for core summer salmonid habitat, which is applicable upstream of RM 90 on the 
mainstem Chehalis River.  The earliest routine monthly water temperature data available for Dryad is 
from 1978, which indicated that high peak summer water temperatures also occurred that year.  
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By 1978, the upper watershed had been logged and the lands adjacent to portions of the mainstem 
Chehalis River had been cleared for agricultural and rural residential uses, which likely contributed to 
the elevated temperatures.  The Chehalis River most likely had cooler water temperatures prior to land 
clearing and timber harvesting because a mature, vegetated, riparian corridor and adjacent valley 
forestlands would have limited direct solar heating of the water surface.  Water temperature data was 
collected by Ecology from May 19 to September 15, 2015.  The mainstem Chehalis River exceeded the 
temperature criterion of 16°C throughout the study period, with the peak water temperature of 26.5°C 
recorded on July 5, 2015 (Ecology 2016b).  

Similar to Dryad, Ecology records continuous water temperatures at Porter (RM 33).  Based on these 
data, water temperatures are consistently warm and exceed applicable aquatic habitat temperature 
criterion in the late spring and fall (see Figure 3.1-5).  Based on data collected by Ecology at Porter since 
2001, the peak water temperature was recorded on July 29, 2009 (27.9°C)—the same date as the 
recorded maximum temperature at Dryad.   

High summer water temperatures occur along the entire mainstem downstream of Pe Ell (Anchor QEA 2014; 
Ecology 2016b, 2015d, 2015e; Green et al. 2009).  In the upper Chehalis River (above Centralia), results from 
other water temperature monitoring programs (Anchor QEA 2014; Ecology 2016b) show similar results of 
high summer water temperatures.  Areas of slightly lower water temperatures do occur throughout the 
mainstem where tributaries and groundwater provide cool-water inputs.   

Because of these high temperatures and the previous Water Quality Assessment Category 5 listing for 
water temperature in the upper Chehalis Basin, a TMDL for water temperature was developed and 
approved in 2001 (Ecology 2001).  The temperature TMDL for the upper Chehalis River was partially based 
on the development of a functional riparian corridor to limit heating and help improve conditions for 
aquatic species, including salmonids (Ecology 2001).  However, a Basin-wide functional riparian corridor 
would take decades to develop as trees are planted and reach the necessary heights to provide a shading 
function.  Based on Ecology’s latest water quality assessment, the lower mainstem Chehalis River is listed 
as a water of concern for temperature (Category 2), and as a water requiring a TMDL for temperature 
(Category 5) due to peak elevated water temperatures (Ecology 2016a).  The Category 5 listings are 
based on water temperature exceedances measured immediately upstream of the confluence of the 
Satsop River near Elma (Ecology 2016a).  
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Figure 3.1-5  
Chehalis River Maximum Water Temperature (2001 to 2013) 

Source: Ecology 2015d, 2015e 

3.1.2.4.3 Dissolved Oxygen 

DO, the measure of oxygen concentration in water, is an important factor in water quality because it is 
necessary for aerobic (oxygen-requiring) aquatic species, including fish species such as salmon.  DO is 
affected by wind, water temperature, flow, water depth, aquatic species respiration (primarily plankton, 
attached algae, aquatic vegetation, and sediment bacteria), and other biological and chemical processes. 
Past studies have identified biochemical oxygen demand (oxygen required by organisms in water to 
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break down organic materials including pollutants), eutrophication (nutrient enrichment), and resulting 
algal growth as probable causes of low DO problems in the Chehalis River (Pickett 1992).   

High water temperatures result in low DO concentrations because as water temperatures increase, 
water’s capacity to hold DO decreases.  Seasonal DO patterns in the Chehalis River follow changes in 
flow, temperature, and biological activity.  DO levels are lower in summer when flow is low, waters are 
warmer, and biological activity is high; and are higher in winter when flows are higher, water is cooler, 
and biological activity is subdued.  Low flows and warm temperatures cause the “Twin Cities Reach” of 
the Chehalis River (between the Newaukum and Skookumchuck rivers) to stratify, allowing cooler, 
anoxic (DO-depleted) pockets to form in deeper areas.  Findings from different studies have indicated 
that the upper Chehalis River does not meet the minimum DO criterion for areas designated as core 
summer salmonid habitat during summer months under water quality standards (Collyard and 
Von Prause 2010; Anchor QEA 2012, 2014).  DO criteria for the Chehalis River are greater than 
9.5 milligrams per liter (mg/L; upstream of the confluence with the South Fork Chehalis River), and 
greater than 8.0 mg/L downstream of this confluence.  In an effort to improve these conditions, a TMDL 
is currently in place to restrict the inputs of oxygen-demanding substances such as ammonia and organic 
carbon, during the dry period (summer low-flow conditions; Pickett 1994a; Jennings and Pickett 2000).  
Inputs can be from point sources such as WWTPs, or distributed sources such as groundwater discharge 
or agricultural runoff.  Both the lower (near Elma) and upper mainstem (near Dryad) Chehalis River are 
listed as Category 5 (requiring a TMDL) for DO (2016a).  Based on data collected at Porter, a segment of 
the mainstem Chehalis River is identified in Ecology’s Water Quality Assessment as a water of concern 
(Category 2) for DO (Ecology 2016a).   

3.1.2.4.4 pH 

pH is a measurement of the acidity or alkalinity (basicity) of water.  It is primarily affected by 
photosynthesis and respiration cycles of phytoplankton, attached algae and aquatic plants, and chemical 
reactions in the sediments.  Higher and lower pH values, if not caused by natural processes, are likely 
associated with other pollution problems, such as nonpoint organic sources in the winter and 
eutrophication in the summer (Pickett 1992).  The upper Chehalis River (near Dryad) is identified in 
Ecology’s 2014 Water Quality Assessment as a water of concern (Category 2) for pH based on 
measurements collected at Ecology’s ambient water quality sampling station at Dryad (Ecology 2016a).  
More recent data indicate that nearly all sections of the upper and lower Chehalis River meet the 
applicable water quality criterion for pH (Anchor QEA 2014; Green et al. 2009).    

3.1.2.4.5 Turbidity and Total Suspended Solids 

Turbidity is a measurement of the water clarity and is affected by surface runoff events and instream 
water quality.  Precipitation events in the watershed mobilize solids to the stream and produce higher 
streamflow, which in turn can erode and resuspend sediments (as total suspended solids [TSS]), 
affecting the water’s transparency.  TSS is not a regulated parameter in state water quality standards, 
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but elevated TSS levels contribute to high water turbidity.  Turbidity can also be increased by algal 
blooms.  Turbidity in the upper Chehalis River generally peaks in January and has been documented 
during winter storm events (Collyard and Von Prause 2010).  Landslides also contribute to elevated 
turbidity in the river (Green et al. 2009).  The upper Chehalis River is on the Ecology 303(d) list (Category 
5) for turbidity (Ecology 2016a).  In addition, a segment of the upper Chehalis River is identified in 
Ecology’s Water Quality Assessment as a water of concern (Category 2) for turbidity at the Prather Road 
Bridge (approximately RM 60 near Grand Mound; Ecology 2016a).   

3.1.2.4.6 Nutrients and Chlorophyll-a 

Nutrients in the water, primarily ammonia, nitrate, and dissolved phosphorus, contribute to algal 
growth.  Nutrient loadings can occur from a variety of sources, including forest and agricultural runoff, 
groundwater sources, on-site septic systems, industrial and municipal treatment plants, and 
stormwater.  Chlorophyll-a, a green photosynthetic pigment found in plants and algae, is used as an 
indicator of potential photosynthetic activity and algal levels in a river.  Excessive chlorophyll-a is 
indicative of algal blooms, which are detrimental to water quality—most notably to water clarity 
(turbidity), DO, and pH.  Some algal blooms can also be toxic to aquatic life.   

Previously high discharges from WWTPs and industrial point discharges degraded water quality, but 
have now been addressed as part of TMDLs limiting these nutrient loads to the river (Pickett 1994a; 
Jennings and Pickett 2000).  Recent water quality data collected throughout the upper Chehalis River 
indicated that nutrient and chlorophyll-a levels were generally low throughout the system (Anchor QEA 
2014), likely because of the lower nutrient loads from the implementation of the TMDLs.  The upper 
Chehalis River DO TMDL limits ammonia loads to the upper Chehalis River during the summer and the 
fall (Pickett 1994a; Jennings and Pickett 2000).  A review of Ecology’s long-term monitoring stations at 
Dryad and Porter showed that ammonia loading to the Chehalis River was largely within the allocations 
in the TMDL between 2002 to 2010 (Collyard and Von Prause 2010).  

3.1.2.4.7 Fecal Coliform Bacteria 

Fecal coliform is bacteria that lives in the digestive tracks of warm-blooded animals and is introduced 
into the Chehalis River from sources such as industrial and municipal stormwater, livestock operations, 
farm runoff, leaky septic systems, and animal feces.  Data collected at Ecology’s long-term station at 
Dryad indicated that the highest fecal coliform loads to the upper Chehalis River occur during the first 
rain events in September and October, whereas data from Ecology’s station at Porter showed that the 
lower reaches receive their highest bacterial loads in November (Ahmed and Rountry 2004).  The upper 
Chehalis River is also a contributor of bacterial loads to Grays Harbor (Pelletier and Seiders 2000).   

A TMDL is currently in effect to control bacterial loads in the upper Chehalis River (Ahmed and 
Rountry 2004), the lower Chehalis River, and Grays Harbor (Pelletier and Seiders 2000).  Recently 
collected water quality data showed that considerable improvements have been achieved in reducing 
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bacterial levels in the upper Chehalis River since implementation of the upper Chehalis River TMDL 
(Ecology 2016a, 2015e; Collyard and Von Prause 2010).  However, the upper Chehalis River is still 
identified in Ecology’s 2014 Water Quality Assessment as a water of concern (Category 2) for fecal 
coliform bacteria concentrations that exceed the criteria at specific locations (Ecology 2016a).   

3.1.2.5 Tributary Water Quality  
Several tributaries represent the larger flow contributors to the mainstem Chehalis River and 
Grays Harbor.  Flow information and water quality conditions in the major tributaries to the Chehalis 
River and Grays Harbor are described in this section, and information on other tributaries is presented in 
Tables 3.1-2 through 3.1-4.  In both the text and in Tables 3.1-2 through 3.1-4, tributary information is 
presented in order from upstream to downstream along the mainstem Chehalis River, and from east to 
west along the boundary of Grays Harbor.   

3.1.2.5.1 South Fork Chehalis River 

The South Fork Chehalis River has a drainage area of 48 square miles.  Its headwaters start in the 
Willapa Hills and the river continues for 27 miles until it joins the Chehalis River near Curtis and Ceres 
(RM 88.3).  Stillman Creek is a major tributary to the South Fork Chehalis River that joins at RM 5.1 of 
the South Fork Chehalis River.  One active USGS gage (No. 12020800 near Wildwood) has collected flow 
data seasonally from October to April since 1999.  The highest peak flow recorded in the South Fork 
Chehalis River was 12,200 cfs in December 2007.  The lowest flow recorded was 4.7 cfs in October 2002 
and October 2006.  An Ecology gage (No. 23K060) on the South Fork Chehalis River (at RM 0.1) has been 
active since July 2015, and collects streamflow and river stage data, as well as water quality parameters 
including water temperature, DO, pH, and conductivity.   

The South Fork Chehalis River is identified in Ecology’s 2014 Water Quality Assessment as a Category 4A 
water (TMDL in place) for water temperature, fecal coliform bacteria, and DO (Ecology 2016a), and is 
included in the upper Chehalis River TMDLs for these parameters (Jennings and Pickett 2000; 
Ecology 2001; Ahmed and Rountry 2004).  However, a segment of the South Fork Chehalis River is 
identified in Ecology’s 2014 Water Quality Assessment as a Category 5 water (requiring a TMDL) for 
water temperature upstream Curtis (Ecology 2016a); Continued elevated fecal coliform counts have 
resulted in the South Fork Chehalis River being identified as a water of concern (Category 2) in 
Ecology’s Water Quality Assessment (Ecology 2016a).  Sampling results from multiple studies 
documented peak summer water temperatures well above the applicable criteria, as well as low DO 
concentrations that have not met the applicable aquatic habitat criterion (Anchor QEA 2014; Collyard 
and Von Prause 2010; Green et al. 2009).  Based on data collected by Ecology near RM 0.1, the peak 
water temperature recorded during the summer of 2015 (monitoring start date of August 13, 2015) was 
25.1°C on August 13 (Ecology 2016c).  Turbidity was low and pH was near neutral, which met applicable 
criteria (Anchor QEA 2014; Green et al. 2009).  The South Fork Chehalis River contributes moderate 
amounts of phosphorus, nitrogen, and TSS to the mainstem Chehalis River (Anchor QEA 2014).   
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3.1.2.5.2 Newaukum River 

The Newaukum River has a drainage area of 155 square miles.  It starts at the confluence of the 
North Fork Newaukum River and the South Fork Newaukum River in the Newaukum Prairie, and 
continues for 11 miles until it joins the Chehalis River near Chehalis (RM 75.2; GHLE 2011).  The 
headwaters for both the North Fork Newaukum River and the South Fork Newaukum River start in the 
foothills of the Cascade Range.  One active USGS gage (No. 12025000 near Chehalis) has been collecting 
flow data since 1929.  The Newaukum River has an average annual discharge of 1,600 cfs; its peak flow 
was recorded as 13,300 cfs in February 1996 and its lowest flow was recorded as 14 cfs in 
September 1949 and August 1951.   

The North Fork Newaukum River is 17 miles long and has one active USGS gage (No. 12024400 above 
Bear Creek near Forest) that has collected flow data seasonally from October to April since 1999.  
The North Fork Newaukum River originates in steep hills and flows into a broad valley, causing a high 
stream gradient in the upper portion and a moderate stream gradient in the lower portion.  The 
North Fork Newaukum River has a dam located at RM 12.5 to allow water to be diverted for Centralia 
and Chehalis, which is still used by the City of Chehalis as part of their water supply (GHLE 2011). 

The South Fork Newaukum River is about 26 miles long and has one active USGS gage (No. 12024000 
near Onalaska) that collected flow data year-round from 1945 to 1949 and from 1958 to 1971, and has 
collected flow data seasonally from October to April since 1999.   

The Newaukum River is identified in Ecology’s 2014 Water Quality Assessment as a Category 4A water 
(has a TMDL) for water temperature, fecal coliform bacteria, and DO (Ecology 2016a), and is included in 
the upper Chehalis River TMDLs for these parameters (Ecology 2001; Ahmed and Rountry 2004; Jennings 
and Pickett 2000).  The Middle Fork Newaukum River continues to have elevated fecal coliform counts 
and is identified as a water of concern (Category 2) for fecal coliform bacteria, pH, and temperature 
(Ecology 2016a).  The Middle Fork Newaukum River is included in the upper Chehalis TMDL for DO 
(Jennings and Pickett 2000).  The South Fork Newaukum River is a water of concern (Category 2) for 
temperature and fecal coliform bacteria and is included in the upper Chehalis River TMDL for 
temperature and DO (Ecology 2001; Jennings and Pickett 2000).  The North Fork Newaukum River is 
included in the upper Chehalis River TMDL for temperature and DO (Ecology 2000).   

Sampling results from multiple studies documented peak summer water temperatures well above the 
applicable aquatic habitat criteria, as well as low summer DO concentrations that did not meet the 
applicable criterion (Anchor QEA 2014; Collyard and Von Prause 2010; Green et al. 2009).  During the 
summer of 2015, Ecology’s water temperature data collected in the Middle Fork, South Fork, and 
mainstem Newaukum River show that from May 19 to September 15, 2015, waters exceeded the 
temperature criterion of 16°C a total of 98, 111, and 112 days, respectively (Ecology 2016b).  This 
represents 86%, 97%, and 98%, respectively, of the time period measured.  The peak water 
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temperatures recorded for the Middle Fork, South Fork, and mainstem Newaukum River were 22.8°C 
(on July 3, 2015), 25.8 °C (on July 5, 2015), and 27.9°C (on July 5, 2015), respectively (Ecology 2016b).   

During sampling, pH met applicable water quality criteria (Anchor QEA 2014; Green et al. 2009).  During 
these studies, turbidity was low to moderate (Anchor QEA 2014; Green et al. 2009).  The Newaukum River 
is a major contributor of nitrogen, phosphorus, and suspended solids to the mainstem Chehalis River and 
had the highest suspended solids load of any of the mainstem tributaries included in the Anchor QEA 
(2014) study.  Sampling by Ecology indicates that the Newaukum River mainstem fecal coliform counts are 
low and meet the provisions of the upper Chehalis Basin TMDL (Collyard and Von Prause 2010).   

3.1.2.5.3 Skookumchuck River 

The Skookumchuck River has a drainage area of 181 square miles.  Its headwaters are in the 
Mount Baker-Snoqualmie National Forest foothills, and the river continues for 35 miles until it joins the 
Chehalis River near Centralia (RM 67.3).  Its flow regime is captured by an active USGS gage 
(No. 12026400 near Bucoda) that has collected flow data since 1968.  The peak flow recorded on the 
Skookumchuck River was 11,600 cfs in February 1996.  The minimum flow recorded was 15 cfs in 
July 2015.  Flow has been regulated by the Skookumchuck Dam since January 1971.  An average of 
30 cfs, and up to 54 cfs, is diverted for consumptive use at the Centralia Steam Electric Project.  The 
Skookumchuck River also has two active gages (No. 12025700 near Vail and No. 12026150 below Bloody 
Run Creek near Centralia) that have been collecting flow data since 1970.  The river has a steep stream 
gradient until Bucoda, where the gradient lessens (GHLE 2011). 

The Skookumchuck Dam is located at RM 22 of the Skookumchuck River and has a storage capacity of 
34,800 acre-feet.  The dam is primarily for water supply, but also provides a small amount of power 
generation and water for a fish-rearing facility.  The dam is not managed for flood control, but can 
provide some flood control benefits if reservoir capacity is available at the time of a storm event.  
Additionally, the dam contributes up to 50 cfs when natural flow drops below 95 cfs to compensate for 
the previously mentioned diversion (GHLE 2011). 

The Skookumchuck River is identified in Ecology’s 2014 Water Quality Assessment as a Category 4A 
water (has a TMDL) for water temperature, fecal coliform bacteria, and DO (Ecology 2016a), and is 
included in the upper Chehalis River TMDLs for water temperature, fecal coliform bacteria, and DO 
(Ecology 2001; Ahmed and Rountry 2004; Jennings and Pickett 2000).  The river is identified in 
Ecology’s 2014 Water Quality Assessment as a water of concern (Category 2) for fecal coliform bacteria, 
pH, temperature, and DO along additional segments not covered by an applicable TMDLs (Ecology 2016a).  
Sampling results from multiple studies documented that peak summer water temperatures exceeded 
applicable criterion on occasion.  DO concentrations near the Skookumchuck River mouth also did not 
meet the applicable criterion (Anchor QEA 2014; Collyard and Von Prause 2010; Green et al. 2009).  
During sampling, water turbidity ranged from meeting background to somewhat turbid (Anchor QEA 
2014; Green et al. 2009).  The Skookumchuck River is a moderate contributor of nutrient and 
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biochemical oxygen demand loads, but is a major contributor of suspended solids loads to the mainstem 
Chehalis River (Anchor QEA 2014).  Recent studies found that the fecal coliform counts in the 
Skookumchuck River were elevated and did not meet the requirements of the upper Chehalis Basin 
TMDL (Collyard and Von Prause 2010).  Ecology’s water temperature data collected during the summer 
of 2015 (at RM 0.6) indicated that from May 19 to September 15, 2015, river waters exceeded the 
temperature criterion of 16°C a total of 110 days (97% of the days), and the peak water temperature 
was 24.7°C on July 13 (Ecology 2016b). 

3.1.2.5.4 Black River 

The Black River has a drainage area of 129 square miles.  The Black River originates in a wetland complex 
located downgradient of Black Lake and flows for 25 miles until it joins the Chehalis River near Oakville 
(RM 47).  Downstream of Black Lake, the Black River generally has a low gradient and gradual meanders.  
The valley along the Black River is a broad floodplain that contains numerous wetlands, lakes, ponds, 
swamps, and bogs (GHLE 2011).  One active Ecology gage (No. 23E060 at US 12) has collected flow data 
since 2005, with a peak flow of 1,650 cfs measured in December 2007 and a low flow of 31 cfs measured 
in August 2015.   

The Black River is identified in Ecology’s 2014 Water Quality Assessment as a Category 4A water (has a 
TMDL) for water temperature, fecal coliform bacteria, and DO (Ecology 2016a).  Two of the TMDL 
studies specifically applicable to the Black River are the wet season nonpoint source TMDL and the DO 
and phosphorus TMDL (Coots 1994; Pickett 1994b), which were incorporated into the upper Chehalis 
DO TMDL that was approved by the U.S. Environmental Protection Agency (USEPA) in 1996, and later 
revised and approved in 2000 (Jennings and Pickett 2000).  The Black River is identified in Ecology’s 2014 
Water Quality Assessment as a Category 5 water for pH downstream of Waddell Creek (based on data 
collected by Thurston County) and a water of concern (Category 2) for pH along two segments (2016a).  
Sampling results from multiple studies documented peak summer water temperatures and DO 
concentrations that did not meet the applicable aquatic habitat criteria due to these elevated water 
temperatures (Anchor QEA 2014; Collyard and Von Prause 2010; Green et al. 2009).  Based on data 
collected by Ecology near RM 2 on the Black River, the peak water temperature recorded during the 
summer of 2015 was 23.3°C on July 2 and July 3 (Ecology 2016c).  These studies indicated that that the 
turbidity and pH met applicable water quality criteria (Anchor QEA 2014; Green et al. 2009).  The Black 
River was reported to have the highest nitrogen load (as nitrate + nitrite nitrogen and Total Kjeldahl 
Nitrogen) to the mainstem Chehalis River of any of the tributaries included in the Anchor QEA (2014) 
study.  Sampling results indicated that the Black River had low fecal coliform counts and met applicable 
primary contact recreation criterion (Collyard and Von Prause 2010; Green et al. 2009). 
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3.1.2.5.5 Humptulips River 

The Humptulips River has a drainage area of 132 square miles.  It starts at the confluence of the 
East Fork and West Fork in the Olympic Mountains, and the river continues for 27 miles until it flows 
directly into the north part of Grays Harbor, northeast of Ocean Shores.  The East Fork extends 30 miles 
above the confluence, and the West Fork extends 32 miles above the confluence.  Additional major 
tributaries to the mainstem Humptulips River include Big Creek, Stevens Creek, and Deep Creek.  
The Humptulips River and its tributaries have 320 stream miles.  An active USGS gage (No. 12039005 
below US 101 near Humptulips) has collected flow data since 2002, and was previously active from 1933 
to 1935 and from 1942 to 1979 (previously published as USGS gage No. 12039000 near Humptulips).  
The mean annual flow is 1,365 cfs and the peak flow recorded was 41,600 cfs in November 2006.  The 
minimum flow recorded was 93 cfs in August 2015.   

The mainstem Humptulips River is on Ecology's 303(d) list as impaired (Category 5) for DO and pH based 
on data collected at Ecology’s long-term ambient water quality monitoring station (Station No. 22A070 
located at RM 23.6 on the mainstem of the Humptulips River; Ecology 2016a).  The Humptulips River is 
identified in Ecology’s 2014 Water Quality Assessment as a Category 4A water (has a TMDL) for 
temperature (Ecology 2016a).  However, based on continued elevated water temperatures, the river is 
included in Ecology’s 2014 Water Quality Assessment as a water of concern (Category 2; Ecology 2016a).  
In addition, the Humptulips River is listed as a water of concern (Category 2) for DO (Ecology 2016a).  
The Humptulips River is included in the TMDL for fecal coliform bacteria for WRIA 22 (Rountry and 
Pelletier 2002), but the most recent 303(d) list does not indicate any violation for fecal coliform bacteria 
(all listed as Category 1).  In addition, a separate TMDL is in place for the Humptulips River for water 
temperature along the mainstem, East Fork, and West Fork to address peak summer water 
temperatures (Graber and Stoddard 2003).  The TMDL for water temperature is based on exceedances 
recorded at Ecology’s Station No. 22A070 (mainstem station), as well as unpublished water temperature 
data collected within the boundaries of the Olympic National Forest on the East Fork and West Fork 
(Ecology 2016a).   

3.1.2.5.6 Additional Tributaries 

Hydrology and water quality information for additional tributaries in the Chehalis Basin is summarized in 
Tables 3.1-2 and 3.1-3.  These tributaries generally have moderate to good water quality, with the 
exception of where elevated summer water temperatures have been measured.  Based on summer 
2015 water temperature monitoring by Ecology (2016a), numerous tributaries have elevated peak water 
temperatures that exceed the applicable standards (see Table 3.1-4).   
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Table 3.1-2  
Chehalis Basin Tributary Characteristics and Water Quality Assessment Information 

TRIBUTARY 
NAME 

ACTIVE GAGE 
INFORMATION 

DRAINAGE 
AREA 
(SQUARE 
MILES) 

RIVER/STREAM 
LENGTH (MILES) 

CHEHALIS 
RIVER 
CONFLUENCE 
(RM) 

WATER QUALITY ASSESSMENT 
CATEGORIES1,2 

PARAMETERS INCLUDED 
IN APPROVED TMDLS  

Elk Creek • No. 12020525 (USGS) 
• Seasonal flow data 

(October to April) 
since 2012 

• 5,970 cfs peak flow  
• 12 cfs minimum 

(October 2012 and 
October 2015) 

58 15 102 • Category 2: Fecal coliform 
bacteria 

• Category 4A: Fecal coliform 
bacteria, DO 

• Fecal coliform bacteria 
• DO 

Hope Creek None  6 6 94.7 None  None 
Bunker Creek None 36 15 84.3 • Category 2: DO, temperature 

• Category 4A: Fecal coliform 
bacteria, temperature, DO 

• Fecal coliform bacteria 
• DO 
• Temperature 

Stearns Creek • No. 23J070 (Ecology) 
• Stage and temperature 

(since July 2015) 

36 10 78 • Category 2: pH, temperature 
• Category 4A: Fecal coliform 

bacteria, temperature, DO 

• Temperature 
• Fecal coliform bacteria 
• DO 

Dillenbaugh 
Creek 

None 17 8 74.5 • Category 4A: Temperature, 
DO, fecal coliform bacteria 

• Category 5 (Tissue): Dioxin  

• Temperature 
• DO 
• Fecal coliform bacteria 

Salzer Creek • No. 23H060 (Ecology) 
• Flow, stage, and 

temperature (since 
July 2015) 

• <0.2 cfs minimum 
(July 2015) 

24 12 69.4 • Category 4A: Temperature, 
DO, fecal coliform bacteria 

• Temperature 
• DO 
• Fecal coliform bacteria 
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TRIBUTARY 
NAME 

ACTIVE GAGE 
INFORMATION 

DRAINAGE 
AREA 
(SQUARE 
MILES) 

RIVER/STREAM 
LENGTH (MILES) 

CHEHALIS 
RIVER 
CONFLUENCE 
(RM) 

WATER QUALITY ASSESSMENT 
CATEGORIES1,2 

PARAMETERS INCLUDED 
IN APPROVED TMDLS  

Lincoln Creek 
(including 
North Fork 
Lincoln Creek) 

None 43 11 61 • Category 2: Temperature 
(mainstem) 

• Category 4A: Temperature 
(mainstem and North Fork), 
DO (mainstem) 

• Temperature 
(mainstem and North 
Fork) 

• DO (mainstem) 
• Fecal coliform bacteria 

(mainstem) 
Scatter Creek None 42 20 55.2 • Category 2: pH 

• Category 4A: Temperature, 
fecal coliform bacteria, DO 

• Temperature  
• Fecal coliform bacteria 
• DO 

Independence 
Creek 

None 18 10 51.5 • Category 4A: DO • DO 

Garrard Creek None 28 11 44.8 • Category 2: DO 
• Category 4A: DO 

• DO 

Rock Creek  None 26 13 39 • Category 4A: Fecal coliform 
bacteria, DO  

• Fecal coliform bacteria 
• DO 

Cedar Creek None 39 15 38.8 • Category 2: pH, DO 
• Category 4A: DO 

• DO 

Porter Creek None 40 6 33.3 • Category 2: Temperature, DO 
• Category 4A: DO 

• DO 

Cloquallum 
Creek  

None 68 24 25.2 • Category 2: Temperature 
• Category 5: DO 

None 

Wildcat Creek 
(tributary to 
Cloquallum 
Creek) 

None 22 4  • Category 2: Temperature 
• Category 4A: Ammonia-N, 

fecal coliform bacteria, 
chlorine, DO, temperature 

• Ammonia-N 
• Fecal coliform bacteria 
• Chlorine 
• DO 
• Temperature 
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TRIBUTARY 
NAME 

ACTIVE GAGE 
INFORMATION 

DRAINAGE 
AREA 
(SQUARE 
MILES) 

RIVER/STREAM 
LENGTH (MILES) 

CHEHALIS 
RIVER 
CONFLUENCE 
(RM) 

WATER QUALITY ASSESSMENT 
CATEGORIES1,2 

PARAMETERS INCLUDED 
IN APPROVED TMDLS  

Satsop River • No. 12035000 (USGS) 
• Flow (since 1929) 
• 63,600 cfs peak 
• 147 cfs minimum 

(September 1994) 

300 6 (mainstem) 
47 (West Fork) 
32 (Middle Fork) 
36 (East Fork) 

20 • Category 2: Temperature 
(mainstem, West Fork, Middle 
Fork); DO (mainstem, Middle 
Fork) 

• Category 5: Temperature (East 
Fork); DO (mainstem, East 
Fork, Middle Fork, West Fork) 

• Fecal coliform 
bacteria3 

Wynoochee 
River  

• No. 12037400 (USGS) 
• Flow (since 1957) 
• 25,600 cfs peak 
• 3 cfs minimum (August 

1967 [prior to dam]) 
• 108 cfs minimum 

(September 1992 
[after dam]) 

• No. 12036000 (USGS) 
• No. 12035400 (USGS) 
• Flow (since 1926) 

155 63 13 • Category 2: Temperature, DO • Fecal coliform 
bacteria4 

Notes: 
1. Listings are based on the 2014 Water Quality Assessment categories, which represent the last approved list by USEPA.  Definitions of assessment categories 
can be found in Appendix D. 
2. Category 5 waters are considered the 303(d)-listed waters that require a TMDL. 
3. Category definitions are included in the sidebar in Section 3.1.2.4. 
4. Load allocations are included as part of the Grays Harbor TMDL even though subsequent data show the river meets tested standards for clean water 
(Category 1). 
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Table 3.1-3  
Grays Harbor Tributary Characteristics and Water Quality Assessment Information 

TRIBUTARY 
NAME 

ACTIVE GAGE 
INFORMATION 

DRAINAGE AREA 
(SQUARE MILES) 

LENGTH 
(MILES) 

GRAYS HARBOR 
DRAINAGE LOCATION ECOLOGY 303(d) CATEGORIES1,2 

PARAMETER(S) 
INCLUDED IN 
APPROVED TMDLS 

Wishkah River None 102 37 North side near 
Aberdeen 

• Category 2: Temperature; DO 
• Category 4A: Fecal coliform bacteria 

Fecal coliform 
bacteria 

Hoquiam River None 90 7 North side near 
Hoquiam 

• Category 2: Temperature (mainstem), 
DO (West Fork) 

• Category 5: DO (East Fork) 

Fecal coliform 
bacteria3 

Elk River None 18 10 South Bay zone near 
Bay City 

• Category 2: Fecal coliform bacteria 
(West Branch and Middle Branch) 

• Category 4A: Fecal coliform bacteria 

Fecal coliform 
bacteria  

Johns River  None 31 8 South Bay zone near 
Markham 

• Category 2: Temperature 
• Category 4A: Fecal coliform bacteria 

Fecal coliform 
bacteria 

Notes: 
1. Listings are based on the 2014 Water Quality Assessment categories, which represent the last approved list by USEPA.  Definitions of assessment categories 
can be found in Appendix D. 
2. Category 5 waters are considered the 303(d)-listed waters that require a TMDL. 
3. Category definitions are included in the sidebar in Section 3.1.2.4. 
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Table 3.1-4  
Summer 2015 Tributary Water Temperature Data Collected by Ecology 

STREAM NAME 
STREAM MILE 
LOCATION PERIOD OF DATA 

TEMPERATURE STANDARD  
(7-DADMAX)5,6 

NUMBER OF DAYS 
EXCEEDED (% OF TIME) 

PEAK WATER 
TEMPERATURE (DATE) 

Elk Creek1 0.6 May 19 – September 15 16°C 95 (83%) 22.3°C (July 5) 
Hope Creek1 0.6 May 19 – September 15 16°C 91 (88%) 24.2°C (August 19) 
Bunker Creek2 0.7 July 7 – September 30 16°C 64 (79%) 22.2°C (July 7, July 8) 
Stearns Creek3 0.6 July 8 – September 30 17.5°C 52 (65%) 23.1°C (July 19) 
Salzer Creek4 0.5 July 7 – September 30 17.5°C 52 (63%) 22.7°C (July 20) 
Scatter Creek1 7.1 June 16 – September 17 16°C 80 (91%) 22.1°C (July 2) 
Independence Creek1 0.4 June 16 – September 17 17.5°C 36 (50%) 21.2°C (July 5) 
Garrard Creek1 1.1 June 16 – September 17 17.5°C 60 (68%) 20.7°C (July 5) 
Rock Creek1 0.9 June 16 – September 17 16°C 75 (85%) 20.7°C (July 5) 
Cedar Creek1 1.2 June 16 – September 17 16°C 74 (84%) 21.1°C (July 3, July 5) 
Porter Creek1 0.4 June 16 – September 17 16°C 82 (93%) 22.3°C (July 2) 

Notes: 
1. Water temperature data collected by Ecology (via Tidbits) during the summer of 2015 (Ecology 2016b) 
2. Water temperature data collected from Ecology Gage No. 23I070 (Ecology 2016c) 
3. Water temperature data collected from Ecology Gage No. 23J070 (Ecology 2016c) 
4. Water temperature data collected from Ecology Gage No. 23H060 (Ecology 2016c) 
5. 16°C corresponds to 60.8°F 
6. 17.5°C corresponds to 63.5°F 
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3.1.2.6 Grays Harbor 
Grays Harbor is the second largest estuary in Washington, covering more than 90 square miles from its 
mouth at Westport to Montesano, and supports a large number of commercial shellfish aquaculture 
operations.  It encompasses the tidally influenced lower reaches of the Chehalis, Humptulips, Hoquiam, 
Wishkah, Johns, and Elk rivers.  Six zones have been established within Grays Harbor: Surge Plain, 
consisting of the lower Chehalis River; Inner Estuary, where the Wishkah and Hoquiam rivers drain; 
North Bay, where the Humptulips River drains; South Bay, where the Johns and Elk rivers drain; 
Central Estuary; and Estuary Mouth (Sandell et al. 2015).  Grays Harbor has a tidal station at Westport 
(No. 9441102).   

Washington State’s marine water quality standards apply to Grays Harbor and are listed in Appendix D, 
Table D-1.  Grays Harbor is identified in Ecology’s 2014 Water Quality Assessment as a water of concern 
(Category 2) for fecal coliform bacteria, copper, DO and temperatures (Ecology 2016a).  Grays Harbor 
was included in the WRIA 22 TMDL for fecal coliform bacteria; however, elevated fecal coliform counts 
continued resulting in the harbor being identified as a water of concern (Category 2) by Ecology 
(Ecology 2016a).  Upstream sources are a major contributor to the fecal coliform loads in Grays Harbor 
(Rountry and Pelletier 2002).  The harbor is also on Ecology’s 303(d) list (Category 5, impaired water) for 
the insecticide dieldrin (tissue; Ecology 2016a).   

A Marine Water Conditions Index (MWCI) was developed to assess the water quality trends in 
Washington marine waters (by region) and is based on long-term water quality data.  This index is based 
on trends for select water quality parameters collected from 2005 to 2014 (Ecology 2015f).  Over this 
time period, Grays Harbor was identified as having an “improving tendency” for both the outer harbor 
and inner harbor.  An annual numeric index has been determined for each region (from 2005 to 2014) 
and can range from -50 to +50.  A positive index score indicates a good change in water quality and a 
negative index score indicates a bad change.  Based on the 2014 results (the most recent year for which 
results are available), the outer harbor’s MWCI score was +7 and the inner harbor’s MWCI score was -9.  
MWCI scores may change from year to year based on the fluctuation of natural conditions in response 
to climatic and oceanographic influences.  To consider whether the changes are continuous and represent 
a significant change, yearly index scores over a 10-year time period are statistically tested.  The changes 
in MCWI scores for both portions of Grays Harbor did not indicate significant 10-year trends. 

Based on the sampling collection that occurred from 1997 to 2000 at Ecology’s ambient monitoring 
stations, Grays Harbor (inner and outer harbor areas) had persistently high fecal coliform counts 
(Newton et al. 2002).  The highest fecal coliform counts were measured during the winter months when 
tributary runoff is generally high.  The inner harbor also had high ammonium concentrations, while the 
outer harbor station had low ammonia-N concentrations.  Based on the results of this monitoring, 
Grays Harbor ranked among the areas of highest water quality concern based on the five indicators of 
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marine water quality (strong stratification, low DO, limiting nutrients, high fecal coliform bacteria, and 
high ammonium; Newton et al. 2002).  

3.1.3 Groundwater 
Groundwater is present throughout most of the Chehalis Basin, and previous studies have found that 
groundwater moves toward marine waterbodies and larger surface water drainages in the Chehalis 
Basin (Drost et al. 1998).  Saturated and permeable subsurface layers or geologic units that yield 
groundwater in recoverable quantities (via wells or springs) are called aquifers.  Groundwater occurs in 
both unconfined and confined (bounded by impermeable material above and below) aquifers.  
Unconfined aquifers have a water table that is in equilibrium with atmospheric pressure and rises and 
falls in response to surface recharge (adding water to the groundwater system) and discharge (taking 
water from the groundwater system).  Confined aquifers are bounded by impermeable material above 
and below, which prevents the groundwater from equilibrating with atmospheric pressure.  
Groundwater in the Chehalis Basin is often connected to surface water; the flow of water between 
groundwater aquifers and surface water affects surface water quantities and quality (mostly 
temperature), which in turn affects habitat for aquatic species. 

Groundwater studies for the tributaries to the lower Chehalis River (i.e., Satsop and Wynoochee) and 
the rivers that flow directly into Grays Harbor (i.e., Humptulips and Wishkah) are limited.  Previous 
studies (Envirovision 2000) characterized shallow groundwater conditions for the major Chehalis River 
tributaries.  In these tributary basins, groundwater occurs within the glacial and surficial deposits within 
the valleys, and is more limited where bedrock occurs in basin headwater areas (Envirovision 2000).   

3.1.3.1 Hydrogeology 
The groundwater within the Chehalis Basin is primarily contained within the well-sorted sands and 
gravels of the unconsolidated (loose) deposits of glacial outwash streams and rivers (Gendaszek 2011).  
These materials are capable of yielding water in significant quantities and are classified as aquifers 
(Gendaszek 2011).  Groundwater in the shallow aquifer system in the Chehalis Basin is in close hydraulic 
connection to the rivers throughout most of the valley (Pitz et al. 2005).  High-flow and flood conditions 
likely recharge the shallow groundwater table throughout the Chehalis Basin.  During periods of low 
flow (summer conditions), the shallow aquifer(s) recharge the surface water streams and rivers. 

A recent study by Gendaszek (2011) defined hydrogeologic units that characterize aquifers in the 
Chehalis Basin.  These five hydrogeologic units were identified for the purposes of a Basin-wide 
groundwater and surface water interaction study.  The five units include aquifers within unconsolidated 
(loose) and consolidated (solid) material of glacial and alluvial origin, in addition to a Tertiary bedrock 
unit, and are described here based on the identification and classification by Gendaszek (2011).  
Figure 3.1-6 illustrates the locations of these groundwater aquifers in the Chehalis Basin. 

  



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

W
es

tF
or

k
Sa

ts
op

R
iv

er

N
is qually River

Columbia River

Pacific
Ocean

South Fork Newau
ku

m
River

Nor
th

Fo
rk

Newaukum River

Skookumchuck River

Bl
ac

k
Ri

ve
r

Ea
st

Fo
rk

Satso
p River

M
id

dl
e

Fo
rk

Sa
ts

op
Ri

ve
rW

yn
oo

ch
ee

Rive
r

W
ish

ka
h R iv

er

Ea
st

Fo
rk

Hoq
ui

am
Ri

ve
r

H
um

pt
u lip

s
R i

ve
r

West
Fo

rk
Hu

m
pt

uli
ps

Ri
ve

r

Ea
st

Fo
rk

Hu
m

pt
ul

ip
s R

iv
er

Johns RiverElk River

So
uth

Fo
rk

Ch
eh

al
is

Ri
ve

r

Ch
eh

al
is

Ri
ve

r

W
es

tF
or

k
Ho

q ui
am

Ri
ve

r

Grays
Harbor

Cowlitz River

C h e
h

a
l

i
s

R
i

v
e

r

UV507

UV107 UV510

UV8

UV6
£¤101

£¤12

£¤101

Olympic
Mountains

Black
Hills

Willapa
Hills

§̈5

Bald
Hills

Centralia

Oakville

Astoria

McCleary

Aberdeen

Adna

Chehalis

Raymond

Grand
Mound

Porter

Hoquiam

Olympia

Westport

Cosmopolis

Bunker

Moclips

Humptulips

Bucoda

Elma

Pe Ell

Tenino

Ocean
Shores Montesano

Boistfort

Lacey

Long
Beach

Doty

Quinault
Indian
Nation

Confederated Tribes
of the Chehalis

Reservation

0 5 10
Miles

N

"

Rivers and Streams

Study Area

Groundwater Aquifers

BDRK Low Permeability Basal Bedrock
Unit - Tertiary Basalt and Sedimentary Rock

E Aquifer - Alpine Glacial Outwash of
Pleistocene Age

D Aquifers and Confining Units -
Glacial Deposits of Pre-Vashon Age

A Aquifer - Alluvial and Glaciofluvial
Deposits of Vashon Age

Major Roads

B Confining Unit - Glacial Till and
Morainal Deposits of Vashon Age
(Note the C Aquifer is confined by
the B Confining Unit in the northern
part of the Chehalis River Basin)

(Quinault Indian Nation Usual and
Accustomed Fishing Areas include
Grays Harbor and its Tributaries)

Tribal Lands

Figure 3.1-6

Groundwater Aquifers

Source: USGS



Affected Environment 
Water Resources 

Draft Chehalis Basin Strategy Programmatic EIS 107 

3.1.3.1.1 A Aquifer 

The A aquifer is the most spatially extensive aquifer identified throughout the greater Chehalis Basin and 
is composed of both glacially derived and non-glacially derived materials.  This aquifer is characterized 
as unconfined and is the shallowest or surficial aquifer found throughout the Chehalis Basin.  The 
A aquifer comprises silt, sand, gravel, and coarser alluvial materials, with the youngest sediments 
consisting of the coarse-grained channel and overbank deposits of modern rivers (alluvium).  Modern 
alluvium overlays the glacial deposits and is in direct hydrologic connection with these older units.  
These deposits are coarse and well sorted.  South of Centralia, the aquifer is composed of older, poorly 
sorted, and fine-grained material, weathered from alpine glacial outwash of the Hayden Creek that 
comprises terraces along the Chehalis River and Newaukum River.  

3.1.3.1.2 B Confining Unit 

The B confining unit is mostly composed of unsorted and unstratified clay to boulder-sized particles that 
occur only in the northern portion of the Chehalis Basin.  Within this larger unit, the fined-grained layers 
act as the confining unit.  This B confirming unit was deposited during the last glacial advance.  

3.1.3.1.3 C Aquifer 

The C aquifer comprises glacial advance outwash that consists of well-sorted sand, gravel, and 
cobble-sized materials that were deposited during the last glacial advance.  The C aquifer unit is 
confined by the B confining unit (in the northern part of the Chehalis Basin).  In addition, 
pre-Vashon-Stade-age outwash in hydrologic connection is also included in the C aquifer.   

3.1.3.1.4 D Undifferentiated Aquifers and Confining Units 

The D aquifer comprises pre-glacial advance tills and outwash sequences deposited in the northern 
Chehalis Basin and the Centralia area to the north.  The groundwater in this unit occurs under confined 
conditions within coarse-grained outwash sequences that are separated from stratigraphically higher 
A and C aquifers by thin till (confining) layers.  Multiple aquifers and confining layers may exist within 
this unit where they are not differentiated (specifically identified) and laterally continuous throughout.   

3.1.3.1.5 E Aquifer 

The E aquifer consists of glacial outwash that consists of rocks derived from Tertiary volcanic and 
sedimentary rocks found in the Cascade Range and Olympic Mountains.  The E aquifer occurs on the 
bedrock uplands of the Chehalis Basin and is derived from the alpine glacial outwash emanating from 
the Cascade Range and Olympic Mountains.  Sedimentary rocks include siltstones, sandstones, and 
conglomerates.  This aquifer has confining conditions where the top portions of these deposits have 
weathered into clay and is saturated.  
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3.1.3.1.6 Low Permeability Basal Bedrock Unit 

The Tertiary bedrock unit consists of marine and non-marine siltstones, sandstones, and conglomerates, 
as well as intrusive and extrusive volcanic rocks.  This Tertiary bedrock forms the underlying basal 
groundwater-confining unit throughout the Chehalis Basin.  Limited groundwater occurs (as fracture 
flow) in this unit and supports local domestic water use.  However, in the southern portion of the 
Chehalis Basin, larger quantities of groundwater can be found in the sandstone interbeds of the inferred 
non-marine Miocene Wilkes Formation.   

3.1.3.2 Groundwater Movement and Fluctuation 
Throughout the Chehalis Basin, horizontal groundwater flow follows the contours of the surface water 
drainage of the Chehalis River and its tributaries, and flows from the river and stream headwaters to 
Grays Harbor.  Gendaszek (2011) studied the interaction between the groundwater and surface water in 
the Chehalis Basin during low-flow conditions.  As part of this study, streamflow gaging and well 
monitoring were conducted to determine the magnitude and timing of seasonal fluctuations in 
groundwater levels in relation to exchanges with surface waterbodies and recharge from precipitation.  
In addition, a water table map was developed with generalized flow directions.   

Gendaszek (2011) identified gaining (input from groundwater) and losing (loss to groundwater) reaches 
along the mainstem Chehalis River.  Individual gains and losses ranged from 30.9 to -48.3 cfs per mile.  
Based on streamflow measurements, the overall gain along 32.8 miles of river (entire length of the study 
reach) was 56.8 ±23.7 cfs, with an average gain of 1.7 cfs per mile.  The uppermost unconfined aquifer 
(A aquifer) exchanges water with the Chehalis River and its tributaries.  The A aquifer recharges the 
Chehalis River during the summer when baseflow is low, and receives recharge from the surface water 
interface during the wet winter months.  Water levels in the surficial aquifer in the upper watershed 
respond to stream stage due to storms, and in the lower watershed downstream of the Satsop River, 
water levels are influenced by Pacific Ocean tides.  An earlier seepage study conducted under much 
lower flow conditions showed more surface water-to-groundwater interaction upstream of RM 58.8 
(Ely et al. 2008).  The differences between the two studies indicate temporal variability in the surface 
water to groundwater within the central Chehalis Basin during summer low-flow conditions 
(Gendaszek 2011).   

3.1.3.3 Groundwater Quality 
Multiple studies have characterized the groundwater quality throughout the Chehalis Basin.  The most 
recent study undertaken by Ecology characterized the groundwater in the shallow aquifer in the vicinity 
of Centralia (Pitz et al. 2005).  Sampling results indicate groundwater is generally cool, and is generally of 
good quality, with the exception of elevated nitrate + nitrite nitrogen concentrations (Pitz et al. 2005; 
Sinclair and Hirschey 1992).  Arsenic is also naturally occurring in the groundwater within the 
Chehalis Basin (Pitz et al. 2005).  The results of two recent groundwater studies are summarized here.  
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3.1.3.3.1 Hydrology and Quality of Groundwater in the Centralia-Chehalis Area Surficial 
Aquifer 

From 2003 to 2005, Ecology undertook a hydrogeological assessment of the Centralia-Chehalis area 
surficial aquifer to test a standardized technical approach for a new Washington State groundwater 
assessment program (Pitz et al. 2005).  The objectives of this study were to characterize the 
hydrogeological setting of the area studied, monitor and describe local groundwater and surface water 
interactions, and monitor and describe current ambient groundwater quality and water level conditions.  
The study concluded that the groundwater quality is generally good and met applicable state 
groundwater quality standards.   

The study also concluded that there was a distinct difference in the groundwater geochemistry between 
the north and south areas where a difference in oxidizing/reducing conditions occurs (Pitz et al. 2005).  
Elevated nitrate concentrations were measured in the north area; concentrations were above 5 mg/L in 
the vicinity of Ford’s Prairie—an area of historically high nitrate concentrations.  The state groundwater 
criterion (WAC 173-201A) for nitrate-nitrogen is 10 mg/L (Ecology 1990).  No exceedances for chloride, 
total dissolved solids, sulfite, or lead were recorded during the sampling duration, and volatile organic 
compounds were essentially absent.  Sodium was found at concentrations exceeding the 20 mg/L health 
advisory limit in 20% of the sampled wells.  Iron and manganese concentrations exceeded the secondary 
(aesthetic) drinking water criteria (0.3 and 0.05 mg/L, respectively) and were attributed to the reduction 
in conditions in portions of the aquifer system.  Arsenic concentrations exceeded the state groundwater 
criterion of 0.05 microgram per liter (µg/L) in multiple wells throughout the sampling duration.  In the 
area studied, the background arsenic concentration of 1 µg/L was present and represented natural 
conditions.  One well had high concentrations of arsenic with concentrations exceeding the drinking 
water standard of (10 µg/L). 

3.1.3.3.2 Anchor QEA Groundwater Temperature Study 

A water quality characterization report was completed as part of the Chehalis Basin Strategy 
(Anchor QEA 2014).  Groundwater temperatures were sampled during three low-flow surveys 
throughout the upper Chehalis Basin (September 2013, October 2013, and July 2014).  Results generally 
showed that groundwater temperatures were significantly cooler than surface water (by up to 6°C), with 
an exception in October 2013 when the groundwater temperatures were slightly warmer.  During the 
summer, the groundwater temperature in the upper reaches (above Elk Creek at RM 104) and 
immediately downstream of the South Fork Chehalis River confluence (RM 87) were warmer than other 
locations, but still cooler in the summer and warmer in October than the surface water at both locations.   

3.1.4 Water Use and Water Rights 
There are more than 2,500 water rights (permits and certificates) in the Chehalis Basin.  Approximately 
1,100 are surface water rights and 1,400 are groundwater rights.  About 1,730 water rights are 
agricultural water rights.  Of the 2,500 water rights, 2,100 are senior to minimum instream flows and 
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400 are junior to minimum instream flows (CBP 2004).  Senior water rights are those issued before 
March 10, 1976, the effective date of the Chehalis Instream Flow Regulation (WAC 173-522), which set 
minimum instream flows to protect and preserve instream resources and uses (see Section 3.1.2.3 for 
further discussion on minimum instream flows).  Tribal water rights are considered time immemorial 
and are not quantified.  Next in seniority are water rights, which have been established in the upper and 
lower Chehalis watersheds since the adoption of the State Surface Water Law of 1917 (Revised Code of 
Washington [RCW] 90.03), then the State Groundwater Law of 1945 (RCW 90.44), followed by those 
issued prior to the adoption of the Chehalis Instream Flow Rule (WAC 173-522) in March of 1976.  Junior 
water rights are those issued after adoption of the Chehalis Instream Flow Rule.  Junior water right 
holders are subject to curtailment (order from Ecology to stop diverting water) when minimum instream 
flows are not being met  

The authorized withdrawal for water rights is about 3,000 cfs.  The Wynoochee Power water right 
consists of 1,200 cfs of this total.  Approximately 620 cfs are authorized for agricultural withdrawals.  
In addition to the water rights, there are more than 8,400 water right claims in the Chehalis Basin, as 
well as around 17,000 exempt domestic wells (CBP 2004).   

Actual water uses for domestic, municipal, irrigation, and livestock purposes are unknown.  Very little 
water measurement data are available to determine actual water use, and older water right certificates 
perfected in the 1940s through the early 1980s generally only have the instantaneous quantity rather 
than the annual quantity perfected.  Estimates of water use were made for the Chehalis Basin 
Watershed Management Plan (CBP 2004), which at the time showed allocated rights for the above 
purposes total 570 cfs in the upper Chehalis Basin (WRIA 23), though actual use is estimated to be 
113 cfs (about 20% of allocated rights).  In the lower Chehalis Basin (WRIA 22), allocated rights for the 
above purposes total 1,011 cfs, but actual use is estimated to be 42 cfs (about 4% of allocated rights).  
While the Chehalis Basin Watershed Management Plan (CBP 2004) suggested lower actual uses than 
water rights allocated, actual uses are unknown and may have changed over the long period of time 
since water rights were first issued in the Chehalis Basin.  Water rights with the highest withdrawal rates 
are used for irrigation, fish propagation, and power generation.   
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3.2 Geology and Geomorphology 
This section describes the geology and geomorphology of the Chehalis Basin with a focus on areas that 
could be affected by the EIS alternatives, which are primarily along the Chehalis River.  The information 
in this section is largely based on data from state agencies, scientific journal articles and reports, and 
reports prepared for the Chehalis Basin Strategy.  

3.2.1 Geology 
The Chehalis Basin encompasses approximately 
2,700 square miles and is one of the largest river basins in 
Washington.  The Chehalis Basin contains both 
Tertiary-aged volcanic and sedimentary rock and glacially 
and alluvially deposited Quaternary-aged sediment.  
Tertiary rocks are typically basalts formed on the oceanic 
floor overlain by marine and nearshore sandstones and 
siltstones.  Quaternary sediments were deposited by a 
variety of processes: continental glaciers, alpine glaciers, 
rivers, and landslides (see Figure 3.2-1).   

The Willapa Hills in the area of the proposed Flood 
Retention Facility are primarily composed of two 
formations: the volcanic-derived Crescent Formation and 
the seafloor and nearshore sedimentary McIntosh 
Formation rock.  The McIntosh Formation is composed of 
siltstone, shale, and sandstone with interbeds of basalt 
flows and basaltic sandstone.  Coal seams are found within 
these units.  North of the Willapa Hills, Grande Ronde 
Basalt (part of the Columbia River Basalt Group) overlies 
these older rocks.  Uplift of the volcanic and sedimentary 
rocks resulted in the higher topography of the Willapa Hills. 

The eastern side of the Chehalis Basin is bounded by the 
foothills of the Cascade Range.  The foothills are composed 
of Tertiary volcanic rocks and continental (not deposited in 
marine environment) sedimentary rocks, typically coarse 
sandstone and conglomerate.  Some of the sedimentary 
formations, most notably the Skookumchuck, are 
coal-bearing (DNR 2010). 

Geologic Terms 

• Tertiary period – part of the 
geologic time scale and ranges 
from 66 to 2.6 million years ago 

• Quaternary sediments – 
geologically recent (younger than 
2.6 million years old) 
unconsolidated sediment from a 
variety of depositional 
environments—loose, “young” 
material covering the underlying 
bedrock in a thin veneer 

• Cordilleran Ice Sheet – a 
continental ice sheet originating 
in western Canada that covered 
large parts of Washington (as well 
as Idaho and Montana) and 
shaped its topography during the 
Pleistocene epoch (approximately 
2 million to 10,000 years ago) 

• Puget Lobe – part of the leading 
edge of Cordilleran Ice Sheet that 
covered lowland areas between 
the Olympic Mountains and the 
Cascade Range 

• Terminal moraine deposits – 
form at the edge of the glacier 
and mark the maximum advance 
of the glacier; they consist of 
unconsolidated glacial debris (soil 
and rock), and generally form 
continuous curving ridges 
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The Olympic Mountains along the northern edge of the Chehalis Basin are similar in composition to the 
Willapa Hills.  The core of the Olympic Mountains is composed of Tertiary marine sedimentary rocks.  
The sedimentary rocks consist of sandstone and siltstone, claystone, shale, mudstone and locally 
derived conglomerates and breccias (DNR 2010). 

In the northern and eastern portions of the Chehalis Basin, the current landscape was mostly formed by 
the alpine and continental glaciations that occurred during the last ice age.  The Chehalis Basin was 
subject to both the continental Cordilleran Ice Sheet from the north and the alpine glaciations from the 
Olympic Mountains and the Cascade Range.   

At least twice, the Puget Lobe of the Cordilleran Ice Sheet extended into the northern portion of the 
Chehalis Basin (see Figure 3.2-1; Gendaszek 2011 and references therein).  The last advance of the 
Puget Lobe occurred approximately 17,000 years ago and reached the Chehalis Basin, with the southern 
extent of the glacier marked by the terminal moraine deposits located north of Rochester (Gendaszek 
2011).  As the Puget Lobe retreated to the north (starting approximately 16,000 years ago), glacial 
meltwaters drained to the south through the current Chehalis River valley and deposited large 
sequences of recessional outwash (Gendaszek 2011).  

As the Puget Lobe retreated, meltwater channels were routed through the terminal moraine creating a 
series of spillways and valleys, and depositing recessional glacial outwash in the Chehalis River and its 
tributaries (Skookumchuck River, Black River, Satsop River, and Scatter Creek; Gendaszek 2011).  These 
recessional outwash deposits from the Cordilleran Ice Sheet were deposited as far south as Centralia 
and created a natural blockage that formed glacial Lake Chehalis.  This lake extended from the 
Chehalis River and Skookumchuck River confluence to the Chehalis River and Newaukum River 
confluence.  Alpine glaciers from the Cascade Range and the Olympic Mountains also advanced into the 
Chehalis Basin and deposited several sequences of drift in headwaters and valleys.  It is thought that 
advances from glaciers from the Olympic Mountains have occurred at least four times, with the 
deposition of glacial till and outwash across the northwestern portion of the Chehalis Basin 
(Gendaszek 2011). 
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3.2.2 Seismicity 
The seismic characteristics of the Chehalis Basin are important when evaluating the proposed Flood 
Retention Facility.  The seismic characteristics are dominated by the Cascadia Subduction Zone (CSZ).  
There are two tectonic convergence regimes that deform the Chehalis Basin and the rest of Western 
Washington: the east-west contraction across the CSZ and the north-south shortening from the 
Juan de Fuca Plate that is subducting at an oblique northeast direction relative to the Washington coast 
(see Figures 3.2-1 and 3.2-2).  The combined effects of the two tectonic motions produce complex and 
diverse deformation and can trigger large, damaging earthquakes within the Chehalis Basin. 

The subduction of the oceanic Juan de Fuca Plate beneath the continental North American Plate triggers 
earthquakes in three sources: at the subduction plate interface; within the subducting slab; and within 
the shallow, overriding continental crust.  At the subduction plate interface, the two plates are locked 
together by friction.  The potential for a 9.0-magnitude (mega-thrust) earthquake exists if the frictional 
strength of the fault is exceeded and the fault slips (Wang et al. 2003; Atwater and Hemphill-Haley 1997; 
Goldfinger et al. 2003).  Along the coast, this fault slip can trigger sudden land subsidence, strong ground 
shaking, tsunami inundation, liquefaction, and submarine landsliding. 

The Doty Fault Zone is an east-west trending crustal fault zone that initiates about 5 kilometers (km) 
northwest of Doty and extends east to just north of Chehalis.  It is the closest fault in proximity to the 
proposed Flood Retention Facility and is the only fault zone suspected of being active in the Chehalis 
Basin (HDR and Shannon & Wilson 2015).  The extension of the fault zone disappears beneath the 
Chehalis River valley and then continues east for another 10 km for a total length of 40 to 50 km.  The 
Doty Fault Zone is capable of producing a 6.9-magnitude earthquake (Wells and Coppersmith 1994).  
Other fault zones are present in the vicinity of the Chehalis Basin and include the Grays Harbor Fault 
Zone, Willapa Hills Fault Zone, and the Olympia Structure (see Figure 3.2-1). 
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Figure 3.2-2  
Cascadia Subduction Zone Typical Geologic Cross Section 

Source: Shannon & Wilson, Inc. 

3.2.3 Landslides and Mass Wasting 
Most landslides in the forestlands of Western Washington occur during high-intensity storms when 
rain—often in combination with melting snow (i.e., rain-on-snow events)—saturates surface soil layers 
or contributes to streamflow, which can undercut the toes of adjacent landslide areas.  Forest practices 
could contribute to the increase in landslides during storm events when rain, often in combination with 
melting snow (e.g., rain-on-snow events), saturates surface soil layers or contributes to streamflow, 
which can undercut the toes of adjacent landslide areas.  For example, harvested areas or poorly 
designed roads on marginally stable slopes are more likely to result in landslides during normal storm 
events until harvested areas gain sufficient root strength to help stabilize the slope.  However, changes 
in forest practices over recent years to avoid harvesting and road-building on unstable ground has 
improved the management of areas to reduce the potential of landslides (Watershed GeoDynamics 
2016).  The contribution of forest practices to landslides during extreme storm events continues to be 
debated.  Additional information on the effects of forest practices on landslides during normal and 
extreme storm events is provided in Appendix E. 
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Within the Chehalis Basin, landslides and other mass wasting deposits are present in the Willapa Hills, 
Cascade Range foothills, and the Olympic Mountains and foothills.  There are many mapped, 
Quaternary-aged, deep-seated landslides, and also many mapped and unmapped surficial landslides.  
Quaternary landslide deposits are made of heterogeneous, mostly unsorted and unstratified debris that 
is often identified by the presence of hummocky topography, closed depressions, springs or seeps, and 
an elongated form with the base wider than the top of the landslide (Shannon & Wilson 2009).  
Landslides are commonly triggered by above-normal precipitation or by undercutting of the slope, but 
can be exacerbated by human disturbance such as clearing vegetation and building roads.  During the 
2007 storm event, where 12 to 26 inches of rain fell in a 4-day period in parts of the Chehalis Basin 
(WSE 2014a), more than 1,000 landslides occurred (Sarikhan et al. 2008).   

Existing landslides in the upper Chehalis Basin were mapped for geology reports completed for the 
proposed Flood Retention Facility (Shannon & Wilson 2015).  These landslides were examined to 
determine whether they could become active as a result of reservoir water level operations.  The 
location of those landslides is shown in Figure 3.2-3.   
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3.2.4 Geomorphology  
Geomorphology is the study of the formation and evolution of landforms on the Earth's surface.  The 
movement and processes of the many rivers (fluvial geomorphology) in the Chehalis Basin play a key 
role in shaping the landscape, providing habitat for aquatic species, and influencing flooding and 
floodplain characteristics.  Within the Chehalis Basin, several other factors contribute to the shape of 
the land, including tectonic movement, rain, snow, and wind.  This section provides highlights of the key 
features of the Chehalis Basin related to geomorphology and fluvial geomorphology.  

3.2.4.1 Chehalis River 
The Chehalis River is a long, slow-moving river that drains a large watershed.  The river extends for 
approximately 125 miles from its headwaters in the Willapa Hills downstream to Grays Harbor at 
Hoquiam.  The Chehalis Basin ranges in elevation from approximately 3,114 feet above sea level at its 
headwaters in the Willapa Hills to sea level at Grays Harbor.  The river downstream of Pe Ell has a low 
gradient, which means the elevation change of the river is relatively low (approximately 400 feet 
between Pe Ell and Grays Harbor).   

3.2.4.1.1 Reach Characteristics 

A recent study prepared for the Chehalis Basin Strategy identified six distinct reaches (i.e., segments) of 
the mainstem Chehalis River (see Figure 3.2-4) from its headwaters in the Willapa Hills downstream to 
near Porter (RM 33; Watershed GeoDynamics and Anchor QEA 2014).  Each of these reaches has distinct 
geomorphic characteristics, detailed in the figure, related to degree of confinement within the valley, 
river gradient/steepness, and location of major tributary junctions.  Figure 3.2-4 also provides similar 
information for another reach (Reach 7), the extent of which is the lower Chehalis River downstream of 
Reach 6 (RM 33) to Grays Harbor (RM 0). 

3.2.4.1.2 Lateral Channel Migration 

The Chehalis River experiences lateral channel migration (movement), which is a natural occurrence in 
unconfined reaches of meandering rivers with erodible banks.  Channel migration occurs as a river 
channel migrates (or moves) within the floodplain.  The force of the river’s flow has the ability to erode 
its banks, allowing for movement of the channel.  Erosion is typical along the outside of river bends 
(meanders) where water velocities are high (see Figure 3.2-5).  Channel migration generally occurs 
laterally, but migration associated with meanders often occurs in the down river (valley) direction as well.   
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Figure 3.2-4

Geomorphic Characteristics of the Chehalis River 

Reach 3 (RM 93.5 to RM 88)
Degree of confinement: Unconfined; active lateral 
migration
Average gradient: 0.08%
Sediment mobility: Low; sediment deposition area

Reach 5 (RM 75.3 to RM 61.7)
Degree of confinement: Confined; 
limited potential for lateral 
migration
Average gradient: 0.03%
Sediment mobility: Low; incoming 
sediment source primarily from 
Skookumchuck River and smaller 
tributaries

Reach 6 (RM 61.7 to RM 33)
Degree of confinement: 
Unconfined; wide floodplain with 
numerous off-channel areas
Average gradient: 0.07%
Sediment mobility: Low; primarily 
reworking/distributing glacial 
outwash deposits

Reach 7 (RM 33 to RM 0)
Degree of confinement:  
Unconfined with areas of artificial 
and natural confinement (levees)
Sediment mobility: Low in 
unconfined areas
Lower 13 miles are tidally influenced

Reach 4 (RM 88 to RM 75.3)
Degree of confinement: Mixture 
of confined, moderately confined, 
and unconfined areas of active 
channel migration
Average gradient: 0.12%
Sediment mobility: Transport 
reach – sediment is mobileReach 1 (headwaters to RM 107.5)

Degree of confinement: Confined; limited 
potential for lateral migration
Average gradient: 1.1%
Sediment mobility: Transport reach – 
sediment is mobile

Reach 2 (RM 107.5 to RM 93.5)
Degree of confinement: Primarily confined; 
some unconfined areas of active channel 
migration
Average gradient: 0.21%
Sediment mobility: Transport reach with 
some areas of sediment deposition in 
unconfined areas
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A study of the Chehalis River measured lateral channel migration along the mainstem of the river at four 
sites between Pe Ell and Chehalis (RM 113 to 67.5; Reaches 2 and 4), which are depicted in Figure 3.2-4 
(Watershed GeoDynamics and Anchor QEA 2014).  The lateral channel migration was observed from a 
review of aerial photographs, dated from 1945 to 2013, where movement of the channel boundary 
could be seen.  Average annual channel migration rates ranged from 0.5 to 20 meters (m) per year (net 
movement) during the duration of the photographic record.  Channel migration rates were highest at 
the four sites between 2006 and 2008, where rates ranged from 2.9 to 20 m per year.  The high 
migration rate observed during the 2006 to 2008 timeframe at the four sites is likely attributed to the 
2007 flood.  The most active site was located just downstream of Pe Ell (RM 104 to 105)—the first 
unconfined reach downstream of the confined mainstem channel segment in the upper watershed.  
During the 2007 event, at least one channel-spanning logjam was reported to have formed between 
RM 104 and 105, resulting in the formation of a new meander pattern that caused substantial bank 
erosion and deposition as the river cut a new channel around the logjam.  The analysis concluded that 
the channel migration takes place mostly during small floods (1- to 2-year), in areas that are not 
confined by bedrock, bank protection, or infrastructure.   

Figure 3.2-5  
Channel Migration Illustration 

Figure based on King County 2016 
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3.2.4.1.3 Channel Incision 

Stream and river channels are dynamic features that adjust over time to changes in watershed 
conditions.  Stable channels could migrate within the valley, eroding sediment from one side of the 
channel and depositing material on the opposite side to create new bars, yet retain a consistent size, 
shape, and gradient over the long term.  Changes in watershed conditions that trigger an increase in 
peak runoff or gradient of the channel can result instream channel incision, or down-cutting that 
disconnects the alluvial floodplain surface, which is a common mechanism of geomorphic adjustment.  

Many miles of the mainstem Chehalis River have eroded below the channel’s former riverbed elevation.  
As a result, the river has become isolated from its floodplain (see Figure 3.2-6).  This down-cutting of the 
river, commonly called “incision,” is a naturally occurring process of erosion and stream evolution; 
however, it can also be exacerbated by land use actions such as forest practices, urban-area stormwater 
runoff, and riparian zone clearing.   

One of the historical practices that contributed to channel incision in forested watersheds of the 
Pacific Northwest was the use of splash dams to transport logs from harvest areas in the upper 
watershed to mills downstream.  Splash dams were timber structures used to block channels and pond 
water for the temporary storage of logs.  Such dams were widely used in the Chehalis River watershed 
(see Figure 3.2-7), with some dams exceeding 40 feet in height and 200 feet in width (Wendler and 
Deschamps 1955).  Splash gates were constructed at the top of the structure and would be opened to 
release a sudden rush of water that sluiced the logs over the apron and carried them downstream.  The 
sudden release of water, combined with active practices to clear the channel of any logjams that could 
trap the logs enroute to the mill, resulted in bed scour and channel incision.  Research on the 
geomorphic legacy of splash dams in the Oregon Coast Range (where similar logging practices to those 
used in the Chehalis River watershed could be assumed) showed that splash dam releases were 
comparable to a 100-year flood in mainstem channels and exceeded the 100-year flood magnitude in 
headwater regions (Phelps 2011). 
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¹

1874 General Land Office (GLO) Map

Over 100 acre forested "swamp"
identified in GLO survey notes

Remnant floodplain wetland
(less than 4 acres) mapped in
National Wetlands Inventory

100-year Floodplain

(FEMA 2010 Preliminary DFIRM)

Figure . -

Example of Historically Forested Floodplain Wetland Isolated from the Chehalis River over Time



Figure 3.2-7

Locations of Splash Dams in the Restorative Flood Protection Treatment Area

Source: Modified from Wendler, Heny O. , and Gene Deschamps. 1955. Logging dams on coastal Washington streams. In Fish. Res. Pap. Olympia, Washington: Washington 

Department of Fisheries.
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3.2.4.1.4 Major Floods 

Floods also contribute to changes in the landscape, with a major flood providing the most dramatic 
changes.  For example, the 2007 flood on the Chehalis River was estimated to be a 500-year flood at the 
Doty gage and a 100-year flood in the vicinity of Centralia and Chehalis (WSE 2014a, 2014b).  The large 
volume of rain that came during the 2007 flood resulted in thousands of landslides within the Chehalis 
Basin, which provided an estimated 5.7 to 8.7 million tons of sediment to the Chehalis River system 
(Sarikhan et al. 2008).  Of this sediment, 2.7 million tons was coarse sediment delivered in the Chehalis 
River headwaters, 180,000 tons was delivered between the headwaters and just north of Pe Ell 
(Doty gage), and 934,000 tons was delivered in the South Fork Chehalis River watershed.  The 
combination of the largest peak flows on record, large inputs of sediment (via landslides), and wood 
from the headwaters of the Chehalis and South Fork Chehalis basins resulted in changes in the channel’s 
geomorphology.  In the mainstem, gravels filled the channel upstream of RM 104 and combined with 
large logjams to cause the river to leave its channel and create a new one around that area (called an 
avulsion).  The deposited gravel was much finer than the cobbly material present in the channel and 
more suitable for salmon spawning.  These deposits will continue to be transported downstream until 
the river reaches dynamic equilibrium.  Eventually, the gravels will be transported out of that reach and 
the riverbed will return to cobbly conditions similar to those that existed prior to the 2007 flood.  
Downstream of Pe Ell, the river continues to transport this gravel as bedload.  This gravel is then 
deposited mostly in areas where the channel is unconfined and where the river loses its ability to carry 
gravel-sized sediment.   

3.2.4.2 Tributaries 
Tributaries to the mainstem Chehalis River include the South Fork Chehalis, Newaukum, Skookumchuck, 
Black, Satsop, and Wynoochee rivers.  These rivers can be generally characterized as having headwater 
areas that that are mostly composed of bedrock, with the lower reaches occupying wider valleys that 
have channels and floodplains consisting of alluvium and glacial deposits (mostly outwash).  These 
generally unconsolidated deposits include cobble, gravel, sand, and finer material. 

Tributaries to Grays Harbor include the Wishkah and Humptulips rivers that drain from the Olympic 
Mountains on the north side of Grays Harbor and the Johns and Elk rivers on the south of Grays Harbor.  
The Humptulips River headwater areas comprise units of the Crescent Formation basalt (DNR 2010), 
while the river channel and valley consist of alluvium (clay, silt, sand, and gravel), with higher valley 
areas consisting of glacial outwash deposited by glacial meltwaters.  The Wishkah River valley consists of 
alluvium, glacial outwash, glacial drift, and bedrock.   

The Johns and Elk rivers are low-lying rivers that drain the foothills to the south of Grays Harbor.  These 
river basins were not subject to the alpine or continental glaciations.  The channel and floodplains 
consist mostly of alluvium, with the higher basin areas mapped as river terrace deposits (DNR 2010).   
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3.2.4.3 Sediment and Sediment Transport 
Sediment movement and deposition play a large role in the Chehalis Basin’s geomorphology.  The 
characteristics of the reaches and watersheds within the Chehalis Basin are often distinguished by 
sediment properties.  Typically, alluvial river beds become finer downstream and often have an abrupt 
transition from gravel to sand (identified as the gravel-sand transition; Vendetti et al. 2010).  Sediment 
sources include landslides that reach a river, erosion of river beds and banks (including lateral channel 
migration), and inflows of sediment from tributaries.  Additionally, forest practices can increase 
channel-forming flows, which could cause erosion and siltation (Perry et al. 2016).  There are limited 
sediment supply and transport data for the Chehalis Basin.  A number of studies have been performed 
examining sediment supply and transport for the Chehalis River in geomorphic Reaches 1 through 5 as a 
result of the December 2007 flood (Watershed GeoDynamics and Anchor QEA 2014; Anchor QEA 2012).  
The lack of data and information in other reaches of the Chehalis River and in the tributaries limits the 
level of detail and overall understanding of sediment transport along the entire river length and the 
overall sediment balance in the Chehalis Basin.  

In 2010, sediment sampling along the mainstem Chehalis River (approximately RM 33 to 114) found that 
sediment bars within the river consist primarily of gravel-sized particles with sand and cobble as the 
secondary substrate.  Sediment size declines with distance downstream of the sediment source 
(as referenced in Vendetti et al. 2010).  The cobble-sized sediment supply that originates in the upper 
watershed is transported to near Littell (approximately RM 80) and the gravel is transported to near 
Chehalis (RM 73).  This point in the river marks the gravel-sand transition where the gravel is deposited 
(upstream), and only sand-sized and smaller material is transported downstream.  Along the mainstem 
Chehalis River, this transition point occurs in Reach 5, where the gradient is very low and, under most 
flow conditions, the river does not have the hydraulic energy to transport larger-sized particles (gravel 
and cobble; Watershed GeoDynamics and Anchor QEA 2014).  The low gradient a result of bedrock 
outcroppings which control the elevation at the downstream end of Reach 5.  Downstream of the 
bedrock outcroppings at the Reach 5/6 transition zone, the channel gradient is steeper and the river is 
located in glacial deposits with readily available gravel and transport of gravel substrate.   

The Chehalis River transports sediment as both bedload that moves along the bed of the river and 
suspended load that is carried throughout the river cross section.  Bedload material is coarser (usually 
coarse sand, gravels, and cobbles) and is deposited within the river channel, while suspended load 
(usually sand, silt, and finer material) is deposited in overbank areas during floods (Watershed 
GeoDynamics and Anchor QEA 2014).  USGS conducted studies of both bedload and suspended load 
along the Chehalis River based on data collected from 1962 to 1965 (Glancy 1971).  These studies 
estimated that the bedload in the Chehalis River varied (upstream to downstream) from 6,152 tons per 
year at Doty, 7,066 tons per year at Grand Mound, and 6,674 tons per year at Porter—compared to 
suspended load estimates of 55,370 tons per year at Doty, 134,250 tons per year at Grand Mound, and 
126,812 tons per year at Porter (Glancy 1971).  Glancy (1971) concluded that the majority of the 
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suspended sediment transported during peak flows came from the reworking of the river beds and bank 
erosion, with episodic inputs from mass wasting in the upper watershed.   

The ability of the Chehalis River to transport bedload varies considerably in the reaches described in this 
section.  The sediment transport capacity was higher in areas identified as transport reaches (areas of 
sediment movement), as opposed to depositional reaches (sediment depositional areas).   

3.2.4.4 Large Woody Material 
LWM is an important factor in fluvial geomorphology and fisheries habitat.  LWM and logjams help 
maintain side channels, pools, forested islands, and floodplains, which are all important features for 
maintaining key aquatic habitats and biological diversity in rivers and streams (Abbe and Montgomery 
1996; Collins et al. 2002).  LWM in rivers within the Chehalis Basin is recruited during a major flood or 
extreme rainfall events that cause landslides and debris torrents in the upper Chehalis Basin.  Less LWM 
is supplied from local bank erosion and channel migration.  Based on an aerial photograph 
interpretation, the reaches of the mainstem Chehalis River with the most active channel migration 
(Reaches 2 and 4) also have the potential for active LWM recruitment.  Based on current conditions 
throughout the Chehalis Basin, LWM inputs are expected with storms and associated floods with 
recurrence intervals of 10 to 25 years.  During the 2007 flood, an estimated 115 acres of wood (as 
logjams in the lower river) that was 2 feet thick was deposited into the Chehalis River and adjacent 
floodplain, mostly from landslides in the upper Chehalis Basin (Watershed GeoDynamics and 
Anchor QEA 2014).  Although landslides and large inputs of LWM occur in 10- to 25-year floods, the 
LWM deposited in the river can be mobilized during more frequently occurring high-flow events.  Based 
on 2014 field observations, logs begin to mobilize at flows starting at 9,000 to 10,000 cfs, which is close 
to the 2-year recurrence peak flow at the Doty gage (Watershed GeoDynamics and Anchor QEA 2014).  
Although the 2007 flood produced a tremendous amount of LWM, recent surveys of LWM in the 
mainstem Chehalis River above its confluence with the Newaukum River showed very little LWM 
present in the river channel.  This is due to wood removal efforts after the 2007 flood and the mobility 
of wood in the Chehalis River during high flows. 
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3.3 Wetlands and Vegetation 
This section describes the types of wetlands and vegetation found throughout the Chehalis Basin, 
including plant species listed under ESA as threatened or endangered, and Washington State-listed rare 
plant species.  There are a large variety of natural habitats within the Chehalis Basin, which include 
different combinations of plants, trees, and other vegetation.  Wetlands are also found in several 
locations, and include a unique mix of plants that thrive in water or saturated soils.  To identify these 
resources within the Chehalis Basin, scientists reviewed existing agency and tribal reports, resource 
maps, and aerial photographs; they also visited the Chehalis Basin to gain familiarity with the 
information collected from these resources.   

3.3.1 Wetlands 
Wetlands are transition zones between terrestrial and 
aquatic systems that provide a number of important 
ecosystem functions, including fish and wildlife habitat, 
water quality improvement, flood protection, shoreline 
stabilization, and groundwater recharge.  Wetlands can 
occur in stream and river channels, on floodplains, in 
low-lying areas and depressions, around the edges of ponds 
and lakes, on slopes, and in estuaries and coastal areas.  
The Chehalis Basin also has wetlands with special 
characteristics including bogs, interdunal wetlands, and 
large wetland complexes.  The primary wetlands present in 
the Chehalis Basin are discussed in more detail in 
Section 3.3.2. 

Potential wetlands were identified in the Chehalis Basin 
using Ecology’s 2011 Modeled Wetlands Inventory 
(Ecology 2011b).  The Modeled Wetlands Inventory was 
completed for Ecology by the National Oceanic and 
Atmospheric Administration Coastal Services Center and in 
partnership with WDFW under a grant from USEPA.  It was 
prepared as a state-wide update to the National Wetland 
Inventory (NWI), which is nearly 40 years old and 
considered out-of-date given the extent of land use change 
that has occurred in the state since the NWI maps were 
produced (Ecology 2015g).  Wetlands identified in the 2011 
Modeled Wetlands Inventory are classified using a variation 
of USFWS’ Classification of Wetlands and Deepwater 
Habitats of the United States (Cowardin et al. 1979), which 

 

Wetlands and Flood 
Storage 
Wetlands provide some measure of 
flood protection by holding the excess 
runoff after a storm, and then 
releasing it slowly.  The size, shape, 
location, and soil type of a wetland 
determine its capacity to reduce local 
and downstream flooding.  While 
wetlands cannot prevent flooding, 
they do lower flood peaks by 
temporarily holding water and by 
slowing the water's velocity.  Wetland 
soil acts as a sponge, holding much 
more water than other soil types.  
Even isolated wetlands can reduce 
local flooding; if the wetlands were 
not there to hold stormwater runoff, 
backyards and basements might end 
up under water. 

Source: Ecology 
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is commonly referred to as the Cowardin system.  Based on the 2011 Modeled Wetlands Inventory 
mapping, the existing wetlands in the Chehalis Basin are grouped into five major types: open water, 
estuarine wetlands, palustrine wetlands, unconsolidated shores, and potentially (previously) disturbed 
wetlands.  These are further broken out into the following ten wetland cover classes: 

• Open water 

• Unconsolidated shore 

• Potentially (previously) disturbed wetland 

• Palustrine scrub-shrub wetland 

• Palustrine forested wetland 

• Palustrine emergent wetland 

• Palustrine aquatic bed wetland 

• Estuarine scrub-shrub wetland 

• Estuarine emergent wetland 

• Estuarine aquatic bed wetland 
 
It should be noted that wetland classification based on aerial photograph interpretation has some 
degree of uncertainty and a potential for misclassification without on-site verification.  For example, 
many of the wetlands adjacent to the Chehalis and Black rivers are classified in the EIS as palustrine 
forested, and might be more accurately classified as palustrine scrub-shrub based on tree height, which is 
difficult to determine with great accuracy on aerial photos.  Additionally, the Cowardin classification 
does not take into account the hydrogeomorphic position of a wetland in the landscape.  For example, 
again using the palustrine forested wetlands adjacent to the Chehalis and Black rivers, a wetland would 
likely be classified as riverine forested or scrub-shrub using a hydrogeomorphic classification instead of 
Cowardin.  However, for the purposes of the EIS, the Cowardin-based Ecology mapping has been used 
and no effort to classify using a hydrogeomorphic system will be completed at this time.  

Table 3.3-1 provides a summary of the total areas mapped by the 2011 Modeled Wetlands Inventory for 
each of these wetland cover classes within the Chehalis Basin.  Figures 3.3-1 through 3.3-3 illustrate the 
locations of these wetland cover classes. 
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Table 3.3-1  
Wetland Cover Classes Mapped in the Chehalis Basin  

WETLAND TYPE/ 
WETLAND COVER CLASS AREA IN WRIA 22 AREA IN WRIA 23 TOTAL AREA 
Open water 75,266 4,113 79,379 
Unconsolidated shore 27,114 176 27,290 
Potentially (previously) disturbed 
wetland 

3,398 13,545 16,943 

PALUSTRINE WETLANDS 
Palustrine scrub-shrub wetland 14,722 12,112 26,834 
Palustrine forested wetland 22,824 16,124 38,948 
Palustrine emergent wetland 9,882 10,855 20,737 
Palustrine aquatic bed wetland 97 114 211 
ESTUARINE WETLANDS 
Estuarine scrub-shrub wetland 1 0 1 
Estuarine emergent wetland 3,037 0 3,037 
Estuarine aquatic bed wetland 3,335 0 3,335 

Total Area 159,676 57,039 216,715 

Note: Area is represented in acres 
Source: Ecology 2011b 
 

The five major wetland types and the associated cover classes, shown in Table 3.3-1 and illustrated in 
Figures 3.3-1 through 3.3-3, are briefly described in Appendix F with their typical locations, physical 
characteristics, and primary water sources.  The ecological functions commonly provided by each type of 
wetland, the vegetation commonly found in each wetland type, and the general location and 
appearance of each wetland type in the Chehalis Basin are also summarized in Appendix F. 

3.3.2 Wetland Complexes 
Several wetland complexes occur in the Chehalis Basin.  Many of these areas represent remnants of 
wetland systems that were once more widespread in the Chehalis Basin, but have been modified by 
various disturbance activities (such as agriculture, urban development, mining, and other industrial 
activities).  For example, there are remnant wet prairies (unique glacial outwash prairies) in the 
Scatter Creek floodplain.  The location of some of the larger and unique wetland complexes is shown in 
Figures 3.3-1 through 3.3-3, and described in the following sections. 

3.3.2.1 Black River Wetlands 
Throughout its course, the Black River meanders through a dense mosaic of riparian areas and 
palustrine forested, scrub-shrub, and emergent wetlands that represent one of the largest remaining 
undisturbed freshwater wetland systems in the Puget Sound region (USFWS 2015a).   
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3.3.2.2 Chehalis River Surge Plain Natural Area Preserve 
This unique type of wetland system is characterized by tidal sloughs, intermittently flooded areas, and 
regularly flooded areas.  The variety of water regimes provided in this area supports a diverse array of 
palustrine forested, scrub-shrub, and emergent wetlands, 
including the largest Sitka spruce-dominated coastal surge 
plain wetland in Washington (DNR 2009). 

3.3.2.3 Grays Harbor Estuary  
This large, relatively undisturbed estuary includes a variety 
of estuarine habitats, including subtidal open water areas 
and intertidal wetlands.  The estuarine wetland types 
present here include low and high saltmarshes, large 
eelgrass and macroalgae beds, and extensive mudflats.  
Palustrine emergent, forested, and scrub-shrub wetlands 
are also present around the perimeter of Grays Harbor.   

3.3.2.4 Elk River Natural Resources 
Conservation Area 

As the largest, highest quality estuarine system remaining 
in Washington, this conservation area supports a wide 
variety of estuarine and palustrine wetland systems, 
including intertidal mudflats, sloughs, five types of 
saltmarshes, and freshwater emergent, scrub-shrub, and 
forested wetlands (DNR 2015a).   

3.3.2.5 North Bay Natural Area Preserve 
This preserve contains one of the highest quality coastal 
freshwater and sphagnum bog systems remaining in 
Washington (DNR 2015b).   

3.3.3 Wetland Mitigation Banks 
In addition to the state- and federally managed wetland 
complexes, the Chehalis Basin also contains three wetland 
mitigation bank sites where state and private entities have 
created, restored, or enhanced wetlands and riparian systems to provide compensatory mitigation 
credits for various projects that have unavoidable, authorized impacts on wetlands and riparian systems.  
The locations of these banks (North Fork Newaukum Mitigation Bank, Chehalis Basin Mitigation Bank, 
and Weatherwax Wetland and Habitat Mitigation Bank) are shown in Figures 3.3-1 through 3.3-3, with a 
brief description of the banks provided in Appendix F.  

 
Chehalis River Surge Plain Natural 
Area Preserve 

 

 
Grays Harbor Estuary 

 

 
Elk River Natural Resources 
Conservation Area 

 

 
North Bay Natural Area Preserve 

Photo credits: www.dnr.wa.gov 

http://www.dnr.wa.gov/
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3.3.4 Vegetation 
Vegetation zones are often used to differentiate habitats based on dominant tree species and/or plant 
associations.  The map to the right shows that the Chehalis Basin lies primarily within two large-scale 
vegetation zones of Western Washington (the western hemlock zone and the Sitka spruce zone) and 
also includes areas of the Douglas fir/Oregon white oak zone—found in the prairies of the Chehalis 
Basin—and the Pacific silver fir zone (Van Pelt 2007).   

On a finer scale, the different types of 
grasses, plants, trees, and land cover within 
the Chehalis Basin have been grouped into 
11 different categories for this EIS.  The 
vegetation and land cover categories were 
developed based on information from 
three sources: USGS National Land Cover 
Database, WDFW habitat surveys within 
the Chehalis River system, and Chehalis 
Basin Strategy’s Habitat Mapping and 
Wildlife Studies Technical Memorandum 
(HMWSTS 2014).   

Figure 3.3-4 shows the location of the 
vegetation and land cover categories within 
the Chehalis Basin and also depicts their 
general geographic extent.  A detailed list 
of plant species commonly found within the 
Chehalis Basin is provided in Appendix G, 
Table G-1.  The 11 vegetation and land 
cover categories are described after 
Figure 3.3-4.  Cross-references to the 
vegetation and land cover terminology 
used by USGS, WDFW, and the Chehalis 
technical study are provided in Appendix G, 
Table G-2.  

Large-scale Vegetation Zones of 
Western Washington 
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Agriculture 
This category is represented by areas that cultivate annual and perennial crops, areas of grasses and 
legumes planted for livestock grazing or the production of seed or hay crops, and uncultivated areas of 
grass or herbaceous (non-woody) vegetation used for grazing.  This category also includes land being 
actively tilled.   

Bare Ground 
This category includes land without vegetative cover such as cliffs, bedrock, riparian (within rivers or 
streams) gravel bars, landslide areas, gravel pits, and other undeveloped areas lacking vegetation.   

Coniferous Forest 
These forested areas are dominated by evergreen trees in various stages of growth and density.  
The majority of the coniferous forestlands have been managed for several decades to provide wood 
products and, therefore, the forests are typically even-aged stands of trees, ranging from less than 
10 years old to more than 60 years old.  The dominant, 
coniferous tree species include western hemlock, western 
red cedar, western white pine, Douglas fir, and Sitka spruce.  
Other plant species found in the understory of these forests 
include salal, Oregon grape, vine maple, red huckleberry, 
salmonberry, trailing blackberry, and sword fern.   

Deciduous Forest 
These forested areas are dominated by deciduous trees 
such as cottonwood, Oregon ash, red alder, and big-leaf 
maple.  The deciduous forestlands are commonly found 
alongside wetlands and riparian corridors (rivers and 
streams).  Plant species found in the understory of 
these areas include salmonberry, vine maple, western 
azalea, Indian plum, red elderberry, snowberry, and 
beaked hazelnut.   

Developed  
This category includes areas with impervious paved or 
gravel surfaces and structures associated with commercial, 
residential, or industrial land use.  Vegetation in these areas 
is absent or limited to lawn grasses or landscaped 
vegetation consisting of a variety of tree and shrub 
plant species.   

Vegetation Zones 

 
The majority of the coniferous 
forestlands have been managed for 
several decades to provide lumber and 
other wood products. 

 

 
Instream areas are often bordered by 
deciduous forest vegetation 



Affected Environment 
Wetlands and Vegetation 

Draft Chehalis Basin Strategy Programmatic EIS 137 

Herbaceous/Grassland 
This category consists of uncultivated areas of grass or herbaceous (non-woody) vegetation not used 
for grazing.   

Instream 
This category is made up of open water areas that are not wetlands (i.e., no rooted vegetation), 
including rivers, streams, and unvegetated areas of lakes.   

Mixed Forest 
This category includes forested areas with a combination of coniferous and deciduous tree species.  
Mixed forests are found in more fragmented patches than the coniferous and deciduous forestlands, 
and are typically adjacent to roadways and developed areas.  They also contain understory species that 
are typically similar to those described for coniferous and deciduous forestlands. 

Prairie Oak 
These areas include prairies, Oregon white oak stands, or a combination of both types of vegetation.  
The vegetation and habitat found in these areas is important to many wildlife species—several of which 
are considered threatened or endangered.  

Shrub-scrub 
This category comprises areas dominated by shrubs or young trees.  It also includes areas dominated by 
species that are non-native to the region, such as Scotch broom and Himalayan blackberry.  These areas 
are often found along roadways, within power line transmission corridors, and within recently harvested 
timber areas. 

Wetland 
Wetland areas are found in marine and estuarine (mix of fresh and saltwater) systems associated with 
the Pacific Ocean and Grays Harbor; riverine systems associated with the Chehalis River and many of the 
other rivers and larger streams in the Chehalis Basin; lacustrine systems associated with large bodies of 
open water (e.g., lakes); and palustrine systems that support smaller areas of open water (e.g., ponds) 
and emergent, scrub-shrub, and forested vegetation.  A more detailed discussion of wetlands within the 
Chehalis Basin is presented in Sections 3.3.1 and 3.3.2.   
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3.3.4.1 WDFW Priority Habitats 
Vegetation plays a key role in the habitat for fish and wildlife species, including priority habitats 
established by WDFW.  This state-wide Priority Habitats and Species (PHS) List includes priority 
terrestrial and aquatic habitats, as well as priority habitat features (WDFW 2008).  These priority 
habitats and features were identified because of their unique characteristics and/or because they 
support a diverse mix of fish and wildlife species.  Of the 20 priority habitats recognized in Washington 
by WDFW, 16 occur in the Chehalis Basin.  There are not enough data available to identify the exact 
priority habitat locations, or the extent of these habitats, throughout the Chehalis Basin; however, 
known habitats that occur within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties are 
presented in Table 3.3-2.   

Table 3.3-2  
WDFW Priority Habitats that Occur in Lewis, Thurston, Grays Harbor, Mason, and Pacific Counties  

PRIORITY HABITATS 

OCCURRENCE IN CHEHALIS BASIN COUNTIES1 

LEWIS THURSTON 
GRAYS 

HARBOR MASON PACIFIC 
TERRESTRIAL HABITATS2 
Aspen stands      
Biodiversity areas      
Herbaceous balds      
Old-growth/mature forest      
Oregon white oak woodlands      
Riparian      
Westside prairie      
AQUATIC HABITATS2 
Freshwater wetlands and fresh deepwater      
Instream      
Coastal nearshore (estuary bay)      
Open coast nearshore      
Puget Sound nearshore (estuary fjord)      
HABITAT FEATURES2 
Caves      
Cliffs      
Snags and logs      
Talus      

Notes: 
1. WDFW 2008  
2. NatureServe 2015  
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3.3.4.2 Special Status Plant Species 
3.3.4.2.1 Federal and State Threatened and Endangered Plant Species 

The Chehalis Basin includes known occurrences of ESA-listed threatened and endangered plant species, 
and state-protected threatened and endangered plant species.  ESA-listed species and critical habitats 
are identified by USFWS by county.  DNR’s Natural Heritage Program (DNR 2015c) also identifies specific 
counties in Washington where rare plant species have been documented.  Although there are not 
enough data to quantify the extent of these plant species or their critical habitats through the Chehalis 
Basin, these agencies have documented their presence in some locations.  The status of federally listed 
plant species protected under the ESA (as identified by USFWS) and state plant species with threatened 
and endangered status (as identified by DNR) within Lewis, Thurston, Grays Harbor, Mason, and Pacific 
counties are presented in Appendix G, Table G-3.  Federally listed plant species critical habitats 
protected under ESA within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties, as identified by 
USFWS, are presented in Appendix G, Table G-4. 

3.3.4.2.2 State Rare Plant Species 

Several rare plant species that could occur within the Chehalis Basin have been identified, based on 
information from the DNR Natural Heritage Program (DNR 2015c).  In addition, the DNR Natural 
Heritage Program identifies specific counties in Washington where rare plant species have been 
documented.  Information from the DNR Natural Heritage Program was used to identify rare plant 
species documented within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties.  A list of all rare 
plant species with state status within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties is 
presented in Appendix G, Table G-5.   

 



Affected Environment 

140 Draft Chehalis Basin Strategy Programmatic EIS 

3.4 Fish and Wildlife 
The Chehalis Basin provides habitat for a large variety of fish and wildlife along the Chehalis River and its 
tributaries, the floodplain, and throughout the forestlands of the Chehalis Basin.  Some of these fish and 
wildlife species are abundant, while others are threatened or endangered.  Many species are important to 
tribes, which is discussed further in Section 3.5.  Several technical studies are ongoing, and annual 
summaries of studies on the presence and status of fish and wildlife within the Chehalis Basin have been 
prepared.  This section provides information based on the results of those studies, as well as information 
from resource agencies and tribes, peer-reviewed literature, resource maps, and aerial photographs.  

3.4.1 Fish 
Three groupings of fish resources are presented in this section: salmonids, other fish species, and 
shellfish.  For each grouping, their use of freshwater habitat, estuarine habitat (i.e., Grays Harbor and 
tidally influenced portions of tributaries feeding Grays Harbor), or both habitat types is noted. 

The Chehalis River estuary is the one of the largest in Washington, providing diverse habitats for fish and 
shellfish production and rearing, including extensive side-channels, eelgrass beds, mud and sand flats, 
and wetlands (Sandell et al. 2011).  As described in Section 3.1, the Chehalis River is large with many 
tributary sub-basins.  Variation in the physical features across these basins drives the creation of a 
variety of fish habitats that support a diversity of fish species across WRIAs 22 and 23.  Generally, 
headwater reaches of the Chehalis River and its tributaries have higher gradients than their lower 
mainstem reaches.  Also, in general, tributary headwaters start in bedrock with boulder cascades and 
canyons, and stream channels are confined or restricted from migrating.  Lower reaches are slow 
moving, with unconfined migrating channels that create an extensive off-channel network in the 
floodplains characterized by oxbows, sloughs, beaver ponds, and side channels.  These habitats are 
highly productive sites for some fish species like Olympic mudminnow, and serve as refugia from the 
main channel and high-quality rearing habitat for other species like juvenile coho salmon.   

High summer water temperature is the major limiting factor with regard to water quality, because it 
limits the amount of habitat available for cool-water species like salmon in the summer within the 
mainstem Chehalis River and some tributaries 
(see Section 3.1.2).  While the upper mainstem 
Chehalis River has been shown to have high densities of 
rearing juvenile salmon, it is also warmer compared to the 
headwaters of the Satsop and North Fork Newaukum rivers 
at the same altitudes, with maximum temperatures 
exceeding 20°C from mid-July through August (Zimmerman 
and Winkowski 2016).  Conversely, these conditions are 
conducive to warm-water species (and many non-native 
warm-water species).  Water quality is further degraded in 

Refugia 
The term refugia refers to a place or 
places where an organism can find 
protection from a stressor.  Cold water 
provides a thermal refugia for fish that 
cannot tolerate warmer river or 
stream temperatures. 
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summer due to interactions between high water 
temperature and low DO levels.  The combination of high 
water temperatures and low DO is suspected to block the 
movement of cool-water fishes through the mainstem 
Chehalis River in summer, and in some years, cool-water 
fish kills have occurred in isolated pockets of low DO.  Other 
water quality concerns affect the mainstem Chehalis River, 
certain tributaries, and Grays Harbor estuary, including 
contamination from industrial sites and elevated nutrient 
and fecal coliform bacteria inputs from agricultural lands.  

The Chehalis Basin is a rainfall-dominated system and, as 
such, streamflow varies considerably across seasons with 
very high fall and winter flows, and relatively low summer 
baseflows (see Section 3.1).  During summer low-flow 
periods, the Chehalis River is recharged by groundwater 
from aquifers.  Groundwater levels are deep with less 
groundwater and surface water exchange in the lower 
Chehalis Basin.  More interaction between surface water 
and groundwater occurs in the middle and upper Chehalis 
Basin, upstream of Grand Mound (RM 58.8; Ely et al. 2008).  
For some fish, river reaches which gain groundwater from 
aquifers are likely to provide important summer refugia 
that are stable in water level and cool in temperature 
relative to other river reaches with less groundwater input, 
especially for salmon and other cool-water species. 

3.4.1.1 Salmonids 
The rivers and waterbodies in the Chehalis Basin provide habitat for salmonids (salmon and trout) that 
could be affected by the EIS alternatives, particularly the Chehalis River and its major tributaries 
(see Table 3.4-1).   

3.4.1.1.1 Distribution 

Chinook salmon, chum salmon, coho salmon, steelhead, and coastal cutthroat trout are widespread in 
the Chehalis Basin (WRIAs 22 and 23).  For salmon and steelhead populations, the distribution and 
spawning habitat of adults has been documented by fisheries managers (see Table 3.4-1 showing 
observed spawning sites in specific sub-basins; WDFW 2015a), but the distribution and habitat of 
juvenile salmon and steelhead is not as well understood, and was recognized as a Basin-wide data gap 
(ASEPTC 2014a).  To address this data gap, juvenile salmon and other fishes were surveyed in the 

 

Fish Habitat 

The fish species found within the 
Chehalis Basin rely on one or more 
aquatic habitats during their life:  

• Marine habitats are saltwater 
environments, like Grays Harbor 
and the Pacific Ocean. 

• Estuarine habitat is a mixture of 
freshwater from rivers and streams 
with saltwater from the ocean.  
Estuarine waters, and the lands 
surrounding them, are places of 
transition from land to sea and 
freshwater to saltwater. 

• Freshwater is defined as having a 
low salt concentration, usually less 
than 1%.  Freshwater habitat is the 
most abundant type of fish habitat 
in the Chehalis Basin. 
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upper mainstem Chehalis River, North Fork Newaukum River, West Fork Satsop River, and East Fork 
Satsop River.   

Preliminary findings from the summers of 2013 through 2015 show that juvenile Chinook salmon and 
steelhead are abundant in the headwaters of the upper Chehalis River, North Fork Newaukum River, and 
West Fork Satsop River (Zimmerman and Winkowski 2016).  In these three areas, the proportion of the 
fish community made up of salmonids declined from upstream to downstream, with a transition to 
more warm-water species in association with more moderate gradients and warmer water 
temperatures.  Salmonids were more widely distributed throughout the entire East Fork Satsop River 
than the other areas surveyed, likely because the East Fork Satsop River is a relatively low-gradient river 
with a cool, spring-fed source.  Nevertheless, it is likely that the headwaters of any tributary sub-basins 
to the Chehalis River that begin at higher altitudes are of primary importance to juvenile salmon during 
summer months versus lower reaches.  Among the rivers surveyed, juvenile salmon densities were 
highest in the upper Chehalis River (Zimmerman and Winkowski 2016).  

In the summer of 2014, juvenile salmon distributions were surveyed intensively within a 9-river-mile 
stretch of the mainstem Chehalis River (Winkowski and Zimmerman, in prep.).  Densities of steelhead 
and Chinook salmon were greater at sites within approximately 1 river mile of the proposed dam site 
than other sites farther away.  In the summer of 2015, juvenile salmon distributions were surveyed 
more extensively around and within the inundation area of the proposed reservoir, in the upper 
mainstem Chehalis River near the dam site at RM 116, and extending approximately 10 river miles 
upstream.  Juvenile coho salmon and trout (cutthroat and rainbow/steelhead) were found throughout the 
proposed reservoir inundation area, which includes stretches of the upper mainstem Chehalis River and 
lower reaches of several small tributary creeks (WDFW 2015b).  Juvenile coho salmon and trout were also 
observed in reaches above the proposed reservoir inundation area (WDFW 2015b).  Juvenile Chinook 
salmon were observed only within approximately 1 river mile of the proposed dam site.   
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Table 3.4-1  
Occurrence of Adult Salmon Spawning in Major Sub-basins of the Chehalis River Watershed 

SUB-BASIN 

SPRING- 
RUN 
CHINOOK 
SALMON 

SUMMER- 
RUN 
CHINOOK 
SALMON 

FALL-RUN 
CHINOOK 
SALMON 

COHO 
SALMON 

CHUM 
SALMON STEELHEAD 

South Bay Rivers       
Humptulips River       
Hoquiam River       
Wishkah River       
Wynoochee River       
Satsop River       
Lower Chehalis River 
tributaries 

      

Lower mainstem 
Chehalis River  

      

Black River       
Scatter Creek       
Middle mainstem 
Chehalis River  

      

Middle Chehalis River 
tributaries 

      

Skookumchuck River       
Newaukum River       
South Fork Chehalis 
River 

      

Upper mainstem 
Chehalis River and 
tributaries 

      

 

Juvenile salmon and steelhead can be highly mobile during the summer low-flow period in the upper 
mainstem Chehalis River.  Up to 39% of the juvenile steelhead and coho salmon of a tagged population 
were observed actively moving upstream and downstream through areas in the upper Chehalis River 
that would be disconnected or inundated by the proposed Flood Retention Facility (Winkowski and 
Zimmerman, in prep.).  Juvenile steelhead were observed moving over 4 miles in both the upstream and 
downstream directions. 
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The number of salmon observed spawning above the potential dam site in recent years are summarized 
in Table 3.4-2.  

Table 3.4-2  
Observed Redds and Spawner Abundance Estimates Above Proposed Flood Retention Facility 

SPECIES 
TOTAL NUMBER 
OF REDDS 

SPAWNER 
ABUNDANCE 

Spring-run Chinook salmon 13 – 46 33 – 115 
Fall-run Chinook salmon 117 – 125 234 – 313 
Coho salmon 87 – 776 174 – 1,552 
Steelhead  610 – 1,008 1,220 – 2,016 

Note: Surveys were conducted from 2013 to 2015 for salmonid species.  
Steelhead were surveyed in 2014 and 2015 only. 

 

Off-channel habitat in the floodplain of the lower Chehalis River has also been identified as important 
overwintering habitat (Henning et al. 2007).  For coastal cutthroat trout, detailed life history, 
distribution, and abundance information is very limited (ASEPTC 2014a).  Bull trout are discussed in 
Section 3.4.3. 

Chinook Salmon 
There are nine populations of Chinook salmon recognized by WDFW, including spring-run, summer-run, 
and fall-run life history types within the Chehalis Basin.  These population designations are generally 
based on the names of the rivers where the majority of adults from each respective population spawn.  
Within the Chehalis River, there is some uncertainty about the Chinook salmon population structure; 
additional genetic work is being conducted to determine if the current population designations are 
accurate (WDFW 2015a).  

Within the Chehalis Basin, spring-run Chinook salmon are found throughout the Chehalis River and its 
tributaries.  Spring-run Chinook salmon enter the Chehalis River in late winter and early spring, but do 
not spawn until fall.  During summer months, spring-run 
Chinook salmon were observed holding in cool-water 
refugia, including tributaries and areas where tributaries 
converge with the mainstem Chehalis River.  Spring-run 
Chinook salmon typically spawn in medium-sized 
tributaries, such as the Skookumchuck, Newaukum, and 
South Fork Chehalis rivers, with some spawning in Stillman 
Creek (a tributary that joins the South Fork Chehalis River at 
Boistfort).  Spawning also occurs in the mainstem Chehalis 
River from near Porter (RM 33.3) to near the confluence 
with the Skookumchuck River (RM 67.0), and near Adna 

Chinook salmon 
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(RM 81.3) to the upper Chehalis River (RM 113.4), with some spawning in Elk Creek (a tributary that 
joins the upper Chehalis mainstem at Doty).  Some spawning also occurs in the Black River 
(WDFW 2015a). 

Small numbers of summer-run Chinook salmon are observed in the Satsop River only.  They enter the 
river beginning in late August, and spawn primarily in the East Fork Satsop River in the fall.  

Fall-run Chinook salmon enter the river immediately prior to spawning and spawn throughout WRIAs 22 
and 23.  Spawning habitats include the mainstem Chehalis River (upstream of the confluence with the 
Satsop River near Elma [RM 28] to near the confluence with the Skookumchuck River [RM 67], and at 
the confluence with the South Fork Chehalis River [RM 88] to upstream of Pe Ell [RM 108]), as well as 
medium-sized tributaries up to the South Fork Chehalis River.  Fall-run Chinook salmon also spawn in the 
Humptulips River, Hoquiam River, Wishkah River, Wynoochee River, Satsop River, and other medium 
tributaries feeding these rivers.  Among the South Bay rivers of Grays Harbor, most spawning takes place 
in the lower Johns River (WDFW 2015a).  

Chum Salmon 
There is one recognized population of chum salmon found in the Chehalis Basin: Grays Harbor fall-run 
chum salmon (WDFW 2015a).  Chum salmon distribution is 
poorly understood and is identified as a data gap for 
additional study (ASEPTC 2014b).  Chum salmon primarily 
spawn in the East Fork Humptulips River, West Fork 
Humptulips River, mainstem Hoquiam River, mainstem 
Wishkah River, and the lower tributaries to the Chehalis 
River such as the Wynoochee, Satsop, and Black rivers.  
Spawning has also been observed in the lower mainstem 
Chehalis River and in Cloquallum Creek, a lower Chehalis 
River tributary (WDFW 2015a). 

Coho Salmon 
There are seven populations of coho salmon recognized by 
WDFW within the Chehalis Basin.  In WRIA 23, coho salmon 
spawn in the upper reaches of the mainstem Chehalis River 
and in the mainstems and upper reaches of several major 
tributaries, including the Black River, Scatter Creek, 
Skookumchuck River, and upper forks of the Newaukum 
River.  In the mainstem Chehalis River, coho salmon only 
spawn in the most upper reaches of the sub-basin 
(upstream of Pe Ell) and the East Fork Chehalis River 
sub-basins (in Stillman Creek and upstream of Boistfort 

 
Chum salmon 
Photo credit: USFWS 

 

 
Coho salmon 
Photo credit: Oregon Department of 
Fish and Wildlife 
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Prairie).  Coho salmon spawning also occurs in Elk Creek, a tributary to the Upper Chehalis that joins the 
River at Doty, where adult coho salmon are trapped and transported above a natural barrier.   

In WRIA 22, most coho salmon spawning occurs in the tributaries, rather than in the lower mainstem 
Chehalis River.  In the Humptulips watershed, spawning takes place in more than 60 tributaries, with 
some spawning in the lower mainstem, East Fork, and West Fork of the Humptulips River.  In the 
Wishkah and Hoquiam rivers, most spawning takes place in the mainstems, and east and west forks of 
the rivers.  Spawning also occurs in the accessible tributaries of the Hoquiam River.  In the South Bay 
rivers of Grays Harbor, spawning occurs in several rivers, mostly in the upper Johns River 
(WDFW 2015a).  

Coastal Cutthroat Trout 
Two populations of coastal cutthroat trout are recognized by WDFW within the Chehalis Basin: Chehalis 
coastal cutthroat trout and Humptulips River coastal cutthroat trout.  These populations include 
multiple life history types, including anadromous, freshwater migrant, and freshwater resident forms.  
Among freshwater migrants, there are also forms that migrate within rivers (fluvial), and those that 
spawn and rear in streams, then later reside in lakes (adfluvial).  The two populations are delineated by 
the locations of their respective spawning areas.  The Chehalis population comprises spawning grounds 
in the South Bay rivers (Johns River), Hoquiam, Wishkah, Wynoochee, Satsop, Black, Skookumchuck, and 
Newaukum rivers, as well as in smaller tributaries and the headwaters of the Chehalis River.  The 
Humptulips population includes spawning grounds in the 
Humptulips River (WDFW 2015a).  

Steelhead 
There are ten populations of steelhead recognized within 
the Chehalis Basin, including winter-run and summer-run 
life histories.  In the Chehalis River, most spawning takes 
place in the mainstem Chehalis, East Fork Chehalis, and 
West Fork Chehalis rivers, as well as in in mainstems of 
medium and small tributaries.  Distinct spawning 
populations are also distributed in the major tributaries to 
the Chehalis River, primarily the Wynoochee, Satsop, 
Skookumchuck, and Newaukum rivers.  In the Humptulips, 
Hoquiam, and Wishkah rivers, most spawning takes place in 
the west and east forks of the rivers and their tributaries.  
Spawning also occurs in mainstems of the Wishkah and 
Humptulips rivers, as well as in South Bay rivers 
(WDFW 2015a).  

 
Coastal cutthroat trout 

 

 
Steelhead 
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3.4.1.1.2 Habitat Conditions 

The habitat requirements for salmonids vary by species, but all share some common attributes.  
Throughout all adult and juvenile life history phases, salmonids require cool, clean water.  Adults 
migrating to spawning habitats also need barrier-free 
passage corridors with water of sufficient depth and flow to 
provide unimpeded access to spawning areas.  Spawning 
adults require specific flow conditions, cover, and access to 
spawning gravels to deposit eggs.  Once deposited, 
fertilized eggs need to incubate in stable substrates that are 
porous enough to allow oxygenated water to flow past the 
developing embryos (e.g., free of excessive sediment).   

When incubation is complete and juveniles emerge from 
spawning gravels, they need access to food, cover, and 
space to rear.  After rearing for a period of several days to 
several years, depending on the species, juvenile salmon 
need adequate flows and barrier-free conditions to migrate 
downstream to marine habitats.  Some juveniles migrate to 
the ocean in their first spring or summer, while others 
overwinter in freshwater.  While residing in freshwater, 
juvenile salmonids may actively migrate upstream and 
downstream relatively short distances, usually less than 
1 mile, but in some cases several miles—as observed in the 
upper Chehalis River by Winkowski and Zimmerman 
(in prep.).  Access to upstream and downstream habitats 
provides foraging opportunities, as well as refuge from 
predators and other environmental stressors, such as 
refuge provided by off-channel habitat during high winter 
flows, or sources of cool groundwater during low summer 
flows (Bjornn and Reiser 1991).   

The habitat available to salmonids in the Chehalis Basin is a 
mixture of properly functioning habitat and degraded, 
poorly functioning habitat (GHLE 2011).  Human-caused 
habitat alterations have played a major role in reducing 
habitat function and, in turn, reducing the productivity and 
abundance of salmonids (Smith and Wenger 2001; 
GHLE 2011; ASEPTC 2014a).  Some of the most important 
alterations to freshwater habitat have resulted from past 

Habitat Diversity 
Habitat diversity, which plays a key 
role in the health of many fish and 
wildlife species in the Chehalis Basin, is 
generally made up of the following 
three components: 

• Vegetative diversity – the number 
of different species of vegetation 
present within a single habitat type 

• Habitat type – the vegetative 
characteristics of an area as 
influenced by soil, other 
environmental factors, and land 
use (e.g., riparian areas, wetlands, 
instream habitats) 

• Diversity of habitat types – the 
number of different habitat types 
present within a specified area 

 
Within the Chehalis Basin, the lack of 
habitat diversity for salmonids and 
other fish species is largely driven by a 
lack of LWM in rivers and streams.  
Large wood is also the key driver in 
the creation and maintenance of 
side-channel habitat associated with 
river or stream channels and 
off-channel habitat associated with 
floodplains (ASEPTC 2014a). 

Scientists recognize the connection 
between habitat diversity and the 
health of fish and species.  Complexity 
and diversity are the keys to resilience 
and adaptation to long-term change 
(WCSSP 2013). 
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timber harvest practices, urbanization, agricultural land use practices, population growth, gravel mining, 
and dam construction.   

Large trees and other vegetation that provided shade have been removed from riparian zones in 
historically logged areas for harvest and in agricultural areas to expand farmlands.  The historical 
practice of using splash dams to convey logs downstream from harvest sites to mills created barriers for 
fish, and when large volumes of water and logs were washed downstream, direct injury or death to fish 
occurred, riparian zones were damaged, and sediments were mobilized and redeposited in the stream 
channel.  Pieces of large wood in streams that would normally provide structure for fish habitat would 
have been actively removed for timber transport, and continue to be actively removed to prevent 
migration of the channel in agricultural areas in the floodplain.  Agriculture and ranching promoted the 
removal and disconnection of off-channel habitat and straightening of small streams in the floodplain.   

Where urbanization has occurred, fish habitat complexity and access is reduced compared to historical 
levels, which is attributed to roads, buildings, levees, culverts, water withdrawals, and waste discharges.  
Until the 1950s, unregulated instream gravel mining to support road building directly damaged fish 
habitat in tributaries of the Chehalis River.  Two dams on the Skookumchuck and Wynoochee rivers 
directly block fish migration, and their reservoirs inundate former salmon spawning habitat.  Only the 
Wynoochee Dam provides artificial fish passage.  Smaller water diversions throughout the lower 
Chehalis Basin feed local municipalities, agricultural users, and hatcheries.  

The estuarine habitat within Grays Harbor has been altered by timber harvesting, polluted by pulp mill 
operations, and reshaped by dredging to support log exports and filling of tidal zones to develop the cities 
of Hoquiam and Aberdeen (Smith and Wenger 2001; GHLE 2011).  Hiss and Knudsen (1993) and Smith and 
Wenger (2001) provide comprehensive descriptions of historical human activities within WRIAs 22 and 23.  

The most common freshwater habitat impairments include a lack of channel complexity (e.g., lack of 
large wood, channelization of the river bed, loss of floodplain connectivity), poor water quality 
(e.g., elevated temperature and low DO), lack of wood (i.e., currently in stream, as well as natural 
recruitment of wood via riparian input), sedimentation, and barriers to passage (ASEPTC 2014a).  Within 
the estuarine portion of WRIA 22, habitat alterations have reduced habitat complexity (e.g., lack of 
wood), degraded water quality (see Section 3.1), eliminated access to off-channel habitats, and reduced 
overall quantity of estuarine habitat by 30% (Smith and Wenger 2001; GHLE 2011).   

Within the Chehalis Basin specifically, the impacts of habitat alteration have been estimated for several 
salmon and steelhead species using the Ecosystem Diagnosis & Treatment (EDT) model (ICF 2016).  The 
results of this analysis indicate that each species is influenced by a different set of habitat alterations 
and factors that limit the suitability and availability of habitat (limiting factors).  For coho salmon, 
spring-run Chinook salmon, and winter-run steelhead, the dominant limiting factor is lack of habitat 
diversity and quantity, as controlled by flow.  Low flow is a limiting factor for coho salmon and 
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steelhead, with lower production following drier summers and higher production following wetter 
summers (Seiler et al. 2002).  The lack of habitat diversity reflects historical and current land use 
practices that have limited the quantity and recruitment of instream LWM that would otherwise provide 
rearing habitat for salmon and steelhead.  For fall-run Chinook salmon, channel stability and lack of 
habitat diversity are the top-ranked limiting factors at a Basin-wide scale.  These reflect the artificial 
confinement of the river channel and widespread lack of floodplain access, as well as limited LWM.  As a 
result of these and other limiting factors (see ASEPTC 2014a for a comprehensive review), the existing 
habitat within the Chehalis Basin supports substantially fewer adult salmon and steelhead annually 
(ASEPTC 2014a) than would be expected under pre-European settlement conditions (see Table 3.4-3).   

Within the upper Chehalis River, fish communities tend to be dominated by salmonids in upper reaches, 
then increasingly dominated by dace, redside shiner, and pikeminnow in association with the transition 
downstream toward widening stream channels, less complex channel morphology, finer substrates, 
fewer pools, and higher minimum temperatures with longer periods and temperatures greater than 
18°C (Zimmerman and Winkowski 2016).  The distributions of juvenile coho salmon, subyearling trout, 
redside shiner, and dace were also influenced by habitat characteristics, such as substrate size, pool 
frequency, and wetted width measured on a smaller spatial scale, within 1 km reaches.  These data 
suggest that the influence of local-scale habitat diversity on species diversity should be considered in 
planned actions within, and adjacent to, the Chehalis River.  

Table 3.4-3  
Estimated Current and Intrinsic Habitat Potential of the Chehalis Basin  

SPECIES 
POTENTIAL AREA OF HABITAT 

IMPAIRMENT 
DOMINANT 
LIMITING FACTOR CURRENT PRE-SETTLEMENT 

Coho salmon 40,642 96,768 70% Habitat diversity 
Fall-run Chinook salmon 

25,844 
45,662 47% Habitat diversity, 

channel stability 
Winter/fall-run chum salmon 190,550 Not estimated Not estimated Not estimated 
Spring-run Chinook salmon 2,146 16,153 84% Habitat diversity 
Winter-run steelhead 6,800 8,616 52% Habitat diversity 

Note: Potential represented in adult fish per year 
Sources: EDT model, ASEPTC 2014a, ICF 2016 
 

The habitat issues that affect salmonids in the Chehalis Basin vary considerably by sub-basin 
(GHLE 2011).  The Chehalis Basin Salmon Habitat Restoration and Preservation Work Plan for WRIAs 22 
and 23 (GHLE 2011) provides a detailed synthesis of habitat conditions, and identifies the most pressing 
habitat concerns (i.e., Tier 1 concerns) within each sub-basin.  Some of these most pressing habitat 
concerns are lack of LWM, passage barriers from culvert and road crossings, poor riparian 
conditions/riparian degradation, sedimentation, poor connection with the floodplain, high (summer) 
water temperatures, and poor estuarine habitat.  Figure 3.4-1 depicts the sub-basins.  The Tier 1 
concerns, and affected salmonid species within each sub-basin, are summarized in Appendix G, Table G-6.    
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Chehalis Basin Study Area Sub-basins

1 Humptulips River Sub-basin

2 Hoquiam River Sub-basin

3 Wishkah River Sub-basin

4 Wynoochee River Sub-basin

5 Satsop River Sub-basin

6 Lower Chehalis Tributaries

7 Black River Sub-basin

8 Scatter Creek Sub-basin

9 Skookumchuck River Sub-basin

10 Middle Chehalis Tributaries

11 Newaukum River Sub-basin

12 South Fork Chehalis Sub-basin

13 Middle Chehalis Mainstem

14 Upper Chehalis Mainstem and Tributaries

15 Lower Chehalis Mainstem

16 South Bay Rivers
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3.4.1.1.3 Status and Species Abundance 

Within the Chehalis Basin, the abundance of salmonids vary by species; however, none are ESA-listed 
except bull trout (see Section 3.4.3).  Several species of salmonids are identified as priority species or as 
candidates for state listing (see Appendix G, Table G-7).  For Chinook salmon, chum salmon, coho 
salmon, and steelhead, management data are available to characterize trends in abundance.  The 
population total run sizes are summarized in Table 3.4-4 and species life history information is 
contained in Appendix G. 

Table 3.4-4  
Salmon and Steelhead Species Run Sizes 

SPECIES 
YEARS DATA 
AVAILABLE 

RUN SIZE 
AVERAGE HIGH LOW 

Coho salmon 1987 to 2014 60,096 130,997 (in 2014) 11,665 (in 1994) 
Fall-run Chinook salmon 1987 to 2013 25,500 53,600 (in 1989) 11,900 (in 1999) 
Fall/winter-run chum salmon 1987 to 2015 36,300 137,000 (in 1988) 8,900 (in 2008) 
Spring-run Chinook salmon 1987 to 2015 2,300 5,200 (in 2004)  700 (in 2007) 
Winter-run steelhead 1987 to 2015 12,800 23,300 (in 2004) 7,700 (in 1998) 

 

3.4.1.2 Other Fish Species 
There are more than 50 non-salmonid fish species found in the freshwater and estuarine habitats of the 
Chehalis Basin (Wydoski and Whitney 2003; Hughes and Herlihy 2012; Sandell et al. 2015).  The affected 
environment for these species is the same as described in Section 3.4.1.1 for salmonids.  State- and 
federally listed species, including green sturgeon and Olympic mudminnow, are discussed in 
Section 3.4.3.  Other species that are not state-listed, but are either candidate or priority species, are 
described in Appendix G, Table G-7.  Each species has specific habitat requirements and variable 
distributions throughout the Chehalis Basin.  Native non-salmonid and trout species that dominate 
freshwater habitat in the Chehalis watershed include northern pikeminnow, largescale sucker, redside 
shiner, mountain whitefish (a member of the salmonid family), six species of sculpin, three species of 
lamprey, speckled dace, and longnose dace (see Appendix G, Table G-8; Wydoski and Whitney 2003).  
The distribution and habitat use by native, freshwater, non-salmonid species are also described in detail 
by Wydoski and Whitney (2003), Hughes and Herlihy (2012), and NatureServe (2015). 

In the upper Chehalis River, North Fork Newaukum River, and West Fork Satsop River, colder headwater 
reaches are dominated by salmonids, which reflects the importance of these cooler reaches for summer 
rearing.  As the river transitions to downstream areas that are warmer and slower moving, redside 
shiner, dace, and pikeminnow dominate the reaches (Zimmerman and Winkowski 2016).  In the East 
Fork Satsop River, salmonids were observed to be abundant throughout the reaches.  In the same 
surveys, mountain whitefish and largescale sucker did not follow an upstream-to-downstream trend, but 
were found in approximately half of the reaches surveyed, and were often found together.  Few 
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largescale suckers were observed in the East Fork Satsop River.  Three-spined sticklebacks were 
observed in the West Fork Satsop and East Fork Satsop rivers, but were rare in the Newaukum River, and 
not present in the upper Chehalis River.  The upper Chehalis River had the highest fish counts per mile 
among the sub-basins surveyed.  

The inundation footprint of the reservoir occurs in a transitional zone between the warmer mainstem 
and cooler headwaters of the upper Chehalis River.  In the summer of 2015, 12 of the non-salmonid fish 
species previously located in the area by Wydoski and Whitney (2003) were identified in the reservoir 
inundation footprint; the most widely distributed non-salmonid species were torrent sculpin, speckled 
and longnose dace, Pacific lamprey ammocoetes (larvae), and other unidentifiable lamprey ammocoetes 
(Winkowski 2015).  Reticulate sculpin, redside shiner, riffle sculpin, and prickly sculpin were also 
observed and were less widely distributed in the Chehalis Basin.  Lamprey ammocoetes require fine 
substrate for burrowing, and were not detected in tributary reaches, which tended to be higher gradient 
with fewer deposits of fine sediment.  Largescale sucker, redside shiner, western brook lamprey 
ammocoetes, and mountain whitefish were only detected in mainstem reaches within 2.5 river miles 
upstream of the proposed dam site.  Northern pikeminnow were only observed in supplemental reaches 
surveyed downstream of the proposed dam site.  While mountain whitefish would be expected in cooler 
upstream reaches of the survey area, their presence was relatively rare overall, occurring in only 4 of the 
59 reaches surveyed.  The occupancy (proportion of reaches in which a species is present) and density 
(median count per mile) of other fish during summer low-flow conditions is shown in Table 3.4-5 
(Zimmerman and Winkowski 2016).  Though the river was surveyed in summer, it is likely that these 
species reside in the Chehalis Basin throughout the year. 

Table 3.4-5  
Occupancy and Density of Fish Species in the Upper Chehalis River  

SPECIES (LIFE STAGE) OCCUPANCY DENSITY 
Mountain whitefish (adult) .51 14 
Largescale sucker (adult) .51 64 
Largescale sucker (juvenile) .51 1,643 
Dace (adult) .83 402 
Dace (fry) .54 1,304 
Redside shiner (adult) .51 283 
Redside shiner (fry) .37 1,867 
Northern pikeminnow (adult) .40 27 

Notes:  
Occupancy = proportion of reaches where species was present 
Density = median count per mile in reaches where the species was present 
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In the Grays Harbor estuary, the fish assemblage is more diverse than in the freshwater environment.  
Many of the species found in freshwater may also occur in estuarine habitats, including three-spined 
stickleback, sturgeon, three of the sculpin species, Pacific lamprey, river lamprey, and speckled dace 
(Sandell et al. 2015).  However, numerous marine species occur in Grays Harbor that do not occur in 
freshwater habitats, such as rockfish (see Appendix G, Table G-8).  Some of the most commonly 
encountered fish species in Grays Harbor include English sole, northern anchovy, Pacific staghorn 
sculpin, three-spined stickleback, surf smelt, and shiner perch (Sandell et al. 2015).  The distribution and 
habitat use by estuarine non-salmonid species in Grays Harbor were described in more detail by 
Monaco et al. (1990) and Sandell et al. (2014).  

Non-native fish species have also been introduced to the Chehalis River and other habitats within the 
Chehalis Basin (see Appendix G, Table G-8).  Bass are known to predate heavily on juvenile salmon 
anywhere their distributions overlap, and the presence of invasive bass can be a limiting factor to the 
sustainability of some salmon populations.  Non-native predators such as largemouth bass, smallmouth 
bass, and yellow perch are found in at least 40% of the mainstem Chehalis River (Hughes and 
Herlihy 2012).  Invasive bass thrive in the warmer reaches and slow-moving off-channel habitat of the 
lower and middle Chehalis River.  Largemouth bass distribution in off-channel habitat of the 
Chehalis River extends at least as far upriver as the confluence with Scatter Creek (near Rochester; 
Hayes et al. 2015a).  Among headwater reaches that include the upper Chehalis River, North Fork 
Newaukum River, West Fork Satsop River, and East Fork Satsop River, the only non-native predators 
observed were smallmouth bass.  Smallmouth bass were only found in the lowest reach of the 
North Fork Newaukum River—a relatively low-gradient reach of river. 

Figure 3.4-2 provides information on where the more common salmonid and non-salmonid fish species 
occur along the mainstem Chehalis River.  
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Figure 3.4-2  
Distribution of Fish Species in the Mainstem Chehalis River 

Notes:  
Fish distributions determined by snorkel surveys conducted in 2013 during summer low-flow conditions.   
Benthic-oriented fishes such as sculpin are underrepresented by this collection method (Zimmerman and 
Winkowski 2016).   
Box plots include first, second (median), and third quartiles, the range (lines), and outliers (dots). 

3.4.1.3 Shellfish 
Shellfish occur in both the freshwater and estuarine portions of the Chehalis Basin (Monaco et al. 1990; 
Waterstrat 2013).  The species listed here do not represent the full species assemblage present within 
WRIAs 22 and 23, but instead represent a cross section of species that are commonly found, 
economically or culturally important, or are a native species that represent a conservation interest due 
to the impacts created by invasion or cultivation of non-native species.  Additional information on fish 
and shellfish abundance in Grays Harbor is described in a report prepared by the National Oceanic and 
Atmospheric Association (Monaco et al. 1990).   

Within the estuarine habitat of Grays Harbor, native Dungeness crab are common (Monaco et al. 1990; 
TWC et al. 2014).  They may occur as juveniles or adults, and are widely distributed on the floor of the 
estuary (Parrish and Litle 2002).  Native mollusks including butter clam, razor clam, blue mussel, and 
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Olympia oyster are also widely distributed across Grays Harbor (Herrmann 1972; Antrim et al. 1994).  
Clam species live deeper within the floor and intertidal zone sediments of Grays Harbor, while oysters 
live on top of the sediments.  Pacific oyster and Manila clam are non-native species that are present and 
abundant due to aquaculture of these commercially valuable species (Monaco et al. 1990).  Out of 
conservation concerns, WDFW has identified the Olympia oyster—the only native oyster—as a state 
candidate species (see Appendix G, Table G-9; WDFW 2013).  Dungeness crabs, razor clams, geoduck, 
Pacific oysters, and Manila clams contribute to culturally and economically important recreational and 
commercial harvest (see Section 3.4.1.4 for more detail on commercial harvest and aquaculture of 
mollusks; Dethier 2006). 

Freshwater mussel species have a parasitic larval stage that may require a specific fish species as a host; 
their distribution reflects movement and colonization of their host species (Jepsen 2009; Nedeau et al. 
2009).  Adult mussels live within, or on the bottom of, river or stream habitats and tend to concentrate in 
areas with consistent flows and substrate conditions (Nedeau et al. 2009).  Freshwater mussel species are 
vulnerable to declines because they typically require good water quality, cannot rapidly evade changing 
environmental conditions, and have specific parasite-host relationships that can be disrupted if the host 
fish is no longer present (Nedeau et al. 2009). 

Among the freshwater habitats in the Chehalis Basin, three species of freshwater mussels have been 
documented: western floaters, western pearlshell, and western ridged mussel (see Appendix G, 
Table G-10; Waterstrat 2013).  These species are uncommon, and little is known about their distribution 
and habitat use within WRIAs 22 and 23.  Nedeau et al. (2009) provide basic host life history and habitat 
information for these species.  Western floaters are known to parasitize prickly sculpin, three-spine 
stickleback, and trout.  Western pearlshell tend to prefer cold, clean rivers and creeks up to mountain 
headwaters like their host fish, salmon, and trout.  Western ridged mussels co-occur with the western 
pearlshell, but tend to occur more frequently in depositional reaches with finer sediments.   

In a WDFW survey, freshwater mussels were numerous in the mainstem Chehalis River from Elk Creek 
(at Doty) to the Newaukum River confluence, and mussel densities in some reaches were so high that they 
were the major substrate.  These surveys likely covered only a fraction of the mussel distribution in the 
Chehalis Basin, and species composition was not determined.   

3.4.1.4 Commercial Fisheries 
The Chehalis Basin historically supported large commercial fisheries.  Prior to colonization by European 
settlers in the 1850s, tribal fishers collected salmon and steelhead, as well as other species, in the 
Chehalis River and its tributaries (GHRPC 1992).  In the 1850s and thereafter, settlers began harvesting 
salmon and steelhead.  The first commercial cannery in Grays Harbor was established in Aberdeen in 
1883; by 1934, harvests were declining.  The estimated numbers of fish harvested in Grays Harbor 
fisheries between 1891 and 1928 (based on cannery records [Cobb 1930]) peaked in 1911 at 
approximately 275,000 coho salmon and 63,000 Chinook salmon.  The number of canneries operating in 
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Grays Harbor increased from one in 1883 to six in 1919, and declined thereafter.  The commercial fleet 
continued to grow, peaking in the mid-1970s.  Also in the mid-1970s, a number of court cases and 
regulatory actions reshaped harvest in the Chehalis Basin and elsewhere.   

In 1974, the decision in United States vs. Washington reallocated sport and commercial harvest to allow 
tribal treaty fishing rights to be exercised at usual and accustomed locations and allowed tribal and 
non-tribal fishers to each harvest up to 50% of the harvestable salmon and steelhead (see Section 3.5.2 
for a discussion of tribal fishing resources).  In 1976, the Magnuson-Stevens Fishery Conservation and 
Management Act created the Pacific Fishery Management Council to set harvest limits and seasons for 
marine waters representing the exclusive economic zone off of the Washington, Oregon, and California 
coasts (i.e., between 3 and 200 miles off of the coasts).  Due to overfishing and habitat degradation, the 
abundance of wild coho and chum salmon fell well below historical numbers (Hiss and Knudsen 1993).  
Between 1976 and the early 1990s, commercial and charter catches declined significantly and the 
Grays Harbor fishing fleet declined by more than 50%. 

Currently, commercial fishing takes place at a smaller scale within Grays Harbor.  Most commercial 
fishers based in Grays Harbor fish outside the harbor for Chinook salmon, coho salmon, crab, and 
groundfish (including high-value species like halibut, rockfish, and sturgeon).  Marinas within 
Grays Harbor, including Westport, Ocean Shores, Aberdeen, and Hoquiam, serve as major ports for the 
commercial marine fishery and are host to related businesses, including processing plants.   

The value to the ports can be described in terms of the magnitude of commercial landings, or the 
amount of fish caught and brought to land.  Grays Harbor is Washington’s largest commercial port area 
with $19.5 million worth of commercial landings caught in Washington waters in 2006 (TRG 2008), 
accounting for 30% of the state’s total commercial landings (TCW Economics 2008).  In addition, other 
prominent coastal fisheries that operate outside of Washington waters deliver their products to 
Grays Harbor processing plants, including Pacific whiting, albacore tuna, sablefish, pink shrimp, and 
Alaskan halibut.  Landings of catches from outside of Washington waters were valued at $7.8 million in 
2006 (TRG 2008).  In the same year, 3,524 jobs were provided state-wide by commercial harvest and 
processing, of which the Grays Harbor infrastructure was a large contributor (TCW Economics 2008).   

Shellfish aquaculture of clams, geoduck, mussels, oysters, and scallops is also a major source of revenue 
in Grays Harbor.  In 2010, shellfish aquaculture revenues were more than 90 million for the entire state 
of Washington.  The industry provided 210 jobs and $5.9 million in labor income—specifically in 
Grays Harbor, which represented 7.7% of the total acreage in shellfish aquaculture in Washington 
(Northern Economics 2013).  In 2013, 1.2 million pounds of aquacultured shellfish is estimated to have 
been produced in Grays Harbor—5% of the production of the entire state—worth nearly $4 million 
(Washington Sea Grant 2015).  From 1986 to 2013, shellfish harvests have ranged from a low of 
700,000 pounds in 1997 to 1.6 million pounds in 2011.  Aquaculture in Grays Harbor relies almost 
exclusively on Pacific oyster, which has maintained a stable price over the same time span.  Clam and 
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oyster aquaculture has been negatively affected in recent years in Willapa Bay and Grays Harbor by 
increases in the densities of burrowing shrimp, which loosen substrates and suffocate shellfish.  And in 
the summer of 2015, closures on the harvest of crabs and mollusks were implemented for 
unprecedented lengths of time by WDFW and Washington State Department of Health due to 
widespread toxic algal blooms occurring at unprecedented levels.   

3.4.2 Wildlife 
The diversity of vegetation, geology, variation in topography, and climatic gradients within the Chehalis 
Basin provides habitat for a variety of terrestrial and aquatic wildlife to breed, forage, rest, and 
overwinter.  In general, wildlife habitats in the Chehalis Basin range in quality from low in developed 
areas to high in the forested and wetland habitats. 

In general, wildlife diversity is related to the diversity of ecosystems, natural communities, and habitats 
(Brown 1985; Johnson and O’Neil 2001; WDFW 2008, 2015b; Hayes et al. 2016a).  Elements associated 
with wildlife diversity include, but are not limited to, the structure and composition of vegetation 
communities and variations in topography, substrate, aquatic systems, and weather conditions.  
Wetlands and forestlands with well-developed tree and shrub layers are likely to support a greater 
number of species and populations of wildlife than areas with limited vegetation variation, non-native 
species presence, and close proximity to disturbed areas and human activities.  Aquatic habitats with a 
variety of widths, depths, sinuosity, and riparian communities provide habitat features that can support 
a wider variety of aquatic associated wildlife than an aquatic system with more homogenous 
characteristics. 

A summary of wildlife species that occur within the Chehalis Basin is provided in Appendix G, Table G-11.  
The list of wildlife species is not intended to be a comprehensive list of all wildlife species that could be 
found within the Chehalis Basin, but is based on typical wildlife species known and expected to occur in 
similar habitats in Lewis, Thurston, Grays Harbor, Mason, and Pacific counties, and Western Washington.  
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3.4.2.1 Amphibians and Reptiles 
The Chehalis Basin has the highest species richness of amphibians in Washington (Cassidy et al. 1997).  
Wetlands and riparian areas associated with rivers and streams in the Chehalis Basin provide habitat for 
a variety of stillwater amphibians such as the northern red-legged frog, Pacific treefrog, and 
rough-skinned newt, stream-breeding amphibians such as giant salamanders, coastal tailed frog, and 
Columbia torrent salamander, and terrestrial amphibians found in riparian areas (i.e., stream-associated 
amphibians) such as western red-backed salamander, 
Van Dyke’s salamander, and ensatina.  Off-channel habitats 
in the Chehalis River floodplain are the dominant habitat 
for stillwater-breeding amphibians in the Chehalis Basin. 

WDFW is currently in the process of performing multi-year 
wildlife surveys as part of their development of the ASRP.  
WDFW has released preliminary distribution data from four 
amphibian surveys.  Egg mass and extensive surveys 
focused on off-channel habitats (Hayes et al. 2015b, 2015a), 
stream-associated amphibian surveys (Hayes et al. 2015c), 
and instream amphibian surveys (Hayes et al. 2015d).  
These preliminary technical memoranda only include 
survey data through the 2015 summer season and have not 
been statistically analyzed.  Three additional WDFW reports 
provided data and observations for field surveys performed 
in early 2016 (Hayes et al. 2016a, 2016b, 2016c).  These 
reports included surveys focused on the distribution of 
Dunn’s and Van Dyke’s salamanders in the upper 
Chehalis River and its tributaries (Hayes et al. 2016a), and 
on instream western toad surveys (Hayes et al. 2016b).  
The following is a summary of amphibian information from 
these preliminary data. 

The egg mass and extensive surveys document occupancy 
of stillwater-breeding amphibians in off-channel habitats in 
the floodplain of the mainstem Chehalis River.  For these 
surveys, the floodplain is defined as the FEMA 100-year 
flood line plus an additional 100 m perpendicular to the line 
that extends from the location of the proposed dam to the 
US 101 bridge in Aberdeen.  The preliminary data technical 
memorandum survey area is within this area.   

Amphibian Diversity in the 
Chehalis Basin 

 
Pacific treefrog  
Photo credit: Oregon Department of 
Fish and Wildlife 

 

 
Rough-skinned newt 
Photo credit: Oregon Department of 
Fish and Wildlife 
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Six native amphibian species were observed during the 
egg mass and extensive surveys, northern red-legged frog, 
northwestern salamander, long-toed salamander, 
Pacific treefrog, rough-skinned newt, and western toad.  
One non-native species, American bullfrog, was also 
documented (Hayes et al. 2015b, 2016a).  Except for 
western toad, which was found at only three sites, all native 
amphibian species and bullfrogs were at least moderately 
widespread. 

The stream-associated amphibian surveys document 
occupancy of terrestrial stream-associated amphibians in 
the headwaters of the mainstem Chehalis River.  The survey 
data from the preliminary technical reports include the 
headwaters of the Chehalis River, including the vicinity of 
the proposed Flood Retention Facility. 

A total of 12 amphibian species were observed during the 
2014, 2015, and 2016 stream-associated amphibian 
surveys: four terrestrial amphibians and eight semi-aquatic 
amphibians (Hayes et al. 2015c, 2016c).  Terrestrial 
amphibian species included western red-backed 
salamander, Dunn’s salamander, Van Dyke’s salamander, 
and ensatina.  Semi-aquatic amphibian species included five 
stillwater-breeding amphibians (Pacific treefrog, northern 
red-legged frog, northwestern salamander, rough-skinned 
newt, and western toad) and the three stream-breeding 
amphibians (coastal giant salamander, coastal tailed frog, 
and Columbia torrent salamander). 

Instream amphibian surveys document the occupancy of 
amphibians breeding in the mainstem Chehalis River and 
adjacent areas, including the vicinity of the proposed dam 
and its reservoir.  Five amphibian species were observed during instream amphibian surveys: Columbia 
torrent salamander, northern red-legged frog, Pacific treefrog, rough-skinned newt, and western toad 
(Hayes et al. 2015d, 2016b).  Western toad breeding was observed to be limited to the upper portions of 
the Chehalis Basin watershed and was more widespread in the footprint of the proposed dam and its 
reservoir than either up- or downstream of these areas (Hayes et al. 2016b). 

 
Western toad 

 

 
Van Dyke’s salamander 
Photo credit: Caitlin McIntyre, Lacey, 
Washington 

 

 
Long-toed salamander 
Photo credit: Oregon Department of 
Fish and Wildlife 
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Amphibian and reptile species with federal- and state-protected status, Oregon spotted frog and 
western pond turtle, are discussed in Section 3.4.3.1.2.  In addition to these species, Dunn’s salamander, 
Van Dyke’s salamander, and western toad are WDFW state priority species, as discussed in 
Section 3.4.3.3. 

Reptiles such as the common garter snake and western terrestrial garter snake are likely to occur in the 
wetland-adjacent to upland habitats of the Chehalis Basin.  Wetlands riparian areas and aquatic habitats 
of the Chehalis Basin may support painted turtle and the non-native pond slider turtle, and could 
provide habitat for western pond turtle.  Upland habitats with rocks and wood debris support species 
such as northern alligator lizard and northwestern garter snake. 

3.4.2.2 Mammals 
Small mammal species associated with forested habitats 
include shrew mole, Townsend's vole, masked shrew, and 
striped skunk.  Larger mammals such as elk, black-tailed 
deer, black bear, and coyote also occur in the larger 
forestlands. 

Elk are among the more visible and culturally important 
wildlife in Washington.  They are enjoyed by the public 
through wildlife viewing, prized by hunters, and valued by 
Native American tribes for subsistence and ceremonial uses.  
In the Chehalis Basin, elk can occur in a wide range of 
elevations, from forested habitat to low-lying valleys, 
particularly during winter.  They typically avoid dense, 
unbroken forests, largely due to a lack of adequate forage.  
Elk need large areas to meet migratory needs, and often 
move long distances on a seasonal basis (WHCWG 2010).  
They tend to migrate north-south between the Olympic 
Peninsula and Willapa Hills, and east-west between the 
Olympic coast and Cascade Range.  Elk are characterized as 
having a high sensitivity to development, roads and traffic, 
and the presence of people and domestic animals.  Elk 
habitat concentration areas (HCAs) are located within the 
Chehalis Basin and in the surrounding geographic area to the 
north and south.  Likewise, linkage networks for elk connect 
HCAs north and south of the Chehalis Basin.  The Chehalis 
River also functions as a resistance to connectivity, similar 
to highway or interstate development (WHCWG 2010).  

 

Habitat Concentration 
Areas 

Important habitat patches for elk, 
identified as habitat concentration 
areas, have been mapped within 
Washington.  As part of the analysis to 
map HCAs, broad-scale patterns of 
wildlife habitat and landscape 
connectivity have also been mapped 
to identify linkage networks that 
connect HCAs for elk and other 
migratory species.  These linkage 
networks can also be used to estimate 
how likely they are to serve a broader 
suite of species. 

Photo credit: Jeffry Seldomridge, 
Curtis, Washington 
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Wetlands and riparian areas associated with rivers and streams in the Chehalis Basin provide habitat for 
North American beaver, water shrew, and raccoon.  The non-native species opossum also occurs in 
these habitat types.  These, and similar species, depend on water for foraging, breeding, and, 
sometimes, overwintering habitats.  Streams also provide a source of drinking water for larger 
mammals, such as black-tailed deer and coyote. 

Beaver dams create habitat for many other animals and plants of Washington.  In winter, deer and elk 
frequent beaver ponds to forage on plants that grow.  Weasels, raccoons, and herons hunt frogs and 
other prey along the marshy edges of beaver ponds.  Migratory waterflowl and waterbirds use beaver 
ponds as nesting areas and resting stops during migration.  Ducks and geese often nest on top of beaver 
lodges because they offer warmth and protection, especially when lodges are formed in the middle of a 
pond.  The trees that die as a result of rising water levels attract insects, which in turn feed 
woodpeckers, whose holes later provide homes for other wildlife (Link 2004). 

Developed habitats in the Chehalis Basin reduce available wildlife habitat for mammals and limit its value 
to larger mammals that require greater areas of unbroken habitat to forage and reproduce.  These areas 
are likely populated by common, urban-adapted species, including raccoon and a variety of small 
mammals, including deer mice and voles.  Developed habitats also typically are associated with non-native 
species such as opossum, eastern gray squirrel, and old world rodents (such as the Norway rat). 

3.4.2.3 Birds 
The Chehalis Basin provides a range of habitat features that can provide breeding, foraging, resting, and 
overwintering habitat to support a wide range of bird species (Johnson and O’Neil 2001; Evenson 
et al. 2016).  Terrestrial bird surveys performed in 2014 during preliminary Chehalis Basin Strategy 
studies for the proposed Flood Retention Facility identified an extensive list of bird species within the 
reservoir area of the Chehalis Basin (HMWSTS 2014).  Additional information on the usage of aquatic, 
off-channel habitats in the Chehalis River floodplain by waterfowl (e.g., ducks, geese) and waterbirds 
(e.g., heron, grebes, cormorants) was obtained by WDFW during ground and air surveys conducted in 
2015 and 2016 (Evenson et al. 2016).  This section provides a brief summary of bird species and 
associated habitats documented within the Chehalis Basin, or known to occur in western Puget Sound. 

Forested habitats provide foraging and nesting habitat for a wide variety of songbird species such as 
song sparrow, bushtit, Bewick's wren, Steller’s jay, spotted towhee, Swainson's thrush, winter wren, 
varied thrush, black-capped chickadee, dark-eyed junco, chestnut-backed chickadee, golden-crowned 
kinglet, and red-breasted nuthatch.  Disturbance-sensitive migratory bird species such as black-throated 
gray warbler, solitary vireo, yellow-rumped warbler, and yellow warbler likely use forested habitats for 
foraging during spring and fall migrations. 

Upland herbaceous and grassland habitats are used by species such as barn swallow, tree swallow, and 
white-crowned sparrow.  Predatory birds, such as red-tailed hawks, commonly hunt in these habitat 
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types.  Other raptors such as northern harrier and bald 
eagle occur in forested areas near bodies of water.  Snags 
and downed trees in logged habitat, and along the forest 
edges, also provide perch sites for these species.  Snags in 
forested habitats also provide potential nest sites for 
cavity-nesting birds such as great horned owl, and species 
of woodpeckers including downy woodpecker, northern 
flicker, and pileated woodpecker. 

Off-channel aquatic habitats, including open water, 
emergent, scrub-shrub, and forested wetland types; small 
isolated depressional wetland pockets; and frequently 
flooded agricultural fields provide a variety of habitat for 
terrestrial birds, waterbirds, and waterfowl.  Open water 
sections of wetlands and ponds can be expected to provide habitat for belted kingfisher and wintering 
and migratory waterfowl, including gadwall, American wigeon, mallard, ring-necked ducks, scaup, 
American coot, green-winged teal, and cinnamon teal.  Emergent and scrub-shrub wetland areas 
provide habitat for red-winged blackbird, song sparrow, and marsh wren, among other species including 
waterfowl such as mallard, green-winged teal, and American widgeon.  Forested and scrub-shrub 
wetlands are commonly used by similar species as well as wood duck and ring-necked duck.  
Non-waterflow waterbird species such as great blue heron, pied-billed grebe, and double breasted 
cormorant also use many of these habitats.  Agricultural fields that are frequently flooded during 
high-water events are often used by a variety of waterfowl including Canada goose, trumpeter swan, 
cackling goose, mallard, green-winged teal, ring-necked ducks, and American widgeon.  Survey data for 
waterfowl and waterbirds collected by WDFW suggest that wetlands and off-channel aquatic sites that 
are close enough to the Chehalis River mainstem to have water flowing through them during high-water 
events, tend to have lower species diversity, and use than other types of off-channel aquatic habitats 
(Evenson et al. 2016). 

The marine environment of Grays Harbor also provides habitat for waterfowl species such as heron, in 
addition to seabird and shorebird species, such as killdeer.  A 1,500-acre section of the northeastern 
shoreline of Grays Harbor that includes Bowerman Basin is designated as the Grays Harbor National 
Wildlife Refuge.  This area, which is managed by USFWS, provides crucial habitat for more than a dozen 
species of migrating shorebirds (USFWS 2015b).  Several other wetland and non-wetland, DNR-managed 
natural areas occur in and adjacent to Grays Harbor.   

Developed habitats in the Chehalis Basin provide habitat for disturbance-tolerant bird species such as 
American crow and American robin, and non-native species such as European starling and 
house sparrow. 

Great blue heron 
Photo credit: Emma Sample, Chehalis, 
Washington 
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3.4.3 Special Status Species 
Several species that occur in WRIAs 22 and 23, and their habitats, are protected by federal and state law 
due to declines compared to historical numbers because their populations are unique and limited, or the 
Chehalis Basin has been identified as important habitat for maintaining the species. 

3.4.3.1 State- and Federally Listed Threatened and Endangered Species 
ESA-listed species that may occur within the Chehalis Basin were identified based on information from 
the endangered species websites of USFWS and NMFS (USFWS 2015c; NOAA 2015).  ESA-listed species 
under USFWS or NMFS jurisdictions were identified based on the geographic boundaries of Distinct 
Population Segments (DPSs) and Evolutionary Significant Units (ESUs).  ESA-listed species under USFWS 
jurisdiction in Washington are referenced on the USFWS website to include all ESA-listed species that 
occur, or may occur, within the entire county where a project is proposed.  The WDFW PHS database 
provided information on state-protected species known to occur within the Chehalis Basin 
(WDFW 2015b).  

For marine fish species managed in Fishery Management Plans under the Magnuson-Stevens Fishery 
Conservation and Management Act, EFH occurs throughout WRIAs 22 and 23, and is defined as “those 
waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity.”  All 
freshwaters in all sub-basins of WRIAs 22 and 23 are considered EFH for Chinook salmon, coho salmon, 
chum salmon, and steelhead as freshwater that is currently viable, and has been historically accessible 
to these salmonid species (PFMC 1999).  Grays Harbor is included as EFH for Pacific salmon, as are all 
nearshore marine and estuarine waters within state territorial waters (PFMC 1999).  Grays Harbor is also 
EFH for marine fish species of commercial interest.  As an estuary and seagrass area, Grays Harbor is 
designated as a Habitat Area of Particular Concern and is included as EFH for Pacific Coast groundfish 
(PFMC 2005).  Grays Harbor is also included as EFH for coastal pelagic fishes including Northern anchovy, 
Pacific sardine, Pacific (chub) mackerel, jack mackerel, and market squid; however, these species do not 
depend on shallow or brackish environments to a large degree (PFMC 1998).   

3.4.3.1.1 Fish 

Four state- and federally listed fish species occur in freshwater and estuarine (or both) habitats in the 
Chehalis Basin, which are summarized in Table 3.4-6.  All of the listed species are anadromous except 
the Olympic mudminnow.  
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Table 3.4-6  
Status of State-listed (Sensitive, Threatened, or Endangered) and ESA-listed (Threatened or Endangered) 

Fish Species Potentially Occurring in the Chehalis Basin 

SPECIES 
SCIENTIFIC 
NAME 

STATE 
STATUS 

FEDERAL 
STATUS 

FEDERAL 
AGENCY 
JURISDICTION 

CHEHALIS 
BASIN 
CRITICAL 
HABITAT 

HABITAT 

FRESH-
WATER ESTUARINE 

Coastal/ 
Puget Sound 
bull trout 

Salvelinus 
confluentus 

Candidate Threatened USFWS Yes 
  

Eulachon Thaleichthys 
pacificus 

Candidate Threatened NMFS No 
  

Olympic 
mudminnow 

Novumbra 
hubbsi 

Sensitive N/A N/A N/A 
  

Southern 
green 
sturgeon 

Acipenser 
medirostris 

N/A Threatened NMFS Yes 
  

Note: N/A = not applicable 
Source: WDFW 2013 
 

The distribution, habitat use, and status of each listed fish species are described here.  In general, the 
habitat alterations that have affected salmonid habitat throughout WRIAs 22 and 23 have also affected 
the habitats occupied by the listed species (see Section 3.4.1.1.). 

Southern Green Sturgeon 
On April 7, 2006, NMFS published a Final Rule that listed the southern DPSs of green sturgeon as 
threatened (71 Federal Register 17757).  Green sturgeon is an anadromous species that spawn in 
freshwater, and migrate to estuarine and marine environments to feed and develop from juveniles to 
adults (NMFS 2015).  Green sturgeon also undergo seasonal migrations and appear to be most common 
in Grays Harbor during late summer and early fall (Lindley et al. 2011).  Little is known about the 
population trends of this species in Grays Harbor or elsewhere (NMFS 2015).  There is uncertainty about 
the spawning areas used by green sturgeon, but their current documented spawning habitat does not 
include the Chehalis River, although suitable spawning habitat may exist there (NMFS 2005, 2015).  
Throughout their range, a number of factors have been identified that threaten this species including: 
reduction of the spawning areas, insufficient freshwater flow rates in spawning areas, contaminants, 
bycatch of green sturgeon in fisheries, poaching, entrainment by water projects, interactions with 
non-native species, small population size, impassable barriers, and elevated water temperatures 
(NMFS 2015).  The status and life history of green sturgeon is summarized in more detail in an NMFS 
status review update (NMFS 2005) and online (NMFS 2015). 
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Olympic Mudminnow 
Olympic mudminnow was state-listed as sensitive in 1999; they are unique to Western Washington and 
only a small proportion of the population occurs outside of the Chehalis Basin (Kuehne and Olden 2014).  
Olympic mudminnow only occur in habitats where there is little or no flow such as streams, wetlands, 
and ponds.  They require habitats with a muddy bottom, and typically occur in areas with aquatic 
vegetation and where large predatory fish, such as bass, are absent.  The historical range of 
Olympic mudminnow in the Chehalis Basin may have been reduced significantly as key wetland habitats 
have been reduced through human development (WDFW 2013).  The life history and status of this 
species is described in more detail by WDFW (2013) in Threatened and Endangered Wildlife in 
Washington: 2012 Annual Report. 

Coastal/Puget Sound Bull Trout 
Bull trout was listed as threatened under the ESA by USFWS on June 10, 1998.  Portions of the lower 
Chehalis Basin were designated as critical bull trout habitat by USFWS on September 30, 2010 
(75 Federal Rule 63898).  Bull trout have been documented in Grays Harbor and in the lower portions of 
the Chehalis River (Jeanes et al. 2003), but they do not appear to spawn in the Chehalis Basin 
(75 Federal Rule 63898).  While bull trout have been captured in a number of different studies in the 
Chehalis Basin, their detailed life history, distribution, and abundance within WRIAs 22 and 23 is poorly 
understood (Sandell et al. 2015).   

Pacific Eulachon 
Pacific eulachon was listed as threatened on March 18, 2010 (75 Federal Register 13012).  Pacific eulachon 
are an anadromous species that usually spend 3 to 5 years in marine habitat before returning to spawn in 
freshwater.  Eulachon have been observed in Grays Harbor and spawning in the lower reaches of the 
Chehalis River, as well as the Wynoochee and Humptulips rivers.  Pacific eulachon do not show evidence of 
homing to natal rivers.  They typically spawn on sandy substrates, and larvae are swept downstream soon 
after hatching (Gustafson et al. 2010).  In the winters of 2012, 2014/2015, and 2015/2016, eulachon eggs 
and larvae were observed in plankton tows undertaken at one site in the lower Chehalis River by WDFW, 
just downstream of the confluence with the Wynoochee River.  This site was chosen because it is 
downstream of major tributary confluences in which eulachon are likely to spawn; however, it is likely that 
spawning occurs much farther upstream in the mainstem Chehalis River and its tributaries (Cloen 2016).  
A comprehensive summary of eulachon habitat preferences and life history is available in a recent status 
review of eulachon (Gustafson et al. 2010). 

3.4.3.1.2 Wildlife 

ESA-listed wildlife species and critical habitats under USFWS jurisdiction in Washington are identified by 
USFWS (2015c) to include all ESA-listed species that occur or may occur within the entire county where a 
project is proposed.  The WDFW PHS (WDFW 2008, 2015a) also identifies specific counties in 
Washington where state-protected threatened and endangered species have been documented.  
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The status and preferred habitats of federally listed species protected under the ESA (as identified by 
USFWS) and state species with threatened and endangered status (as identified by WDFW) within Lewis, 
Thurston, Grays Harbor, Mason, and Pacific counties are presented in Appendix G, Table G-12.  State 
species with threatened and endangered status are also discussed in the following sections.  Federally 
listed critical habitats protected under the ESA within Lewis, Thurston, Grays Harbor, Mason, and 
Pacific counties, as identified by USFWS, are presented in Table 3.4-7.   

 



Affected Environment 
Fish and Wildlife 

Draft Chehalis Basin Strategy Programmatic EIS 167 

Table 3.4-7  
Federally Listed and Proposed Species Critical Habitat Status That Occur in Lewis, Thurston, Grays Harbor, Mason, and Pacific Counties 

COMMON NAME (SCIENTIFIC NAME) AGENCY 

CRITICAL 
HABITAT 
STATUS1 

LEWIS 
COUNTY2 

THURSTON 
COUNTY2 

GRAYS 
HARBOR 
COUNTY2 

MASON 
COUNTY2 

PACIFIC 
COUNTY2 

AMPHIBIANS 
Oregon spotted frog (Rana pretiosa) USFWS Proposed      
BIRDS 
Marbled murrelet (Brachyramphus marmoratus) USFWS Designated      
Northern spotted owl (Strix occidentalis caurina) USFWS Designated      
Streaked horned lark (Eremophila alprestris strigata) USFWS Designated      
Western snowy plover (Charadrius alexandrinus nivosus) USFWS Designated      
INSECTS 
Taylor’s checkerspot (Euphydryas editha taylori) USFWS Designated      
TERRESTRIAL MAMMALS 
Olympia pocket gopher (Thomomys mazama pugetensis) USFWS Designated      
Tenino pocket gopher (Thomomys mazama tumuli) USFWS Designated      
Yelm pocket gopher (Thomomys mazama yelmensis) USFWS Designated      

Notes: 
1. USFWS 2015c 
2. USFWS 2015d 
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Oregon Spotted Frog 
Oregon spotted frogs are highly aquatic, inhabiting wetland edges of ponds, streams, and lakes.  They 
are most often associated with non-woody wetland plant communities, such as sedges, rushes, and 
grasses (Nussbaum et al. 1983).  These aquatic environments must include a shallow emergent wetland 
component large enough to be capable of supporting an Oregon spotted frog population (Pearl and 
Hayes 2004).  Oregon spotted frogs are preyed upon during all life stages by a wide variety of predators, 
ranging from invertebrates that prey on eggs to garter snakes and herons that feed on adults.  Among 
the most significant of predators are the various introduced species of fish and bullfrog (McAllister and 
Leonard 1997). 

The historical range of the spotted frog includes portions of Western Washington; although, over the 
past 50 years, this species has been dramatically reduced.  Before 1940, Oregon spotted frog was found 
in portions of the Puget Sound Lowlands and the Willamette Valley.  They now appear to be virtually 
eliminated from this area (Leonard et al. 1993).  The most significant factor contributing to the decline 
of Oregon spotted frogs is the loss and alteration of wetland habitat.  Oregon spotted frogs have life 
history traits, habitat requirements, and population characteristics that make them vulnerable to such 
loss and limit their distribution.  According to WDFW, the species persists in only six Washington 
locations.  Five of these locations are located within Klickitat County and Whatcom County.  One of the 
six locations is located within the Chehalis Basin in Thurston County, in the Black River.  WDFW has been 
involved in a cooperative Oregon spotted frog captive rearing project at Dailman Lake on the Joint Base 
Lewis-McChord in Pierce County since 2008 (WDFW 2012).   

Western Pond Turtle 
Western pond turtles inhabit marshes, sloughs, moderately deep ponds, and slow-moving sections of 
creeks and rivers (Holland 1994).  They require waters with abundant aquatic vegetation and protected 
shallow areas where juveniles may rest and feed under cover.  In Washington, the species overwinters in 
upland habitats adjacent to waterbodies or in mud bottoms of lakes or ponds.  Basking sites such as 
partially submerged logs, vegetation mats, rocks, or mud banks are a critical habitat requirement for this 
species.  This species was once widely distributed throughout Western Washington, but is now severely 
restricted in range.  Viable populations remain only in a few restricted areas in the Columbia Gorge 
(WDW 1993; Holland 1994).  WDFW has been involved in several cooperative western pond turtle 
captive rearing and re-introduction projects in a variety of locations in Washington since 1992 
(WDFW 2013).   

Birds and Mammals 
Several bird and mammal species with state threatened or endangered status are documented within 
the Chehalis Basin.  Bird species with state endangered status include northern spotted owl, 
streaked horn lark, western snowy plover, and brown pelican.  Marbled murrelet is a state-threatened 
species.  The mammal species fisher is a state endangered species and western gray squirrel is a 
state-threatened species.  There are five gopher species with state-threatened status.  Marine mammal 
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species, whales, and seals with state-threatened and endangered status would be associated with the 
marine environment of the Pacific Ocean.  Preferred habitats of these state species with threatened and 
endangered status within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties are presented in 
Appendix G, Table G-12.   

3.4.3.2 U.S. Forest Service Special Status Species 
The Pacific Northwest Regional Office of USFS and the Oregon/Washington State Office of the Bureau of 
Land Management established an interagency program for the conservation and management of rare 
species.  This interagency collaboration, identified as the Interagency Special Status Sensitive Species 
Program (ISSSSP), focuses on a regional-level approaches for species that meet agency criteria for 
inclusion on sensitive- and special-status lists.  This includes those species that are not federally listed as 
threatened or endangered, or proposed for federal listing.  ISSSSP identifies high-priority species and 
habitats, data gaps and information needs; and develops conservation assessments and strategies 
(USFS 2016).  USFS special-status species with state- or federal-threatened or endangered status located 
within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties are identified in Appendix G, 
Table G-12.  USFS special-status species that are also WDFW priority species documented within Lewis, 
Thurston, Grays Harbor, Mason, and Pacific counties are identified in Appendix G, Table G-9.   

3.4.3.3 WDFW Priority Species 
Information from the WDFW PHS database (WDFW 2015b) was referenced to identify state priority 
species that could occur within the Chehalis Basin.  In addition, the WDFW Priority Habitat and Species 
List (2008) identifies specific counties in Washington where priority species have been documented.  
Information from the WDFW Priority Habitat and Species List was used to identify priority species 
documented within Lewis, Thurston, Grays Harbor, Mason, and Pacific counties.  The state status and 
habitat descriptions of WDFW priority species within Lewis, Thurston, Grays Harbor, Mason, and Pacific 
counties are presented in Appendix G, Table G-9.  State species with threatened and endangered status 
are discussed in Section 3.4.3.1. 
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3.5 Tribal Resources 
This section describes the past and present uses of the land within the Chehalis Basin by Native 
Americans, as well as tribal fishing and treaty resources.  For the purposes of this EIS, the term “tribal 
resources” refers to the rights and interests of Indian tribes within the Chehalis Basin to various natural 
resources, including those associated with a tribe’s sovereignty and/or federally reserved treaty rights.  
These resources include plants, wildlife, fish, and shellfish.  Tribal resources also include rights and 
interests in cultural, historic, spiritual, and archaeologic places and artifacts, including graves and Indian 
human remains.  Information on these resources was largely based on historical accounts and reports.  

3.5.1 Native American History in the Chehalis Basin 
Early Native Americans who lived within the Chehalis Basin relied on fisheries for a large portion of their 
diet.  Salmon fishing occurred along the Chehalis River and Grays Harbor, and their tributaries.  These 
“precontact” peoples of the Grays Harbor Basin also caught eulachon, flounder, herring, lamprey, smelt, 
sole, and sturgeon (James and Martino 1986; Miller 2009).  Upland resources, such as bear, beaver, 
deer, elk, berries, roots, and bulbs were collected, and were of particular importance to inland groups 
(Hajda 1990).  Plants used for food and textiles were also collected along streambanks and tide prairies, 
including sweetgrass, cattail, swampgrass, and stinging nettle (James and Martino 1986; Hajda 1990; 
Miller 2010).  

Culturally significant properties are sites or locations considered culturally important to the history of a 
group or people, or where culturally important events or practices are known to have occurred.  No 
ethnographically named places or traditional cultural properties are known within the Chehalis Basin.   

Studies of the archaeology and prehistory of the Pacific Northwest divide the prehistory of the region 
into multiple phases or periods from about 12,500 to 225 years before present (BP).  These phases are 
academic concepts and do not necessarily reflect Native American viewpoints.  Although the earliest 
evidence of human occupation in the Pacific Northwest dates to nearly 12,500 years ago (Carlson 1990; 
Matson and Coupland 1995; Ames and Maschner 1999), the precontact archaeological record for the 
Washington coast and southwestern inlands primarily consists of sites with contents that are consistent 
with collections from, or have been dated to, the Middle (3,800 to 1,500 years BP) and Late Pacific 
(1,800 to 1,500 to about 225 years BP) periods.  Older, unidentified sites are also likely to exist locally 
because they are found elsewhere on the Pacific Northwest coast and especially on the eastern 
Olympic Peninsula (Wessen 1984, 1990).  At least one notable exception, however, is located within the 
Chehalis Basin along the Chehalis River.  The Mellon site contains artifacts that appear to date to the 
Archaic (12,500 to 6,400 years BP) and early Pacific (6,400 to 3,800 years BP) periods (Kennedy 1978). 

The Chehalis Basin was traditionally inhabited by the Upper and Lower Chehalis, Cowlitz, and Suwal 
peoples.  The waters of Grays Harbor were also seasonally used for fishing by the Quinault people 
(Gibbs 1877; Hajda 1990; Krauss 1990; Spier 1936).  The Upper and Lower Chehalis and Quinault peoples 
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spoke dialects of the Salish language, while the Cowlitz peoples spoke dialects of both the Chinook and 
Salish languages.  The Suwal peoples spoke a dialect of the Athapaskan language (Miller 2012).  
Descendants of these groups are now members of the Chehalis Tribe, Cowlitz Indian Tribe, 
Quinault Indian Nation, and Shoalwater Bay Indian Tribe of the Shoalwater Bay Indian Reservation.  
The waters of the Chehalis River, its tributaries, and Grays Harbor were, and continue to be, important 
fishing areas for Native American tribes in the region, while the banks of these bodies of water served as 
productive hunting and plant gathering areas.  The Chehalis Basin was an important hub for habitation, 
resource collection, and travel for coastal Native American groups (James and Martino 1986).  The rivers 
and streams of the Chehalis Basin served as a passage for coastal tribes to the Puget Sound region by 
way of the Chehalis River, and to the Columbia River by way of the Chehalis River and then the Cowlitz 
River.  As evidenced by the number of groups that inhabited or seasonally fished in the region, the 
Chehalis Basin was a highly productive fishing area (Hajda 1990; Miller 2009, 2010). 

3.5.1.1 Upper and Lower Chehalis 
Like most Coast Salish groups, the Chehalis peoples relied on fisheries, particularly salmonids.  Salmon 
was harvested along the Chehalis River, its tributaries, and Grays Harbor.  Lamprey was also collected 
along the Chehalis River and its tributaries (Miller 2010).  Grays Harbor and its tributaries provided 
access to other fish (including echelon, herring, and sturgeon), aquatic mammals (including fur seals, 
porpoises, sea lions, and sea otters), and waterfowl (James and Martino 1986; Hajda 1990).  On 
occasions when whales would beach along the Grays Harbor shoreline and flats, the Lower Chehalis 
would salvage meat and blubber (James and Martino 1986; Miller 2010).  The Chehalis peoples also 
relied on upland plants and animals including, but not limited to, roots, fibrous plants, berries, deer, 
and elk.  Upland plant and animal resources were an important supplement to fisheries for the 
Upper Chehalis peoples (Tolmie 1963; Hajda 1990). 

Established in 1864 by secretarial order, the 4,849-acre Chehalis Tribe reservation is located on the 
Chehalis River at the mouth of the Black River near Oakville in WRIA 23.  The reservation is rural 
agricultural with low-density residential, farms, open prairies, forestland, and wetlands.  In 2014, the 
enrolled population of the Chehalis Tribe was 894.  The U.S. Bureau of Indian Affairs (BIA) Labor Force 
Report for 2010 (BIA 2010) shows a service population (enrolled and non-enrolled Indians living on and 
near the reservation) of 3,625 individuals.  The reservation provides the living space, sacred and cultural 
sites, and natural resources that sustain the Chehalis people and culture.  It provides spiritual and 
physical sustenance, and the means for economic self-sufficiency.  Many tribal members hunt and fish 
to supplement their incomes (commercial harvest), to provide sustenance for their families, and for 
cultural reasons (subsistence and ceremonial harvest).  

3.5.1.2 Quinault 
In addition to salmonids, which were of particular importance to nearly all coastal groups in the Pacific 
Northwest, the Quinault peoples fished for eulachon and white sturgeon in the Grays Harbor estuary 
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and along tributary streams.  The Quinault people also dug for clams along the shore, hunted for marine 
mammals (including fur seals, porpoises, sea lions and sea otters), and caught waterfowl (Hajda 1990).  
Whales were hunted along the outer coast, but documentation related to the salvaging of whales in 
Grays Harbor by the Quinault peoples is limited (James and Martino 1986; Hajda 1990).  Quinault 
weavers have gathered materials from the Grays Harbor area for many generations.  Sweetgrass, cattail, 
and other grasses and willow were gathered from the shores of Grays Harbor to weave baskets and 
mats (James and Martino 1986). 

The Quinault Indian Nation is a federally recognized Indian tribe that consists of the Quinault and 
Queets tribes and descendants of five other coastal tribes: Quileute, Hoh, Chehalis, Chinook, and Cowlitz 
(Quinault Indian Nation 2015a).  The Quinault Indian Reservation was stablished in 1856 by the Treaty of 
Olympia and is located on the southwestern corner of the Olympic Peninsula.  The Quinault Indian 
Nation maintains a treaty-reserved right to take fish from its “usual and accustomed fishing grounds and 
stations” and the privilege of gathering, among other rights, in exchange for ceding lands the tribe 
historically roamed freely (Northwest Indian Fisheries Commission 2015).  Grays Harbor, located in 
WRIA 22, is within the Quinault Indian Nation’s usual and accustomed fishing and gathering areas.  
Sweetgrass, cattail, and other grasses that grow in either freshwater or brackish marshes on the flats of 
the intertidal zone, such as those areas along the shoreline of Bowerman Basin and adjacent 
saltmarshes in the Grays Harbor National Wildlife Refuge, have been gathered by Quinault weavers for 
many generations (James and Martino 1986). 

3.5.1.3 Cowlitz 
The Cowlitz people in the Chehalis Basin vicinity harvested salmon, trout, and lamprey in the upper 
reaches of the Chehalis River and its tributaries.  Like the Upper Chehalis, the Cowlitz people also relied 
on upland plant and animal resources as an important supplement to fisheries animals (Tolmie 1963; 
Hajda 1990; Miller 2010).  The Cowlitz Indian Tribe does not have a reservation in the Chehalis Basin.  

3.5.1.4 Suwal 
The Suwal people primarily relied on hunting and gathering in the forests and prairies of the upper 
reaches of the western tributaries of the Chehalis River.  Common meat sources included deer and elk, 
and may have included seasonal salmon fishing.  These resources were supplemented by the collection 
of roots and berries, although information relating to the specific plant resources that were collected is 
minimal (Krauss 1990). 

3.5.2 Tribal Fishing 

3.5.2.1 Quinault Indian Nation 
As a signatory of the Treaty of Olympia (1856), the Quinault Indian Nation has treaty-reserved 
commercial, subsistence, and ceremonial fisheries in the Chehalis Basin; however, the Quinault Indian 
Reservation is located outside of the Chehalis Basin.  In the 1905 United States vs. Winans case, the 
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U.S. Supreme Court held that the Treaty with the Yakima of 1855 (and similar treaties) protects tribal 
access rights to fishing, hunting, and other privileges on off-reservation lands.  The 1974 
“Boldt Decision” (United States vs. Washington) interpreted the rights of treaty tribes to fish in their 
“usual and accustomed places in common with all citizens” to mean that treaty tribes have a right to 
harvest 50% of the harvestable portion of fish.  In 2014, harvestable portions of fish in Grays Harbor and 
the Chehalis River amounted to 72,600 coho salmon, 5,100 Chinook salmon, 12,900 chum salmon, and 
4,800 steelhead (WDFW 2015c). 

As a treaty tribe, the Quinault Indian Nation manages its fisheries and is responsible for regulating its 
fishers both on and off the reservation.  The Quinault Indian Nation is a co-manager with WDFW for 
steelhead, white sturgeon, Dungeness crab, and Chinook, chum, and coho salmon (Grays Harbor and 
ocean fishing; Sharp 2016a).  The Quinault fishers harvest salmon, steelhead, and white sturgeon in the 
lower Chehalis River from the mouth to approximately the confluence with the Wynoochee River, in 
Grays Harbor, and in the lower portions of all other rivers flowing into Grays Harbor.  The species and 
runs harvested in Grays Harbor are the same as those harvested in the lower Chehalis River 
(Chinook salmon, coho salmon, chum salmon, steelhead, and white sturgeon).  The Quinault Indian 
Nation also manages a Dungeness crab commercial and subsistence fishery in Grays Harbor. 

Each year the Quinault Indian Nation and the State of Washington meet to determine how many fish 
and crabs can be caught in fisheries, then negotiate fishery schedules to ensure an equitable share of 
the catch.  The process for co-management of the ocean and freshwater salmon fisheries has evolved 
over the years and now incorporates preseason meetings and the use of model-based predictions of 
abundance, number of fish available for harvest, and catch.  The preseason prediction of the number of 
salmon that will return to the rivers entering Grays Harbor is used to shape ocean and Grays Harbor 
fisheries to allow for an equitable sharing of catch, and adequate escapement of adults to spawning 
areas.  Grays Harbor salmon and steelhead fishery openings and predicted catch by week and season 
are based on models that consider fish timing, level of effort (number of fishers participating in the 
fishery), expected catch, and previous years’ fishery data.  In the spring, once the tribe and state reach 
an agreement on fisheries, a preseason summary of planned fisheries and predicted catch (the planned 
fisheries includes weekly schedules of weeks and days open) is released. 

All commercial catch must be reported to the Quinault Indian Nation Fisheries Division.  The 
Quinault Indian Nation does not maintain records of subsistence or ceremonial catch of salmon, 
steelhead, and white sturgeon (Resource Dimensions 2015).  Based on interviews with fishers, 
subsistence harvest ranges from 5% to 20% of reported commercial catch of salmon, steelhead, and 
sturgeon (Resource Dimensions 2015).  The Quinault Indian Nation reported 50 authorized gillnet fishers 
in Grays Harbor (Sharp 2016a).  The Quinault Indian Nation limit the number of fishers in the 
Chehalis River portion of Grays Harbor and the lower Chehalis River up to the Wynoochee River to 50.  
Another 10 fishers are authorized in the Humptulips River, with another 10 authorized to fish in the 
North Bay area off of the Humptulips River.  



Affected Environment 
Tribal Resources 

174 Draft Chehalis Basin Strategy Programmatic EIS 

The Grays Harbor annual management cycle is divided into three seasons.  The most intense fishery 
(maximum number of participants) and largest catches occur during the fall from September through 
mid-November (Quinault Indian Nation 2015b; Sharp 2016a).  Species harvested during the fall fishery 
are coho salmon, chum salmon, and fall-run Chinook salmon (Sharp 2016a).  Coho are the most 
abundant species in the fall fishery, followed by chum salmon (see Table 3.5-1).  The winter fishery 
begins in late November and extends to mid-April.  This fishery is directed at winter steelhead; fishers 
participate early in the season to target the more abundant hatchery steelhead (Sharp 2016a).  The 
spring and summer management period is from April through July, and is directed at sturgeon foraging 
in Grays Harbor (Quinault Indian Nation 2015b; Sharp 2016a).  The spring and summer fishery could 
include catch of spring-run or summer-run Chinook salmon returning to the Chehalis River.  However, 
the abundance of this run of Chinook salmon has been low.  Generally, not enough fish are returning to 
the river to provide for a directed fishery.  Most of the reported Chinook salmon catch shown in 
Table 3.5-1 is fall-run Chinook salmon.   

Table 3.5-1  
Quinault Indian Nation Grays Harbor Salmon, Steelhead, and White Sturgeon  

Commercial Fisheries Annual Catch (2004 to 2013) 

YEAR 
CHINOOK 
SALMON 

COHO  
SALMON 

CHUM 
SALMON 

WINTER 
STEELHEAD 

WHITE 
STURGEON 

2004 3,546 18,093 9,600 6,742 1,544 
2005 2,297 23,428 5,804 4,992 3,374 
2006 3,758 8,746 4,070 3,404 2,918 
2007 2,483 8,927 598 3,975 1,766 
2008 1,880 10,208 2,070 1,467 3,206 
2009 2,512 28,487 4,397 697 1,373 
2010 3,403 25,347 8,938 1,837 1,125 
2011 6,417 27,982 17,207 3,341 947 
2012 3,994 30,693 11,670 2,880 598 
2013 2,909 21,692 11,976 1,955 726 
Average 3,320 20,387 7,633 3,129 1,758 

Note: Amounts indicate number of fish caught 
Source: Resource Dimensions 2015 
 

3.5.2.2 Chehalis Tribe 
The Chehalis Tribe is the other federally recognized Native American tribe that harvests salmon and 
steelhead in the Chehalis Basin.  The location of the reservation at the confluence of the Chehalis and 
Black rivers provides a prime fishing area for the salmon and steelhead returning to the Chehalis River.  
Primary commercial and subsistence fisheries occur in the fall for Chinook salmon and coho salmon, and 
in the winter for steelhead; a spring harvest depends on the abundance of spring-run Chinook salmon 
that return to the river.  Because the Chehalis Tribe is a non-treaty tribe, their fisheries are limited to the 
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portion of the rivers on the reservation, and their harvest is a portion of the non-treaty allowable 
harvest.  The Chehalis Tribe’s portion of the non-treaty harvest is based on a sharing formula between 
the state and the tribe.  The state and tribe have an agreement to share equally in the non-treaty 
harvestable portion of fish returning to spawning areas upstream of the Chehalis Tribe reservation 
boundary (Hughes 2014).  The number of fish available for harvest is developed from the preseason run 
forecast.  Annual records of number of fish harvested are not available for the Chehalis Tribe fisheries.  
Recreational fishing on reservation lands is permitted with a tribal fishing license.  Tribal members who 
fish off reservation must have a valid Washington State fishing license and follow state regulations.  

The Skokomish Indian Tribe recently made a claim stating the Chehalis River is part of the tribe’s usual 
and accustomed fishing grounds.  If this claim is successful, additional information on tribal resources 
and harvest would be evaluated. 
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3.6 Air Quality 
This section describes the existing air quality in the Chehalis Basin based on federal, state agency, and 
local agency data.  Because air quality is described in relation to the standards in the Clean Air Act (CAA), 
a brief description of CAA is also included.  Additionally, this section describes air pollutant sources and 
existing concentrations in the Chehalis Basin, and provides a general description of greenhouse gas 
(GHG) emissions (a component of air quality).  

3.6.1 Clean Air Act and Greenhouse Gas Emission Requirements 
USEPA is the federal agency responsible for implementing the CAA, which establishes National Ambient 
Air Quality Standards (NAAQS).  The NAAQS define levels of air quality necessary to protect the public 
health (primary standards) and the public welfare (secondary standards).  The CAA requires states to 
classify air basins as either attainment or nonattainment with respect to air pollutants.  Counties or 
regions designated as nonattainment areas for one or more pollutants must prepare a State 
Implementation Plan (SIP) that demonstrates how the area will achieve attainment by federally 
mandated deadlines.  In Washington, Ecology administers the CAA and has identified State Ambient Air 
Quality Standards for total suspended particulates, lead, particulate matter, sulfur dioxide, carbon 
monoxide, ozone, and nitrogen dioxide.   

Historically, Thurston County (specifically the Olympia, Tumwater, and Lacey areas) has experienced 
exceedances of the NAAQS for particulate matter (Ecology 2013).  Through actions taken in the SIP, 
ambient air concentrations of these pollutants were brought into line with the NAAQS (Ecology 2015h).  
Today, portions of Thurston County are designated as maintenance areas for particulate matter.  All 
other areas within the Chehalis Basin are currently in attainment for regulated pollutants 
(Ecology 2015i).   

Ecology also inventories GHG emissions (through WAC 173-441) as part of GHG reduction efforts to 
minimize climate change.  This rule mandates GHG reporting for the following: 

• Facilities that emit at least 10,000 metric tons (MT) of GHGs per year in Washington 

• Suppliers of liquid motor vehicle fuel, special fuel, or aircraft fuel that supply products 
equivalent to at least 10,000 MT of carbon dioxide (CO2) per year in Washington 

Currently, there are several facilities within the Chehalis Basin that fall under one of these two 
categories and are required to report their GHG emissions, including the TransAlta Centralia Generation 
Facility, a coal burning plant near Bucoda.  
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3.6.2 Current Air Quality Environment 
Several agencies, including Ecology, the Olympic Regional Clear Air Agency, and the Southwest Clean Air 
Agency, collect ambient air quality data in the Chehalis Basin (Ecology 2015h, 2015i; ORCAA 2015; 
Southwest Clean Air Agency 2015). 

Air quality in the Chehalis Basin is well within most of the standards for pollutants.  Sources of regulated 
air pollutants and GHG emissions in the Chehalis Basin include transportation sources (such as cars, 
buses, trucks, trains, boats, and aircraft), urban sources (including wood smoke, emissions from 
commercial and industrial operations, and gas-powered residential equipment), agricultural practices 
(including field burning, re-entrainment of dust from practices such as plowing, and emissions from farm 
equipment), and wildfires.  These types of sources occur, to varying degrees, throughout the Chehalis 
Basin.  However, the largest source of GHG emissions in the Chehalis Basin is the TransAlta Centralia 
Generation Facility (USEPA 2013).  In 2013, TransAlta reported emitting more than 7.5 million MT of CO2 
and other GHG emissions—a 30% increase from the previous year (USEPA 2013).  This is the largest 
source (about 70%) of carbon pollution in Washington.  The plant is planning to phase out coal 
production by 2025, according to the TransAlta Energy Transition Bill that was signed into law in 2011.  
One of the two units at the plant will shut down in 2020, and the second unit will shut down in 2025.   
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3.7 Climate Change 
This section describes climate change and its influence on the environment within the Chehalis Basin.  
Patterns of temperature, precipitation, wind, humidity, and seasons have become less predictable 
throughout the world.  The Earth’s climate is changing—often with disruptive consequences—and that 
change is progressing faster than any seen in the last 2,000 years (Ecology 2015j).  According to the 
report Preparing for a Changing Climate, rising levels of CO2 and other heat-trapping gases in the 
atmosphere have warmed the Earth and are causing wide-ranging impacts, including rising sea levels; 
melting snow and ice; more extreme heat events, fires and drought; and more extreme storms, rainfall, 
and floods (Ecology 2012).  Scientists project that these trends will continue and, in some cases, 
accelerate, posing significant risks to human health, forests, agriculture, freshwater supplies, coastlines, 
and other natural resources that are vital to Washington’s economy, environment, and our quality of life 
(Ecology 2015j). 

Because so many systems are tied to climate, a change in climate can affect many aspects related to 
where and how people, plants, and animals live (e.g., food production, availability and use of water, 
health risks).  For example, a change in the usual timing of 
rains or temperatures can affect when plants bloom and set 
fruit, when insects hatch, or when streams are their fullest.  
This can affect the historically synchronized pollination of 
crops, food for migrating birds, spawning of fish, water 
supplies for drinking and irrigation, forest health, and more 
(Ecology 2015j). 

In the Pacific Northwest, climate is influenced by the 
El Niño/Southern Oscillation and Pacific Decadal Oscillation.  
These oscillations have a greater impact on 
snow-dominated watersheds.  In warm phases of both 
oscillations, drier winters and warmer springs cause lower 
snowpack and streamflow in the spring and summer 
(CIG 2015).  Floods are triggered primarily by atmospheric 
weather systems, which tap moisture from the tropics and 
funnel it to locations in Western Washington, resulting in 
heavy precipitation.   

The Chehalis Basin is mostly rain-dominated with little 
snowpack-related runoff.  Precipitation typically falls as rain 
and causes peak flows from November to February.  Runoff 
significantly varies, due to the precipitation variability 
within the Chehalis Basin, and ranges from an annual 

Tracking the Change 

Temperatures, rainfall, droughts, 
high-intensity hurricanes, and severe 
flooding events all are increasing and 
are projected to continue as the 
world's climate warms, according to 
the National Climate Assessment for 
2014 (Mote et al. 2014). 

Even seemingly less dramatic local 
changes in temperature, precipitation, 
and soil moisture could severely affect 
many things important to human life 
and life around us, including: 

• Agriculture and food supplies 
• Human health 
• Natural ecosystems 
• Forestry 
• Water resources and availability 
• Energy use 
• Infrastructure and transportation 
 

Source: Ecology 2015j 



Affected Environment 
Climate Change 

Draft Chehalis Basin Strategy Programmatic EIS 179 

average of 43 inches along the low-lying valley areas to more than 250 inches in the Olympic Mountain 
watersheds (Gendaszek 2011). 

Climate change has the potential to affect important variables throughout the Chehalis Basin.  In 
general, changes in sea level would affect the low elevation wetlands and influence tidal exchange.  
Also, temperature and precipitation changes can shift the composition of plant communities, which 
could cause changes in animal communities (DNR 2009).   

Climate change predictions suggest changes in quantity, timing, and intensity of precipitation that will 
translate into changes in streamflow magnitude, and perhaps changes in the frequency of floods.  
Projections for the Chehalis Basin anticipate less change in streamflow than in snow-dominated systems.  
However, by mid-century, rainfall events are projected to become more severe, summer streamflows 
are projected to decrease, and annual variability will continue to cause some periods that are 
abnormally wet, and others that are abnormally dry. 

Climate change projections for the region are available from the CIG at the University of Washington.  
CIG uses multiple models to downscale global projections from the Intergovernmental Panel on Climate 
Change to smaller geographic areas such as the Pacific Northwest, Washington, and specific watersheds.  
Climate change has been modeled for several categories (e.g., temperature, precipitation, and sea level) 
over 100 years (for the periods of 1970 to 1999 and 2070 to 2099). 

A report issued by CIG in November 2015 (Mauger et al. 2015) identifies risks to infrastructure and 
human health in the Puget Sound region, including the Chehalis Basin, from climate change.  More 
intense heat waves and higher flood risks are predicted, along with the indirect effects of increased 
wildfire frequency, shortage of summer water supply, shifting infectious disease dynamics, and 
decreased air quality.  Infrastructure (including airports, roads, WWTPs, and energy facilities) would also 
be affected, particularly for facilities in coastal and low-lying areas and floodplains.  

3.7.1 Air Temperature 
From 1895 to 2011, the Pacific Northwest experienced a total average annual warming of about 1.3 F, or 
0.11°F per decade.  Regionally downscaled climate models project increases in annual temperature of 
3.3 to 9.7°F by 2070 to 2099 (compared to the period 1970 to 1999), depending on total global 
emissions of heat-trapping gases.  These increases are projected to be the largest in the summer 
(Mote et al. 2014). 

3.7.2 Precipitation 
Annual average precipitation in the Pacific Northwest is projected to increase in the winter in both 
frequency and intensity as the climate warms (Mauger et al. 2016).  During the summer months, models 
consistently predict that summer precipitation would decrease by as much as 30% in the Pacific 
Northwest (Mote et al. 2014).   
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Regional models predict increases in extreme daily precipitation events of up to 20%.  These models 
show a general increase in extreme rainfall magnitudes; however, the large variability in model results 
makes the increases difficult to isolate from natural variability (Rosenberg et al. 2010). 

3.7.3 Wind Velocity 
Globally, winds are maintained by the temperature gradient from the equator to the poles.  Global 
climate change models show that temperature warms poles and higher latitudes more than the equator 
and lower latitudes, which causes a lower temperature gradient and would likely result in weaker winds 
(Ren 2010).  Regionally, coastal wind velocities could increase due to a faster temperature increase on 
land compared to water, which would increase the coastal thermal gradients that drive winds 
(Stephens 2008).   

3.7.4 Sea Levels 
Global sea levels have risen about 7 inches from 1900 to 2000, and are projected to rise another 2 feet 
(on average) for the Pacific Northwest by 2100 (Mauger et al. 2016).  Much of the coastline of the Pacific 
Northwest is rising due to tectonic uplift (which raises the land surface), so sea level rise in this area 
could be less than the global average.  However, a major earthquake could reverse centuries of tectonic 
uplift and increase sea level by 40 inches or more.  Sea level rise could result in the decline (in quality 
and extent) of coastal wetlands, tidal flats, and beaches (Mote et al. 2014).  By 2025, sea level rise is 
predicted to result in transitions from forested tidal swamp to irregularly flooded marsh in lower river 
surge plain areas, where rising water levels and increased saltwater intrusion would cause trees to die.  
In the inner estuary and greater Grays Harbor areas, there would be a loss of low elevation tidal mud 
and sand flats (ASEPTC 2014a). 

3.7.5 Streamflow 
As noted previously, the Chehalis Basin is mostly rain-dominated, thus impacts from climate change are 
not expected to be as dramatic as in other basins in the state.  However, mean monthly runoff could 
increase slightly (up to 7%) from October to March and decrease very slightly (3%) during the summer 
months.  Maximum annual daily flows could increase by up to 20% or more at the 100-year flood level 
(depending on the climate change model and emissions scenario; WSE 2014b).  A study prepared by CIG 
for the Chehalis Basin Strategy prepared estimates of peak flow increases under climate change 
conditions (CIG 2016).  CIG used 12 different Global Climate Models, several different future 
timeframes, three different GHG emission scenarios, and several hydrologic models to estimate a range 
of potential hydrologic responses to climate change.  Discussions were held with CIG, Washington State, 
and others to develop a recommendation to use a single set of peak flow changes for purposes of this 
EIS.  The increase in peak flows under climate change conditions is estimated to be 66% for a 100-year 
flood (Karpack 2016a).  
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3.7.6 Water Temperature 
Water temperatures in streams are expected to increase due to climate change because of increases in 
air temperatures and lower streamflows.  The increase in stream water temperatures would reduce the 
quality and quantity of freshwater habitat, especially for salmonid species that become stressed from 
high water temperatures (Mantua et al. 2010).  Increasing temperatures during heat waves, during 
summer afternoons, and in the mid-channels of rivers and streams would increase the importance of 
protecting thermal refugia for aquatic life, such as cool tributaries and shaded off-channel areas with 
cool groundwater inflows. 

3.7.7 Forests 
Climate change would alter forests in the Pacific Northwest by increasing wildfire risk, increasing insect 
and tree disease outbreaks, and by forcing longer-term shifts in forest types and species.  Warmer and 
drier conditions have contributed to an increase in the number and extent of wildfires since the 1970s, 
and the trend is expected to continue under future climate change conditions.  Throughout the 
Northwest, the median annual area burned is projected to quadruple to 2 million acres by the 2080s 
(relative to the 1916 to 2007 period).  This value varies within the region and is dependent on forest 
type, effectiveness of fire suppression, and land use (Mote et al. 2014).   
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3.8 Visual Quality 
This section describes the visual setting of the areas where visual quality could be affected by the 
alternatives, and generally describes the policies and regulations that pertain to visual quality in the 
Study Area.  The visual attributes of the proposed locations for Large-scale Flood Damage Reduction 
elements are given additional consideration in this section, including the upper Chehalis River near 
Pe Ell, the Chehalis-Centralia airport levee, and portions of I-5 within the floodplain.  The visual settings 
for proposed areas of Restorative Flood Protection actions are also provided.  The visual settings of the 
mainstem Chehalis River, principal rivers within the Chehalis Basin, floodplain, and shoreland areas 
within 200 feet of those waterbodies are described as they relate to the potential implementation of the 
ASRP, potential land acquisition, and conservation easement elements of the Chehalis Basin Strategy.  
Areas within the Chehalis Basin that are outside of the mainstem Chehalis River, principal rivers, 
floodplain, and shorelands contain a wide variety of visual resources; however, it is assumed that these 
areas would not be affected by the alternatives and are not described in this section.  The information 
provided in this section is based on photographs, a site visit, state regulations, WSDOT’s scenic and 
recreational highways plans, and Chehalis Basin Strategy reports. 

3.8.1 Policies and Regulations Related to Aesthetics and Visual Quality 
This section describes the policies and regulations concerning visual quality in the Chehalis Basin. 

3.8.1.1 Shoreline Management Act 
Several waterbodies in the Chehalis Basin, including the Chehalis River, are regulated under the 
Shoreline Management Act (see Section 2.4.3).  The local SMPs regulate the use and development of 
shorelines, and include policies and regulations to protect aesthetic resources.  Examples of local 
policies and regulations protecting these resources include height standards, setbacks, preservation of 
natural character, and protection of views.   

3.8.1.2 State Scenic and Recreational Highways 
Portions of SR 6, US 12, and SR 105 are designated Scenic and Recreational Highways, as described in 
RCW 47.39.020(11) and (26).  These routes offer exceptional views of the Chehalis River valley and Grays 
Harbor, as well as rural, forested land and parks.  The Washington State Scenic and Recreational 
Highways Strategic Plan (WSDOT 2010) establishes goals and performance measures consistent with the 
state’s transportation policy goals; however, corridor management plans that identify specific sites for 
protection of views have not been developed for the management of the highway segments within the 
Chehalis Basin (WSDOT 2015).  

3.8.2 Visual Setting 
This section describes the visual setting of the pertinent areas in the Chehalis Basin that could be 
affected by the action elements and combined alternatives. 
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3.8.2.1 Mainstem Chehalis River and Tributaries, Principal Rivers, Floodplain, and 
Shorelands 

The visual setting along the mainstem Chehalis River and other principal rivers is diverse because of the 
large area encompassed by these waterbodies.  The mainstem flows approximately 125 miles, beginning 
in the relatively low-lying, unglaciated foothills and low mountains of the Willapa Hills.  It initially follows 
a relatively low gradient, but undulates as it draws water from tributaries originating in three additional 
mountain ranges: the Black Hills, the Cascade Range foothills, and the southern Olympic Mountains 
(Ruckelshaus Center 2012) where elevations top 3,000 feet (Ruckelshaus Center 2014).  

Views from highways, rail lines, and trails are predominately rural and forested, with the population 
distributed throughout the rural areas, but concentrated in small towns largely located in or near the 
floodplain (Ruckelshaus Center 2014).  The visual experience south of Centralia is characterized by a 
wide river valley in a sparsely populated, largely agricultural area.  The middle portion of the mainstem 
is characterized by development and major infrastructure including I-5 and the main rail lines, which cut 
through the middle of the river’s floodplain.  The upper portion is characterized by a narrow river valley 
and a modified floodplain area.  Within and near the urban areas, commercial and industrial land uses 
are visible.  

Many transportation corridors, including I-5, state highways, and local roadways run along or intersect 
the mainstem, principal rivers, floodplains, and shorelands.  They intermittently offer views of the 
adjacent waterbodies and land uses.  When flooding occurs, water can be seen on some roadways, and 
during a major flood, portions of the roadway can become completely submerged.  Structures that are 
elevated above the floodplain are visible above the floodwater.  

Table 3.8-1 describes the visual attributes of the principal rivers, shorelines, and floodplains that largely 
characterize the Chehalis Basin.  To facilitate understanding of the geographic location that is being 
described, the Chehalis Basin is broken down into sub-basins (listed in the first column).  Representative 
photographs of visual features in the Chehalis Basin are shown in Figures 3.8-1 and 3.8-2. 
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Table 3.8-1  
Visual Characteristics of the Tributaries, Associated Floodplains, and Shorelines 

TRIBUTARY BASIN PRINCIPAL TRIBUTARIES  TRIBUTARY FEATURES FLOODPLAIN FEATURES SHORELAND FEATURES 
Mainstem Chehalis 
River  

• Black River1 
• Boistfort River 
• Cloquallum River1 
• Hoquiam River1 
• Humptulips River1 
• Lincoln Creek1 
• Newaukum River 
• Satsop River1 
• Skookumchuck River1 
• Wishkah River1 
• Wynoochee River1 

• Diverse visual features 
• Views of upstream areas tend 

to appear undisturbed and 
include native vegetation  

• Downstream, river 
modifications are evident 

• Riprap and other bank 
protection 

• Splash dams 
• High concentrations of 

people, development, and 
activities characteristic of 
urban development in 
Chehalis, Centralia, 
Aberdeen, and Hoquiam 

• Lack of vegetation in urbanized 
areas 

• Agricultural activities 
predominant in less populated 
areas 

• Largely forested and natural in 
appearance in rural areas 

Black  • Black River1 
• Porter Creek1 

• Generally slow-moving, 
palustrine-type quality with 
shallow waters 

• Agricultural uses, including 
dairy farms, evident 

• Generally low-density, rural 
quality 

• Grazing and agricultural uses 
evident up to rivers’ edge in 
many areas 

• Low gradients 
Boistfort • Chehalis River1 

• Lake Creek1 
• Stillman Creek1 

• Logging road crossings and 
other features intersect 
waterways and affect flow 

• Riprap evident along 
South Fork Chehalis River 

• Conifers present along Stillman 
Creek 

• Clearing, including logging, up 
to rivers’ edge 

• Agricultural, residential, and 
urban uses, and roads present 

Cloquallum • Mox-Chehalis Creek1 
• Newman Creek1 
• Vance Creek1 
• Falls Creek 
• Workman Creek1 
• Wildcat Creek 

• Headwaters in low hills of the 
Olympic Mountains 

• Flows through broad valleys 
• Low to moderate grade 
• Logjams and booms present 

in Mox-Chehalis 

• Agricultural uses 
• Bank protection evident 

• Forested, with evidence of 
logging 

• Livestock and residential uses 
• Newman Creek and Vance 

Creek shorelines are especially 
used for agricultural and 
residential development 
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TRIBUTARY BASIN PRINCIPAL TRIBUTARIES  TRIBUTARY FEATURES FLOODPLAIN FEATURES SHORELAND FEATURES 
Hoquiam-Wishkah • Hoquiam River1 

• Wishkah River1 
• Polson Creek 
• Hoover Creek 
• Barnard Creek 

• Low gradient 
• Hoquiam straddles lower 

Hoquiam mainstem 
• Diversion dams on Little North 

Fork Hoquiam River and 
West Fork Hoquiam River 

• Barrier culverts evident 

• Commercial and residential 
development 

• SR 101 and local roads 
present 

• Flat, brushy valleys surrounded 
by low hills 

• Second-growth timber and 
agriculture lands  

• Logging and development 
evident 

Humptulips • Humptulips River1 
• Big Creek1 
• Stevens Creek 
• Deep Creek1 

• Narrow corridors with fast 
flows, slides present 

• Agricultural and forest uses 
present 

• Roads throughout 

• Heavily forested and 
vegetated, with clear cutting 
evident 

Lincoln • Lincoln Creek1 
• Independence Creek1 
• Garrard Creek1 
• Gaddis Creek  
• Rock/Williams Creek1 

• Scouring evident along 
streambeds, bank erosion 
evident 

• Riprap and roads present • Agriculture and residential uses 
present 

Newaukum • Newaukum River 
• Salzer Creek1 
• Coal Creek1 
• Dillenbaugh Creek1 
• Berwick Creek 
• China Creek 

• I-5, US 12, and other road 
crossings present 

• Moderate flows 
• Dam at North Fork 

Newaukum River 

• Agricultural and urban uses 
with road crossings 
throughout, particularly in 
the Centralia area 

• Lacks vegetation and has an 
openness quality in many areas 

Satsop • Satsop River1 
• Cook Creek 
• Decker Creek1 
• Baker Creek 
• Rabbit Creek 
• Smith Creek1 
• Black Creek1 
• Still Creek 

• Many road crossings, many 
areas with low water levels 
and relatively slow flows 

• Many riprapped areas • Largely lacking vegetation with 
many hardwoods present, 
visual evidence of logging 
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TRIBUTARY BASIN PRINCIPAL TRIBUTARIES  TRIBUTARY FEATURES FLOODPLAIN FEATURES SHORELAND FEATURES 
Skookumchuck • Skookumchuck River1 

• Scatter Creek1 
• TransAlta dam, I-5, 

Highway 99, local roads, and 
railroad crossings 

• Hard armoring and 
riprapping present 

• Agriculture, urban/suburban 
development, logging present 

South Harbor • Elk River1 
• Johns River1 
• Alder Creek 
• Charley Creek 
• Newskah Creek1 

• Many crossings, narrow at 
source becoming increasingly 
broad near harbor 

• Urban development (visible) 
in many areas of the 
floodplain 

• Relatively well maintained and 
vegetated, particularly in the 
Elk River Natural Resources 
Conservation Area and around 
the Elk and Johns rivers 

Wynoochee • Schaeffer Creek 
• Black Creek1 

• Wynoochee Dam and many 
crossings present 

• Armoring and diking 
protecting farmlands and 
residential development 

• Timber harvests and 
agricultural practices evident 

Note:  
1. Waterways either partially or wholly designated as Shorelines of the State 
Source: Adapted from information contained in the Chehalis Basin Watershed Management Plan (CBP 2004) 
 



Figure 3.8-1

Visual Features

Riparian area in upper Chehalis River

Logging road on Weyerhaeuser property in upper Chehalis 
Basin

Views of forested area in upper Chehalis Basin with 
evidence of clear cutting

View looking east, within the outer footprint of potential 
flood retention facility

View looking west, within the outer footprint of 
potential flood retention facility



Figure 3.8-2

Visual Features

Chehalis River in Pe Ell Salmon spawning habitat at the SR 6 overpass of the 
Chehalis River in Pe Ell

View looking north from atop the Chehalis-Centralia 
Airport Levee

View looking south from atop the Chehalis-Centralia 
Airport Levee

View of I-5 from the Mellen Street Overpass in Chehalis Location of potential fish passage improvements and 
restoration
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3.8.2.2 Upper Chehalis River, Near Pe Ell 
The visual setting of the area where the Flood Retention 
Facility is proposed provides relatively natural views, with a 
dominant characteristic of openness.  The upper Chehalis 
River bends and braids in a general northeasterly direction.  
Within the upper Chehalis River, sand and gravel bars are 
present, as well as woody and rock debris.  The banks of the 
upper Chehalis River are in a natural state, and the river 
cuts through gentle rolling hills on either side.  The 
shoreland areas are heavily vegetated, and upland areas 
are forested predominantly with conifers.  Logging roads 
with river crossings and recent clear cuts on either side of 
the upper Chehalis River are visible.   

3.8.2.3 Chehalis-Centralia Airport Levee 
The airport levee is elevated from ground level and 
circumnavigates a portion of the airport perimeter.  It 
begins at the parking lot near the south side of the airport 
and continues for 2 miles along Airport Road.  It is topped 
with crushed gravel and, because it doubles as a 
recreational trail, provides an elevated view of the airport, 
including the parking lot, hangars, and other airport 
infrastructure.  From atop the levee, views of retail 
businesses to the east and the golf course to the west are 
also present.  

3.8.2.4 Interstate 5 
The visual setting for I-5 is typical of interstate highways of 
its type in the region.  Traffic can generally be seen moving 
through the area at typical highway speeds.  Structures 
viewed from the highway are predominately commercial and industrial, with some residential and 
agricultural uses present.  Buildings that have been elevated above the floodplain are evident on both 
sides of the interstate.  The right-of-way is relatively level with, or slightly elevated above, adjacent uses 
in most areas.  During floods, the inundation of portions of I-5 and adjacent structures is evident. 

3.8.2.5 Aberdeen/Hoquiam North Shore Levee 
The visual setting for the Aberdeen/Hoquiam area is primarily urban with densely developed industrial, 
commercial, and residential areas.  The area is generally flat, with a gentle slope from the north down to 
the waterfront.  Buildings are generally one or two stories.  The Chehalis River and Grays Harbor 

 
Upper Chehalis River 

 

 
Chehalis-Centralia Airport Levee 

 

 
I-5 in Centralia 
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shorelines are developed for industry, including docks and tank farms.  The shorelines of the Hoquiam 
and Wishkah rivers are densely developed with pockets of trees.  An area on the east bank of the 
Wishkah River is less densely developed and has areas of riparian vegetation.   

3.8.2.6 Restorative Flood Protection 
The Restorative Flood Protection actions would be located in the upper Chehalis Basin upstream of the 
confluence with the Newaukum River, along the mainstem Chehalis River and its tributaries (see 
Figure 2.3-5 in Section 2.3.3.1).  The visual setting of the mainstem is characterized by a narrow riparian 
corridor, surrounded by agricultural land with forestland in the uplands.  The small towns and 
communities of Doty, Dryad, Meskill, Millburn, Adna, Littell, Claquato, and Fords Prairie are located 
along the river.  Buildings in these communities are not densely spaced, and are primarily one or two 
stories.  Rainbow Falls State Park is located on the mainstem Chehalis River, east of Dryad.  The park is 
located on both banks of the Chehalis River and is primarily forested.  Its namesake waterfall is located 
on the Chehalis River.  The tributaries of the mainstem Chehalis River, including Elk, Bunker, Deep and 
Stearns Creeks, have narrower riparian corridors with surrounding agricultural land and forestlands.   

The South Fork Chehalis River is bordered by a broad agricultural valley in the north, with scattered 
communities including Boistfort, Klaber, and Curtis.  These communities are similar to those along the 
mainstem.  To the south, the agricultural valley narrows.  South of the community of Wildwood, the 
area is primarily used for active logging with patches of forest and cleared areas.  Stillman Creek is a 
tributary on the west side, with a narrow riparian corridor surrounded by a broad agricultural valley to 
the north and forestland upstream.  The visual setting along the North Fork and South Fork of the 
Newaukum River are similar, with broad valleys used for agricultural and surrounded by forestland.  The 
mainstem Newaukum River flows through a broad valley that is predominantly used for agricultural with 
a narrow riparian corridor.  The Newaukum River flows under I-5 and through an increasingly urban area 
before it joins the mainstem Chehalis River near Chehalis. 
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3.9 Noise 
This section generally describes noise, as well as the regulatory and environmental settings for the 
Chehalis Basin.   

Noise is generally measured in terms of the sound pressure level expressed in decibels (dB).  The 
number of fluctuation cycles or pressure waves per second of a particular sound is the frequency of the 
sound.  The human ear is less sensitive to higher and lower frequencies than to mid-range frequencies.  
Therefore, sound level meters used to measure environmental noise generally incorporate a filtering 
system that discriminates against higher and lower frequencies, in a manner similar to the human ear, 
to produce noise measurements that approximate the normal human perception of noise.  
Measurements made using this filtering system are termed 
A-weighted decibels (dBA).  The noise levels referred to in 
this EIS are stated as hourly equivalent sound levels (Leq) in 
terms of dBA.   

Noise levels decrease with distance from a noise source.  
The Leq noise level from a line source, such as a road, would 
decrease by 3 to 4.5 dBA for every doubling of distance 
between the source and the receiver.  The Leq noise level 
from a point source, such as a generator, would decrease 
by approximately 6 dBA for every doubling of distance 
between the source and the receiver.  Subjectively, a 
10 dBA change in noise levels is perceived by most people 
to be approximately a twofold change in loudness (e.g., an 
increase from 50 to 60 dBA causes the perceived loudness 
to double).  Generally, 3 dBA is the minimum change in 
outdoor sound levels that can be perceived by a person 
with normal hearing.  

General ambient environmental noise is often described 
using the day-night average sound level (Ldn).  The Ldn is a 
community noise metric which describes a receiver's 
cumulative noise exposure from all of the events that occur 
over a full 24-hour period, with an increase of 10 dB for 
events that occur between 10:00 p.m. and 7:00 a.m. to 
account for greater nighttime sensitivity to noise.  

  

 

Existing Noise Levels 

Existing noise sources in the Chehalis 
Basin include agricultural activities, 
commercial and industrial facilities, 
trains, small airports, and highways.   

Many parts of the Chehalis Basin, like 
this section of SR 6 just east of Pe Ell, 
have very low noise levels. 

State and local regulations identify the 
allowable noise levels for construction 
and operation of facilities and 
businesses.  These regulations would 
apply when implementing the EIS 
alternatives.  

Photo credit: WDFW 
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3.9.1 Applicable Noise Regulations  
WAC imposes limits on the allowable environmental noise levels from a variety of sources in any 1-hour 
period (WAC 173-60, Maximum Environmental Noise Levels).  The maximum allowable levels depend on 
the classification of the property receiving the noise and the noise source.  The classification system is 
called the Environmental Designation for Noise Abatement (EDNA), and is generally based on a 
property’s use. 

WAC 173-60-040 establishes maximum permissible environmental noise levels.  There are three EDNA 
designations (WAC 173-60-030), which generally correspond to residential, commercial and 
recreational, and industrial and agricultural uses.  These are listed as follows: 

• Class A: Lands where people reside and sleep (such as residential/recreational) 

• Class B: Lands requiring protection against noise interference with speech (such as commercial) 

• Class C: Lands where economic activities are of such a nature that higher noise levels are 
anticipated (such as industrial/agricultural) 

Table 3.9-1 summarizes the maximum permissible levels applicable to noise received at the three EDNAs.   

Table 3.9-1  
Maximum Allowable Noise Levels 

EDNA OF NOISE SOURCE 
EDNA OF RECEIVING PROPERTY 

CLASS A (dBA LEQ) CLASS B (dBA LEQ) CLASS C (dBA LEQ) 
Class A (residential/recreational) 55 57 60 
Class B (commercial) 57 60 65 
Class C (industrial/agricultural) 60 65 70 

Source: WAC 173-60-040 
 

The following noise sources or activities are exempt from the noise limits listed in Table 3.9-1 
(WAC 173-60-050): 

• Sounds created by traffic on public roads 

• Sounds created by warning devices (e.g., back-up alarms) 

• Sounds from blasting and from construction equipment are exempt from the standards during 
the day (7:00 a.m. to 10:00 p.m. on weekdays, and from 9:00 a.m. to 10:00 p.m. on weekends) 
in rural and residential districts 

In general, counties and cities in the Chehalis Basin have adopted state regulations, which would apply 
to implementing elements of the EIS alternatives.   
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3.9.2 Current Noise Environment 
The Chehalis Basin is primarily rural with towns and small cities (including Centralia, Chehalis, and 
Aberdeen) located along the Chehalis River.  Existing noise sources in the Chehalis Basin include 
agricultural activities, commercial and industrial facilities, trains, small airports, and highways.  Many 
parts of the Chehalis Basin are sparsely populated and have very low noise levels.  Several of the 
elements of the proposed alternatives would primarily be located in rural areas with low existing noise 
levels (EDNA Class A).  Other proposed elements of the alternatives would be located in or near cities 
and towns with somewhat higher noise levels (EDNA Classes A, B, and C).   
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3.10 Land Use 
The Chehalis Basin comprises a diverse variety of land uses.  This section describes current land use, 
including a brief overview of the governing policies that regulate these uses and ownership within the 
Chehalis Basin.  The information in this section is based on data from federal and state agencies, as well 
as reports prepared by tribes and reports prepared as part of the Chehalis Basin Strategy.  

3.10.1 Regulatory Overview 
Many regulations are in place to regulate the types of land use within the Chehalis Basin.  The following 
provides a brief overview of the primary policies governing land use in the Chehalis Basin. 

The Growth Management Act (GMA) requires certain counties and cities to create comprehensive plans.  
These plans contain policies consistent with GMA goals such as encouraging urban growth; reducing 
sprawl; encouraging multimodal transportation systems, affordable housing, economic development, 
environmental protections; and many more (RCW 63.70A.020).  Additionally, the GMA requires 
jurisdictions to protect critical areas including wetlands, aquifer recharge areas, fish and wildlife HCAs, 
frequently flooded areas, and geologically hazardous areas (WAC 36.70A.030[5]). 

SMPs regulate development within 200 feet of jurisdictional waterbodies to be consistent with the 
Shoreline Management Act goals stated in RCW 90.58.020.  These regulations emphasize appropriate 
shoreline land use, protection of shoreline environmental resources, and protection of the public’s right 
to access and use state shorelines.  The regulations also provide higher standards for Shorelines of 
Statewide Significance, such as the Chehalis River.  Jurisdictions within the Chehalis Basin are currently 
comprehensively updating their SMPs to be consistent with new Shoreline Management Act Guidelines 
(WAC 173-26), which were revised in 2003 with additional amendments made in 2011. 

In Washington, Ecology is the lead agency responsible for overseeing floodplain management.  Current 
floodplain management regulations were created in 1989 with interim modifications, including 
Washington adopting portions of the NFIP requirements as minimum floodplain management 
requirements.  NFIP is a federal program administered by FEMA to provide a means for property owners 
to purchase insurance to financially protect themselves from flood damages.  NFIP sets minimum 
standards that communities must comply with to participate in the program.  Washington has adopted 
higher standards than those used nationally by FEMA—most notably prohibition of new residential 
development in a floodway.  Ecology actively encourages local governments to adopt 
higher-than-minimum FEMA standards in their flood ordinances, and makes recommendations on local 
Critical Area Ordinances to better align with flood management regulations. 

Ecology, either independently or in collaboration with FEMA, provides technical assistance and grants to 
local communities for the purpose of reducing flood damages and protecting environmental functions of 
the floodplain (Ecology 2015k).  Ecology is also engaged with FEMA and local agencies in upgrading the 
accuracy of GIS tools (e.g., RISK Map) used for regulating floodplain areas.   
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As an incentive for implementing floodplain management activities that result in flood damage 
reduction, a Community Rating System (CRS) was developed under FEMA’s NFIP (FEMA 2014).  This is a 
voluntary program in which communities complete activities related to public information, mapping and 
regulations, flood damage reduction, and warning and response.  These projects will gain communities 
points, which determine their class.  Class ratings range from Class 1 communities that have completed 
the most activities and receive the highest flood insurance premium reductions, to Class 10 communities 
that do not participate in CRS (NFIP 2015b).  

Currently, 11 communities within the Chehalis Basin participate in NFIP; however, only Centralia, and 
Chehalis, Lewis County, and Thurston County participate in CRS (FEMA 2014).  

All non-federal/non-tribal commercial forestland in Washington is governed by the FPA (see Chapter 2).  
The forest practices regulatory program prescribes management practices to protect public resources 
and public safety while maintaining a viable timber industry.  The regulatory program includes an 
adaptive management component, providing flexibility to respond to new information and adapt 
protective measures as scientific knowledge evolves.  The current Forest Practice rules protect unstable 
slopes, riparian forests, and wetlands; address forest roads; and include a compliance monitoring 
program.  In 2006, USFWS and NMFS approved the Forest Practices Habitat Conservation Plan, which 
covers state and private forestland in Washington, to ensure compliance with the federal ESA.  The 
purpose of the 50-year Forest Practices Habitat Conservation Plan is to protect habitat, support healthy 
and economically viable forests, and create regulatory stability for landowners. 

The Forest Practices Habitat Conservation Plan includes regulations related to forest roads and culverts, 
buffer zones, and unstable slope mitigation measures.   
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3.10.2 Land Ownership 
Most of the land within the Chehalis Basin is privately 
owned, followed by publically owned and tribal owned 
lands (see Table 3.10-1).  Much of the public land is located 
within parks or preservation areas, including WDFW wildlife 
areas such as the Chehalis Wildlife Area, Scatter Creek 
Wildlife Area, Olympic Wildlife Area, and portions of the 
Johns River Wildlife Area.  The federal government 
manages areas within the Olympic National Forest and 
Gifford-Pinchot National Forest.  In addition, much of the 
Chehalis Basin is managed by DNR, which oversees uses 
such as timber production and recreation and preservation 
areas, including the Capital State Forest and the Chehalis 
River Surge Plain Natural Area Preserve.  The Chehalis Tribe 
reservation is approximately 4,849 acres and is located 
along the Chehalis River, northwest of Chehalis, Centralia, 
and Grand Mound, and south of US 12 (Chehalis Tribe 2014).   

Table 3.10-1  
Land Ownership in the Chehalis Basin 

OWNERSHIP PERCENTAGE 
Public State government 13% 

Federal government 7% 
Local government 2% 

Tribal <1% 
Private 77% 

Source: DNR 
(https://fortress.wa.gov/dnr/adminsa/gisdata/
metadata/cadastre_parcel.htm) 

 

3.10.3 Distribution of Land Uses in the Chehalis Basin 
Land use is varied in composition and distribution throughout the Chehalis Basin.  Forestlands are the 
most prominent cover type and are mainly concentrated outside of the floodplain (see Table 3.10-2).   

The use of forestland in the Chehalis Basin is primarily for recreation and timber production.  It is 
estimated that 54% of the Chehalis Basin is managed for timber production using common forest 
practices, which include clear-cutting, seed-tree operations, rotational harvest, and selective cutting 
(USGS 2011).   

 

The majority (approximately 80%) of 
the land within the Chehalis Basin is 
forestland (deciduous, coniferous, and 
mixed forest), with 54% classified as 
managed forests.  “Managed forests” 
are defined as lands outside of federal 
management that are more than 
80 contiguous forested acres. 

https://fortress.wa.gov/dnr/adminsa/gisdata/metadata/cadastre_parcel.htm
https://fortress.wa.gov/dnr/adminsa/gisdata/metadata/cadastre_parcel.htm
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Table 3.10-2  
Land Cover Types in the Chehalis Basin and the Chehalis River Floodplain 

LAND COVER TYPES 
CHEHALIS 
BASIN 

CHEHALIS RIVER 
FLOODPLAIN TYPES OF LAND USES 

Agriculture 5% 41% Livestock grazing, crop farming, and 
commercial dairy operations 

Forestlands, Grasslands, Wetlands 80%1 39% Timber production, recreation 
Developed 7% 11.5% Residential homes, shopping 

centers, industrial facilities 
Bare Ground 8% 8.5% Gravel or sand bars (Grays Harbor), 

water, landslide areas, gravel pits 

Note: 
1. In the 2014 Draft Chehalis River Basin Report, DNR reported that forestland comprised 84% of the Chehalis Basin 
(Rogers and Walters 2014).  However, because other land cover types were not addressed in the 2014 DNR report, 
the table represents land cover data from 2011. 
Source: USGS 2011 
 

Agriculture is generally concentrated in low-lying river valleys, especially along the mainstem and 
tributaries in the southern portion of the Chehalis Basin, and along the Chehalis River between Grand 
Mound and Montesano.  Agriculture within the Chehalis Basin consists mainly of livestock grazing, crop 
farming, and commercial dairy operations (CBP 2004).   

In addition to areas currently used for farming, prime farmland is also located in the Chehalis Basin.  
Prime farmland is a federal classification characterized as land that contains the best conditions for 
producing food, feed, forage, fiber, and oilseed crops (NRCS 2015).  Within the Chehalis Basin, this land 
is found mainly within the river valleys of the Chehalis, 
Newaukum, and Humptulips rivers, and near the mouth of 
Grays Harbor.  Prime farmland covers approximately 13% of 
the Chehalis Basin, and areas that would be prime farmland 
if managed (e.g., through irrigation) make up an additional 
14% (USDA 2014).  In total, 27% of the Chehalis Basin has 
the characteristics of prime farmland. 

Most developed areas in the Chehalis Basin occur near the 
Chehalis River—particularly around Chehalis, Centralia, 
Aberdeen, Hoquiam, and Ocean Shores, and along US 12 and 
I-5 (see Table 3.10-2).  Currently, there are approximately 
1,943 residential buildings and 1,071 non-residential 
buildings located within the Chehalis River floodplain 
(WSE 2014d).  Non-residential buildings include agricultural, 
commercial, industrial, and government buildings, as well 

 

Agriculture 

Common agricultural practices in the 
Chehalis Basin include livestock 
grazing; however, there are no Bureau 
of Land Management-regulated 
rangelands within the Chehalis Basin. 
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as schools.  Much of the commercial and industrial development within the floodplain consists of shopping 
centers, warehouses, pulp and paper mills, commercial off-loading from marine vessels, and others.   

Land use in the Chehalis Tribe reservation, located at the confluence of the Chehalis and Black rivers, is 
predominantly forestland (60%) and agricultural (29%), with development occurring across 7% of the 
reservation (USGS 2011).  Land use and natural resource protection within the reservation are governed 
by the laws enacted by the Chehalis Tribe.  For example, recreational fishing on reservation lands is 
permitted with a tribal fishing license.   
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3.11 Recreation 
This section describes the variety of recreational 
opportunities within the Chehalis Basin relating to the 
Chehalis River and its tributaries, Grays Harbor, the Pacific 
Coast, forestlands, large national and state forests, state 
parks, and a broad range of local parks and activities.  Many 
features of the Chehalis Basin are used by residents and 
visitors for fishing, boating (including kayaking and 
whitewater boating), hiking, hunting, bird watching, 
camping, and other recreational activities.  The Chehalis 
Basin includes the Capitol State Forest, the Lower Chehalis 
State Forest, several publicly owned wildlife areas, and 
portions of the Mount Baker-Snoqualmie National Forest 
and Olympic National Forest. 

The description of recreational facilities within the Chehalis 
Basin is limited to recreational sites and activities that are 
affected by, or are likely to be affected by, flooding or EIS 
alternatives.  This includes in-water recreation (such as 
fishing, boating, and whitewater rafting) in the Chehalis 
River, its tributaries, or Grays Harbor; state and local parks 
located adjacent to rivers; and recreational sites adjacent to 
elements of the EIS alternatives.  This section also considers 
county and city plans and policies relating to recreation in, 
or adjacent to, waterbodies.  The content of this section is 
based on information from federal, state, and agencies and 
several organizations.  Recreational features in the 
Chehalis Basin are summarized in Figures 3.11-1 through 
3.11-3. 

  

Scout Island Bridge, Stan Hedwell Park 
 

 
Lintott/Alexander Park 
Photo credits: Larry Gessele, Onalaska, 
Washington 
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Recreational Features - Upper Chehalis Basin
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3.11.1 Recreational Fishing and Boating 
Fishing is a major recreational use in the Chehalis River and its tributaries.  WDFW monitors the 
freshwater salmon sport catch for rivers in the Chehalis River system.  The most recent data are from 
April 2011 through March 2012.  Table 3.11-1 shows the numbers and types of salmon caught in rivers 
in the Chehalis River system during that time period. 

Table 3.11-1  
Salmon Catch in Grays Harbor, the Chehalis River, and Their Tributaries 

RIVER TOTAL CATCH SPECIES MONTHS 
Chehalis River 7,363 Chinook salmon (168)  

Chum salmon (1)  
Coho salmon (5,380)  
Jack Chinook salmon (80) 
Jack coho salmon (1,734) 

September to January 

Satsop River 2,947 Coho salmon (2,610)  
Jack Chinook salmon (2)  
Jack coho salmon (335) 

October to January 

Skookumchuck River 306 Coho salmon (277)  
Jack coho salmon (29) 

October to January 

Grays Harbor 3,327 Chinook salmon (194) 
Coho salmon (2,862) 
Jack coho salmon (271) 

August to November 

Elk River 7 Coho salmon October 
Hoquiam River 71 Coho salmon (64)  

Jack coho salmon (7) 
October to December 

Humptulips River 6,263 Chinook salmon (3,086) 
Chum salmon (1) 
Coho salmon (2,988) 
Jack Chinook salmon (65) 
Jack coho salmon (123) 

September to January 

Johns River 101 Coho salmon September to November 
Wishkah River 166 Coho salmon October to December 

Source: Kraig 2014 
 

WDFW also reports on salmon fishing by county of residence.  In 2011, the percentage of residents who 
filled out catch record cards was 14% in Lewis County, 16% in Grays Harbor County, and nearly 10% in 
Thurston County.  This includes both freshwater and marine salmon (Kraig 2014).  Salmon caught by 
residents of each county were not necessarily caught within that county or within the Chehalis River or 
its tributaries.   

WDFW also reported 70 sport sturgeon caught in the Chehalis River below the Black River.  All 70 were 
white sturgeon.  Fifty white sturgeon were caught in June and July of 2011, and 20 were caught in 
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December 2011 and January 2012 (Kraig 2014).  The steelhead catch for the Chehalis River and its 
tributaries from April 2011 to March 2012 is displayed in Table 3.11-2. 

Table 3.11-2  
Steelhead Sport Catch in Grays Harbor, the Chehalis River, and Their Tributaries 

WATER RACE TOTAL CATCH MONTHS 
Chehalis River above Black River Winter 318 December to April 
Chehalis River below Black River Summer 48 August to October 

Winter 517 November to March 
South Fork Chehalis River  Winter 12 December to March 
Newaukum River Winter 11 January to March 
Satsop River Summer 30 September to October 

Winter 575 November to March 
West Fork Satsop River  Summer 3 October 

Winter 48 January to February 
Skookumchuck River Summer 9 July to October 

Winter 3,145 November to April 
Van Winkle Creek Summer 19 June to July 
Wishkah River Winter 11 November to December and March 
Wynoochee River Summer 2,161 June to October 

Winter 2,623 November to April 
Hoquiam River Winter 2 December 
Humptulips River Summer 167 June to October 

Winter 901 November to March 
East Fork Humptulips River  Summer 2 September 
West Fork Humptulips River  Summer 1 October 

Winter 41 February to March 
Stevens Creek Winter 84 December to February 
Grays Harbor Summer 12 July to October 

Source: Kraig 2014 
 

In addition to fishing, boaters use the Chehalis River and its 
tributaries for kayaking, canoeing, whitewater boating, and 
rafting.  Boat access points and boat launches are available 
throughout the Chehalis Basin.  Many are owned and 
operated by WDFW, while others are in local parks, such as 
Fort Borst Park in Centralia. 

The American Whitewater Association rates whitewater 
rapids from Class I to Class VI based on difficulty.  Class I 
rapids are the easiest to navigate, Class V rapids are for 

Fishing on the Hoquiam River 
Photo credit: Colleen Kulp, Aberdeen, 
Washington 
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experts, and Class VI rapids are classified as extreme or exploratory rapids.  Table 3.11-3 lists the river 
reaches in the Chehalis Basin and their whitewater class.  

Table 3.11-3  
Whitewater Classes of Chehalis Basin Rivers 

RIVER REACH CLASS 
East Fork Chehalis River Mile 3 to Chehalis River III 
West Fork Chehalis River Mile 3 to Chehalis River III-IV 
Chehalis River West Fork to Pe Ell III-IV 

Pe Ell to Doty II 
Rainbow Falls to Meeskill II 

East Fork Humptulips River FR 2206 access to FR 22 Bridge III 
FR 22 Bridge to Gorge III 
Gorge Run downstream to Boise Bridge III 

West Fork Humptulips River FR 2203 access to Donkey Creek Road II 
FR 2204 bridge to FR 2203 access IV+ 

East Fork Satsop River Simpson Hatchery to Cook Creek II 
Middle Fork Satsop River Walter Creek to Baker Creek III+ (IV) 

Baker Creek to road off Kelly Hall Road (Fools Canyon) IV-V 
Access off Kelly Hall Road to Tornow Road II 

West Fork Satsop River FR 23 to FR 2260 Bridge IV+ 
FR 2260 Bridge to West Satsop Road II 

Wynoochee River Wynoochee Reservoir to Save Creek II-III (V) 

Notes:  
FR = Forest Road 
( ) = One or two rapids in the reach meet the class in parentheses.  For example, the Wynoochee Reservoir to Save 
Creek reach generally ranges from Class II (Novice) to Class III (Intermediate), but one to two rapids are Class V 
(Expert).  The Class V rapids can be portaged for those who are at a novice to intermediate skill level. 
Source: American Whitewater 2015 
 

3.11.2 Parks on the Chehalis River and Its Tributaries 
Many state, county, and city parks are located directly adjacent to the Chehalis River and its tributaries.  
Rivers are commonly considered a recreational feature.  County and city parks located adjacent to the 
Chehalis River and its tributaries range from small neighborhood parks to large recreation areas.  For 
example, Fort Borst Park is the largest park in Centralia at 101 acres.  It features trails, fields, gardens, 
rentable kitchens and shelters, bathrooms, a public boat ramp on the Chehalis River, and several historic 
buildings.  The park is located at the confluence of the Chehalis and Skookumchuck rivers in the 
floodplain, and has been known to flood during large storm events. 

While open space can be considered a compatible floodplain land use, parks with structures and 
improvements can be damaged by floods.  Two major state recreation facilities that suffered damages in 
the 2007 flood are Rainbow Falls State Park and the Willapa Hills Trail. 
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3.11.2.1 Rainbow Falls State Park 
Rainbow Falls State Park is owned and operated by Washington State Parks and is located on the 
Chehalis River near Dryad.  The park, built in 1935 by the Civilian Conservation Corps, is 139 acres with 
3,400 feet of shoreline on the Chehalis River.  The park features 10 miles of hiking trails through 
old-growth forest, 7 miles of bike trails, an access trail to the Willapa Hills Trail, horseshoe pits, 
interpretive signage, a softball field, 53 campsites (including partial utility RV campsites, horse 
campsites, and hiker- and biker-only sites), a kitchen shelter with water and electricity (which can be 
reserved), 26 picnic tables, a group campsite (which can also be reserved), a metal-detecting area, 
a dump station, and restrooms featuring two showers (WSP 2014).  The park is also used for fishing, 
swimming, bird watching, and wildlife viewing. 

From the 1960s until 2007, the Rainbow Falls State Park entrance could be accessed via a bridge across 
the Chehalis River from SR 6.  In the 2007 flood, the bridge collapsed into the Chehalis River.  
A replacement bridge is currently under construction.  Without the bridge, the northern portion of the 
park (featuring campsites, restrooms, the softball trail, and access to the Willapa Hills Trail) has been 
disconnected from the southern portion (featuring hiking 
trails; WSP 2014).  Since 2007, the original park entrance 
from Leudinghaus Road (a gravel road used as a service 
entrance since the 1960s; AECOM 2012) has been used to 
access the park.  The southern portion of the park is 
accessible from SR 6.  The Chandler Road Bridge, 
approximately 1 mile west of the park, is the nearest 
crossing.  The Chandler Road Bridge was also destroyed in 
the 2007 flood, though it has since been replaced. 

The 2007 flood also damaged the park office located near 
the former park entrance bridge and destroyed the 3-inch 
water line attached to the underside of the bridge, which 
connected water to the south side of the park 
(AECOM 2012). 

3.11.2.2 Willapa Hills Trail 
The Willapa Hills Trail is a 56-mile-long multiuse trail, with 
segments that are accessible to bicycle riders and 
horseback riders.  The trail runs from Chehalis to South 
Bend, and passes Rainbow Falls State Park and Pe Ell.  
Several bridges on the trail were washed out in the 
December 2007 flood and have not been replaced, making 
some portions of the trail inaccessible.   

Rainbow Falls State Park 
Photo credit: www.scenicwa.com 

 

Willapa Hills Trail 
Photo credit: Larry Gessele, Onalaska, 
Washington 

 

http://www.scenicwa.com/
http://www.scenicwa.com/
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According to the Lewis County Community Trails 
organization, the Spooner and Dryad trestle bridges were 
replaced in late 2015, and the Bridge 5 trestle near Adna is 
scheduled to be redecked, with new side rails added, by the 
end of May 2016 (Lewis County Community Trails 2016).  

3.11.2.3 Southwest Washington Fairgrounds 
The Southwest Washington Fairgrounds are located in 
unincorporated Lewis County between Centralia and 
Chehalis.  The Southwest Washington Fair is held annually 
for 6 days in August, but the fairgrounds are used 
throughout the year for events, including auctions, car 
shows, and gun shows.  Facilities on the fairground site are 
rentable, including pavilions, stages, an expo hall, and a 
barn.  Portions of the fairgrounds are used for RV storage 
from October through March.  Camping sites are also 
available during the fair and year-round. 

The fairgrounds are in the floodplain and have a history of 
flooding.  In January 1990, the levee around the fairgrounds 
was overtopped.  In November 1986, flood levels at the 
fairgrounds reached 9 feet (CRBFA 2010).  There is no outlet 
for draining floodwaters from the fairgrounds (Brown and 
Caldwell 2008).  The fairgrounds were flooded in the 2007 
flood, during which many buildings on the grounds were 
damaged, and again during the 2009 flood. 

  

View from the Willapa Hills Trail 
Photo credit: Larry Gessele, Onalaska, 
Washington 

 

 
Southwest Washington Fairgrounds 
Photo credit: Danielle Belongia, 
Colorado Springs, Colorado 
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3.11.2.4 Local Parks 
Table 3.11-4 identifies the four local parks located in Chehalis and Centralia adjacent to the 
Chehalis River and its tributaries.   

Table 3.11-4  
Local Parks Located Adjacent to the Chehalis River and Its Tributaries 

PARK NAME 
(LOCATION) RIVER/CREEK FEATURES 

IN 
FLOODPLAIN? 

Fort Borst Park 
(Centralia) 

Chehalis and 
Skookumchuck 
rivers 

101 acres with fields, playground, wading pool, lake, 
courts, arboretum, rentable kitchens and outdoor 
shelters, public boat ramp, trails, dog park, restrooms, 
historic buildings 

Yes 

Rotary 
Riverside Park 
(Centralia) 

Skookumchuck 
River 

14.05 acres with parking, restrooms, rentable shelters, 
picnic shelters, paved trail, fishing and water access, 
playground, skateboard park, sport fields, natural areas 

Yes 

Lintott/ 
Alexander Park 
(Chehalis) 

Chehalis River Approximately 6 acres with rentable picnic areas, 
playground, horseshoe pits 

Yes, in 
floodway 

Stan Hedwall 
Park (Chehalis) 

Newaukum 
River and 
Dillenbaugh 
Creek 

Approximately 200 acres with baseball fields, little 
leagues, youth soccer, wooded areas, trails, fishing, 
pavilion, playground, volleyball courts, RV area, restrooms 
with showers, covered shelter 

Yes, portions 
in floodway 

 

3.11.3 Agritourism 
Farming is an important land use in the Chehalis Basin, as discussed in Section 3.10.  Farmers in the 
Chehalis Basin encourage agritourism as a recreational use, drawing tourists to the Chehalis Basin from 
other areas of Western Washington.  The Greater Lewis County Community Farmers Market is held on 
Tuesdays in downtown Chehalis.  In addition, several farms in the Chehalis Basin host farm visits.  
A September 2015 article in Edible Seattle magazine 
featured farms hosting farm visits, including two creameries 
on SR 6, a farm stand in Rochester, a ranch in the Black Hills 
area, and a farm and winery near the Black River.  The 
Newaukum Valley Farm, located adjacent to the Chehalis 
River upstream of Adna, hosts monthly “Chefs in Our Field” 
farm dinners, bringing chefs from Seattle to cook meals on 
site using produce from the farm.  Lewis County actively 
encourages the development of agritourism in the 
Chehalis Basin (Crain 2015). 

  

Farmers market in Chehalis 
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3.11.4 Recreation at Specific Locations 
The EIS alternatives include specific elements that could be located in the vicinity of the following 
recreational sites. 

3.11.4.1 Upper Chehalis River (Weyerhaeuser Property) 
A Flood Retention Facility on Weyerhaeuser land is proposed in one of the EIS alternatives.  
Weyerhaeuser sells recreational access permits for hunting and camping on their lands.  The proposed 
facility site is in the Pe Ell South Permit Area within the Pe Ell Operating Area.  Weyerhaeuser sold all of 
the 550 permits available for the Pe Ell South Permit Area for the recreation year of August 2015 
through July 2016.  Weyerhaeuser also sells six leases each year for semi-private blocks of forestland in 
the Pe Ell Operating Area, which consists of the Pe Ell South Permit Area and Pe Ell North Permit Area.  
Leases are put up for bid each spring (Weyerhaeuser 2015). 

Most permits are issued for hunting; however, permits are also provided for fishing, mushroom 
gathering, berry picking, and camping.  The recreational access permit allows both non-motorized and 
vehicular access (no all-terrain vehicles or motorcycles) to the Weyerhaeuser road system.  
Weyerhaeuser also allows each permittee to collect a few cords of firewood (Schuh 2016).  

In addition to the limited and fee-based private recreation on Weyerhaeuser land, the reach of the 
Chehalis River that includes the proposed facility site is listed as a Class III-IV whitewater area by the 
American Whitewater Association, as described in Section 3.11.1.  This reach of the river is generally not 
used for kayaking because of access limitations (O’Keefe 2016). 

3.11.4.2 Chehalis-Centralia Airport Area 
The Chehalis-Centralia Airport is located adjacent to the privately owned Riverside Golf Course, which is 
open to the public.  The golf course is located between the airport and the Chehalis River.  The golf 
course features a clubhouse with a restaurant and an 
outdoor covered pavilion that is available for private party 
rental.  There is also an RV park on the golf course property.  
The existing airport levee is located across a local road from 
the Riverside Golf Course.  The top of the existing airport 
levee is approximately 15 feet wide and has a gravel 
surface.  The levee is used as an informal walking trail and is 
accessible from several points, including a staircase across 
the street from the entrance to the Riverside Golf Course.  
The trail along the top of the levee is approximately 
1.75 miles long. 

Riverside Golf Course
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3.11.4.3 I-5 Projects Area
The City of Chehalis’s Stan Hedwall Park (see Table 3.11-4) is located in the vicinity of the I-5 Projects 
action element of the alternatives.  Recreation Park, likewise owned and operated by the City of 
Chehalis, is also near the I-5 Projects area.  Recreation Park features an outdoor community pool, a 
spray park, covered picnic areas, a rentable community building and kitchen, and Penny Playground, 
which was built with community-raised funds. 

3.11.4.4 Chehalis-Centralia Railroad 
The Chehalis-Centralia Railroad operates a steam train along the former Milwaukee Road Track.  Scenic 
tours start at the Chehalis Centralia Museum and travel along the upper Chehalis River to stops at 
Milburn and Ruth.  The railroad offers regularly scheduled runs through the summer along with dinner 
trains approximately once a month from Mother’s Day to October.  Special train events include Easter 
Trains, Pumpkin Trains, Santa Steam Trains, and Murder Mystery Trains.   
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3.12 Historic and Cultural Preservation 
Historic and cultural preservation refers to the idea that a place’s value is in part derived from its 
heritage, and that this heritage is worth preserving.  In this section, the term “cultural resources” is used 
to refer to the broad range of resources that represent or convey this heritage, or help tell the story of a 
region’s past.  A cultural resource can be considered any building, structure, object, site, landscape, or 
district associated with human manipulation of the environment.  These resources are often valued by a 
particular group of people (monetarily, aesthetically, culturally, or religiously), and can be historic in 
character or date to the prehistoric past (i.e., prior to written records).  Cultural resources also include 
tribal cultural resources or graves, Indian human remains, and traditional cultural properties. 

Two categories of cultural resources are discussed in this section—archaeological resources and 
historical resources throughout the Chehalis Basin.  Archaeological resources encompass features and 
deposits located on or below the ground surface that are evidence of prior human occupation or use in a 
particular area.  Historical resources include elements of the built environment, such as buildings, 
structures, or human-made objects or landscapes.  Culturally significant properties are described herein.  

A literature review and records search was conducted to identify cultural resources present in the 
Chehalis Basin, focusing on the Chehalis River floodplain and urban areas.  The following sources of 
information were used: 

• The DAHP’s Washington Information System for Architectural and Archaeological Records Data
for previously completed cultural resources studies and previously documented archaeological,
ethnographic, and historic resources located in the Chehalis Basin

• Seattle Public Library

• University of Washington library

• ICF International’s corporate library

This review revealed that multiple cultural resource studies have been completed within the Chehalis 
Basin, and that these studies have identified many historic properties, including archaeological sites, 
historic buildings, and cemeteries.  The majority of cultural resource studies have taken place in Chehalis, 
north of NW Folsom Street, while much of the Chehalis Basin remains unstudied for cultural resources. 

These studies describe the European American settlement of the Chehalis Basin, which first occurred in 
the late 1840s.  Growth progressed slowly due to the difficulty of transportation to the area.  However, 
following the completion of the Northern Pacific Railroad and the establishment of a depot in Chehalis 
in 1873, the town grew rapidly.  The region’s economy has primarily focused on timber and agriculture 
in the years since, and has experienced several growth cycles as demand for, and access to, these 
products has increased or decreased (Ott 2008; Ruby and Brown 1992).  During the late twentieth 



Affected Environment 
Historic and Cultural Preservation 

212 Draft Chehalis Basin Strategy Programmatic EIS 

century and into the twenty-first century, new industry and the establishment of a commuter 
population has prompted slow, but continued growth in the Chehalis Basin. 

In addition to the known historic properties, there is also the potential for previously unidentified 
cultural resource sites within the Chehalis Basin.  Given the relative frequency of culturally significant 
properties in the Chehalis Basin, it is highly probable that additional resources are present.  Existing 
cultural resources conditions described further in this section are focused on the Large-scale Flood 
Damage Reduction Actions, since the area of these proposed actions are more defined than other action 
elements evaluated in this EIS. 

Ongoing coordination with the State Historic Preservation Officer, DAHP, and local tribes has been 
conducted over the past several years as part of the Chehalis Work Group research and activities.  This 
coordination and consultation will continue during evaluation of the EIS alternatives. 

3.12.1 Existing Cultural Resource Conditions (Flood Retention Facility) 
No previous archeological studies or cultural resources evaluations have been completed in the area of 
the proposed Flood Retention Facility.  The Washington Statewide Archaeological Predictive Model 
(WSAPM) was used to identify the potential for archaeological deposits and the need for archaeological 
surveying at the facility location, which is included in the summary information in Table 3.12-1.  

Table 3.12-1  
FRO and FRFA Summary 

CATEGORY FRO FACILITY FRFA FACILITY 
Approximate area of potential ground 
disturbance 

881 acres 1,344 acres 

Previous cultural resource studies 0 0 
Cultural resources eligible for 
National Register of Historic Places 

0 0 

Potential for archaeological deposits • High to moderate (42% of site) 
• Low to very low (58% of site) 

• High to moderate (35% of site) 
• Low to very low (65% of site) 

 

Although no cultural resources have been documented within the boundary of the Flood Retention 
Facility, it is likely that as-yet undocumented cultural resources would be identified once project-specific 
cultural resources studies are performed. 
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3.12.2 Existing Cultural Resource Conditions (Airport Levee Improvements) 
More than 80% of the Airport Levee Improvements area has been previously studied for cultural 
resources, with 16 archaeological resources identified (9 evaluated), and two built environment 
properties identified (one evaluated).  Information on the past studies and potential for cultural 
resources (based on WSAPM) for the Airport Levee Improvements is included in Table 3.12-2. 

Table 3.12-2  
Airport Levee Improvements Summary 

CATEGORY AIRPORT LEVEE IMPROVEMENTS 
Approximate area of potential ground 
disturbance 

40 acres 

Previous cultural resource studies 9 
Cultural resources eligible for National 
Register of Historic Places 

6 

Potential for archaeological deposits Very high (100% of site) 
 

Based on the results of previous cultural resource studies and WSAPM, it is highly likely that as-yet 
undocumented cultural resources would be identified once project-specific cultural resources studies 
are performed for the Airport Levee Improvements. 

3.12.3 Existing Cultural Resource Conditions (I-5 Projects) 
Over 20% of the I-5 Projects area has been previously studied for cultural resources, with 
nine archaeological resources identified (four evaluated), and one built environment property identified 
(not evaluated).  Information on the past studies and potential for cultural resources (based on WSAPM) 
for the I-5 Projects is included in Table 3.12-3. 

Table 3.12-3  
I-5 Projects Summary 

CATEGORY I-5 PROJECTS 
Approximate area of potential ground 
disturbance 

94 acres 

Previous cultural resource studies 9 
Cultural resources eligible for National 
Register of Historic Places 

2 

Potential for archaeological deposits Very high (100% of site) 
 

Based on the results of previous cultural resource studies and WSAPM, it is highly likely that as-yet 
undocumented cultural resources would be identified once project-specific cultural resources studies 
are performed for the I-5 Projects. 
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3.12.4 Existing Cultural Resource Conditions (Aberdeen/Hoquiam North Shore 
Levee) 

Over 20% of the Aberdeen/Hoquiam North Shore Levee area has been previously studied for cultural 
resources, with no archaeological resources identified and 41 built environment properties identified 
(2 evaluated).  Information on the past studies and potential for cultural resources (based on WSAPM) 
for the Aberdeen/Hoquiam North Shore Levee is included in Table 3.12-4.   

Table 3.12-4  
Aberdeen/Hoquiam North Shore Levee Summary  

CATEGORY ABERDEEN/HOQUIAM NORTH SHORE LEVEE 
Approximate area of potential ground disturbance 98 acres 
Previous cultural resource studies 5 
Cultural resources eligible for National Register of Historic Places 0 
Potential for archaeological deposits • Very high to moderate (97% of site) 

• Low to very low (3% of site) 
 
Based on the results of previous cultural resource studies and WSAPM, it is possible that as-yet 
undocumented cultural resources would be identified once project-specific cultural resources studies 
are performed for the Aberdeen/Hoquiam North Shore Levee. 

3.12.5 Existing Cultural Resource Conditions (Restorative Flood Protection) 
For Restorative Flood Protection, the amount of previous research and the number of identified cultural 
resources depends on the exact boundaries of ground disturbance.  As an estimate, this analysis uses 
the valley bottom areas within the Restorative Flood Protection treatment areas as a potential area of 
ground disturbance.  Approximately 9% of this area has been previously studied for cultural resources.  
Information on the past studies and potential for cultural resources (based on WSAPM) for the 
Restorative Flood Protection alternative is included in Table 3.12-5. 

Table 3.12-5  
Restorative Flood Protection Summary  

CATEGORY ABERDEEN/HOQUIAM NORTH SHORE LEVEE 
Approximate area of potential ground disturbance 21,000 acres 
Previous cultural resource studies 70+ 
Cultural resources eligible for National Register of Historic Places 6+ 
Potential for archaeological deposits Very high (100% of site) 

 
As-yet undocumented cultural resources would be identified once project-specific cultural resources 
studies are performed.   
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3.13 Transportation 
This section generally describes the major components of the transportation network in the Chehalis 
Basin that are either currently affected by flooding or would be affected by the EIS alternatives.  
The history of transportation system flooding is described here, based on available information.  
A number of information sources were used to identify resources within the Chehalis Basin, including 
local and regional planning documents and transportation inventories, Chehalis Basin flood plans, and 
online mapping.   

A range of types of transportation facilities are located throughout the Chehalis Basin, many of which 
have been affected by flooding, including I-5, two U.S. highways, 23 airports (21 private and 2 public), 
two rail lines and one rail spur, bridges and culverts, and a number of state highways, arterials, and local 
access roads.  The 1996, 2007, and 2009 floods are known to have caused extensive damage to roads 
and bridges in the Chehalis Basin (Ruckelshaus Center 2012).  Table 3.13-1 describes the 11 major 
roadways within the Chehalis Basin.  Figure 3.13-1 shows the major roadways and transportation 
features in the Chehalis Basin.   

Table 3.13-1  
Major Roadways Within the Chehalis Basin 

ROADWAY DESCRIPTION 
I-5 This roadway is the main interstate highway on the West Coast; it extends through Washington, 

Oregon, and California to the U.S. border.  
US 12 This highway is the primary route for east and west travel from I-5 to the Cascade Range; it heads 

east from I-5, south of Chehalis, through White Pass to I-82 at Yakima.  By way of I-5, it connects 
north and west to Grays Harbor County.  This two-lane road provides the primary access to the 
eastern half of Lewis County.  From west to east, this highway serves Centralia, Chehalis, 
Napavine, Mossyrock, Morton, Randle, and Packwood. 

US 101 This highway heads northwest from I-5 in Thurston County and onward to the Olympic Peninsula. 
SR 6 This highway provides an important east and west connection between I-5 and the Pacific Coast, 

through Western Lewis County to Pacific County.  It serves Pe Ell and Chehalis. 
SR 8 The road runs generally east-west from US 12 at Elma, through McCleary to US 101. 
SR 107 The roadway extends from US 12 at Montesano, through Melbourne, to US 101. 
SR 121 The highway is a loop road in Thurston County off of I-5, and heads east from I-5 through a 

sparsely populated rural area to Millersylvania State Park and back to the freeway. 
SR 505 This road runs east and west in Lewis County, serves Winlock and Toledo, and connects to I-5 and 

SR 504. 
SR 507 This highway runs north and south in Lewis County.  It serves Centralia and Chehalis, north to the 

county line, and into Thurston County, where it serves Bucoda, Tenino, Yelm, and Rainier, ending 
in McKenna. 

SR 508 This highway runs east and west through Lewis County, serving Onalaska and Morton, and 
connects to I-5 and SR 7. 

CR 603 This highway runs north and south from SR 6 near Chehalis to SR 505 at Winlock.  

Notes: CR = County Road, I = Interstate, SR = State Route, and US = U.S. Route   
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3.13.1 I-5  
The flooding of I-5 is a national, regional, and local issue because the roadway is a major corridor for the 
movement of people and goods, as well as a primary route for local trips.  Flooding in the Chehalis Basin 
has affected access to I-5, closing it for 4 days in 1996 and 2007, and 2 days in 2009 (WSDOT 2014).  
WSDOT estimated the total cost of freight delays along I-5 in 2007 in the tens of millions of dollars 
(Ruckelshaus Center 2012).  This amount includes estimates for freight-related business losses and 
associated reductions in economic output, as well as an estimate of state-wide economic impact, such 
as employment, personal income, and sales tax receipts.  It does not include local economic impacts, 
impacts due to passenger vehicle delay, BNSF rail closures, or roadway maintenance and repair.  WSDOT 
also modeled the costs of I-5 closure that would occur with a modeled 100-year flood (WSDOT 2014).  
The predicted costs for a 5-day closure of I-5 are more than $11 million, including costs of additional 
time and mileage for those who travel on detour routes.    

WSDOT has developed an emergency detour route, using SR 7 and US 12 when I-5 is closed 
(see Figure 3.13-2).  Northbound trucks will be detoured off I-5 at Exit 68 onto US 12 eastbound, then 
northbound on SR 7 through Morton and Elbe.  At milepost 12.69 on SR 7, trucks will be detoured onto 
Alder Cutoff Road, to SR 161 in Eatonville.  From that point, drivers could continue northbound on 
SR 161 and connect to SR 512, or connect to SR 7 using 304th Street East.  Drivers would then find their 
own routes back to I-5.  For southbound trucks, there is no defined route to reach the southbound 
detour because many options are available.  Drivers would be expected to find their way to the 
intersection of SR 7 and SR 702.  From there, drivers will be routed on SR 7 through La Grande, Elbe, and 
Morton to US 12.  At US 12, drivers will continue westbound to I-5.   

Passenger cars will be able to use the detour with no restrictions.  To control the volume of traffic on the 
detour and maintain access for emergency responders, WSDOT has developed a pass system for trucks.  
Trucking companies must apply for permits through the Commercial Vehicle Information Systems and 
Networks (CVISN) program to access the detour route.  CVISN will control the types of goods that can be 
transported through the area and will limit the number of trucks that can travel along the route to 
50 per hour per direction.  Criteria for activating the detour route are that I-5 has been closed for 
24 hours, is predicted to be closed for at least 3 days, and that the National Guard has been activated.  
Checkpoints manned by the National Guard will be set up at SR 7 in Morton and at the intersection of 
SR 7 and SR 702 in Pierce County.  The National Guard will check passes and divert trucks that are not 
permitted.  Trucks with a valid permit will have a 3-hour window to enter the detour route.  If permitted 
trucks miss their assigned window, they must reapply for a new permit. 
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When the emergency detour route is not activated, or for trucks without a pass, there are two detour 
options available.  An available detour route uses I-84 in Oregon, US 97 in Eastern Washington, and I-90 
over Snoqualmie Pass.  This route adds 134 miles to the trip between Seattle and Portland, with an 
estimated travel time of 2.5 hours.  A secondary detour route uses I-84, I-82 through the Tri-cities in 
Eastern Washington, and I-90 over Snoqualmie Pass.  The secondary detour adds 254 miles to the trip 
between Portland and Seattle, with an estimated travel time of 3.75 hours.  Although longer, the 
secondary route could be preferable to trucks in bad winter weather.  Since both routes use I-90, the 
detours are subject to winter closures of that highway in the Cascade Range pass due to snow and 
avalanches.  At such times, no detour would be available. 

3.13.2 Local Roadways Affected by Flooding 
This section generally describes the historic flooding of roadways and bridges in the Chehalis Basin, as 
well as an indication of the types of problems that have occurred for local roadways during floods.  
Flooded roadways have affected the ability of people to evacuate and emergency service providers to 
reach some areas.  Flooding has damaged some area roads and bridges, causing long-term access issues 
during repair or replacement.   

3.13.2.1 Lewis County 
Routes into, and out of, local communities in Lewis County have been generally blocked during floods 
(Ruckelshaus Center 2012).  The area of Lewis County around the upper mainstem of the Chehalis River, 
which is highly vulnerable to flooding, includes the Boistfort Valley, Pe Ell, Curtis, Adna, Dryad, and Doty.  
In this area, local roads, including access roads to area farms and dairies, have regularly flooded.  
SR 6 closes in multiple places during floods because the elevation of the roadway is below flood 
elevations in several locations.  In the 2007 flood, damage to Lewis County roads amounted to 
approximately $1.5 million.  The flood also damaged many logging roads, rail and air infrastructure, the 
Curtis Industrial Park rail line, railroad bridges, and culverts throughout the flood inundation area.   

Roads in the cities of Centralia and Chehalis (Twin Cities) have experienced some of the most substantial 
flooding and flood damage in the Chehalis Basin.  The 
Chehalis-Centralia Twin City Town Center has been 
inundated by floodwaters.  At the height of the 
December 2007 storm, 20 square blocks near downtown 
Centralia were flooded, with resulting access limitations.  
The Centralia Business District is vulnerable to flooding 
from the Skookumchuck River and China Creek.  Flooded 
roadways resulted in access issues to critical facilities such 
as the hospital on Cooks Hill Road in Centralia.  The area 
surrounding the small community of Galvin has been 
inundated during minor flooding.   

2007 flood in Lewis County 

Photo credit: WSDOT 
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3.13.2.2 Thurston County 
In rural portions of southern Thurston County, roads in the 
Skookumchuck River valley upstream of Chehalis have been 
affected by flooding, with floodwater covering farmland 
and closing roads.  Bucoda is periodically inundated during 
floods and, when the one roadway into town (SR 507) 
flooded, the town was effectively isolated.  Grand Mound, 
Oakville, and Porter-Malone are located along the lower 
mainstem Chehalis River, and flooding in this area has 
regularly affected property, including roads (Ruckelshaus 
Center 2012).  Old Highway 99 SW, Old Highway 99 SE, and 
Little Rock Road SW pass through the floodplain and have 
been exposed to flooding.  In a major flood, these roads 
have been blocked or damaged, preventing access to some 
areas.  There are 45 bridges in, or that cross over, the 
floodplain in the Chehalis Basin.  Some of these bridges 
provide the only ingress and egress to some neighborhoods 
(Thurston County 2013). 

3.13.2.3 Grays Harbor County 
Most of the developed communities and towns in Grays Harbor County are located along the lower 
mainstem Chehalis River.  Montesano experiences flooding from the Wynoochee River; many local 
streets in these communities have experienced flooding.  Floods have inundated, and virtually isolated, 
Aberdeen, with US 101 under 2 feet of water (CH2M HILL 2001).  In the 1997 flood, the Wynoochee 
valley, Satsop River valley, Brady Loop Road area, Johns River area, and Humptulips River Basin received 
major damage (CH2M HILL 2001) and area roads were flooded.  Segments of US 12 east of the Black 
River Bridge were inundated with almost 2 feet of water in the 2007 and 2009 floods (WSDOT 2014).  

3.13.2.4 Chehalis Tribe Reservation 
In the 1996 flood, 75% of the Chehalis Tribe reservation was covered in water, with measured flood 
depths of up to 10 feet.  Vital access routes, including Howanut Road, Anderson Road, and Moon Road, 
were under 1 to 4 feet of fast-moving water, and portions of US 12 through the reservation were flooded. 

3.13.3 Airports 
In the Chehalis Basin, there are two public airports and 21 private airfields/heliports, two of which 
(in McCleary and Aberdeen) are operated by local hospitals (Washington Public and Private Airports by 
County 2015).  The Elma Municipal Airport is in a mapped floodplain, but is not known to have flooded.  
The Chehalis-Centralia Airport (located in the Twin Cities area) is a general aviation facility with one 
5,000-foot runway that serves non-scheduled private and commercial flights.  Although the 

 

Key Access Points 

This bridge over the Chehalis River in 
Montesano is one of 45 bridges in, or 
that cross over, the Chehalis River 
floodplain.  Some of these bridges 
provide the only ingress and egress to 
particular neighborhoods. 

Photo credit: WDFW 
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Chehalis-Centralia Airport is protected by a dike system, those dikes were overtopped during a 
January 1990 flood, closing the airport.  During the 2007 flood, the airport levee was overtopped and 
water covered most of the airport for approximately 4 days, damaging airport facilities.  The 2007 flood 
caused the airport’s automatic weather observation system to be down for 46 days, and closed the 
active day runway for 3 days.  Runway closure halted Pacific Cataract and Laser Institute flights.  Initially 
emergency evacuations were conducted at the Chehalis-Centralia Airport, but when the airport was 
flooded, emergency evacuations were moved to W.F. West High School in Chehalis. 

A levee-based improvement project was completed at the airport in July 2014, which involved 
expanding the width of the existing levee on the inside (airport side) by an additional 32 acre-feet of fill 
without increasing the levee elevation.    

3.13.4 Rail Lines 
There are two major railroad lines in the Chehalis Basin, 
and past floods have necessitated the closures of both.  The 
BNSF Railway operates its mainline through Thurston and 
Lewis counties, crossing the Chehalis River floodplain from 
east to west near Chehalis.  Amtrak provides passenger 
railway service along this line with a stop in Centralia.  The 
Union Pacific Railroad operates a north-south route 
through a portion of the Chehalis Basin, from Chehalis, 
north through Thurston County, to Tacoma.  In addition, 
the Puget Sound and Pacific Railroad (PSAP) extends from 
Centralia to Aberdeen and Hoquiam through Elma.  It also 
has branches that extend from Chehalis to Centralia to 
Curtis, and from Elma to Shelton.  PSAP provides switching and haulage for Union Pacific at Aberdeen, 
Hoquiam, Grays Harbor, Shelton, and McCleary (Union Pacific 2016).  There is also a spur line, the Curtis 
Industrial Park rail line, which connects the Port of Chehalis to the Curtis Industrial Park near Pe Ell.  This 
facility was damaged as a result of flooding in 2007. 

 

Centralia Train Depot 
Photo credit: Jason Baker, Centralia, 
Washington 
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3.14 Public Services and Utilities 
This section focuses on federal, state, county, municipal, tribal, or private facilities that provide basic 
services to the public, support development, and protect public health and safety.  These include, but 
are not limited to, educational facilities, health care facilities, police and fire protection, solid waste 
disposal and treatment, water supply and wastewater disposal, electricity and natural gas provisions, 
and telephone and cable services.  Many of these are considered by the Chehalis Basin communities to 
be critical facilities.  The Lewis County Comprehensive Flood Hazard Management Plan (Brown and 
Caldwell 2008) defines a critical facility as follows: 

A facility for which even a slight chance of flooding would be too great.  Critical facilities include 
but are not limited to schools, hospitals, police, fire and emergency response installations, nursing 
homes, and installations that produce, use, or store hazardous materials or hazardous waste. 

For the purposes of this EIS, public services and utilities include all public service districts, facilities, and 
utilities located within WRIAs 22 and 23, with a focus on those areas subject to flooding from the 
Chehalis River and its tributaries.  This includes Grays Harbor County, Lewis County, and a small portion 
of Thurston County, as well as Aberdeen, Centralia, Chehalis, Cosmopolis, Elma, Hoquiam, McCleary, 
Montesano, Napvine, and Oakville.  The information in this section was largely extracted from area 
maps, county and city plans and websites, and Geographic Information Systems data.   

3.14.1 Public Services 
Public services in the region are provided by tribal, federal, state, county, and local governments, as well 
as by volunteer fire departments and other volunteer groups.  This EIS focuses on fire and emergency 
management services (EMS), education, and public health services provided within the Chehalis Basin, 
because these are the services with the greatest potential to be affected by flooding.  The locations of 
public services in the Chehalis Basin are identified in Figures 3.14-1 through 3.14-3.  Sections 3.15.2 and 
3.15.3 describe the flood warning system and flood emergency response in the Chehalis Basin.    

3.14.1.1 Fire and Emergency Management Services  
Fire control organizations located within the Chehalis Basin are associated with Chehalis Basin cities, 
Grays Harbor County, Lewis County, Thurston County, DNR, USFS, and the Chehalis Tribe.  Although each 
jurisdiction maintains the primary responsibility for providing services within their boundaries, mutual 
agreements often exist between different fire districts through which they consent to assist each other 
in the event that one district is unable to contain an emergency situation using existing resources and 
personnel (Washington State Fire Marshal’s Office 2009). 

There are 34 fire departments and districts, in addition to one regional fire authority (West Thurston 
Regional Fire Authority), that are located within the Chehalis Basin portions of Grays Harbor, Lewis, and 
Thurston counties.  The West Thurston Regional Fire Authority is a partnership between Thurston 
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County Fire District 1 and Thurston County Fire District 11, which was formed to maximize efficiencies 
and improve service delivery (West Thurston Regional Fire Authority 2015).  Most of the local fire 
control organizations consist of professional and volunteer firefighters that are trained to provide the 
following services: 

• Emergency medical response (basic life support and advanced life support) 

• Fire suppression 

• Emergency ambulance transport 

• Hazardous materials initial response 

• Fire prevention and code enforcement 

• Non-emergency ambulance transport 

• Inter-facility ambulance transport 

• Community service programs and public education 

BIA is responsible for protecting Indian reservation lands, such as the lands occupied by the 
Chehalis Tribe.  BIA either provides fire protection with its own personnel and equipment or through 
various cooperative agreements with local fire jurisdictions (Washington State Fire Marshal’s 
Office 2009). 

Fire and EMS facilities known to be located within the Chehalis River floodplain are described in 
Table 3.14-1.  Some of these facilities have been damaged during a major flood, including the four fire 
districts in the upper Chehalis Basin that were damaged in the 2007 flood.   

Table 3.14-1  
Fire and Emergency Management Service Facilities Known To Be Located Within the Chehalis River Floodplain 

JURISDICTION FIRE AND EMS FACILITIES  SERVICE AREA 
Grays Harbor County Aberdeen Fire Department Aberdeen 

Artic Fire Department 15  Cosmopolis 
Grays Harbor Fire Protection District 1 Oakville 
Hoquiam Fire Department  Hoquiam 
Montesano Fire Department  Montesano 
Ocean Shores Fire Department Ocean Shores 

Lewis County None None 
Thurston County None None  

Sources: FEMA 2008a, 2008b, 2009; Kliem and Holden 2011 
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3.14.1.2 Police 
In addition to the Washington State Patrol, the Chehalis Reservation Police Department, and the 
sheriff’s departments of Grays Harbor, Lewis, and Thurston counties, there are 13 police departments 
located within the Chehalis Basin—8 in Grays Harbor County, 4 in Lewis County, and 1 in Thurston 
County (see Table 3.14-2).  Five police departments (Chehalis Reservation, Aberdeen, Hoquiam, 
Westport, and Oakville) and the Washington State Patrol office in Aberdeen (33% of the facilities within 
the Chehalis Basin) are located within the Chehalis River floodplain.   

Table 3.14-2  
Chehalis Basin State Patrol, County Sheriff, and Police Facilities  

JURISDICTION POLICE DEPARTMENT 
Washington State Washington State Patrol 
Chehalis Tribe reservation Chehalis Reservation Police 
Grays Harbor County 
 
 

Grays Harbor County Sheriff 
Aberdeen Police 
Elma Police 
Montesano Police 
Hoquiam Police 
Westport Police 
Oakville Police 
Ocean Shores Police  

Lewis County Lewis County Sheriff  
Chehalis Police 
Centralia Police 
Tenino Police 
Napavine City Police 

Thurston County Tumwater Police 
Thurston County Sheriff 

Sources: FEMA 2008a, 2008b, 2009; Kliem and Holden 2011 
 

The Washington State Patrol has jurisdiction over state roadways within the Chehalis Basin (I-5, US 12, 
US 101, SR 6, SR 8, SR 105, SR 109, SR 507, SR 508, and SR 603).  County sheriffs are responsible for 
maintaining the peace within their respective counties (RCW 36.28.010) and filing complaints for all 
violations of criminal law within their jurisdictions (RCW 36.28.011).     
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3.14.1.3 Public Education 
There are 20 school districts and a total of 58 primary and secondary schools located within the 
Chehalis Basin.  The school districts range in size from small rural school districts that consist of one 
school (e.g., Boistfort, Cosmopolis, McCleary, Evaline, and Pe Ell) to larger school districts, such as 
Chehalis and Centralia, which have seven schools.  Two colleges, three vocational/technical schools, 
ten public libraries, and nine museums are located within the Chehalis Basin, in addition to educational 
facilities provided by the Chehalis Tribe.  During past flooding events in the Chehalis Basin, schools have 
been used as local shelters.  Therefore, it is important that access to schools during floods is maintained 
(Ruckelshaus Center 2012).  Public education facilities known to be located within the Chehalis River 
floodplain are listed in Table 3.14-3. 

Table 3.14-3  
Chehalis Basin Public Education Facilities Located in the Chehalis River Floodplain  

JURISDICTION NAME OF FACILITY TYPE OF FACILITY 
Washington State None None 
Chehalis Tribe 
reservation 

Chehalis Tribe Youth Center Youth center 

Grays Harbor 
County 

A.J. West Elementary School School 
Alexander Young Elementary School School 
Harbor High School School 
Miller Junior High School School 
Elma Elementary School School 
Central Elementary School School 
Emerson Elementary School School 
Hoquiam Middle School School 
Lincoln Elementary School School 
Oakville Elementary School School 
Oakville Middle School and High School School 
Grays Harbor College College/university 
Grays Harbor Beauty College Vocational/technical schools 
Techline the Technology People Computer Training School Vocational/technical schools 
Aberdeen Park Timberland Library Library 
Hoquiam Timberland Library Library 
Polson Museum Museum 

Lewis County Green Hill School School 
Washington Elementary School School 
Centralia College College/university 
Lewis County Special Education Vocational/technical schools 
Veterans Memorial Museum Museum 

Thurston County Chehalis-Centralia Railroad and Museum Museum 

Sources: FEMA 2008a, 2008b, 2009; Kliem and Holden 2011 
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3.14.1.4 Public Health 
During natural hazard events, hospitals are critical infrastructure.  Regardless of the nature and severity 
of damage, flooded hospitals are typically not functional while cleanup and repairs are undertaken 
(FEMA 2007).  In addition, access roads that extend across flood-prone areas could be damaged by 
erosion, washout of drainage culverts, failure of fill and bedding materials, and loss of road surface 
(FEMA 2007).  This could prevent uninterrupted access to a facility, and thus impair the functionality of 
the hospital.  There are two community hospitals (Grays Harbor Community Hospital and Providence 
Centralia Hospital) and two medical centers (Seamar Community Health Center and Valley View 
Health Center) located within the Chehalis Basin.  The Valley View Health Center has locations in 
Chehalis, Centralia, Onalaska, and Pe Ell.  The Valley View Health Center in Chehalis is the only facility 
located within the floodplain (FEMA 2008a, 2008b, 2009).  However, during past flooding events in the 
Chehalis Basin, access to the Providence Centralia Hospital has been restricted for days at a time 
(Ruckelshaus Center 2012).   
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Public Services – Upper Chehalis Basin

Police

78 Chehalis Police

79 Centralia Police

80 Napavine City Police

81

87 Centralia Community College

88 Green Hill School

89 Washington Elementary School

90

91 Veterans Memorial Museum

92 Chehalis-Centralia Railroad and Museum

Public Health

82 Providence Centralia Hospital

83 Valley View Health Center (Crooks Hill Road)

84 Valley View Health Center (Pe Ell)

85 Valley View Health Center (Kresky Avenue)

70 KCED-FM

71 KELA-AM

72 KITI-AM

73 KITI-AM

74 KMNT-FM

75 KCKA-TV

76 KXXO-FM

77 KACS-FM

Water, Sewer, and Public Waste

69

44 Mellen Street Wastewater Treatment Plant

Gas and Electric
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Public Services – Middle Chehalis Basin

Fire and Emergency Management

49 Thurston County Fire District 16

Police

50 Chehalis Tribal Law Enforcement

51 Elma Police

52 McCleary Police

53 Tenino Police

54 Tumwater Police

55

56 Oakville City Hall and Police

57 Washington State Patrol

59 Elma Elementary School

60 Oakville Elementary School

61 Oakville High School

63 Chehalis Tribe Youth Center

Public Health

58 Sea Mar Community Health Center
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Gas and Electric

45 Centralia Power Plant
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Public Services – Lower Chehalis Basin

Fire and Emergency Management
15 Aberdeen Fire Department
18 Grays Harbor Fire District
20 Hoquiam Fire Department 
21
23 Montesano Fire Department
26 Ocean Shores Fire Department 

Police
16 Aberdeen Police
19
22 Hoquiam Police
24 Montesano Police
25 Ocean Shores Police
27 Westport Police

29 A.J. West Elementary School
30 Alexander Young Elementary School
31 Central Elementary School
32 Emerson Elementary School
33 Lincoln Elementary School
34 Miller Junior High School
35 Harbor High School
36 Hoquiam Middle School
37 Grays Harbor College
38 Grays Harbor Beauty College
39 Techline The Technology People
40 Polson Museum
41 Aberdeen Timberland Regional Library
42 Hoquiam Timberland Regional Library

Public Health

28 Grays Harbor Community Hospital

4
5 KAYO-AM/FM Radio Tower
8
9
10 KGHO-AM
11 KXRO-AM
12 KAYO-AM/FM
13 KDUX-FM
14 KGHO-FM

Water, Sewer, and Public Waste
1 Montesano Wastewater Treatment Plant
7 Aberdeen Wastewater Treatment Plant 

Gas and Electric
2 Grays Harbor Energy Center
3
6 Williams Gas Pipeline
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3.14.2 Utilities 
Utilities are vital components to the emergency response effort after a flood.  Having adequate 
provisions of drinkable water, heat, and electricity is essential during a flood, particularly at critical 
facilities such as hospitals, but having workable means of communication is also critical.  Public utilities 
in the Chehalis Basin are provided by tribal, county, city, and private suppliers.  There are three public 
utility districts (PUDs) located within the Chehalis Basin: Grays Harbor PUD, Lewis County PUD, and 
Thurston County PUD.  These PUDs predominately provide electricity and, in some cases, 
communication service.  In general, the provision of utility infrastructure is directly correlated to the size 
of the population it serves.  As a result, population levels, coupled with any topographic or other 
constraints to where utilities can be provided, often dictate how well a community is served.  

3.14.2.1 Communications and Entertainment  
Often public announcements and natural hazard warnings are distributed via local radio stations, 
cell phones, and email notifications.  Internet and phone services within the Chehalis Basin are typically 
provided by private companies; however, Grays Harbor PUD offers wholesale telecommunication 
facilities and services to qualifying, state-certified, third-party service providers to provide connectivity 
to a customer.  

Cell phone and internet service is not provided in all areas 
throughout the Chehalis Basin, particularly not in 
unpopulated areas or areas where provision of such utilities 
is unsupportable or geographically prohibited.  As a result, 
radio transmissions tend to be a more viable option for 
informing the community during natural hazard events.  
However, numerous radio towers in the Chehalis Basin are 
located within the floodplain, some of which have been 
flooded in the past.  The following facilities in Grays Harbor 
County are currently located within the floodplain 
(Kliem and Holden 2011): 

• Aberdeen PUD Communication Tower 

• Chehalis Tribe Communication Tower 

• Hoquiam Radio Range Station 

• KAYO-AM/FM Radio Tower 

• KGHO-AM Radio Tower 

• KXRO-AM Radio Tower 

Most of the radio stations in Lewis County are located in 
the greater Chehalis-Centralia area, including KACS-FM, 

Communications and 
Entertainment Private 
Service Providers 

• Alltel 
• CenturyLink 
• Cingular 
• Clearwire 
• Coast Communications Co. 
• Comcast  
• Exede Satellite Internet  
• HughsNet Satellite 
• Qwest  
• ReachONE 
• Scatter Creek InfoNet 
• Sprint/Nextel  
• Tenino Telephone Company  
• T-Mobile  
• TSS 
• US Cellular 
• Verizon  
• Wave Broadband 
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KITI-AM, KELA-AM, KSWS-FM, KYNW-FM, KCED-FM, and KMNT-FM (Radio-Locater 2015).  Many of the 
towers associated with these stations are located along the I-5 corridor, making them more prone to 
flood risk. 

3.14.2.2 Water, Sewer, and Public Waste 
The larger municipalities of Lewis County, such as Centralia and Chehalis, have city-provided water 
systems.  The main sources of drinking water for the Chehalis-Centralia area are the Chehalis and 
Newaukum rivers.  Domestic water supply for Chehalis comes from the North Fork Newaukum River and 
the Chehalis River.  Centralia also draws from several groundwater wells.  In Lewis County, water 
services are provided by three public systems: Lewis County Water Districts, Boistfort Water 
(a community, non-profit water distribution system) that uses Stillman Creek as its source, and Thurston 
County PUD (a private owner and manager of 33 small water systems in the county; Brown and 
Caldwell 2008).  The water supply for Pe Ell comes from Lester Creek, a tributary of the upper Chehalis 
River upstream of the proposed dam location.  Domestic water supply in rural areas is primarily from 
individual wells.  The Boistfort Valley Water Corporation provides drinking water to unincorporated 
areas of Boistfort, Curtis, Adna, and Claquato.  Their primary surface water source is from Stillman 
Creek, a tributary to South Fork Chehalis River.  The 2007 floods destroyed the intake in the creek.    

Wastewater and solid waste utilities are typically provided by counties and cities; however, in rural 
communities, wastewater treatment is primarily through private septic systems.  There are several 
WWTPs located within the Chehalis Basin, five of which are located within the floodplain: the Mellen 
Street WWTP (Centralia), the City of Aberdeen WWTP, the Chehalis Regional Water Reclamation Facility 
(City of Chehalis, City of Napavine, and Lewis County Water and Sewer District No. 4), the City of Elma 
WWTP, and the City of Montesano WWTP (FEMA 2008a, 2008b, 2009).  The Mellen Street WWTP has 
mostly been replaced by the new Goodrich Road WWTP (Centralia WWTP), but the Mellen Street WWTP 
still provides pumping and transfer functions to support the Goodrich Road WWTP.  Grays Harbor 
County manages its sewer plant and solid waste, and plans and operates its domestic and industrial 
water system (Grays Harbor County 2015).  Lewis County provides its water and sewer services through 
a district system, of which three are located within the Chehalis Basin: Water/Sewer Districts 2 
(Onalaska), 4 (Chehalis), and 5 (North Onalaska; Lewis County 2015a).   

According to the Lewis County Comprehensive Flood Hazard Management Plan, the Mellen Street 
WWTP is subject to risk during flooding and could become inoperable.  However, Centralia’s new WWTP 
on Goodrich Road is out of the floodplain and should remain operable through any floods up to and 
including the 100-year event (Brown and Caldwell 2008).  The Montesano WWTP is located on the bank 
of the Wynoochee River and is subject to bank erosion.    

3.14.2.3 Gas and Electric  
Electrical power is created by the Bonneville Power Association (BPA), the Cowlitz Falls Hydroelectric 
Project, the Wynoochee River Project, and the Yelm Project.  Power is then transmitted and distributed 
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by one of Chehalis Basin PUDs (Grays Harbor County or Lewis County), local municipalities (City of 
McCleary or Centralia City Light), or Puget Sound Energy (PSE; Thurston County).  As a result, overhead 
and underground transmission and distribution lines, as well as substations, are located throughout the 
Chehalis Basin, some within the floodplain. 

Gas and electric facilities located within the Chehalis Basin include the BPA power plant in Centralia, the 
Coastal Energy wind farm, the Grays Harbor Energy Center, the Centralia Power Plant (a coal power 
plant operated by TransAlta Corporation), and the Chehalis Generation Facility (a natural gas power 
plant operated by PacifiCorp; EFSEC 2013).  TransAlta also owns and operates the Centralia Steam 
Electric Plant (Brown and Caldwell 2008).  Of these facilities, only the Centralia Power Plant is located 
within the floodplain.  In addition, multiple substations throughout the Chehalis Basin are located within 
the floodplain.  While it does not provide local service, the Chehalis Power Plant in the Port of Chehalis 
Industrial Park is located in the Chehalis Basin; however, it is not within the floodplain (Brown and 
Caldwell 2008).  

The region is served by major natural gas pipelines operated by PSE and Cascade Natural Gas that 
traverse the Chehalis Basin, crossing the Chehalis River floodplain at multiple locations 
(Thurston County 2011).  PSE is the natural gas provider for Thurston County, Centralia, and Chehalis, 
while Cascade Natural Gas Corporation distributes natural gas in most of Grays Harbor County 
(Greater Grays Harbor Inc. 2015).  The Williams Gas Pipeline also traverses the Chehalis Basin, providing 
petroleum to Thurston County.  Utility providers and their service areas are listed in Table 3.14-4.  

Table 3.14-4  
Chehalis Basin Utilities and Providers 

JURISDICTION ELECTRICITY NATURAL GAS PETROLEUM 
Grays Harbor County Grays Harbor County 

Public Utility District 
Cascade Natural Gas 
Corporation 

Individual independent 
vendors 

City of McCleary Williams Gas Pipeline 
Lewis County Centralia City Light Puget Sound Energy Olympic Pipeline 

Company City of McCleary 
Grays Harbor County 
Public Utility District 
Lewis County Public 
Utility District 

Thurston County Puget Sound Energy Puget Sound Energy Individual independent 
vendors 

Sources: PSE 2015; Grays Harbor County 2007 
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3.15 Environmental Health and Safety 
This section describes the two major environmental health and safety matters associated with 
flooding in the Chehalis Basin: contaminated floodwaters and flood warning systems.  Critical 
emergency facilities, such as hospitals and police and fire stations, are described in Section 3.14.  
Relative to environmental health and safety, this section focuses on the areas within the Chehalis Basin 
that are subject to flooding from a 100-year flood based on available information from federal, state, 
and local agencies.   

3.15.1 Contaminated Floodwater 
Floodwater can become contaminated in a variety of ways.  Water can come in contact with agricultural 
chemicals or hazardous materials at contaminated sites, or it can dislodge chemicals stored above 
ground.  Floods can also inundate livestock areas and septic and wastewater treatment systems, and can 
be contaminated with untreated sewage and the decomposing bodies of drowned livestock.  WWTPs 
could become flooded, or malfunction, and release untreated sewage to adjacent waterbodies, or can 
cause backflow of sewage into homes.  Drinking water can be contaminated when wells or water 
treatment systems are flooded.  Contaminated floodwater could also seep into groundwater.  

These contaminated waters become health hazards if the public comes in contact with them through 
direct physical contact, ingestion, or open wounds (OSHA 2015).  Household items that have been 
flooded pose a health concern if they come into close contact with people.  Floodwater often contains 
infectious organisms such as E. coli and Salmonella, which can cause intestinal illnesses.  Agricultural or 
industrial chemicals can cause chemical poisoning.  Many materials used in home construction, including 
wood, fiberglass, and insulation, can absorb floodwater and the contaminants it carries, leaving flooded 
homes contaminated even after they dry out.   

Ecology lists multiple hazardous sites in the Chehalis Basin.  The majority of these sites are associated 
with gas stations or other vehicle facilities, and most of the contaminants are petroleum or related 
products.  The sites are generally clustered around cities and towns in the Chehalis Basin.  Ecology ranks 
six sites in the floodplain as hazard ranking 1 or 2 with a 
higher priority for cleanup (Ecology 2015l).  Four of these 
sites are in Grays Harbor County and two are in Thurston 
County.  USEPA lists three National Priority List sites in the 
floodplain: Hamilton-Labree Roads Groundwater 
Contamination, American Crossarm and Conduit, and the 
Centralia Municipal Landfill (USEPA 2015).  Both the 
Hamilton-Labree Roads and American Crossarm and 
Conduit sites are near Chehalis.  All three sites have 
undergone some level of cleanup and are still being 

2007 flood  
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monitored by Ecology or USEPA.  The American Crossarm and Conduit site is near Dillenbaugh Creek and 
the Centralia Municipal Landfill is near Salzer Creek.  

The Centralia, Montesano, Mellen Street, and Goodrich Road WWTPs are all located within the 
floodplain (see Section 3.14.2.2).  The Mellen Street WWTP in Centralia has flooded and become 
inoperable in the past.  The Montesano WWTP has been flooded by the Wynoochee River, but the 
City installed a sheetpile wall to stabilize the lagoon dike and ensure it did not fail and release its 
contents into the river; further protection through local projects is still being considered.  Septic tanks 
are located throughout the rural areas of the Chehalis Basin and have contaminated floodwater in the 
past.  The 2007 flood caused the death of thousands of livestock and flooded livestock areas, 
contaminating floodwater.   

The 2007 flood required a 10-month cleanup, which was conducted by Ecology’s Southwest Regional 
Office Spill Response Unit.  The cleanup area for the 2007 flood included Pe Ell, Doty, Adna, Littell, and 
the area between Chehalis and Centralia.  A temporary hazardous waste storage site was located at the 
Meskill Solid Waste Transfer Station (Holcomb 2008).  

Overall, spill responders collected and disposed of 4,000 gallons of oil, gasoline, paint, pesticides, 
anti-freeze, flammable liquids, and corrosive substances, as well as 17,500 pounds of hazardous solid 
substances, oil-contaminated debris, and empty drums and containers.  Flooding of the 
Chehalis-Centralia Airport contaminated floodwater with jet fuel and other fuel.  Household propane 
tanks were also flooded, and were retrieved and disposed of by Ecology in coordination with Lewis 
County officials and commercial propane companies.  Overall, spill responders and crew members 
disposed of 4,000 gallons of oil, gasoline, paint pesticides, anti-freeze, flammable liquids, and corrosive 
substances, as well as 17,500 pounds of hazardous solid substances, oil-contaminated debris, and empty 
drums and containers.  

3.15.2 Flood Warning Systems 
Many areas of the Chehalis Basin are rural and remote.  As described in Section 3.14.2.1, cell phone and 
internet services are not available throughout all areas in the Chehalis Basin.   

Three counties in the Chehalis Basin manage flood warning systems through their emergency 
management departments.  The county emergency management departments provide flood warning 
services for all jurisdictions in the counties, except Centralia.  Centralia does not contract with Lewis 
County for emergency management and has its own department.  In emergencies, each emergency 
management department activates its emergency operations center.   

All emergency management departments have a notification system that allows residents to sign up for 
automated notifications of emergencies (e.g., floods) through emails or phone calls.  The emergency 
management departments have websites with links to river gages and weather reports.  During flood 
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emergencies, these websites provide specific warning information about floods, including road closures.  
The counties also provide emergency preparedness education, including for storms and floods, as well 
as brochures with information on what to do before, during, and after a flood. 

Following the 2007 flood, many Chehalis Basin residents complained that the flood forecasting and 
warning system was inadequate for predicting flooding on their property.  In response, the 
Chehalis River Basin Flood Authority funded a study of the existing system and implemented a plan to 
improve it.  New rainfall, temperature, and river monitoring stations were installed.  The Flood Authority 
also established a web-based early warning system that includes links to weather and river forecasts.  
During floods, the site would include emergency alerts and additional information on the flood.  This 
system also allows residents to sign up for automated notifications of emergencies.  Improvements to 
the flood warning system are ongoing.   

3.15.3 Emergency Response 
During floods, local fire departments typically assist with rescue operations, emergency medical service, 
the warning process, and sandbagging operations (Brown and Caldwell 2008).  Sheriffs for Grays Harbor 
County and Lewis County direct the emergency management programs for their jurisdictions.  The 
Grays Harbor County Sheriff also acts as the director of emergency management, and the Lewis County 
Sheriff’s Office sends out warnings to the community in the event of a disaster or critical emergency via 
a mass notification system called Code Red (Lewis County 2015b).   

Grays Harbor County’s Division of Emergency Management is responsible for emergency preparedness; 
disaster, emergency response/recovery, and hazardous materials response planning; running the 
Emergency Operations Center; conducting responder training; providing public education, outreach, and 
exercises for disaster and emergency response; and operating the StormReady and TsunamiReady 
programs (Grays Harbor County 2015).  

Thurston County also has an emergency management department, which provides flood information 
and assistance, public education and outreach, and natural hazard planning documents; however, it is 
not associated with the Thurston County Sheriff’s Office.  See Section 3.15.2 for additional information 
about flood warning systems.   
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4 ACTION ELEMENTS: IMPACTS AND 
MITIGATION 

4.1 Introduction 
This chapter describes the potential short- and long-term impacts of the action elements on the affected 
environment (described in Chapter 3), as well as possible mitigation measures.  Action elements are 
described in this chapter in order from the largest to smallest magnitude flood damage reduction 
actions, followed by aquatic species habitat actions.  Therefore, this chapter begins with a discussion of 
the Large-scale Flood Damage Reduction Actions in 
Sections 4.2 through 4.6, followed by Local-scale Flood 
Damage Reduction Actions (Section 4.7), and Aquatic 
Species Habitat Actions (Section 4.8).  Section 4.2 includes a 
summary assessment of the key adverse impacts and 
beneficial effects associated with the Flood Retention 
Facility; additional detailed information is provided in 
Appendix H.   

Because the analysis of impacts in this EIS is programmatic, 
specific design and construction details for the 
implementation of many of the action elements have not 
been determined.  Thus, short- and long-term impacts are 
discussed commensurate with the level of detail used to 
describe the action element.  Chapter 5 evaluates the 
potential impacts of groupings of action elements when 
combined together into alternatives. 

4.1.1 Impact Evaluation Considerations 
Short-term impacts refer to temporary impacts that would 
occur during construction, typically localized to the 
construction footprint, with conditions returning to 
pre-construction status or function following completion of 
construction.  Long-term impacts are those that would 
occur following implementation of an action element, and 
include permanent impacts resulting from construction 
and operation. 

Action Elements 

Large-scale Flood Damage Reduction 
Actions include the Flood Retention 
Facility (FRO or FRFA dam and 
associated reservoir), Restorative 
Flood Protection, Airport Levee 
Improvements, I-5 Projects, and 
Aberdeen/Hoquiam North Shore Levee. 

Local-scale Flood Damage Reduction 
Actions include Floodproofing, 
Local Projects (including protection of 
roads and infrastructure), Land Use 
Management, and Flood Warning 
System Improvements.  

Aquatic Species Habitat Actions 
includes a number of measures to 
restore aquatic habitat such as 
riparian habitat restoration, fish 
passage barrier removal, off-channel 
habitat restoration, wood installation, 
bank erosion reduction to naturally 
occurring rates, floodplain 
reconnection, and wetland creation, 
restoration, and enhancement. 
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Adverse impacts, if any, would be considered minor, moderate, or significant depending on their 
magnitude.  The discussion of impacts and mitigation is focused on probable significant adverse impacts, 
and beneficial effects are described where applicable.  The summary of impacts in this section is 
provided at a Basin-wide scale for the purposes of conducting a programmatic-level evaluation.  
Although an impact could be considered minor or moderate at the Basin-wide scale, it could be a 
significant impact locally, or for cultural or tribal resources.  Ecology expects that a more detailed 
evaluation of project impacts would be required during project-level environmental review.  The factors 
(or indicators) that were used to evaluate the degree of adverse impact for each element of the 
environment are described in Appendix I. 

4.1.2 Short-term Impacts and Mitigation Common to Many Action Elements 
To assist in the programmatic-level evaluation of 
short-term impacts, some basic assumptions regarding 
construction have been made for the purposes of this EIS.  
Potential construction-related activities, associated 
impacts, and possible mitigation that are similar across 
many action elements are listed in Table 4.1-1.  The 
abbreviations in the short-term impacts column refer to the 
element(s) of the environment that would be affected.  In 
addition to the measures outlined in Table 4.1-1, 
compliance with permit conditions and application of best 
management practices as part of future, project-specific 
permits and authorizations would avoid and minimize some 
of the short-term adverse impacts commonly associated 
with construction.  Other short-term impacts and mitigation 
measures unique to specific action elements are described 
in the applicable sections of this chapter.   

Degree of Adverse Impacts 

Minor = Minimal and/or easily mitigated 

Moderate = Adverse but limited in scope and effect; limited in extent on a Basin-wide scale (smaller footprint 
and would result in limited changes); potentially consistent with regulatory standards; mitigation requirements 
would be straightforward and reasonably achievable  

Significant = Adverse and larger in scope; greater magnitude and extent of impact across the Chehalis Basin 
(larger footprint and would result in greater changes); potentially inconsistent with regulatory standards; 
mitigation requirements would be extensive 

Mitigation Considerations 

When considering mitigation, the first 
step would be to avoid or minimize 
impacts through design or siting (such 
as avoiding impacts on wetlands and 
vegetation communities).  The next 
step would be to rectify the impact by 
repairing the affected environment.  
For impacts that cannot be avoided or 
minimized, compensatory mitigation 
could include restoration or 
rehabilitation, preservation, or 
monitoring the impact and taking 
appropriate corrective measures. 
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Table 4.1-1  
Summary of Short-term Impacts and Possible Mitigation for Action Elements 

CONSTRUCTION 
ACTIVITY SHORT-TERM IMPACTS AVOIDANCE AND MINIMIZATION COMPENSATORY MITIGATION 
Water diversions for 
activities involving 
in-channel 
construction, 
placement of 
cofferdams to isolate 
the work area and/or 
construction of a 
bypass channel to 
reroute the river; 
temporary dewatering 
could also be required 
depending on the 
construction activity 

• Increased turbidity and 
sedimentation (WR, GG, FW, VQ) 

• Localized hyporheic exchange 
alterations (the zone of interaction 
between the shallow groundwater 
and surface water of the river; 
WR, WV, FW)  

• Localized shallow groundwater 
aquifer recharge effects 
(WR, WV, FW) 

• Fish stranding, gill and skin injuries, 
impaired foraging or predator 
avoidance, obstruction of passage 
(FW, R) 

• Impacts on wildlife species that 
breed, forage, or overwinter in 
stream habitats affected by 
dewatering (FW, R) 

• Modification of wetland hydrology 
(WV, FW) 

• Implement an approved Erosion Control Plan 
to control and prevent sediment inputs to 
receiving waters, including use of silt fences 
and turbidity curtains  

• Pump and infiltrate groundwater from 
excavation pits  

• Limit in-water and near-water work to periods 
where sensitive aquatic species are not 
present and to periods of low flow 

• Install fish barrier  
• Remove and relocate aquatic species from 

dewatered area 
• Design bypass channel with hydraulic 

conditions to ensure upstream and 
downstream fish passage during its use, 
including avoiding delay through adequate 
attraction to the bypass channel; monitor 
passage through the bypass channel for 
effectiveness 

• Restore and/or compensate for 
temporary impacts on fish and 
wildlife 

• Restore and/or compensate for 
temporary impacts on natural 
resources, such as wetlands or 
vegetation, to maintain 
ecological function 
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CONSTRUCTION 
ACTIVITY SHORT-TERM IMPACTS AVOIDANCE AND MINIMIZATION COMPENSATORY MITIGATION 
Upland excavation and 
clearing activities, as 
well as fill placement, 
associated with project 
construction 

• Increased turbidity and 
sedimentation (WR, GG, FW, VQ) 

• Temporary fill in wetlands, wetland 
buffers, and riparian habitat 
(WV, FW) 

• Reduced habitat function through 
temporary loss of potential priority 
habitat 

• Implement an approved Erosion Control Plan 
to control and prevent sediment inputs to 
receiving waters, including use of silt fences 
and other erosion control measures 

• Implement seasonal restrictions for protection 
of wildlife using upland habitats 

• Acquire in-kind habitat, or create 
wetland mitigation sites that 
would create or improve 
wetlands and wetland buffers 

• Create, restore, and/or protect 
in-kind riparian habitat, such as 
riparian vegetation for shading 
and nutrient inputs or priority 
habitats that support a variety of 
native fish and wildlife species 

Temporary road 
construction and use, 
as well as transport and 
placement or 
stockpiling of 
excavation material 

• Increased pollutant-laden 
stormwater runoff (WR, FW, VQ) 

• Increased truck traffic on roadways 
with associated vehicle emissions 
and potential damage to local 
roadways (AQ, VQ, T, EHS) 

• Increased particulate matter 
(e.g., dust; AQ, VQ) 

• Increased turbidity and 
sedimentation from handling of 
excavated materials and 
construction and operation of the 
temporary roads 
(WR, GG, FW, VQ, T) 

• Removal of vegetation and/or 
priority habitat for construction of 
the temporary roads or stockpile 
areas (WV, FW, VQ) 

• Minimize number and length of construction 
roads to limit surface area subject to sediment 
production  

• Meet applicable stormwater manual 
requirements (i.e., the most recent version of 
Ecology’s Stormwater Management Manual 
for Western Washington) 

• Develop a Traffic Control Plan 
• Maintain access to properties to the extent 

possible by installing signs, marking detour 
routes, flagging, and providing information to 
the public, including notifications in advance 
of construction activities 

• Comply with applicable dust control policies 
and plans 

• Implement an approved Erosion Control Plan 
to control and prevent sediment inputs to 
receiving waters, including use of silt fences 
and other erosion control measures 

• Locate temporary roads and stockpiling areas 
to limit disturbance of vegetation communities 

• Decommission construction roads 
that are not necessary for 
long-term maintenance of the 
action element 

• Revegetate, maintain, and 
monitor decommissioned road or 
stockpile areas 

• Create, restore, and/or protect 
priority habitats that support a 
variety of native fish and wildlife 
species 



Action Elements: Impacts and Mitigation 
Introduction 

Draft Chehalis Basin Strategy Programmatic EIS 241 

CONSTRUCTION 
ACTIVITY SHORT-TERM IMPACTS AVOIDANCE AND MINIMIZATION COMPENSATORY MITIGATION 
Borrow pit and quarry 
pit development 

• Increased pollutant-laden 
stormwater runoff (WR, FW, VQ) 

• Increased truck traffic on roadways 
with associated vehicle emissions 
and potential damage to local 
roadways (AQ, VQ, T, EHS) 

• Increased dust (AQ, VQ) 
• Increased turbidity and 

sedimentation from handling of 
excavated materials and 
construction and operation of the 
temporary roads 
(WR, GG, FW, VQ, T) 

• Removal of vegetation and/or 
priority habitat for construction of 
temporary roads or pits 
(WV, FW, VQ) 

• Temporary fill in wetlands, wetland 
buffers, and riparian habitat 
(WV, FW) 

• In addition to measures outlined for 
“temporary road construction and use” and 
“upland excavation and clearing activities,” 
minimize the number of borrow (rock and soil) 
sites, and locate them as close to the dam site 
as possible to limit the need for long 
transportation routes and the production of 
sediment on roads 

• Reclaim pit areas that are not 
necessary for long-term 
maintenance of the action 
element  

• Create, restore, and/or protect 
priority habitats that support a 
variety of native fish and wildlife 
species 

Concrete production 
and use  

• Increased potential for high pH 
releases to nearby waterbodies and 
wetlands, with resulting impacts on 
fish and aquatic species (WR, FW) 

• Install work area isolation measures and 
rigorous wastewater management procedures 

• Restore temporary impacts on 
natural resources, such as 
wetlands and riparian areas, to 
maintain ecological function 

Construction of staging 
areas to accommodate 
storage of equipment 
and stockpiling of 
material 

• Increased pollutant-laden 
stormwater runoff (WR, FW, VQ) 

• Increased dust (AQ, VQ) 
• Removal of vegetation for 

construction of staging or stockpiling 
areas (WV, FW, VQ) 

• Meet applicable stormwater manual 
requirements (i.e., the most recent version of 
Ecology’s Stormwater Management Manual 
for Western Washington) 

• Comply with applicable dust control policies 
and plans  

• Limit disturbance of vegetation communities 

• Revegetate staging and 
stockpiling areas 
post-construction  
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CONSTRUCTION 
ACTIVITY SHORT-TERM IMPACTS AVOIDANCE AND MINIMIZATION COMPENSATORY MITIGATION 
Equipment use such as 
compactors, pile 
drivers, jackhammers, 
rock drills, cranes, and 
generators 

• Increased noise and vibration levels 
that are injurious or inhibit normal 
behavior, resulting in temporary 
hearing impairments or 
displacement of humans, fish, and 
wildlife (FW, N, R) 

• Increased potential for accidental 
spills of fuel or oil (WR, FW, VQ) 

• Increased vehicle emissions from 
mechanized construction equipment 
(AQ) 

• Limit noise-generating work such as blasting to 
time periods when sensitive species are not 
breeding or nesting  

• Construction equipment would be required to 
comply with WAC 173-60 – Maximum 
Environmental Noise Levels   

• Implement a Blasting Noise Mitigation Plan  
• Develop project-specific Spill Prevention and 

Response Plan that outlines provisions for 
storing fuels, refueling locations, spill control 
measures, and necessary containment 
equipment and materials 

• Avoid idling of equipment 

None proposed 

Temporary removal or 
disturbance of upland, 
riparian, and wetland 
vegetation 
communities, as well as 
disturbance of mixed 
coniferous/deciduous 
upland forest 
vegetation  

• Increased turbidity and 
sedimentation from ground 
disturbance (WR, GG, FW, VQ) 

• Change in composition of wildlife 
species that occupy the existing 
habitat types (FW, R) 

• Increased dust (AQ, VQ) 

• Limit disturbance of vegetation communities 
• Implement an approved Erosion Control Plan 

to control and prevent sediment inputs to 
receiving waters, including use of silt fences 
and other erosion control measures 

• Implement wildlife seasonal restrictions 
• Comply with applicable dust control policies 

and plans 

• Revegetate cleared areas with 
native species   

• Monitor and maintain planted 
areas to ensure the success of 
mitigation plantings 

Notes:
AQ = Air Quality 
EHS = Environmental Health and Safety  
FW = Fish and Wildlife 
GG = Geology and Geomorphology 

N = Noise 
R = Recreation 
T = Transportation 
VQ = Visual Quality 

WR = Water Resources 
WV = Wetlands and Vegetation 
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4.1.3 Long-term Impacts 
Long-term impacts are characterized as those projected to occur within a 100-year timeframe for each 
action element.  The impact evaluation considers the net effect of the action following implementation 
of avoidance and minimization measures (e.g., the creation of fish passage facilities for the dam).  The 
long-term impacts associated with the implementation of the action elements are variable and 
discussed in more detail in Sections 4.2 through 4.8.   

Potential compensatory mitigation measures have also been identified for long-term impacts that 
cannot be avoided or minimized during design, construction, and implementation of the action 
elements.  It is important to note that identified compensatory mitigation measures may not completely 
reduce or eliminate potential adverse impacts; significant unavoidable impacts for which effective 
mitigation measures have not been identified are noted. 

4.1.4 Comparison of Long-term Impacts  
For all action elements, several potential impacts on tribal resources have been identified, with the extent 
of impacts pending additional coordination with tribes and continued government-to-government 
consultations.  In addition, the action elements could result in moderate to significant adverse impacts 
on cultural resources due to the proposed actions and predicted archaeological potential based on 

Forecasting Climate Change 

This EIS identifies and evaluates impacts related to climate change based on predicted future streamflows and 
temperature conditions.  The process for anticipating future streamflows was led by CIG at the University of 
Washington and involved assimilating and scaling data from existing forecasting models.  These models included 
several hydrologic models and 12 different Global Climate Models (GCMs), which were modified and applied to 
numerous sites in the Chehalis Basin, several different future timeframes, and three different GHG emission 
scenarios.  Model data was used for the period 1951 to 2005 to define historical conditions, and 2040 to 2099 to 
define future conditions.  Average percentage changes by month were applied to the historical daily flow time 
series to develop future (non-peak) flows.  Average percentage changes to modeled peak flows were applied to 
the historical peaks to develop future peak flows.   

The GCMs also provide projected future meteorological conditions, including air temperature and relative 
humidity, which are key factors in determining stream and reservoir temperatures.  In conjunction with the 
projected changes to streamflow under climate change, the projected air temperature increases and relative 
humidity changes were applied to the suite of water quality models.  The changes in simulated water 
temperatures under future conditions without a reservoir were compared to the simulated water temperatures 
under future conditions with the proposed reservoir.  These predicted streamflows and water quality conditions 
are incorporated into the impact analyses for several elements of the environment and EIS action alternatives. 
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WSAPM.  The degree or severity of the impact would depend on the nature of the cultural resources 
that would potentially be disturbed.  

Long-term significant adverse impacts of the Flood Retention Facility would be greater than the rest of 
the action elements, and include the following: 

• Increase in turbidity and temperature and decrease in DO  

• Conversion of a reach of the upper Chehalis River from a free-flowing river to a permanent 
reservoir impoundment (FRFA facility only) 

• Landslide potential around the reservoir footprint (FRFA facility only) 

• Damage to the dam if an earthquake were to occur on the CSZ to the west of the Flood 
Retention Facility or Doty Fault Zone to the north, which would also effect environmental health 
and safety   

• Geomorphic impacts on the Chehalis River and its floodplain downstream of the dam due to 
changes in sediment and wood transport processes 

• Permanent loss of approximately 68 acres (FRO facility) and 98 acres (FRFA facility) of wetlands  

• Permanent loss of vegetation: 6 acres for the FRO facility (in the dam footprint) and 720 acres 
for the FRFA facility (9 acres in the dam footprint, 711 acres in the reservoir area) 

• Reduced fish passage for adult and juvenile salmonids and Pacific lamprey 

• Reduced habitat for fish and wildlife species, including instream and off-channel habitat in the 
reservoir area 

• Change in visual quality of the area due to clearing of vegetation  

The long-term beneficial effects of the Flood Retention Facility include substantial reduction in the 
extent and depths of 100-year floods in downstream areas, including partially offsetting the anticipated 
effects of climate change on peak floods.  Along the Chehalis River in the Chehalis-Centralia area, the 
flood level could be reduced up to 1.8 feet during a 100-year flood (WSE 2014d).  The number of high-
value structures inundated would also be reduced substantially (see Section 5.2.2.4 for more 
information on structures).  These reduced flood elevations have corresponding beneficial effects to 
land use, recreation, transportation, public services and 
utilities, and environmental health and safety.  In the case 
of the FRFA facility, temperature reduction in the Chehalis 
River downstream of the dam to approximately the 
confluence of the Skookumchuck River would result in 
beneficial effects to water quality and fish as described in 
Section 4.2.  

Restorative Flood Protection would also include significant 
adverse impacts due to land use impacts within the 

Structure Value 

Structures were delineated as either 
“high value” (e.g., schools, residences, 
businesses) or “limited value” 
(e.g., sheds, park shelters, carports; 
WSE 2014d).  This EIS uses high-value 
structures to evaluate impacts. 
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treatment areas.  Based on screening-level analysis, these impacts could cause new or increased 
flooding to an area, potentially reaching 21,000 acres in size, which includes approximately 12,100 acres 
of active farmland.  The potentially affected area includes floodplains in the North Fork and South Fork 
Newaukum River, mainstem Chehalis River above the Newaukum River confluence, and the South Fork 
Chehalis River.  The tributaries of Stearns, Stillman, Lake, Elk, and Bunker creeks are also included.  The 
treatments required, and the resultant changes to the river system in those areas, would likely displace 
many rural residential homes and farms; some public and commercial land uses could also be displaced 
or affected.  Approximately 462 high-value structures would be relocated or experience more flooding.  
Although this action includes compensating willing landowners for property or structures that would 
become inundated (or experience more inundation) and providing assistance to interested landowners 
to relocate to areas of the Chehalis Basin that do not flood, the potential adverse impacts are still 
considered significant.  Significant adverse impacts on visual quality would also occur due to the 
construction of engineered-floodplain structures over an area up to 21,000 acres within the 
treatment areas.   

Restorative Flood Protection would result in a reduction in flood elevations of 0.4 foot for the 100-year 
floodplain along the Chehalis River in the Chehalis-Centralia area, and 1.1 foot at the Newaukum River 
confluence.  In addition to flood damage reduction benefits, Restorative Flood Protection would 
increase wetland areas, improve riparian vegetation communities, and improve connectivity to 
floodplain habitat.  These treatment actions would provide conditions that are beneficial to fish and 
wildlife, both in the channels and within connected floodplain habitats.  Eventually, this action element 
would be self-sustaining and would not require routine maintenance or upkeep. 

The Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee are not likely 
to result in long-term significant adverse impacts with regard to a majority of the elements of the 
environment.  Adverse impacts are primarily minor in nature, except for the potential loss of fewer than 
5 acres of wetlands as a result of the Airport Levee Improvements and I-5 Projects.  For the Airport 
Levee Improvements and Aberdeen/Hoquiam North Shore Levee, there would also be moderate 
impacts due to increases in flood depths or extents upstream and downstream of the levee, and 
disruption of the groundwater flow regime within the footprint of the levee.  These action elements 
would reduce damages during a 100-year flood, resulting in beneficial effects with regard to water 
resources, transportation, public services and utilities, and environmental health and safety.   

Local-scale Flood Damage Reduction Actions, such as Floodproofing and Local Projects, are not likely to 
result in any long-term significant adverse impacts.  These action elements would primarily result in 
benefits by reducing flood damage to structures, infrastructure and roads, and agricultural land, 
including the protection of livestock and farm equipment.  Land Use Management actions would not 
result in long-term significant adverse impacts, and—in terms of benefits—could reduce future 
development in the Chehalis River floodplain, which would avoid repeated cycles of future flood damage 
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and recovery.  Flood Warning System Improvements would not result in long-term significant adverse 
impacts, and would benefit public safety. 

Aquatic Species Habitat Actions would primarily result in beneficial effects, with adverse impacts 
identified for a few resources as described in Section 4.8.  Actions would be designed to protect, 
improve, and create sustainable ecosystem processes and functions that support the long-term 
productivity of native aquatic and semi-aquatic species, and at much higher levels of abundance than 
current habitat conditions support.  It is assumed that in the future, the selected restoration actions 
would fall between the low and high scenarios described in Section 2.3.3.3.  With regard to impacts, the 
main difference between the high and low restoration scenarios is the magnitude of short- and 
long-term impacts.  In other words, the low restoration scenario would result in similar benefits and 
impacts as the high scenario, but each to a lesser degree.  All of the low and high restoration scenarios 
combined with the effects of climate change would result in an increased abundance of salmonids (or 
reduce the degree of predicted losses) compared to climate change conditions only.  The high 
restoration scenarios with climate change would result in a significantly greater percentage increase in 
abundance (more than 75%) of coho salmon and spring-run Chinook salmon compared to the low 
restoration scenario when applied to either 20% or 60% of the reaches, as well as for winter-run 
steelhead when applied to 60% of the reaches.  While the low restoration scenario would still result in 
reductions of spring-run Chinook salmon and coho salmon (when applied to 20% of the reaches), the 
abundance of fish under the high restoration scenario would exceed the habitat potential for these 
two species. 
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4.2 Flood Retention Facility (FRO and FRFA) 
Short-term impacts from construction of the Flood Retention Facility would be more substantial than 
short-term impacts from construction of the rest of the action elements, due to the magnitude of 
excavation, clearing, water diversion, and temporary road construction, and because construction would 
occur over 2 to 3 years rather than months.  This action element also includes concrete production and 
use, development of a borrow pit and quarry pit, and installation of a new power line for construction 
and operation of power pumps, gates, instruments, and other facilities.  

This section provides a summary of the primary long-term adverse impacts and benefits resulting from 
implementation of the Flood Retention Facility.  More detailed descriptions of operations and 
associated impacts to support this analysis are provided in Appendix H.  Unless otherwise noted, the 
term Flood Retention Facility is used in reference to both types (FRO and FRFA) of dams and associated 
reservoirs.  When impacts or mitigation are applicable to only one type of facility, the specific facility 
type is noted (FRO facility or FRFA facility).   

4.2.1 Water Resources 

4.2.1.1 Short-term Impacts  
The temporary impacts described in Table 4.1-1, and their effects on water resources during 
construction of the Flood Retention Facility, would be relatively short in duration (2 to 3 years) and 
generally limited to the dam and reservoir footprint.  Avoidance and minimization measures would be 
employed when designing, constructing, and permitting the facility.  Permanent or long-term impacts 
resulting from construction are discussed below.  

4.2.1.2 Long-term Impacts  
Long-term impacts on water quality are based on water quality modeling analysis and results for both 
the FRFA and FRO facilities.  The results and findings of this analysis are presented in the following 
studies, some of which are currently in development: 

• Draft Reservoir Water Quality Model (Anchor QEA 2016b) 

• Draft Development and Calibration of the Chehalis River CE-QUAL-W2 Water Quality Model 
(PSU 2016)  

Surface water quantity and water rights impacts are based on professional judgment and studies 
developed by water resource engineers, including hydraulic and hydrologic modeling, reservoir 
simulations, and the results and findings from the following studies: 

• Re-evaluation of Statistical Hydrology and Design Storm Selection for the Chehalis River Basin 
(WSE 2014a) 

• Peer Review of December 2007 Peak and Hydrograph at Doty Gaging Station (WSE 2014b) 
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• Development and Calibration of Hydraulic Model (WSE 2014c) 

• Chehalis River Basin I-5 Flood Protection near Centralia and Chehalis (WSDOT 2014)   

Impacts on groundwater are based on professional judgment, including known information about the 
existing groundwater aquifer system and the expected changes in water quantity and quality that would 
occur as result of dam operations scenarios.  Existing groundwater characterization of the Chehalis Basin 
is summarized in the following report:  

• Hydrogeologic Framework and Groundwater/Surface-Water Interactions of the Chehalis River 
Basin, Southwestern Washington (Gendaszek 2011)  

Floodwaters would be retained in the reservoir (see Figure 4.2-1) when flows are predicted to exceed a 
major flood.  Floods of this magnitude occur, on average, once every 7 years (15% probability of 
occurring in any given year).  The FRO dam would allow the Chehalis River to pass through unimpeded, 
except during a major flood.  Flows would be retained in the FRO reservoir during a major flood, then 
emptied over a period of up to 32 days after the flood peaks.  The FRFA dam would maintain a 
permanent pool in the reservoir with extra capacity for flood retention when a major flood occurs.  The 
specific operational details that would affect water resources are described in the Draft Operations Plan 
for Flood Retention Facilities (Anchor QEA 2016c). 

As part of the detailed water quality modeling completed to support this EIS, a preliminary optimization 
of reservoir flow and temperature releases was performed (Anchor QEA 2016b, 2016c).  Different 
operating scenarios were reviewed and tested using the reservoir water quality model and the Chehalis 
River water quality model (PSU 2016).  The optimized operating scenario is evaluated for this EIS.   

The operation of the Flood Retention Facility would have the potential to affect water resources through 
changes to surface water quality, surface water quantity, and groundwater through periodic or 
permanent inundation upstream of the dam, peak flow reduction, and low flow increases (for the 
FRFA facility) in the Chehalis River downstream of the dam.   

No adverse impacts on water use and water rights downstream of the dam are anticipated because flow 
changes would not affect the ability of water users to divert their water right downstream of the dam 
during its operation.  Water stored in the FRFA reservoir during the winter and released during low-flow 
periods would augment flows and improve temperature (for the benefit of aquatic species; other uses 
would be secondary).  Because the proposed reservoir would impound more than 10 acre-feet of water, a 
reservoir permit, which is issued by Ecology, would be required per Chapter 90.03.370 RCW.  To mitigate 
for adverse impacts on Pe Ell’s water supply, the intake would be relocated or a new water source would 
be provided, requiring a change in the water right.   
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4.2.1.2.1 Surface Water Quality 

Adverse impacts on surface water quality are primarily related to the conversion of the upper Chehalis 
River to a temporary (FRO) or permanent (FRFA) reservoir, streamside and hillslope vegetation removal, 
peak flow reduction, and flow augmentation in the Chehalis River downstream of the dam.  Adverse 
impacts on surface water quality are anticipated to include the following:   

• Adverse impacts on water quality constituents, including violations of state water quality 
standards: sediment and turbidity; temperature, DO, and nutrients; and mercury (Hg) 

• Potential pollutant loading at the Flood Retention Facility from operations, and reduction in 
downstream pollutant loading (heavy metals, hazardous materials) during peak floods 

Flow augmentation and temperature reductions downstream of the dam in the mainstem Chehalis River 
(FRFA facility only) would result in a beneficial effect to surface water quality. 

Water Quality Constituents 
Suspended Sediment and Turbidity 
FRO and FRFA facility operations have the potential to affect suspended sediment and turbidity in the 
reservoir footprint area, and downstream of the dam in the Chehalis River.    

For both the FRO and FRFA facilities, sediment could be generated from surface runoff from exposed 
slopes along the reservoir footprint, and along shoreline areas from erosion (from wave action) at the 
reservoir water line.  The area within the permanent pool of the FRFA reservoir would be cleared, and 
fluctuating reservoir levels would expose bare soils to erosion.  Fine sediment previously deposited in 
the reservoir area could be re-suspended when reservoir water levels rise or fall, increasing suspended 
sediment and turbidity in the reservoir as the reservoir level fluctuates.  The potential for increased 
turbidity and suspended sediments from slope erosion in the reservoir is greater for the FRFA facility 
than the FRO facility because of the bare slopes within the permanent pool of the FRFA reservoir.  In 
addition, as compared to natural conditions, higher levels of sediment could be delivered to a temporary 
or permanent reservoir area from landslides that could potentially be triggered by fluctuating water 
levels, resulting in highly turbid conditions in the reservoir (see Section 4.2.2.2.1).  The effects of these 
erosion processes have the potential to cause a significant adverse impact on water quality with respect 
to suspended sediment and turbidity conditions by violating the state water quality criterion for 
turbidity (5 Nephelometric Turbidity Units [NTU] over background).   

Downstream of the dam, changes in the suspended sediment and turbidity levels in the Chehalis River 
would occur due to the following: 

• Capture of sediment in the reservoir 

• Change in the rate and timing of suspended sediment transport out of the reservoir 
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• Reduction in bank erosion by reducing peak flows  

• Potential reduction in the downstream floodplain area that could settle sediment out   

For both the FRO and FRFA facilities, the potential for prolonged, controlled releases of turbid water 
exists as the reservoir draws down after a major flood (occurrence once every 7 years on average).  
Based on proposed facility operations, this drawdown period could last up to 32 days.  For both 
configurations, some fine sediment would be trapped during the flood retention period, reducing the 
overall quantity of suspended sediment released during that time.  For the FRO facility, high flows that 
occur outside of flood retention periods can erode previously deposited fine sediment in the reservoir, 
causing higher rates of suspended sediment to be released than under existing conditions.  This would 
create more frequently occurring turbid conditions in the Chehalis River downstream of the dam.  The 
effects of these processes have the potential to result in a moderate to significant adverse impact on 
downstream water quality relative to suspended sediment and turbidity conditions. 

Temperature, Dissolved Oxygen, and Nutrients 
Within the FRO and FRFA reservoir inundation areas, streamside vegetation, especially mature conifers, 
would be removed in areas along the Chehalis River and its tributaries.  This can affect temperature in 
the reservoir footprint as well as the Chehalis River downstream as discussed in the following sections.  
Flood retention is anticipated to only occur in the FRO reservoir during October to March when air and 
water temperatures are cooler.  When in operation, the FRO facility flood retention periods are shorter 
than in the FRFA facility, limiting the potential for temperature and DO impacts as compared to the 
FRFA facility. 

Reservoir Footprint 
In the FRO reservoir, increased solar heating of the Chehalis River in the reservoir inundation area would 
occur due to reduction of riparian vegetation.  Predictions of a water quality model that simulated the 
anticipated changes to temperature indicated a nearly 4˚C increase in summer water temperatures 
(over existing conditions) could occur along the mainstem at the dam site (RM 108.6; PSU 2016).  In the 
Crim Creek tributary upstream of the dam, up to a 5˚C increase was predicted.  Modeling predicts this 
temperature effect to diminish upstream along the mainstem Chehalis River, where at RM 114 the 
predicted increase is approximately 1˚C.  Since warmer waters hold less DO, and can also stimulate 
biological activity that creates a greater demand for DO, lower DO concentrations in the reservoir area 
are expected.  With the increase in temperature of nearly 4˚C along the mainstem at the dam site and a 
decrease in DO, there would be a significant adverse impact on water quality (temperature and DO).   
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Model simulation of impacts during the wet period (late fall to early spring) for the FRO reservoir 
indicated that moderate impacts on water temperature could result if flood retention is necessary early 
in the wet period (October to November) when air temperatures are still warm relative to the peak wet 
period (December through March; PSU 2016).  The associated water quality impacts (changes in DO and 
biological activity within the FRO reservoir) during the wet period are expected to be minor as a result of 
the minor predicted increases in temperature.   

For the FRFA facility, the conservation pool would have varying water temperatures depending on the 
season and depth within the reservoir.  Model predictions showed that the temperatures in the upper 
portions of the conservation pool would increase more rapidly than the lower layers due to surface 
heating from solar radiation, resulting in thermal stratification during the summer and fall months 
(see Figure 4.2-2).  During July, the temperature differential between the conservation pool’s surface 
layer and bottom layer can approach 18˚C, dependent on the year.  Surface layer temperatures could 
reach approximately 20 to 25˚C depending on meteorological conditions, which is comparable to current 
conditions that exist in the summer in the Chehalis River without the reservoir (see Figure 4.2-2).  The 
model predictions also show that algal activity (which produces oxygen) would be increased in the upper 
layers of the reservoir over late spring through mid-summer, resulting in a condition where DO exceeds 
100% saturation (condition known as supersaturation).  However, model simulations also showed that 
decomposition of the algae (that die and settle from the surface layers) and the organic matter (from 
the watershed that settles) in the reservoir sediments result in increased oxygen demand 
(i.e., consumption) in the lower layers, resulting in lower DO levels than at the surface.  Since the 
reservoir is predicted to stratify, oxygen cannot mix from the surface layer to the lower layers to meet 
this oxygen demand, thereby resulting in lower oxygen concentrations (hypoxic conditions) in the 
bottom waters in late summer (see Figure 4.2-3).   

  

Applicable Temperature Water Quality Criteria 

The temperature surface water quality criteria for lakes and reservoirs states that “human actions may not 
exceed 0.3˚C (0.54˚F) above natural conditions” (WAC 173-201A).  For this EIS evaluation, compliance with this 
standard cannot be determined because a reservoir is not currently established.  Therefore, results of 
temperature modeling are compared to the core summer salmonid habitat temperature criterion of 16˚C 
(WAC 173-201A) and the supplemental spawning and incubation protection water temperature criterion 
(effective September 15 to July 1) of 13˚C, which supersedes the 16˚C criteria during this timeframe 
(Ecology 2011a).  Some of the Chehalis River tributaries within the reservoir footprint also have the supplemental 
spawning and incubation temperature criteria applied from October 1 through May 15 (see Appendix D, 
Figure D-2 for the extent of these tributaries). 



Figure 4.2-2

Modeled Temperature Profile Within FRFA Reservoir Conservation Pool
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Figure 4.2-3

Modeled Dissolved Oxygen Profile Within FRFA Reservoir Conservation Pool 
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Figure 4.2-2 shows that upper portions of the conservation 
pool do not meet the core summer salmonid habitat 
criterion (of 16°C), whereas Figure 4.2-3 shows that 
portions of the lower waters do not meet the DO criterion 
(of 9.5 mg/L) in late summer.  Model simulations showed 
that over certain depths in the reservoir (from an elevation 
of approximately 560 to 580 feet), both the temperature 
and DO criteria are met simultaneously over portions of the 
summer period, but there are other periods when at least 
one criterion is not met throughout the water column.  
However, there are also periods where neither criterion is 
met in the top portion of the conservation pool during 
summer.  Therefore, a moderate adverse impact on water 
quality (temperature and DO) in the reservoir during late 
summer and early fall is anticipated because surface water 
quality criteria are not predicted to be met during water 
storage in the reservoir.  

Water quality standards are based on the protection of 
existing and designated uses.  As noted in the sidebar, the 
area that would be inundated by a permanent FRFA 
reservoir is protected by the designated use “Core Summer 
Salmon Habitat” (WAC 173-201A-200).  The FRFA reservoir 
would permanently inundate existing spawning areas, and 
eliminate habitat features necessary for spawning and 
emergence of salmonids, as is required for this designated 
and existing use.  

Downstream of Flood Retention Facility 
Impacts on the water temperature in the Chehalis River downstream of the dam were evaluated with a 
temperature model that simulated both baseline and with a reservoir upstream for both the FRO and 
FRFA facilities (PSU 2016).  The predicted changes in downstream temperatures relative to existing 
conditions for both the FRO and FRFA facilities in July (during a period of predicted high water 
temperatures) are shown in Figure 4.2-4.  

For the FRO facility, Figure 4.2-4 shows that the greatest downstream impact is predicted immediately 
below the reservoir (approximately 2 to 3°C warmer than existing conditions) during summer (July 15) 
with negligible impacts below the confluence of the South Fork Chehalis River (RM 88).  This would 
result in a moderate adverse downstream impact with regard to stream temperature during peak 
summer temperatures.  Model simulations indicated that downstream impacts resulting from flood 

Waterbody Use Terms 

• Designated uses –These are 
defined in the surface water 
quality standards, which specify 
the quality of aquatic life uses 
that must be protected in each 
waterbody.  This designation 
applies regardless of whether the 
associated numeric criteria are 
fully attained. 

• Existing uses – USEPA regulations 
define existing uses as “those 
uses actually attained in a water 
body on or after November 28, 
1975 whether or not they are 
included in the water quality 
standards.” A waterbody’s 
existing uses serve as the baseline 
or ‘floor’ of the uses that must be 
maintained, including the habitat 
and water quality conditions 
necessary to protect them.  Any 
change in the designated uses 
may not result in a lesser aquatic 
life use or numeric criteria than 
those that have been determined 
necessary to meet existing uses. 
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storage could result in minor changes in temperature (increase or decrease) relative to current 
conditions, depending on whether the flood occurs during the peak wet season (December to February) 
or during the early or later stages of the wet season (see Appendix H; PSU 2016).  However, these 
changes were not predicted to result in a violation of temperature criteria beyond what would occur 
under current conditions.  Therefore, the FRO reservoir release is expected to have a minor adverse 
impact on downstream temperature from late fall through early spring (see Appendix H; PSU 2016).   

The potential also exists for reduced DO concentrations in floodwater discharged from the FRO reservoir 
as a result of any water temperature warming, decay of organic material, and periodic sediment inputs 
at and upstream of the dam.  Based on water quality modeling for the FRFA reservoir (which would 
store nearly twice the volume proposed for the FRO reservoir), adverse impacts on DO were predicted 
within the reservoir over the wet season (October through March) near the bottom (see Figure 4.2-3).  
Moreover, the impacts predicted for the FRFA facility are the result of warmer conditions over the 
summer when productivity in the reservoir resulted in a higher oxygen demand at the bottom of the 
reservoir in the fall.  For the FRO facility, the impact is likely to be minor because flood retention 
operations would occur in cool months and the retention time is short.  In addition, the reservoir would 
be drained between flood retention operations and sediment and organic materials would be 
transported out of the reservoir by river flows.  Therefore, it is estimated that there is potential for a 
minor adverse impact as a result of FRO dam operations, particularly if flood storage is required earlier 
in the wet season (for example during October and November).  Dry season FRO facility scenarios are 
not presented or discussed because the FRO facility would not be operational.   

For the FRFA facility, temperature modeling of the controlled releases of waters from different parts of 
the FRFA reservoir (flow augmentation) showed that downstream water temperatures in the Chehalis 
River can be improved during late spring through early fall.  The predicted effects of flow augmentation 
on downstream river temperatures are shown in Figure 4.2-4.  In particular, in the upper sections of the 
reaches designated as core summer salmonid habitat, improvements of up to 10°C were predicted, 
which would bring these reaches into compliance with the 16°C criterion during the summer 
immediately downstream of the dam.  The model simulations also showed that the anticipated 
downstream benefits attenuate to existing background conditions to near the confluence of the 
Skookumchuck River (approximately RM 65; see Figure 4.2-4).  

Modeling predicts that the release of cooler waters from the lower depths of the reservoir (see 
Figure 4.2-2) would also result in release of waters to the Chehalis River that are lower in DO and rich in 
nutrients and dissolved organic matter.  Adverse impacts on DO near the bottom of the reservoir were 
predicted over the wet season (October through March; see Figure 4.2-3).  Based on the conceptual 
design and operations plan for the FRFA facility, it is anticipated that DO levels would be enhanced in 
the outflow through engineered aeration.  However, the nutrients in the reservoir outflow have a 
potential to cause an adverse impact on downstream water quality by stimulating algal growth in 
summer and fall (lowering DO concentrations).  The extent of such impacts is presently being evaluated 
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in the downstream water quality model.  If adverse impacts are determined, then reservoir operations 
would be revised to reduce nutrient-rich waters from the bottom of the reservoir to minimize the 
downstream impacts, while still providing the downstream temperature-reduction benefit.  The 
multi-outlet tower proposed in the operations plan would allow for such modifications.  

Mercury 
The potential exists in the FRFA reservoir for the conversion of atmospheric inorganic Hg to organic 
methylmercury (MeHg), a more toxic form that accumulates in the food web and in fish.  The local 
atmospheric levels of Hg are not quantified at this time, but could be evaluated during project-level 
environmental review.  The FRFA reservoir could provide an environment for the growth of the 
sulfite-reducing bacteria that convert Hg to MeHg.  Non-salmonid species (e.g., mountain whitefish, 
rainbow trout, Northern pikeminnow) have the potential to spend extended periods of time in the 
reservoir, and salmonids have the potential to spend up to 1 year in the reservoir (see Section 4.2.4.2 for 
effects to fish).  The local atmospheric source (the Chehalis Power Plant) would no longer exist after the 
year 2020, which is before a Flood Retention Facility would be constructed, thereby reducing a potential 
local source of atmospheric Hg.  An additional source of Hg would be from the exposed sediment in the 
reservoir footprint and from sediment entering the reservoir from surface erosion and landslides.  This 
would likely be a minor adverse impact due to the short reservoir residence times (less than 100 days) 
and lack of local atmospheric sources.  

Pollutant Loading 
Operations and maintenance of the Flood Retention Facility has the potential to introduce pollutants by 
spills or contamination, use of hydraulic fluids, and other potential pollutants related to facility 
operations.  This potential exists at and in the vicinity of the Flood Retention Facility.  This potentially 
could be a minor to moderate adverse impact in the vicinity of the dam.   

Flood retention operations would reduce downstream flooding, thereby reduces the area from which 
floodwaters have the potential to accumulate toxins and pollutants during a flood, which is a beneficial 
effect.  A reduction in the area of the floodplain inundated by a major flood downstream of a dam could 
reduce the contamination of surface water, and the release of pollutants and hazardous materials from 
flooding urban areas and agricultural fields and facilities.  Mobilization of pollutants to the Chehalis River 
would be reduced from sources such as livestock grazing (e.g., fecal coliform bacteria), atmospheric 
deposition of Hg (as dry fall-out and precipitation), and fuel and chemicals stored in the Chehalis River 
floodplain.  Section 4.2.15.2 describes the improvements to environmental health and safety as a result 
of these effects. 

  



Figure 4.2-4

Modeled Temperatures Downstream of Flood Retention Facility
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Downstream Flow Augmentation 
No flow augmentation would occur with FRO facility operations.  Currently, the mainstem Chehalis River 
experiences high summer and early fall water temperatures that routinely exceed applicable criteria 
(WAC 173-201A; Ecology 2012).  The FRFA facility operations would improve water quality in the 
Chehalis River downstream of the dam to approximately the confluence of the Skookumchuck River 
(RM 65) during the late summer and early fall due to cool-water flow augmentation from the reservoir 
pool (see Figure 4.2-4).  From the late spring to early fall (mid-May to October), natural flows in the 
upper Chehalis River are low; median flows are currently from 20 to 160 cfs.  The minimum discharge at 
the dam would range from 80 to 160 cfs during this timeframe.  This flow augmentation would increase 
flows and reduce temperatures at and downstream of the proposed dam.  The model predicted 
temperature improvements would be in the range of 10°C immediately downstream of the dam, with 
the proposed flow range (80 to 160 cfs) during the summer.  In the fall, warmer water in the range of 
1 to 2°C (higher than baseline condition) could potentially be discharged as a result of warming in the 
upstream reservoir.  This flow would be cooler in temperature than existing flows in the mainstem 
Chehalis River during the late summer through early fall (see water quality benefits described for 
temperature and DO).  This increase in cool-water flow could improve habitat conditions in the 
mainstem Chehalis River (downstream of the dam) for cool-water dependent aquatic species that use 
this area by lowering water temperatures and improving DO conditions (see Section 4.2.4 for effects to 
fish and wildlife).   

4.2.1.2.2 Surface Water Quantity 

The primary purpose of the Flood Retention Facility is to retain floodwater during a major flood.  For 
FRO facility operations, river flows would be retained in a reservoir on the Chehalis River only during and 
after a major flood or greater.  For the FRFA facility, the Chehalis River would be converted to a 
permanent reservoir for 6.3 miles upstream of the dam.  Adverse impacts on surface water quantity are 
anticipated to be related to the following:   

• Changes in flows and inundation of the mainstem Chehalis River at and upstream of the Flood 
Retention Facility  

• Retention of a major flood and changes in downstream flow regimes 

The dam would alter the Chehalis River from a free-flowing river to a reservoir.  For the FRO facility, 
these changes would result in a moderate adverse impact on surface water quantity because the river 
within the reservoir footprint would be periodically inundated once every 7 years on average (or 
15% probability of occurring in any given year) for a period of up to 32 days.  When the FRO facility is 
not operational, the river would continue to be a free-flowing river.  For the FRFA facility, these changes 
would result in a significant adverse impact because the Chehalis River would be changed from a 
free-flowing river to a permanent reservoir, affecting instream habitat conditions currently used by 
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aquatic species in the system.  Table 4.2-1 provides a summary of the potential changes to surface water 
quantity at and above the dam. 

Table 4.2-1  
Flood Retention Facility Reservoir Conditions for Surface Water Quantity 

CONDITIONS FRO FACILITY1 FRFA FACILITY1 
Reservoir permanency Reservoir inundation upstream of the 

FRO dam would be temporary (up to 
32 days) 

Permanent reservoir pool would be 
maintained with additional capacity to 
retain floods 

Inundation extent Temporary reservoir would extend 
5.3 miles, on average, during a major 
flood 

Permanent reservoir would extend 
6.3 miles (at full conservation pool 
extent) 

Maximum periodic 
inundation extent 

6.2 miles to account for floods similar 
to the 2007 flood 

7.6 miles to account for floods similar 
to the 2007 flood 

Maximum inundated area 778 acres 1,264 acres 
Median (mid-point) 
reservoir elevation during 
flood operations 

513 feet 602 feet  

Maximum reservoir 
elevation during flood 
operations 

620 feet 683 feet 

Median (mid-point) 
reservoir depth during flood 
operations 

88 feet  177 feet 

Maximum reservoir depth 
during flood operations 

195 feet 258 feet 

Capacity 65,000 acre-feet Conservation pool: 65,000 acre-feet 
Flood storage pool: 65,000 acre-feet 
Total: 130,000 acre-feet 

Note: 
1. Elevation of the river bed at the proposed dam site is 420 feet 
 

Outside of flood operations, the FRFA reservoir level would fluctuate in response to inflow and outflow.  
The proposed operations of the FRFA facility would limit the reservoir drawdown to provide flexibility 
for releasing cool water in the summer and better downstream passage conditions for juvenile fish.  
Anchor QEA (2016c) provides details of facility operations related to surface water quantity. 

Downstream of the dam, discharge from the reservoir would be reduced during a major flood in order 
to decrease downstream flooding.  Modeled flood flow reductions at Grand Mound are provided in 
Table 4.2-2.   
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Table 4.2-2  
Peak Flow Comparison of Chehalis River at Grand Mound 

FLOOD  
EXISTING PEAK 
FLOW (cfs) 

PEAK FLOW WITH 
FLOOD RETENTION (cfs) 

DIFFERENCE IN 
PEAK FLOW (%) 

100-year 70,600 58,400 -17.3% 
10-year 43,800 37,500 -14.4% 
1996 72,100 61,200 -8.5% 
2007 71,100 52,100 -26.7% 
2009 57,300 48,600 -15.2% 

 

Downstream of the Flood Retention Facility, flood elevations would be reduced along the mainstem 
Chehalis River from the dam to the mouth of the river.  The reduction in flood elevations would vary 
depending on the location and magnitude of the flood, with larger reductions generally closer to the 
dam and smaller reductions farther downstream.  Modeled flood elevation reductions for a 100-year 
flood at various locations along the Chehalis River are provided in Table 4.2-3.  

Table 4.2-3  
Flood Retention Facility Flood Elevation Reductions along Chehalis River (100-year Flood) 

LOCATION 

EXISTING 100-YEAR 
FLOOD PEAK 
ELEVATION  
(FEET) 

100-YEAR FLOOD PEAK 
ELEVATION WITH FLOOD 
RETENTION  
(FEET) 

DIFFERENCE IN 
FLOOD ELEVATION 
(FEET) 

Near Doty 319.2 308.1 -11.1 
Downstream of South Fork 222.2 217.1 -5.1 
Along airport levee 180.5 179.0 -1.5 
Behind airport levee 180.3 173.3 -7.0 
Mellen Street 177.7 176.0 -1.7 
Galvin Road 168.2 166.5 -1.7 
Grand Mound 147.5 146.6 -0.9 
Near Rochester 124.4 123.4 -1.0 
Black River confluence 93.5 92.5 -1.0 
Satsop River confluence 33.9 33.3 -0.6 
Montesano 18.6 17.9 -0.7 

Source: WSE 2014d 
 

The Flood Retention Facility would not reduce flood elevations or associated flood damage to structures 
along tributaries to the Chehalis River, except in the downstream-most areas of tributaries that are 
subject to flooding from high water levels in the Chehalis River.  In those tributaries, such as the 
South Fork Chehalis River, Newaukum and Skookumchuck rivers, flood levels would be reduced 
indirectly as a result of a Flood Retention Facility reducing flood flows in the Chehalis River.   
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Modeled results related to structures that are no longer flooded have been developed for the combined 
Flood Retention Facility and Airport Levee Improvements and are described in more detail in Chapter 5. 

4.2.1.2.3 Groundwater 

Adverse impacts on groundwater could be related to the following:   

• Changes to groundwater recharge in the reservoir footprint 

• Changes to groundwater flow regime in downstream floodplain areas 

Very little groundwater exists in the area where the reservoir would be located because it is situated in a 
narrow canyon, and a thin layer of alluvial material overlies bedrock throughout the length of the 
proposed reservoir site.  Hillsides in and adjacent to the reservoir footprint also have limited 
groundwater storage capacity because of steep slopes and thin layers of soil over bedrock.  During 
operation of either Flood Retention Facility (when the flood pool is filled), additional recharge could 
occur along hillsides and the reservoir bed would be saturated, slightly increasing groundwater storage.  
Groundwater conditions would return to existing when the flood pool is drawn down, and no adverse 
impacts on groundwater quantity are anticipated in the dam and reservoir footprint.  When the 
FRO facility is not operational, groundwater recharge would be similar to existing conditions.   

Downstream of the dam, a reduction in groundwater recharge could occur due to a reduction in the 
Chehalis River floodplain area that is inundated during floods with a greater than 7-year recurrence 
interval.  The Chehalis River floodplain would be reduced by about 4,480 acres during a 100-year flood, 
which is about 10% of the existing floodplain area.  This reduction in floodplain area would be realized 
along the entire mainstem Chehalis River; however, more reduction would occur throughout the upper 
mainstem.  The extent of floodplain reduction would be less during smaller (less than 7-year recurrence) 
floods.  The potential reduction in recharge could be partially offset by higher stages in the river for a 
longer duration than existing as the reservoir empties, but this has not been quantified to support this 
programmatic-level analysis.  Localized modifications of the 
hyporheic zone could occur because of changes to flow and 
inundation areas.  See Section 4.2.4 for a discussion of how 
changes to groundwater could affect aquatic species.   

Summer flow augmentation with the FRFA facility could 
contribute to some groundwater recharge in losing reaches 
(i.e., reaches where flow is presently from river to 
groundwater) compared to existing conditions.  Overall, 
significant adverse impacts on groundwater flow regimes 
are not expected downstream of the Flood Retention 
Facility.  However, this has not been quantified to support 
the preliminary analysis for this programmatic EIS.   

Hyporheic Zone 

The hyporheic zone is a region 
beneath and alongside the river bed, 
where there is mixing of shallow 
groundwater and surface water.  The 
flow dynamics and behavior in this 
zone is recognized to be important for 
surface water/groundwater 
interactions, as well as fish spawning, 
among other processes. 
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No adverse impacts on groundwater quality are anticipated from either FRO or FRFA reservoir 
operations either within the reservoir footprint or downstream of the dam. 

4.2.1.3 Mitigation  
Potential mitigation measures for short-term impacts on water resources are described in Table 4.1-1.  
Potential avoidance, minimization, and mitigation measures for long-term impacts on water resources 
are described in the following sections. 

4.2.1.3.1 Surface Water Quality 

Compensatory mitigation for actions that are anticipated to have long-term, significant, or unavoidable 
impacts on surface water quality is detailed in this section. 

At this time, it is not known whether completely eliminating and indefinitely removing an existing and 
designated use within a broad geographic area, such as the FRFA reservoir, could be mitigated, and if 
this action would be allowable within the state’s authority under CWA Section 401.  The FRO reservoir 
could periodically affect or modify a portion of the waterbody’s existing designated use, but the 
designated use as a whole could remain.  If proposed mitigation for the FRO facility provides evidence 
that habitat features and types associated with the existing designated use would remain intact and 
water quality standards would be met, this type of Flood Retention Facility may not be subject to the 
same CWA Section 401 certification challenges as the FRFA facility with regard to meeting water 
quality standards. 

Sediment and Turbidity 
Avoidance and minimization measures to limit sediment and turbidity in the reservoir area could include 
the following:  

• Revegetating cleared areas (for both FRO and FRFA reservoirs) with trees that could withstand 
periodic inundation (e.g., partially submerged in the reservoir pool) 

• Keeping trees that could withstand inundation in areas requiring thinning 

• Maintaining a reservoir drawdown rate that limits slope instability (10 to 20 feet per day; 
Shannon & Wilson 2014a) 

• Maintaining a minimum pool of water in the FRFA reservoir to reduce potential mobilization of 
sediments and associated nutrients and contaminants from the reservoir 
‒ For example, the maximum drawdown would be 40 vertical feet (below the elevation of the 

conservation pool), minimizing the exposed area during operations 

Compensatory mitigation for potential impacts from sediment and turbidity could include 
implementation of a Reservoir Operations and Management Plan that includes monitoring riparian 
vegetation and shoreline erosion, and treating erosion areas to reduce sediment impacts.  The potential 
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for soil erosion associated with periods of pool drawdown would also be monitored and evaluated 
within the plan, and would be used to adaptively manage dam operations and reservoir drawdown rates. 

Temperature and Dissolved Oxygen  
Avoidance and minimization measures to address water temperatures downstream of the dam could 
include managing FRFA facility operations to optimize cool temperatures and flow benefit for aquatic 
species (in the Chehalis River) and maintain DO conditions that are compliant with the state water 
quality criterion of greater than 9.5 mg/L. 

Compensatory mitigation measures to address losses of riparian shade within the reservoir and 
downstream of the dam could include planting riparian vegetation that is more flood tolerant within the 
reservoir footprint (for either the FRO or FRFA facilities).  This would likely not mitigate all of the riparian 
loss at the reservoir site, and additional downstream riparian planting could be required.  

Mercury and Pollutants 
Avoidance and minimization measures for potential spills or contamination, hydraulic fluids, and other 
potential pollutants related to Flood Retention Facility operations could include implementation of a 
project-specific Spill Prevention and Response Plan.   

4.2.1.3.2 Surface Water Quantity 

Avoidance and minimization measures for surface water quantity could include managed reservoir 
drawdown rates, release rates, debris management, and other factors.  No long-term compensatory 
mitigation measures are proposed for water quantity impacts because the overall effect would be 
beneficial due to the reduction in flooding (FRO and FRFA facilities) and the improvement in instream 
flow (FRFA facility).   

4.2.1.3.3 Groundwater  

No long-term adverse impacts on groundwater quantity or quality are anticipated, so no mitigation is 
proposed. 

4.2.2 Geology and Geomorphology 

4.2.2.1 Short-term Impacts 
4.2.2.1.1 Geology 

The potential short-term impacts on geology that would occur during construction are described in 
Table 4.1-1.  In addition, the construction of a temporary river bypass tunnel would require the 
permanent placement of tunnel muck outside of the dam and reservoir footprints.  This impact would 
be confined to the immediate area around the waste sites where muck would be permanently placed.  
The conceptual design proposes using on-site quarries to provide aggregate for construction.  If off-site 
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quarries were also used, the local supply of these construction materials could be reduced, thereby 
driving up prices for the materials or limiting development that uses those materials.   

4.2.2.1.2 Geomorphology 

The potential short-term impacts on geomorphology are described in Table 4.1-1.  Additional short-term 
impacts include the interruption of sediment and wood transport regimes throughout the construction 
work zone, and the loss of channel function for the river segment that is re-routed through the work zone.   

4.2.2.2 Long-term Impacts 
In addition to references by others, the impacts on geology are informed by field work and studies that 
have been completed by engineering geologists and geotechnical engineers for the Chehalis Basin 
Strategy since 2009.  They include geologic mapping, landslide identification and analysis, rock quarry 
material identification and evaluation, seismicity analysis, seismic engineering studies, logging of deep 
drill holes, downhole and seismic refraction geophysical surveys, rock and soil laboratory testing, and 
preliminary geotechnical engineering analyses.  The reference documents that present this work include 
the following (in chronological order): 

• Reconnaissance-Level Geotechnical Report, Proposed Chehalis River the South Fork Dam Sites, 
Lewis County, Washington (Shannon & Wilson 2009) 

• Preliminary Desktop Landslide Evaluation (Shannon & Wilson 2014b) 

• Quarry Rock Desktop Study (Shannon & Wilson 2014c) 

• Landslide Reconnaissance Evaluation of the Chehalis Dam Reservoir (Shannon & Wilson 2015) 

• Phase 1 Site Characterization Technical Memorandum (HDR and Shannon & Wilson 2015) 

• Phase 2 Site Characterization Technical Memorandum (HDR and Shannon & Wilson 2016) 

Adverse impacts on geomorphology are based on field work by geologists and geomormorphologists, 
sediment transport modeling, analysis of existing and historical geomorphic conditions, and the results 
and findings from the following studies: 

• Geomorphology and Sediment Transport Draft Technical Memorandum 
(Watershed GeoDynamics and Anchor QEA 2014)   

• Draft: Summary of the Effects on the Chehalis Flood Retention Only (FRO) Reservoir Operations 
on Aquatic Habitat in the Reservoir Area (Dubé 2016)   

• Geomorphology, Sediment Transport, and Large Woody Debris (Watershed GeoDynamics and 
Anchor QEA 2016) 
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4.2.2.2.1 Geology 

The potential adverse impacts on geology are related to the following: 

• Shallow rapid and deep-seated landslides triggered by fluctuating reservoir water levels and 
tree removal 

• Erosion along the reservoir perimeter (from wave action and erosion of exposed slopes in areas 
of vegetation removal) increasing sedimentation and turbidity in the reservoir 

• Increased low-level induced seismicity from the weight of water in the FRFA reservoir  

In the reservoir area, fluctuating water levels and removal of trees could trigger shallow landslides and 
deep-seated landslides around the reservoir footprint (RM 108 to RM 114; see Figure 4.2-5).  Because 
shallow landslides have the potential to occur around the reservoir perimeter with impacts isolated to 
the reservoir area, the adverse impact on geology would be moderate.  For deep-seated landslides, 
there would be a minor to moderate adverse impact for the FRO facility due to the limited presence of a 
fluctuating reservoir (once every 7 years) and slightly smaller reservoir footprint, and a moderate 
adverse impact for the FRFA facility because the risk for slope instability could be higher and more 
widespread due to the larger reservoir footprint and increased saturation of the landslide masses.   

Over the long term, small-scale sloughing or slumping would periodically occur along the temporary FRO 
or permanent FRFA reservoir perimeter, especially in areas of dynamic water-level fluctuations, 
releasing fine-grained sediment and woody material into the reservoir.  There would be a moderate 
adverse impact due to its limited geographic extent and periodic nature.   

In the FRFA reservoir, a minor adverse impact could result from low-level seismicity induced by the 
weight of the water in the reservoir, potentially damaging the dam and appurtenant structures and 
causing concern among local residents.  Because the water loading in the FRO reservoir will be 
short-lived, it is unlikely that a low-magnitude earthquake would be induced by the temporary FRO 
reservoir (Gupta 1992).   

Over the life of the Flood Retention Facility, an earthquake on the CSZ to the west or Doty Fault Zone to 
the north could occur, and cause damage to the dam due to strong shaking.  This would result in a 
significant adverse impact, if it were to occur.  Damage to the dam would require repair and potentially 
cause a temporary shutdown.  If an earthquake were to occur when the reservoir was full during flood 
operations, and the dam were damaged (despite being designed for this situation), it could have an 
adverse impact on downstream communities, as discussed in Section 4.2.15.2.    
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4.2.2.2.2 Geomorphology 

The potential adverse impacts on geomorphology are related to the following:   

• Changes in sediment load and sediment transport processes 

• Changes in large wood load, transport, and recruitment 

• Changes in geomorphic function and channel complexity 

The potential changes in wood and sediment transport processes resulting from implementation of both 
the FRO and FRFA facilities would have a significant adverse impact on geomorphology due to the 
interruption of these processes upstream and downstream of the dam, as described here.   

The Flood Retention Facility would disrupt both bedload and suspended load sediment transport 
processes (see Figure 4.2-6).  The FRO facility would disrupt sediment transport continuity temporarily 
(when operational), whereas the FRFA facility would retain most sediment permanently.  Sediment 
transport would be disrupted through the FRO dam during and after flood retention until the system 
reaches equilibrium.  The potential adverse impacts on geomorphology include the following:  

• Deposition and erosion of sediments in the zone of the reservoir that experiences water level 
fluctuations during flood retention operations (this zone could extend 3 to 5 miles for the 
FRO reservoir and 1.5 miles for the FRFA reservoir) 

• Changes to sediment and large wood transport upstream and at the dam 

• Changes to sediment and wood transport and deposition downstream of the dam to 
downstream of the Skookumchuck River confluence (approximately RM 62) 

Changes to geomorphic processes (i.e., changes in sediment transport) are not anticipated to result in 
effects below RM 62.  Reduced sediment transport could deplete substrates used for fish spawning and 
rearing downstream of the dam, in particular, spawning gravels for salmon, coarser substrate used as 
refuge by juvenile salmon and other fish, and fine substrate used by larval lamprey (Watershed 
GeoDynamics and Anchor QEA 2014).  Potential effects to fish resulting from these geomorphic changes 
are discussed in Section 4.2.4.   

In the long term, 25% to 50% of the bedload would be retained by the FRO facility—amounting to 
approximately 9,000 to 17,500 tons per year on average (Watershed GeoDynamics and Anchor QEA 
2014).  Based on preliminary modeling results, sediment entrainment of up to 1 foot could occur 
upstream of the FRO dam throughout the reservoir footprint (based on modeling results for large floods; 
Dubé 2016).  The FRFA facility would retain most sediment in the reservoir upstream of the FRFA dam 
(Watershed GeoDynamics and Anchor QEA 2014).  For the FRFA facility, all bedload and 86% to 93% 
of the suspended load would be retained, which is equivalent to approximately 85,000 tons per year 
on average.   
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Large wood would also be trapped in either reservoir during flood operations.  During non-flood 
operations, the FRFA facility would trap all large wood while the FRO facility would allow wood up to 
15 feet in length and 3 feet in diameter to be transported through the dam with the flow.  However, 
most wood is supplied during floods, and the FRO dam would trap it when retaining floods.  Based on an 
aerial photograph interpretation of past floods, the estimated volume of wood that would be trapped 
during a 7-year flood is approximately 6,000 to 7,000 cy for both the FRO and FRFA facilities (Watershed 
GeoDynamics and Anchor QEA 2016).  Wood recruitment occurs primarily from upstream mass wasting, 
with some wood input from entrainment of wood stored along the channel margins.  Wood could be 
supplied from the Chehalis River upstream of the reservoir, from tributaries, from landslides in the 
reservoir area, or from trees in the reservoir area that are uprooted when inundated.  Trapping of large 
wood at and upstream of the dam would reduce the potential wood load in the Chehalis River 
downstream, resulting in a direct impact on the downstream wood supply.   

Changes to water flow and sediment transport would have adverse impacts on the channel 
geomorphology downstream of the dam.  Operating the FRO facility would alter the timing and rate of 
sediment transport, and potentially the rate and occurrence of channel migration due to potential 
changes in channel conditions (e.g., an increase in channel bed elevation) and changes in flow.  The 
change in the temporal discharge of sediment (bedload and suspended load) and the reduction in the 
quantity of sediment transported from the FRFA facility would affect the sediment transport continuity 
in the mainstem Chehalis River downstream of the dam.  This change in sediment transport could 
potentially have a significant adverse impact on channel processes, channel migration, and channel 
structure downstream of the dam.  The largest impact would occur immediately downstream of the 
dam, where the sediment supply would be most depleted.      
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Geomorphic Characteristics of the Chehalis River with Flood Retention Facility
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Grays Harbor and its Tributaries)

FRO Reservoir Area
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Study Area
River Reach Extents

Reach 3 (RM 93.5 to RM 88)
FRFA: Possible substrate erosion/coarsening and 
narrowing of channel with potentially less LWM
FRO: Minor changes to substrate and channel with 
potentially less LWM

Reach 5 (RM 75.3 to RM 
61.7)
Bedrock control reach resets 
bedload transport; therefore, 
limited changes 

Reach 6 (RM 61.7 to RM 33)
Downstream of bedrock control 
reach; therefore, limited to no 
changes

Reach 7 (RM 33 to RM 0)
Downstream of bedrock control 
reach; therefore, limited to no 
changes

Reach 4 (RM 88 to RM 75.3)
FRFA: Possible substrate erosion/
coarsening and narrowing of channel with 
potentially less LWM 
FRO: In confined sections, minor changes 
with potentially less LWM
In unconfined sections, possible substrate 
coarsening with minor channel changes 
with potentially less LWM

Reach 2 (RM 107.5 to RM 93.5)
FRFA: Possible substrate erosion/coarsening and 
narrowing of channel with potentially less LWM 
FRO: In confined sections, minor changes to 
substrate and channel with potentially less LWM
In unconfined sections, continued aggradation 
and substrate fining, and minor changes to the 
channel with potentially less LWM

Reach 1 (headwaters to RM 107.5)
FRFA: Loss of riverine function with permanent 
pool inundation in reservoir footprint 
FRO: Possible wider, shallower channel with 
potential for finer substrate



Action Elements: Impacts and Mitigation 
Flood Retention Facility (FRO and FRFA) 

Draft Chehalis Basin Strategy Programmatic EIS 271 

4.2.2.3 Mitigation 
4.2.2.3.1 Geology 

In addition to the avoidance and minimization measures described in Table 4.1-1, the following 
measures could be employed to address short-term impacts on geology during construction: 

• The tunnel muck waste area would be isolated from the temporary river bypass system and 
tunnel spoils would be compacted to reduce soil particle erosion outside of the reservoir 
footprint 

• Rock quarries would be developed, or existing forestland quarries would be expanded, within a 
few miles of the dam and reservoir footprint, so there would be no strain on local commercial 
rock resources 
‒ The need for rounded gravel would be incidental, and it could be obtained from local 

commercial sources in the Centralia-Rochester area with little to no effect on local supply 
‒ The aggregate used would be crushed basalt that is local to the area and would not be 

sourced from local commercial quarry sites; therefore, local resources would not be depleted 

Long-term landslide avoidance and minimization measures could consist of one or more stabilizing 
strategies at each landslide site, such as constructing surface and subsurface drainage to lower 
groundwater levels in the landslide hazard area(s), excavating landslide debris above the landslide plane, 
installing earth or rock buttresses, and controlling the drawdown rate of the reservoir (anticipated to be 
10 to 20 feet per day).  For potential low-level induced seismicity of the FRFA facility, the proposed 
reservoir depth would be designed to be shallower than reservoirs elsewhere that have incurred seismicity.  
Induced seismicity is associated with active faults, and no known active faults in the reservoir area exist. 

To minimize the risk of earthquake-generated landslides to the dam, the following avoidance and 
minimization measures would be implemented:  

• The dam and appurtenant structures would be designed to withstand the effects of shaking on 
the CSZ and other nearby faults (including the Doty Fault) considered to have the most effect 
‒ The dam would be designed accordingly, and instrumentation would be installed to 

measure motions in the structure in the event of a seismic event 

• The design of the dam would include incorporation of local seismic criteria 
‒ The seismic design criteria would result in a dam designed to withstand a seismic event 

about four orders of magnitude greater than a seismic event that could be generated by 
reservoir conditions 

For unavoidable adverse long-term impacts associated with shallow landslides that result in loss of 
nearshore riparian or aquatic habitats, compensatory mitigation could include improvements to or 
creation of other habitats within the Chehalis Basin to compensate for lost habitat functions or aquatic 
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species impacts (see Section 4.2.3.3).  A Post-construction Monitoring Plan would be developed as part 
of the Reservoir Operations and Management Plan and any monitoring of shoreline and reservoir 
footprint conditions for potential landslide impacts that could occur.   

4.2.2.3.2 Geomorphology 

Potential mitigation measures for short-term impacts on geomorphology are described in Table 4.1-1.  
To avoid and minimize short-term sediment transport disruption impacts through the construction zone, 
a temporary river bypass tunnel would be designed and constructed to pass all river flows, suspended 
sediment load, and bedload.  Compensatory mitigation for the disruption of large wood transport would 
entail relocating large wood meeting the minimum criteria (12-inch-diameter breast height and 25-foot 
length) to a downstream channel location. 

Long-term impacts on geomorphology include modifications of sediment transport quantities and timing, 
modifications of large wood recruitment and transport, and channel and bank erosion.  To avoid and 
minimize these long-term impacts on geomorphology, the following measures would be implemented: 

• The FRO dam would be designed to pass suspended sediment load, bedload, and most wood 
(up to 15 feet in length and 3 feet in diameter) at all times except during flood operations 

• A Reservoir Operations and Management Plan would be developed to minimize impacts on 
geomorphology 
‒ This plan would include allowing moderate floods (less frequent than a 7-year flood) to pass 

the dam to maintain peak flows downstream, and to maintain sediment transport, erosion, 
and deposition processes, including flows necessary to maintain gravel-sorting and deposition 
in spawning areas 

• Spawning gravel areas downstream of the dam would be monitored to determine whether 
gravel augmentation is necessary to preserve existing gravel bars used for spawning 
‒ The locations and quantities of this augmentation would be determined based on 

post-construction monitoring results (i.e., adaptive management would include developing a 
specific mitigation measure to address a specific impact) 

‒ This monitoring could include channel cross sections and substrate (bed material) sizes 
(i.e., pebble counts) to quantify and document changes 

For project elements that are anticipated to have long-term, significant, or unavoidable impacts on 
geomorphology, compensatory mitigation to address modifications of sediment transport quantities and 
timing, modifications of large wood recruitment and transport, and channel and bank erosion could 
include the following:   

• If monitoring of spawning gravel areas downstream indicates gravel bars are becoming too 
coarse or significantly reducing in size because of gravel retention in the reservoir, gravel 
augmentation within the Chehalis River channel could occur 
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• To mitigate for the potential interruption of wood transport through the dam, large wood 
captured in the reservoir could be collected and relocated to an appropriate location 
downstream of the dam (during both flood and non-flood dam operations) 
‒ Locations of wood placement and quantities would be determined at the time of placement 

based on channel and habitat conditions present.      

A Flood Retention Facility may cause adverse impacts that cannot be fully mitigated by the 
compensatory actions described here. 

4.2.3 Wetlands and Vegetation 

4.2.3.1 Short-term Impacts  
The potential short-term impacts on wetlands and vegetation from construction activities such as 
excavating, clearing, filling, and staging equipment and materials are described in Table 4.1-1.  
Short-term impacts include the temporary disturbance (ranging from 19 acres for the FRO facility to 
21 acres for the FRFA facility) of mixed coniferous/deciduous upland forest vegetation of varying sizes 
and age classes, as well as some scattered wetland communities, from the construction of temporary 
access roads and construction equipment and material staging areas. 

4.2.3.2 Long-term Impacts  
The potential adverse impacts on wetlands and vegetation are similar for the FRO and FRFA facility 
types, but vary in magnitude due to the larger footprint of the FRFA facility and the fact that most of the 
area would be converted to open water with the conservation pool.  Anticipated adverse impacts are 
related to the following: 

• Permanent loss of wetlands and vegetation 

• Conversion, disturbance, and reduction of existing wetland, riparian, and vegetation 
communities 

These impacts include vegetated areas and wetlands that would be permanently replaced with facility 
structures (e.g., dam and spillway).  

Over the long term, each of these impacts could in turn affect fish, amphibians, and wildlife currently 
using these areas; and change the types of available habitat through the modification of river flows, 
floodplain connectivity, habitat structure, and habitat-shaping processes.  These potential adverse 
impacts on wetlands and vegetation are considered significant due to the substantial loss, disturbance, 
or conversion of existing habitat.  When considered on a Basin-wide scale, the potential loss of 
vegetation and conversion of vegetated habitat is a small percentage of existing forest habitat. 
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4.2.3.2.1 Wetlands 

Although a formal delineation has not been 
completed, the 2011 Modeled Wetlands Inventory 
(Ecology 2011b) provides a conservative estimate 
of total acreage for the wetland types present in 
the reservoir upstream of the dam (ranging from 
up to 68 acres for the FRO facility and up to 
89 acres for the FRFA facility; see Table 4.2-4 and 
Figure 4.2-7). 

Downstream of the Flood Retention Facility, 
wetlands in the Chehalis River floodplain could be 
affected by reduced water inputs from overbank 
flooding events.  Since the FRO and FRFA facilities 
are designed to reduce flooding from a major 
flood, many floodplain wetlands would continue 
to receive floodwater inputs from smaller floods.  
Wetlands in the outer edges of the Chehalis River 
floodplain could experience a reduction in the 
frequency of floodwater inputs; however, as 
flooding there is already infrequent, these 
potential changes are unlikely to result in any 
major changes to the hydrology of these 
wetlands.  Modeled results for the decreased area 
of floodplain inundation and its potential effect 
on wetlands have been developed for the 
combined Flood Retention Facility and Airport 
Levee Improvements (Alternative 1) and are 
described in more detail in Chapter 5.  

Figure 4.2-7 
Wetland Areas Mapped Within the 

Reservoir Footprint 
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Table 4.2-4  
Wetland Areas Mapped Within the Flood Retention Facility Reservoir Footprint 

WETLAND TYPE 

AREA (ACRES) 
FRO FACILITY FRFA FACILITY 
FLOOD POOL 
TOTAL 

CONSERVATION 
POOL FLOOD POOL 

TOTAL FOR FRFA 
RESERVOIR 

Palustrine forested wetland 36 35 13 48 
Palustrine scrub-shrub wetland 31 31 9 40 
Palustrine emergent wetland 1 1 0 1 

Total 68 67 22 89 

Note: Several wetland seeps (springs, pools, or other wet places where groundwater naturally comes to the 
surface) could also be affected, including at least 10 seeps that are known to support amphibian species 
(e.g., Columbia torrent salamander, western red-back salamander, Dunn’s salamander; Tyson and Hayes 2016).  
These seep areas are too small to be captured by the 2011 Modeled Wetlands Inventory, which does not capture 
wetlands that are less than 1 acre in size (Ecology 2016d). 
Source: Ecology 2011b 

4.2.3.2.2 Vegetation 

Permanent impacts on vegetation include the removal of existing vegetation in the footprint of the dam, 
ranging in extent from 6 acres (FRO facility) to 9 acres (FRFA facility), for construction.  This vegetation 
would not be expected to grow back or be replanted because these areas would be occupied by 
structures, access roads, and other features required for dam operations. 

In addition to removal of vegetation for the dam, tree clearing and vegetation removal would occur 
within the reservoir area, with the details of the removal approach and mechanisms to reduce the 
extent of clearing provided in the Pre-construction Vegetation Management Plan (part of the Reservoir 
Operations and Management Plan).  This plan would be designed to retain (and allow for the future 
establishment of) various vegetation community types in specific zones based on the expected duration 
of inundation during flood retention operations, while allowing some of the harvestable timber to be 
removed from the reservoir footprint. 

The extent of vegetation removal completed prior to dam operation, and the expected 
post-construction vegetation community for each of these zones, is described in more detail in 
Appendix J. 

The potential adverse impacts of the FRO reservoir area on vegetation include the following changes in 
vegetation communities:  

• Selective harvesting of up to 405 acres of mixed coniferous/deciduous forested riparian areas,
which would convert the area to forests dominated by deciduous riparian shrubland
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• Periodic inundation of up to 306 acres of coniferous forest dominated by Douglas fir, which 
would transition to a mixed deciduous/coniferous forest dominated by such species as 
red alder, western red cedar, and big-leaf maple 

The potential adverse impacts of the FRFA reservoir on vegetation include the following changes in 
vegetation communities: 

• Permanent loss of 711 acres from forested upland, riparian, and wetland plant communities 

• Selective harvesting of up to 178 acres of mixed coniferous/deciduous forested riparian areas, 
which would convert the area to forests dominated by deciduous riparian shrubland 

• Periodic inundation of up to 262 acres of coniferous forest dominated by Douglas fir, which 
would transition over time to a mixed deciduous/coniferous forest dominated by such species as 
red alder, western red cedar, and big-leaf maple 

Removal of vegetation from existing riparian areas along the Chehalis River channel and tributary 
streams in the reservoir footprint could alter or eliminate many of the important riparian functions 
(Knutson and Naef 1997) provided by these areas, including habitat corridors for wildlife, water and 
sediment filtration, shading and thermoregulation of instream water, and reduction in ecosystem 
complexity.  These impacts could subsequently affect fish and wildlife, and change the types of habitat 
available in this area over the long term (see Section 4.2.4). 

Both the FRO and FRFA facility types would modify seasonal peak flows in the Chehalis River and 
reduce the extent of major floods in areas downstream.  These changes could reduce the transport of 
water and nutrients to the outer edges of the Chehalis River floodplain, which could in turn affect the 
growth and survivorship of vegetation in those areas.  Potential results include a gradual change in 
vegetation composition in these locations.  Such changes in plant community composition could modify 
the types of habitat available in these areas, and affect the fish and wildlife currently using them (see 
Section 4.2.4). 

The reduction in flood extents downstream of the dam would also reduce the episodic disturbance of 
downstream riparian areas and wetlands by major or larger floods.  This could result in a reduction in 
the occurrence of major channel avulsions and large-scale channel migrations, allowing the adjacent 
riparian forest to become more mature as the occurrence of periodic disturbance decreases.  In addition 
to these changes, a reduction in the downstream flooding extents could also limit the establishment of 
invasive species that are spread by flood flows, as certain areas of the floodplain would receive 
floodwaters less frequently. 



Action Elements: Impacts and Mitigation 
Flood Retention Facility (FRO and FRFA) 

Draft Chehalis Basin Strategy Programmatic EIS 277 

4.2.3.3 Mitigation  
Some potential impacts on wetlands and vegetation could be addressed through avoidance and 
minimization measures, including avoiding wetlands during construction access and staging efforts, 
locating construction access and supporting infrastructure routes to avoid wetlands and minimize 
stream crossings, and restoring vegetation in temporarily disturbed areas.  

The potential compensatory mitigation measures to 
address unavoidable significant adverse impacts on 
wetlands from the Flood Retention Facility would be 
designed to address loss of wetland habitat and ensure no 
net loss of ecological function.  Potential compensatory 
mitigation for long-term impacts on wetlands could include 
the following: 

• Creating wetlands around the perimeter of the 
FRO flood pool or FRFA conservation pool 

• Restoring previously disturbed wetlands in the 
floodplain downstream of the dam 

• Reconnecting off-channel wetlands to the Chehalis 
River and floodplain downstream of the dam 

• Purchasing credits from an approved wetland 
mitigation bank in the same watershed 

Potential compensatory mitigation measures to address 
unavoidable adverse impacts on vegetation from the Flood 
Retention Facility would be designed to address loss or 
conversion of riparian habitat and replace the functions and 
values lost from the removal and/or modification of 
vegetation.  A Post-construction Vegetation Management 
Plan (part of the Reservoir Operations and Management 
Plan) would be developed and implemented to regularly 
inspect shoreline erosion, landslides, invasive species, and 
other conditions that could affect riparian functions along 
the perimeter of the FRFA conservation pool and tributaries 
that feed into the reservoir.  Corrective measures such as 
replanting with native, flood-tolerant species could be 
implemented in problem areas. 

Wetland Mitigation 
Guidance 

For action elements that are 
anticipated to have long-term, 
significant, or unavoidable impacts on 
wetlands, compensatory mitigation 
measures would be developed during 
project-level design and 
environmental review to ensure no 
net loss of ecological function.  To 
achieve this, the goals of the 
mitigation would be based on the 
following guidelines from the joint 
Ecology, USACE, and USEPA document 
Wetland Mitigation in Washington 
State – Part 1: 

• Replace wetland impacts with the 
same or higher category of 
wetland 

• Provide equal or greater area of 
wetlands through 
re-establishment or creation 

• Locate mitigation in areas where 
compensation could contribute to 
ecosystem functioning 

• Clearly identify how the 
compensation actions would 
replace the functions lost or 
provide measureable gains in 
other functions that are 
important in the area 
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Additional compensatory mitigation for long-term impacts on vegetation could include the following: 

• Purchasing and preserving adjacent and off-site areas of forestlands within the same watershed 

• Replanting harvested areas with native vegetation 

• Restoring and enhancing downstream riparian areas by removing invasive species and 
replanting with native trees and shrubs 

• Using flow controls or irrigation and strategic removal of non-native or invasive plant species to 
stimulate recruitment of valued pioneer riparian trees such as cottonwoods (Poff et al. 1997)  

4.2.4 Fish and Wildlife 

4.2.4.1 Short-term Impacts  
4.2.4.1.1 Fish 

Potential short-term impacts related to construction would primarily be from diversion of the Chehalis 
River around the construction site, and would include the risk of impaired water quality due to 
construction activities (including the risk of increased turbidity, hazardous materials spills, and low pH 
runoff), delays or blockages to upstream migrating adult salmon and steelhead with effects on 
population productivity and subsequent adult returns, and disturbance of habitat in the streambed and 
riparian areas.  

Construction of the dam would require in-water work, diversion of the river, and construction of access 
roads.  These short-term impacts would occur over 2 to 3 years.  Direct impacts on fish would occur by 
injury, mortality, or inhibition of normal behavior like migration, spawning, foraging, and rearing in the 
same time and place as the construction activity.  Effects from direct impacts are outlined in Table 4.1-1 
and include gill and skin injuries, impaired foraging or predator avoidance, acutely toxic conditions due 
to concrete or hazardous spills, trauma from injurious noise levels, and stranding or obstruction of 
fish passage.  

Construction of the Flood Retention Facility could temporarily cause the following indirect impacts on fish: 

• Filling of course gravel with fine sediment, which would cause a temporary disruption to 
spawning and rearing 

• Temporary, localized interruption of recharge or discharge of hyporheic zones that could 
provide cooler, more oxygenated water and food for fish 

• Removal of upland and riparian vegetation that typically provides shade and food, and prevents 
erosion, from in and around the Flood Retention Facility footprint  

4.2.4.1.2 Wildlife 

Short-term impacts on wildlife would result from construction activities that are either site-specific 
(e.g., clearing of vegetation from construction access and staging areas) or transient (e.g., construction- 
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and equipment-generated noise).  Potential short-term impacts on wildlife related to construction 
activities are described in Table 4.1-1.  Of the listed activities, the following are expected to have the 
greatest effects on wildlife: 

• Removal and disturbance of upland, riparian, and wetland vegetation communities 

• Diversion of the Chehalis River around the construction site and the dewatering of in-channel 
work areas 

• Excavation and fill placement in upland work areas 

• Disturbance to wildlife caused by construction noise, equipment and vehicle usage, and 
human presence 

Construction of the Flood Retention Facility would require the disturbance of a variety of vegetation 
communities, including mixed upland forestland and riparian areas (see Section 4.2.3), which are 
currently providing habitat for native wildlife species that use these areas to breed, forage, rest, and 
overwinter.  Activities required for selective tree removal in the reservoir footprint (e.g., access road 
construction, logging equipment usage) as part of the proposed Pre-construction Vegetation 
Management Plan (see Appendix J) could also affect wetlands and several seeps that are reported to 
support amphibians (Hayes et al. 2015c, 2015d). 

Vegetation removal activities in construction areas would degrade or eliminate habitat and could 
directly injure or kill wildlife that are unable to relocate to avoid the disturbance (e.g., amphibians, 
reptiles, small mammals).  If land clearing takes place during the spring and early summer when most 
birds nest, eggs and nestlings of tree- and ground-nesting birds could be lost or nests could be 
abandoned.  More mobile species (e.g., young and adult birds, medium and large mammals) would be 
displaced to adjacent habitat during land-clearing activities.  Wildlife displaced from construction sites 
would move to nearby habitats where they could be competing with resident wildlife, especially if 
nesting and food resources are already limited.  The resulting changes in the local species composition 
would affect a variety of species in the food web that occupy these habitats, including species that prey 
on amphibians and other aquatic species.  Since human disturbance from logging currently occurs in 
portions of the Flood Retention Facility site, some level of habituation by wildlife to noise and human 
activity has potentially occurred.  Certain wildlife (e.g., various types of birds, raptors, coyote, raccoon) 
could adapt to and continue to use areas disturbed by construction activities. 

Diversion of the Chehalis River through the temporary river bypass tunnel and dewatering of in-channel 
work areas would likely kill any aquatic species using those areas for breeding, foraging, or 
overwintering at the time of diversion and dewatering.  Such impacts would primarily affect amphibians 
that use instream areas for these purposes (e.g., coastal giant salamander, coastal tailed frog, 
Columbia torrent salamander), as well as those amphibians that use the stream margin and associated 
stillwater areas (e.g., Pacific treefrog, northern red-legged frog, rough-skinned newt, and western toad; 
Hayes et al. 2015c, 2015d).  Aquatic wildlife using areas upstream and downstream of the construction 
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site could also be injured or killed by the increased water velocity and turbidity present in and around 
the temporary river bypass tunnel.  

Excavation and fill placement in upland areas would adversely affect terrestrial wildlife with limited 
capacity to flee the disturbance area (e.g., terrestrial amphibians, reptiles, some small mammals), 
particularly burrowing mammals like moles, voles, and shrews.  Such activities would likely cause direct 
mortality or injury to these species and temporarily or permanently eliminate their habitat. 

In regard to more transient construction disturbances such as increased noise levels and vehicle usage, 
some wildlife species would adapt to these disruptions (e.g., birds and mammals that are habituated to 
human disturbance), and some species would successfully relocate to other suitable habitat (e.g., larger 
mammals, birds).  Some less mobile wildlife species (e.g., small mammals, amphibians, reptiles) would 
be unsuccessful in adapting or relocating, and their ability to find adequate shelter and foraging and 
breeding habitat would be constrained. 

Although many of these impacts would be of relatively short duration, and habitat for some types of 
wildlife would be re-established in many of these areas following construction, there would be temporal 
delays in restoring habitat function and quality to pre-action conditions. 

4.2.4.2 Long-term Impacts 
The potential adverse impacts on fish and wildlife were determined by evaluating how the physical 
changes in the environment described in the water resources, geology and geomorphology, and 
wetlands and vegetation sections (see Sections 4.2.1, 4.2.2, and 4.2.3) would affect the quality of 
habitat, behavior, and survival.  Research was carried out in the Chehalis River from 2013 to 2016 to 
characterize existing distributions and behavior of fish and wildlife in the areas of the mainstem Chehalis 
River affected by the Flood Retention Facility, including the following studies: 

• Upper Chehalis Instream Fish Study 2015 (Winkowski 2015) 

• Riverscape Surveys of In-stream Fish Assemblages and Habitat in the Chehalis River 
(Zimmerman and Winkowski 2016) 

• 2016 Chehalis ASRP Egg Mass Surveys in Off-Channel Habitat: 3rd Progress Report for 
Post-Feasibility Efforts (Hayes et al. 2016a) 

• 2016 Chehalis ASRP Instream Amphibian Survey Report: 3rd Progress Report for Post-Feasibility 
Efforts (Hayes et al. 2016b) 

• 2016 Chehalis ASRP Stream-Associated Amphibian Survey: 3rd Progress Report (Hayes et al. 2016c) 

• Waterfowl and Waterbird Abundance and Use of Aquatic Off-Channel Habitats in the Chehalis 
Floodplain: Preliminary Report (Evenson et al. 2016) 

• Upper Chehalis Salmonid Spawner Abundance and Distribution, 2013-2015 Interim Report 
(Ashcraft et al. 2016) 
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• Summer habitat and movements of juvenile anadromous salmonids in a coastal river in 
Washington State (Winkowski and Zimmerman, in prep) 

• Behavior and movements of adult spring Chinook salmon (Oncorhynchus tshawytscha) in the 
Chehalis River Basin, southwestern Washington, 2015 (Liedtke et al. 2016) 

In order to estimate the change in fish populations with a dam, the potential changes in fish habitat 
quality were modeled using the EDT model (ICF 2016), and fish passage efficiency and survival through 
the dam were estimated for various fish passage scenarios (Garello 2016a). 

4.2.4.2.1 Fish 

The potential adverse impacts on fish are primarily related to the following changes in physical 
attributes of the environment created by the Flood Retention Facility:  

• Periodic or permanent inundation of the area upstream of the dam 

• Introduction of an obstacle or complete barrier to fish migration from dam infrastructure 

• Reduction in the magnitude of high-flow events downstream of the dam, with a decrease in 
temperatures downstream for the FRFA facility only 

Anticipated adverse impacts of the Flood Retention Facility on fish would be significant for fish 
populations in the Chehalis Basin.  Adverse impacts would primarily affect fish in the mainstem Chehalis 
River above and immediately below the dam; however, the impact could cause changes to fish 
population levels that are observable at a Basin-wide scale, particularly for migratory fish such as salmon 
and steelhead.  Adverse impacts would occur due to changes in habitat functions and reduced access to 
habitat from the following: 

• Loss of habitat function within the reach of the Chehalis River inundated upstream of the dam 
for cool, swift-water associated fish species, including loss of spawning habitat and food 
supplied to the river from the riparian corridor and vegetation  

• Partial reduction in fish survival and potential interruptions to migration due to passage 
impediments, including salmon and lamprey spawning migrations 

• For the FRFA, exposure of juvenile salmonids that use the permanent reservoir for rearing to 
predators that may thrive in the reservoir  

• Changes to fish habitat-forming processes and water quality downstream of the dam 

The potential long-term benefits to some species of fish are primarily related to the following changes in 
physical attributes of the environment created by the FRFA facility:  

• Creation of reservoir habitat that some species and life stages that currently exist in the area 
could utilize for rearing or foraging, such as coho salmon, steelhead, largescale sucker, mountain 
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whitefish, or sculpin; however, uses in the summer may be limited due to high water 
temperatures  

• Increased habitat area and capacity for native salmonid and non-salmonid species associated 
with flow augmentation and temperature reduction downstream of the FRFA facility 

This section provides a summary of the effects to fish during operation of the Flood Retention Facility.  
Additional detailed information is provided in Appendix H. 

The effects of dams on aquatic systems in the Pacific Northwest have been widely studied, with the 
literature generally showing far-reaching negative impacts for aquatic systems.  These impacts are 
particularly notable for salmonids, affecting habitat quality, upstream and downstream survival, and 
migration.  In addition, headwater areas like the upper Chehalis River are important holding and rearing 
areas for salmon across the Pacific Northwest, and the construction of dams in Puget Sound rivers has 
led to multiple extirpations of spring-run Chinook salmon populations (Beechie et al. 2006).  The dams 
proposed for the upper Chehalis River are uniquely designed for the purpose of flood retention and fish 
passage, with added measures intended to reduce the adverse impacts on fish.  It is important to 
evaluate the impacts of the proposed dams in context with historical impacts of existing dams 
throughout the Pacific Northwest; however, because of the unique design of the FRO and FRFA dams 
and flood control operations being proposed, it is equally important to evaluate the impacts of each 
dam type on fish independent from the known effects of other dams.  

Construction of the Flood Retention Facility would occur over 2 to 3 years and would thus affect 
multiple year-classes of fish that spawn in the area of construction, potentially reducing survival of eggs 
and juveniles in the vicinity of the Flood Retention Facility site.  Fish attempting to migrate upstream of 
the dam site to spawn could also be affected if adequate fish passage is not provided around the site 
during construction.  Short-term impacts during the 2- to 3-year construction period could become a 
long-term impact as reduced egg and juvenile survival in a given year would lead to reduced abundance 
in subsequent generations.  For instance, reduced salmon and steelhead egg survival in a given year 
could result in fewer adult salmon and steelhead returning to the upper Chehalis Basin 2 to 4 years later.   

The construction of new roads to access the dam structure for maintenance activities has the potential 
to increase the amount of impervious surface adjacent to the Chehalis River and runoff carrying fine 
sediment.  High levels of fine suspended sediment in the water could cause a direct impact on fish by 
causing gill abrasions, which is a hazard to fish health.  In addition, there could be an indirect impact on fish 
because sedimentation slows the delivery of oxygenated water through spawning substrate to incubating 
eggs, and high turbidity interferes with vision, impairing foraging and predator avoidance behaviors.   

Overall, both the FRO and FRFA facility types would create a significant adverse impact on fish survival, 
migration, and the area of habitat available for spawning and rearing, specifically for species that use 
the stream reaches just above and below the dam.  The impact on fish resources would result from loss 
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of habitat functions and reduced survival or access to spawning grounds in the vicinity of the Flood 
Retention Facility.  The magnitude of the impact on the total Chehalis Basin population of a given 
species would vary depending on the abundance and distribution of each species in other tributaries to 
the Chehalis River, including those that would be largely unaffected by the dam.   

The free-flowing reach of the Chehalis River upstream of the dam would be converted to a lake-type 
habitat—either temporarily in the case of the FRO facility (up to 32 days), or permanently in the case of 
the FRFA facility.  Many species that migrate, spawn, and rear in the dam footprint and reservoir area 
have adapted to cool, fast-flowing stream conditions and would be adversely affected by inundation, 
whether temporary or permanent.  With current conditions, major floods can adversely affect fish in 
these areas due to high-velocity flow that can displace fish and scour redds, causing impacts that can 
last several generations.  Flood retention with a dam would cause inundation that would similarly 
displace fish from the stream channel and suffocate redds, but may additionally interrupt normal 
behaviors (e.g., foraging, migration, spawning), and could reduce survival of resident fish species and 
immobile life stages for longer periods of time than occurs during an uncontrolled flood under existing 
conditions.  Changes to flow and inundation areas could cause localized modifications to hyporheic 
flows, a habitat feature that can supply cool groundwater in otherwise warm rivers, including the 
Chehalis River (Liedtke et al. 2016), as well as act as a site for nutrient cycling, a source of DO, and a 
source of food for fish (Boulton et al. 1998; Stanford and Ward 1988).  Modifications to hyporheic flow 
could also affect critical spawning habitat for salmon that seek areas of hyporheic exchange for building 
redds (Geist et al. 2002).  

Loss of habitat function would occur due to removal of trees with either the FRO or FRFA facility, as 
described in Section 4.2.3, which would permanently eliminate the riparian buffer zone and reduce food 
and nutrient inputs that directly and indirectly feed fish (Allan et al. 2003).  With the FRO reservoir, 
shading by riparian trees would be reduced or eliminated around stream reaches that flow through the 
reservoir footprint, resulting in an increase of water temperatures in the summer of up to 5°C for some 
areas compared to current conditions (e.g., Crim Creek, an area with a narrow stream channel that is 
currently well shaded) that would persist to areas downstream of the FRO dam.  Water temperatures in 
the reach immediately below the FRO dam—where summer water temperatures already exceed 
optimal limits for salmon and other cool-water fish species—are predicted to increase in summer by 
approximately 2 to 3°C (Beschta 1997).  Impacts of the FRO facility on water temperature would be 
negligible below the confluence with the South Fork Chehalis River.  

The supply of large wood to the river channel from the stretch of river that flows through the inundation 
footprint would be eliminated with an FRFA facility during both non-flood and flood operations.  For the 
FRO facility, large wood would be trapped during flood operations (see Section 4.2.2.2.2).  Large wood is 
necessary to maintain fish habitat-forming processes, such as the creation of pools and side-channel 
habitat.  Some impacts on riparian zone function in the inundation footprint could be minimized with a 
Pre-construction Vegetation Management Plan that would prevent total loss of riparian vegetation and 
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riparian area function for fish through selective clearing; however, adequate shading is not likely to 
minimize the impact on water temperature, and large wood would not be recruited to the stream channel. 

Changes in water quality in the reservoir, as discussed in Section 4.2.1.2.1 (turbidity, temperature, and 
DO), would create a significant adverse impact on fish.  A small risk exists for MeHg to accumulate in the 
food web due to the conversion of atmospheric Hg to its toxic form, MeHg, by bacteria that thrive in 
summer reservoir conditions.  In the permanent FRFA reservoir, water would heat and stratify during 
the summer months, exceeding the core summer salmonid habitat criterion (of 16°C), and the 
temperature range for optimal growth of juvenile salmon (10 to 15°C; McCullough 1999) in the upper 
elevations (shallower depths) of the reservoir.  Immediately upstream of the FRFA dam, water 
temperatures may reach approximately 20 to 25°C in July and August—depending on meteorological 
conditions—which would be stressful, increase risk of disease outbreak, and would be detrimental to 
growth of juvenile salmon because their ability to feed cannot meet their metabolic requirements at 
these temperatures.  Warmer waters in the FRFA reservoir would also hold lower DO; however, 
reductions in DO are not expected to reach levels considered lethal for juvenile salmon near the surface.  
In addition, decaying vegetation and lack of mixing could contribute to low DO levels deep in the 
reservoir, causing fish to avoid seeking refuge at depth. 

Reduced water quality in shallower layers of the reservoir could force juvenile salmon to seek thermal 
refugia in deeper water, limiting their foraging opportunities and reducing the effectiveness of juvenile 
fish collection facilities, or could cause them to emigrate from the reservoir early in the summer, 
eliminating any benefit of the reservoir for rearing.  Warmer reservoir temperatures are also known to 
exacerbate predator feeding (e.g., northern pikeminnow that are currently found downstream of the 
proposed dam site) on juvenile salmonids (Peterson and Kitchell 2001).  Invasive predators 
(e.g., smallmouth or largemouth bass) are not anticipated because these species are located farther 
downstream at this time.   

Mobilization of fine sediment would occur in hydrologically dynamic areas of both the FRO and FRFA 
reservoir, causing increased turbidity in the reservoir and areas downstream of the dam.  Turbidity could 
affect fish directly by causing gill abrasion and impairing vision.  Frequent disturbance of the substrate 
would alter food webs that support fish by resetting the standing crop of algae and aquatic 
invertebrates that feed fish (Power 2006).  Sediment deposition would create the greatest impact on 
benthic species and immobile life stages.  Fine sediments could reduce incubation survival for fish that 
use the riverbed for spawning, and change habitat use for species that rely on larger bed materials.  In 
particular, incubating salmon embryos in redds require a constant flow of oxygenated water through the 
gravel and would suffocate if inundated under still, deep water or if they become covered in newly 
deposited sediment. 

The dam presents a barrier to upstream and downstream juvenile and adult fish movement, impairing 
the fish’s ability to forage, find refuge, and, in some cases, complete its life cycle, presenting a significant 
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adverse impact on fish.  The potential impact of a barrier would be greatest for highly migratory species 
that migrate to the sea to complete their life cycles (e.g., salmon, steelhead, Pacific lamprey).  Passage 
through tunnels with the FRO dam presents the least impact on migratory species because these would 
be designed to mimic the natural gradient of the river channel.  Therefore, when water is not being 
impounded, the FRO dam may only present a minor adverse impact on passage for adult and juvenile 
fish migrating upstream and downstream.  With the FRFA dam, and when tunnels in the FRO dam are 
closed for flood retention, engineered structures and mechanisms for the passage of juvenile and adult 
fish through or around either dam would be provided.  Final fish passage designs have not been 
determined, and passage success would vary considerably depending on the method of passage.  Fish 
passage facilities would be designed according to state and federal fish passage engineering criteria to 
allow fish to safely pass the dam and access spawning and rearing area above the dam.  

Pacific lamprey are found in the mainstem Chehalis River below the proposed dam site (USFWS 2011) 
and occupied every sub-basin sampled in the Chehalis Basin in a recent study, including major tributaries 
of the Chehalis River that would not be affected by the proposed dam and reservoir, including the 
Newaukum, Skookumchuck, and Black rivers (Jolley et al. 2016).  Considerations to accommodate adult 
lamprey passage through the outlet tunnels in the FRO dam and around the FRFA dam are being 
incorporated into the designs, because adult lamprey have difficulty ascending fish passageways 
designed strictly for salmon (Garello 2016b).   

Overall, adult and juvenile lamprey passage through the FRO dam is expected to be high (from 95% to 
96%), and higher than passage through the FRFA dam (adult passage estimates range from 40% to 60%; 
juvenile downstream passage estimates range from 0.3% to 0.6%).  While upstream and downstream 
passage and survival rates for lamprey and salmonids would be reduced from current levels, there is 
uncertainty with how well the facilities would perform for lamprey, especially the facilities designed to 
pass fish around the FRFA dam.  The fish passage facilities associated with the FRFA dam could nearly 
eliminate downstream passage for lamprey.  Over the long term, the challenge of passing lamprey 
downstream around the FRFA dam could prevent lamprey from migrating to the ocean, leading to local 
reductions in the population, and possibly the elimination of lamprey upstream of the dam.  Based on 
the available information, construction of the FRO dam would not significantly affect passage of 
lamprey, but it is unknown how changes in the reservoir area would affect lamprey.  Construction of the 
FRFA dam would have a significant effect on the upper mainstem population of lamprey in the Chehalis 
Basin.  Because lamprey abundance has not been as broadly quantified as salmon abundance, the 
magnitude of the impact that the loss of lamprey upstream of the FRFA dam presents to the whole 
Chehalis Basin population remains uncertain.  However, the Basin-wide population is not expected to be 
eliminated with either dam type, based on the conclusion by Jolley et al. (2016) that a robust population 
of Pacific lamprey is currently present in the Chehalis Basin. 

The anticipated total survival (a combination of fish performance and survival) through each type of fish 
passage facility for groups of species is summarized in Table 4.2-5.  For the FRO dam, passage through 
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the tunnel outlets is expected to be high for all species and life stages.  When water is impounded 
behind the FRO dam, passage through the trap and transport facility is expected to be average or high, 
depending on the species and life stage.  For the FRFA dam, passage facilities for fish migrating upstream 
are expected to perform well for adult salmonids and average for adult lamprey and juvenile salmonids.  
Passage of juvenile lamprey migrating downstream is expected to be extremely poor and could result in 
Pacific lamprey being eliminated from the upper Chehalis River.   

Table 4.2-5  
Anticipated Fish Passage Survival Through the Dam and Fish Passage Structures 

Note: Ranges are based on differing passage survival depending on species.   

 
Though inundation or blockages to fish passage could be temporary, a loss of productivity for several 
weeks in a single year due to temporary inundation or blockage of fish passage would lead to reduced 
productivity in the subsequent generation.  For salmon, the operation of the FRO facility could impair a 
single group of spawners, and reduce the productivity of their offspring 2 to 4 years later.  In this way, 
the impact of a single flood could become protracted and cause fewer adult salmon and steelhead to 
return to the upper Chehalis Basin in future years.  

There would be a reduction in fish habitat downstream of the dam to RM 62 (downstream of the 
Skookumchuck River confluence) during major floods due to impaired geomorphic processes, including 
reduced transport of coarse sediment (reduced by 25% to 50%) and wood transport (see Section 4.2.2).  
Mitigating effects of a Pre-construction Vegetation Management Plan, and the ability of the FRO dam to 
pass sediment and wood during most flows, would reduce the change to habitat function downstream 
of the FRO dam compared to the year-round change in flow and retention of sediment and wood with 
the FRFA dam (see Section 4.2.2.2.2).  Changes to geomorphic processes downstream of the dam would 
result in a significant adverse impact on the formation of fish habitat. 

Flood control operations would reduce floodplain inundation by 10% (4,480 acres), eliminating some 
connections between the Chehalis River and off-channel or floodplain areas during and after floods that 
are large enough to trigger flood retention.  Floodplain areas that are ephemerally connected to the 

 
SPECIES 

TYPE OF FACILITY AND PASSAGE STRUCTURE 
FRO FRFA FRO OR FRFA 

TUNNELS LADDER 

JUVENILE 
PASSAGE 
FACILITIES 

TRAP AND 
TRANSPORT 

Anadromous 
salmon and 
steelhead 

Adult upstream 94% – 96% 79%  91% 
Juvenile upstream 59% – 79%   54% 
Juvenile downstream 85% – 95%  64%  

Lamprey Adult upstream 96% 54%  54% 
Juvenile downstream 95%  <1%  
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mainstem Chehalis River can be important rearing and holding habitat for fish, and a reduction in the 
floodplain’s inundated area would be a minor impact on fish habitat function.   

Flow augmentation and releases of cool water from the FRFA reservoir are anticipated to provide 
downstream benefits to native fish species including Pacific lamprey, mountain whitefish, largescale 
sucker, speckled dace (discussed later in this section) and adult spring-run Chinook salmon that require 
cool-water refugia during peak summer water temperatures.  A positive response of spring-run Chinook 
salmon reflects the potential effect of cooler summer water on pre-spawning survival, improved juvenile 
rearing, and potential for earlier spawning.  This assumes that spring-run Chinook salmon would 
respond by expanding their distribution into the reach of the mainstem Chehalis River between 
Elk Creek and the Flood Retention Facility site, as they have not been observed using this stretch of river 
previously in summer (Zimmerman and Winkowski 2016).  Whether adult spring-run Chinook salmon 
would respond behaviorally to modulating temperature and flow from the FRFA facility is unknown and 
represents a key uncertainty (see Appendix K).  In spring and summer months, water temperatures 
would be reduced by as much as 10°C in the reach immediately below the dam with effects diminishing 
farther downstream to RM 65 (approximately the confluence with the Skookumchuck River).  Below 
RM 65, negligible differences in cool-water habitat from baseline conditions would occur, mainly due to 
the influence of large tributaries.  The predicted impact of the FRO and FRFA facilities on salmon 
productivity was quantified using habitat modeling (EDT; ICF 2016).  The modeled current habitat 
potential for the Chehalis Basin to support each salmon species is depicted as the number of potential 
spawners, alongside average estimated total run size and escapement since 1987 shown in Table 4.2-6 
(further details on salmon run size can be found in Table 3.4-4 in Section 3.4.1.1.4). 

Table 4.2-6  
Baseline Potential Salmonid Abundance in the Chehalis Basin 

SPECIES 
EDT HABITAT 
POTENTIAL SPAWNERS 

ESTIMATED TOTAL RUN 
ABUNDANCE  

ESTIMATED 
ESCAPEMENT 

Coho salmon 40,642 60,096 43,222 
Fall-run Chinook salmon 25,844 25,500 12,100 
Fall/winter-run chum salmon 190,550 36,300 21,900 
Spring-run Chinook salmon 2,146 2,300 2,200 
Winter-run steelhead 6,800 12,800 10,700 

Source: ICF 2016 
 
Three dam scenarios were modeled using EDT to account for the changes in habitat that could occur 
with inundation, barriers to fish passage, and reduction in downstream habitat-building processes: the 
FRFA, and two FRO scenarios.  Two scenarios were modeled for the FRO dam to provide a range of 
results that reflects the uncertainty around the effects of habitat degradation upstream of the dam.  The 
FRO 50 scenario predicts degradation in 50% of the spawning habitat in the inundation area, whereas 
the FRO 100 predicts degradation in 100% of spawning habitat in the inundation area, with no 
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differences in all other habitat characteristics upstream and downstream of the dam for the FRO.  The 
degradation is modeled by converting reaches from pool and riffle habitat with high value for salmon 
spawning to glide habitat which holds little spawning value.  The effect of an FRO 50 scenario could 
represent a more likely scenario because habitat would be disturbed only when floods are retained, 
approximately once every 7 years on average, and a Pre-construction Vegetation Management Plan 
would prevent total loss of riparian vegetation and riparian area function for fish.  Though inundation 
associated with an FRO facility is anticipated to occur infrequently, a precise projection of the highest 
extent of impacts on upstream habitat degradation is difficult to predict given uncertainties related to 
the extent of potential water temperature increases, reduction of food and nutrient inputs from riparian 
habitat loss and fine sediment deposition, spawning gravel changes in the reach between retention 
events, channel widening, mass wasting sediment input, and other factors.  Therefore, it is appropriate 
to evaluate both 50% and 100% upstream habitat loss, to capture the range of potential outcomes.  The 
modeled impact of each Flood Retention Facility type on the whole Chehalis Basin population of salmon 
and steelhead is summarized in Table 4.2-7 and Figure 4.2-8 (ICF 2016).  

All of the three dam scenarios modeled would reduce the overall abundance of all salmon and steelhead 
populations in the Chehalis Basin from less than 1% to 4% depending on the species.  An FRFA dam 
would have a larger adverse impact on coho and fall-run Chinook salmon, whereas the FRO dam 
would have a larger adverse impact on spring-run Chinook salmon, winter/fall-run chum salmon, and 
winter-run steelhead. 

Table 4.2-7  
Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin 

from Flood Retention Facility Types  

SPECIES (CURRENT HABITAT 
POTENTIAL) 

CHANGE FROM CURRENT CONDITION IN 
NUMBER OF FISH (%) 
FRFA FRO 50 FRO 100 

Coho salmon (40,642) -622 (-2%) -308 (-1%) -325 (-1%) 
Fall-run Chinook salmon (25,844) -150 (-1%) -80 (<-1%) -82 (<-1%) 
Winter/fall-run chum salmon (190,550) -1,548 (-1%) -1,837 (-1%) -1,837 (-1%) 
Spring-run Chinook salmon (2,146) -56 (-3%)* -75 (-3%) -82 (-4%) 
Winter-run steelhead (6,800) -95 (-1%) -103 (-2%) -117 (-2%) 

Note:  
* = With response to flow augmentation and temperature reduction; without response to 
increased flow and cooler water, effect downstream of dam similar to FRO 100  
The behavioral response of adult spring-run Chinook salmon in the Chehalis River to 
modulating temperature and flow from the FRFA facility is unknown and represents a key 
uncertainty described in more detail below and in Appendix K. 
Source: ICF 2016 
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The combination of adverse impacts upstream of the FRFA dam and beneficial effects of flow 
augmentation and temperature reduction downstream of the FRFA dam is expected to reduce the 
Chehalis Basin population abundance of salmon by 1% to 3%, depending on species (see Table 4.2-7 and 
Figure 4.2-8).  The cumulative change to Chehalis Basin spring-run Chinook salmon populations is 
predicted to be negative; however, the abundance of spring-run Chinook salmon spawners using areas 
just below the dam is predicted to increase (impacts in the area just below the dam are discussed 
further below).  The strong positive response of spring-run Chinook salmon modeled was due to the 
reduction in water temperature during the summer, and reflects the potential effect of cooler summer 
water on pre-spawning survival, improved juvenile rearing, and expansion of earlier spawning life 
histories.  This assumes that spring-run Chinook salmon would hold over summer and spawn in the 
mainstem Chehalis River between Elk Creek and the Flood Retention Facility site prior to spawning in the 
fall in the same area.  Whether adult spring-run Chinook salmon would respond behaviorally to 
modulating temperature and flow from the FRFA facility is unknown and represents a key uncertainty.  
An alternative view is that during summer, prior to spawning, adult spring-run Chinook salmon have 
adapted to the Chehalis River by holding in cool-water refugia—either in areas with cold groundwater 
inputs farther downstream than the area that would be most affected by an FRFA dam, or by moving 
upstream quickly to cool headwaters—and that the area modified by increased flow and decreased 
temperature with an FRFA dam would provide little habitat value for pre-spawn holding, spawning, or 
rearing.  If this view is correct, the cool-water releases from an FRFA dam may have no effect on fish 
populations downstream of the dam.  If the benefits of flow augmentation and temperature reduction 
do not accrue as anticipated, the total Chehalis Basin spring-run Chinook salmon population would 
experience reductions at least on the scale of the FRO 100 scenario, and perhaps greater due to the 
added loss of habitat upstream of the dam.  More information is included in Appendix K. 

At the Basin-wide scale, both FRO facility habitat scenarios considered would have negative effects on 
all salmonid species, resulting in population declines ranging from about <-1% for fall-run Chinook 
salmon under FRO 50 and FRO 100, to -4% for spring-run Chinook salmon under FRO 100, presenting a 
significant adverse impact on salmon (see Table 4.2-7 and Figure 4.2-8).   

When considering impacts on salmonid species at a local scale within individual sub-basins, the impacts 
of both dam facilities attenuate moving downstream (see Figure 4.2-9).  Changes in abundance would 
occur in other tributary sub-basin populations because those fish migrate through, and are affected by, 
changes occurring in the mainstem Chehalis River downstream of the FRO facility.  This includes 
spawning populations in Elk Creek, the South Fork Chehalis, and the Newaukum, Skookumchuck, and 
Black rivers.  Model results indicate impacts on subpopulations using the mainstem Chehalis River up to 
the confluence with the Skookumchuck River.  Chum salmon would be affected in areas below the 
confluence with Elk Creek because chum are not present upstream of Elk Creek.  Impacts on populations 
in the lowest reaches and tributaries of the Chehalis River were not detected.   
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Changes to habitat in the river segments upstream of the dam facilities and immediately downstream to 
the confluence of the mainstem Chehalis River with Elk Creek are shown in Table 4.2-8.  The number of 
salmon spawning in the upper Chehalis River upstream of the FRO facility would be reduced by 18% to 
49% under the FRO 50 scenario, and 29% to 55% under the FRO 100 scenario, depending on the species 
(see Table 4.2-8 and Figure 4.2-9).  Changes in habitat between the FRO facility and the confluence of the 
mainstem Chehalis River with Elk Creek would result in declines in the subpopulations that use this reach 
to spawn, ranging from a loss of 17% of the fall-run Chinook salmon population to a loss of 58% of the 
spring-run Chinook salmon population (see Table 4.2-8 and Figure 4.2-9).  Declines in subpopulations 
downstream of Elk Creek would be smaller (0% to 17%), except for spring-run Chinook salmon that could 
spawn in the mainstem from the confluence of the South Fork Chehalis River to the confluence with 
Elk Creek, which could see a decline of 36% (see Figure 4.2-9).  With an FRFA facility, major declines in 
salmon subpopulations currently spawning above the dam site would occur due to the replacement of 
stream habitat with a reservoir (see Table 4.2-8 and Figure 4.2-9).  The majority of fall-run Chinook 
salmon (98%), spring-run Chinook salmon (97%), and half the winter-run steelhead (50%) would be lost 
upstream of the dam.  Coho salmon in this reach would experience a 23% loss.  Immediately 
downstream of the FRFA facility to the confluence with Elk Creek, spring-run Chinook salmon abundance 
could increase (67%), but other species spawning in this reach would decline (losses of 28% to 62%, 
depending on species).  Impacts in the lower portion of the Chehalis River were either not detected or 
were minor and positive for spring-run Chinook salmon (see Figure 4.2-9).  If spring-run Chinook salmon 
do not respond as modeled to flow and temperature modulation, the change in abundance modeled for 
spring-run Chinook salmon would be similar to that predicted for the FRO facility, since adverse impacts 
of downstream changes to habitat-forming processes would be similar.   

Table 4.2-8  
Potential Response in Salmonid Abundance to Habitat Change in  

Upper Chehalis Sub-populations from Flood Retention Facility Types 

Note: N/A is used where the percentage change cannot be calculated from an initial population of zero.  
Source: ICF 2016  

SPECIES 
SUB-POPULATION  
(CURRENT HABITAT POTENTIAL) 

CHANGE FROM CURRENT CONDITION IN  
NUMBER OF FISH (%) 
FRFA FRO 50 FRO 100 

Coho salmon Upstream of Crim Creek (dam site; 275) -64 (-23%) -136 (-49%) -152 (-55%) 
Crim Creek to Elk Creek (182) -112 (-62%) -58 (-32%) -58 (-32%) 

Fall-run 
Chinook salmon 

Upstream of Crim Creek (dam site; 74) -73 (-98%) -24; -32% -26 (-35%) 
Crim Creek to Elk Creek (72) -26 (-36%) -12; -17% -12 (-17%) 

Fall/winter-run 
chum salmon 

Upstream of Crim Creek (dam site; 0) N/A N/A N/A 
Crim Creek to Elk Creek (0) N/A N/A N/A 

Spring-run 
Chinook salmon 

Upstream of Crim Creek (dam site; 61) -59 (-97%) -11 (-18%) -18 (-29%) 
Crim Creek to Elk Creek (56) 38 (67%) -33 (-58%) -33 (-58%) 

Winter-run 
steelhead 

Upstream of Crim Creek (dam site; 171) -85 (-50%) -74 (-44%) -88 (-52%) 
Crim Creek to Elk Creek (18) -5 (-28%) -5 (-25%) -5 (-25%) 
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Source: ICF 2016
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Potential Response in Salmonid Abundance to Habitat Change in Upper Chehalis Sub-populations from Flood Retention Facility Types

Source: ICF 2016
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Figure  4.2-9c

Potential Response in Salmonid Abundance to Habitat Change in Upper Chehalis Sub-populations from Flood Retention Facility Types

Source: ICF 2016
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The response of non-salmonid fishes to an FRFA facility was estimated by evaluating the change in 
usable instream habitat area available to different species based on changes in flow and temperature 
that would occur with an FRFA dam from May through September (Beecher 2015; PSU 2016).  Habitat 
area for spawning and rearing life stages (where relevant and data is available) of four native fish species 
(Pacific lamprey, mountain whitefish, speckled dace, and largescale sucker) and two non-native predator 
species (largemouth bass and smallmouth bass) were evaluated.  The monthly averages of change in 
Weighted Usable Area (WUA), a measure of habitat area, were summed to provide a single index of 
change in WUA for each species and life stage (see Table 4.2-9).  In general, the native fish species 
evaluated would respond positively to summer water releases from an FRFA dam, which would increase 
flow and decrease summer water temperature.  The responses could be greatest in the reach just 
downstream of the dam (Pe Ell to Elk Creek), with the responses attenuating downstream corresponding 
to attenuation of the change in flow and temperature resulting from the FRFA dam.  

Table 4.2-9  
Cumulative Monthly Change in Instream Habitat Area (Weighted Usable Area) in Summer with Augmented Flow 

and Reduced Temperature Water Released from the FRFA Facility 

SPECIES 
LIFE 
STAGE 

PE ELL TO 
ELK CREEK 

ELK CREEK 
TO SOUTH 
FORK 

SOUTH FORK 
TO 
NEWAUKUM 

NEWAUKUM 
TO 
SKOOKUM-
CHUCK 

SKOOKUM- 
CHUCK TO 
BLACK 

BLACK 
TO 
PORTER 

Pacific 
lamprey 

Rearing 28% -11% 4% 5% 2% -1% 
Spawning 24% 18% 14% 2% 3% 5% 

Mountain 
whitefish 

Spawning 43% 26% 23% 7% 4% 6% 

Speckled 
dace  

Rearing 28% 8% 9% 7% 1% -1% 

Largescale 
sucker 

Rearing 18% 8% 8% 4% 2% 0% 
Spawning 34% 27% 59% 9% 26% 29% 

Largemouth 
bass 

Rearing N/A2 N/A2 -17% -1% -1% -3% 
Spawning N/A2 N/A2 -43% -10% -5% -7% 

Smallmouth 
bass 

Rearing N/A2 N/A2 -9% -1% -1% -2% 
Spawning N/A2 N/A2 0% 46% 0% 0% 

Notes: 
Data are the sum of the monthly averages of the change in WUA from May through September. 
N/A indicates the species was not recorded in that reach at any life stage. 
Source: Beecher 2015 
 

The non-native predator species evaluated have only been observed as far upstream as the confluence 
with the South Fork Chehalis River (Hughes and Herlihy 2012; Zimmerman and Winkowski 2016).  
However, downstream of the South Fork Chehalis River, the habitat available for non-native species 
could be reduced in summer, with the effect attenuating farther downstream.  One exception could 
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occur with an increase in smallmouth bass spawning habitat in the reach between the confluences of 
the mainstem Chehalis River with the Newaukum and Skookumchuck rivers (see Table 4.2-9), influenced 
largely by changes to conditions in June (data by month not shown).  It is important to note that other 
metrics such as substrate type or habitat structure that would be affected by an FRFA dam were not 
considered in this approach, and these other habitat metrics may have as much influence on species 
distributions as flow and temperature.  Data are not available to construct a similar analysis of change in 
habitat during fall and winter months for these fish species when flow would be reduced by flood 
retention.  Further evaluation would be necessary to accurately predict species responses to all of the 
changes in habitat that could accrue.  Overall, these data suggest the FRFA dam would cause an increase 
in habitat for native fish species, with a reduction in habitat for non-native predators, representing a 
benefit to native fish downstream of the dam.  

Reduction in instream habitat that would occur upstream of an FRFA facility has the potential to 
suppress populations of state or federally sensitive, candidate, or listed species.  Pacific lamprey and 
Olympic mudminnow are species that could be affected by a Flood Retention Facility and are listed as 
state species of concern, priority species, and species of greatest conservation need.  Additionally, riffle 
and reticulate sculpin are state species of concern.  Pacific lamprey, riffle sculpin, and reticulate sculpin 
have been observed in the potential dam and reservoir footprint (Winkowski 2015), and like salmon, 
prefer fast-moving streams, with well-aerated gravel to spawn and rear as larvae.  The installation of an 
FRFA facility would eliminate this type of habitat in the footprint of the conservation pool.  Reticulate 
sculpin could inhabit the shallow areas of a permanent reservoir because they can tolerate warmer 
temperatures (greater than 20°C) and silty habitat.  Pacific lamprey, riffle sculpin, and reticulate sculpin 
are likely widespread across the Chehalis Basin, though their distribution has not been extensively 
studied.  Olympic mudminnow occur in slow-moving, off-channel habitat in floodplain areas in the 
middle and lower Chehalis River floodplain many river miles downstream of the potential dam and 
downstream of the area affected by flow and temperature modulation by the FRFA facility 
(Hayes et al. 2016a). The impact of a dam in the upper Chehalis Basin on Olympic mudminnow would be 
minor, as the majority of Olympic mudminnow habitat would not be affected, however flood retention 
could prevent inundation of relatively small areas of Olympic mudminnow off-channel habitat.  No 
Chehalis River salmon or steelhead populations are currently listed as threatened or endangered under 
the ESA, and none have been designated as ESUs or main population groups under an ESU, as is 
commonly done for species in need of recovery.  Nonetheless, any degradation in Chehalis River salmon 
population abundance, productivity, diversity, and spatial structure could lead to listing of the species if 
the population is no longer found to be viable (McElhany et al. 2000).  

4.2.4.2.2 Wildlife 

Anticipated adverse impacts on wildlife that would result from the construction and operation of the 
Flood Retention Facility are primarily related to the removal and disturbance of habitat and habitat 
functions over time, including potential loss of amphibian breeding habitat.  The potential impacts on 
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wildlife are similar for the FRO facility and FRFA facility, but vary in magnitude due to the larger footprint 
of the FRFA reservoir and the fact that a significant portion of the habitat would be converted to open 
water within the FRFA permanent reservoir pool.  The adverse impacts described in this section range 
from minor to significant because different classes of wildlife species have a variety of habitat needs and 
home ranges, with different vulnerabilities and potential responses to the disturbance and conversion of 
habitat features. 

Adverse impacts on wildlife would primarily be driven by the following changes in the physical 
environment created by the construction and operation of the Flood Retention Facility: 

• Loss, conversion, and fragmentation of wetland and vegetation communities that function as 
wildlife habitat as a result of selective clearing and inundation in the dam and reservoir footprint 

• Changes to wildlife habitat-forming processes downstream of the dam due to the streamflow 
management and vegetation community modification 

Each of these changes would modify habitat that is currently used by a variety of wildlife to breed, 
forage, rest, and overwinter, including invertebrates, amphibians, reptiles, and multiple species of 
mammals and birds.  Changing or eliminating existing habitat characteristics and functions would create 
conditions that reduce the quality of habitat available for existing species, thereby affecting the ability of 
wildlife to occupy the modified habitat.  As a result, the diversity and composition of species that occupy 
affected habitats would change as some existing species adapt to and occupy the modified habitat, 
those that are unable to adapt or compete in the changed habitat perish or leave, and new species that 
were not there previously (e.g., invasive species) become established. 

Potential adverse impacts on habitat conditions and functions in the Flood Retention Facility footprint 
include the loss, conversion, and fragmentation of wetland and vegetation communities that function as 
wildlife habitat (see Section 4.2.3).  The loss, conversion, and fragmentation of such communities would 
occur during both construction and operation of the facility through selective clearing and periodic to 
permanent inundation, respectively.   

Impacts on wetland and vegetation habitat would affect wildlife currently using these areas and change 
the types and functions of available habitat over the long term.  Potential impacts on wildlife vary 
depending on the type of activity and the different classes of wildlife species that occupy these habitats.  
The clearing of vegetation to construct the dam structures and their supporting infrastructure 
(e.g., access roads, utility corridors) would cause a direct loss of wildlife habitat, and would cause 
varying degrees of habitat fragmentation based on the width and orientation of the clearing as well as 
the wildlife species affected.   

Conversion of forested upland, riparian, and wetland habitats to those dominated by herbaceous and 
shrubby vegetation would result in the loss of habitats used by some wildlife species in the reservoir 
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footprints, and could represent a gain of habitat for other wildlife species.  For example, loss of riparian 
cover would impair habitat conditions for many amphibians, especially by reducing adequate surface 
moisture and appropriate temperature conditions for terrestrial stages of stream-associated 
amphibians, such as the state-candidate species Van Dyke’s salamander (Hallock and McAllister 2005).  
Conversely, the more brushy vegetation that would likely replace several of the forested riparian zones 
in the reservoir footprint could provide additional foraging habitat for deer, elk, and birds of prey (Link 
2004).  In the FRFA reservoir area, the conversion from upland forest and wetlands to an inundated 
reservoir would remove and convert habitat used by terrestrial and semi-aquatic wildlife species; 
however, species that utilize open-water habitat (e.g., waterfowl and osprey) would benefit from the 
changes in habitat types.  Disturbances to habitats of native species provide opportunities for the 
invasion of non-native wildlife species (e.g., European starling and American bullfrog) that could prey on 
or out-compete native wildlife species for resources (Knutson and Naef 1997). 

The loss of trees from the riparian zone in the reservoir footprint by either selective removal under the 
proposed Pre-construction Vegetation Management Plan or by flood-induced mortality would directly 
remove nesting, denning, and feeding habitat used by wildlife including birds, mammals, amphibians, 
and other animals.  Tree removal from these areas would also adversely affect many of the riparian 
functions being performed by these areas including water filtration and purification, stream channel 
stability, nutrient dynamics, stream shading (i.e., thermoregulation), and wood recruitment.  Increased 
sediments entering the stream system from runoff and streambank erosion could lead to filling of 
interstitial spaces in stream substrates that are used by amphibians for breeding and foraging 
(Leonard et al. 1993).  Reduction in the amount of leaf litter, organic material, and other nutrient inputs 
that support species at the base of the food chain would reduce foraging for aquatic and semi-aquatic 
wildlife species.  Reduction in the amount and variety of woody material entering the system would also 
affect nutrient cycles and limit instream habitat-forming processes that support stream-associated 
amphibians.  Riparian woody material is a habitat feature used by terrestrial amphibians, like the 
state-candidate species Van Dyke’s salamander, for breeding and foraging.  Instream woody material is 
used by stream-breeding amphibians like the Columbia torrent salamander for breeding and refuge.  In 
addition to these impacts, conversion or removal of riparian areas would reduce, eliminate, or fragment 
habitat and travel corridors for wildlife including amphibians, reptiles, birds, and various mammals. 

Generally, wildlife such as songbirds, raptors, and various classes of mammals are more adaptable to 
changes in habitat features.  These wildlife groups are also able to disperse more easily to adjacent 
areas with suitable habitat conditions.  Given that the proposed Flood Retention Facility would be 
located in a basin dominated by managed forestland, similar forest habitats are abundant and accessible 
in the area.  Semi-aquatic wildlife species such as amphibians, North American beaver, and western 
pond turtle, however, rely on specific aquatic habitat features to breed, forage, and overwinter, and 
would be much more vulnerable to the localized impacts on wetlands and the conversion of riparian 
vegetation communities.  Such species would not be able to adapt to significant changes in aquatic 
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habitat and are unlikely to disperse successfully to other suitable habitats.  Some amphibians could also 
face increased predation within modified habitats as a result of changes in the availability or quality of 
cover (e.g., vegetation, leaf litter, woody material), as well as a potential increase in the number of 
predators (e.g., fish, reptiles, small and medium-sized mammals, birds, other amphibians) in the area 
due to displacement from adjacent modified habitats. 

In addition to vegetation removal and modification, inundation of the reservoir would cause adverse 
impacts on wildlife and wildlife habitat in the stream reach within the boundaries of the inundation 
area.  Though flooding would be infrequent and temporary in both the FRO reservoir and flood storage 
portion of the FRFA reservoir that is located above the conservation pool, the flooded area would be 
relatively large (see Table 4.2-1 in Section 4.2.1.2.2).  During floods, river flows would be retained in the 
reservoir, with filling and draining of the reservoir lasting up to 32 days.  Inundation of riparian habitat 
used by amphibians and other wildlife species would directly displace animals or result in mortality for 
species unable to disperse or relocate to other suitable habitats (Knutson and Naef 1997).  Increased 
deposition of sediment upstream of the dam would negatively affect water quality, as well as breeding 
and foraging habitat for stream invertebrates and stream-associated amphibians.  Temporary 
inundation and sedimentation of the stream channel would alter its structure from pools and riffles to 
an eroded channel through sediment, and would replace stable aquatic habitat with dynamic habitat, 
removing instream habitat preferred by aquatic amphibians. 

Permanent inundation of up to 1,264 acres for the FRFA reservoir would convert stream and riparian 
habitats to a pool (lacustrine) habitat for which many stream-dwelling wildlife species, especially native 
amphibians, are not well adapted, presenting a loss of functional habitat for these species and a 
substantial adverse impact on aquatic wildlife.  Most wildlife species would not adapt to the changes 
from stream, riparian, and terrestrial habitats to a lacustrine habitat, forcing these species to attempt to 
relocate to other suitable habitat (Knutson and Naef 1997).  Some species would successfully relocate to 
other suitable habitat and some species would be unsuccessful in relocating to other habitats and would 
perish (Knutson and Naef 1997). 

Specific species that would be adversely affected by temporary (FRO reservoir) and permanent 
(FRFA reservoir) water retention include western toad and western pond turtle.  Breeding habitat for 
western toad in the Chehalis Basin is concentrated in the mainstem Chehalis River and larger tributaries 
within the proposed reservoir footprint (Hayes et al. 2016b).  Temporary inundation of these areas by 
the FRO reservoir during flood retention and permanent inundation in the FRFA reservoir conservation 
pool would eliminate this habitat, potentially contributing to the extirpation of western toad from this 
portion of the Chehalis Basin.  Although western toad are known to breed in stillwater reservoirs, the 
potential for this to occur in the FRFA conservation pool is uncertain due to the magnitude and timing of 
water fluctuations in the reservoir due to dam operations.  Western pond turtle, a state-endangered 
species that is potentially present in the Chehalis Basin, would also be affected by the direct loss of 
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potential breeding habitat from the conversion of stream habitat to reservoir habitat (ASEPTC 2014c).  
Such losses would contribute to the local extirpation of that species. 

As discussed in Section 4.2.4.2.1, conversion of stream and riparian habitats to a pool habitat under the 
FRFA would also result in the loss of salmon spawning habitat within the reach of the Chehalis River 
upstream of the dam.  Salmon provide nutrients to a wide range of wildlife species that directly prey on 
live spawners, scavenge the carcasses of dead fish, or prey upon salmon eggs and juveniles after 
spawning.  The range of mammal species that feed on salmon includes bears, weasels, shrews, and 
potentially deer, squirrels, and mice.  Avian predators and scavengers include eagles, hawks, gulls, 
crows, and some songbirds (Willson and Halupka 1995).  The nutrients from spawners also benefit 
wildlife by fertilizing riparian and aquatic plant species which, in turn, provide food or cover for aquatic 
and terrestrial animal species (Schindler et al. 2003).  Decreases in salmon abundance resulting from lost 
freshwater habitat will, therefore, have an adverse impact on wildlife species that either feed on or 
otherwise benefit from salmon-derived nutrients.  The significance of the adverse impact on wildlife is 
proportional to the decrease in abundance and is also expected to be most intense in areas where 
salmon spawning is substantially reduced or prevented, such as the reservoir footprint. 

Replacing vegetated habitat with reservoirs of standing water could alter or restrict the migratory routes 
of elk, deer, and other large, migratory, terrestrial species.  Elk require large areas to meet migratory 
needs and often move long distances on a seasonal basis.  Important habitat patches for elk known as 
HCAs exist within the Chehalis Basin and in the surrounding geographic area to the north and south of 
the proposed reservoir footprints (see Figure 4.2-10).  Landscape connectivity between the HCAs—that 
is, migratory routes that are not significantly altered by human infrastructure—are necessary for 
migration of elk and other species.  Migratory elk would seek paths between HCAs that require the least 
energy expenditure by the animals (i.e., least cost paths).  The Flood Retention Facility would not 
directly affect acreage within an HCA; however, both footprints appear to overlap one of these paths of 
least energy expenditure and could force animals to travel around the area, expending more energy and 
presenting a moderate impact on the species (WHCWG 2010; see Figure 4.2-10). 
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Changes to the way floodwaters move through the system both upstream and downstream of the dam 
would also disrupt many of the existing physical, chemical, and biotic processes of riparian areas, 
reducing or eliminating many of the important functions provided by the riparian zone (Knutson and 
Naef 1997).  Downstream of the dam, flood control would cause a reduction in the magnitude of peak 
floods, which would translate to reductions in habitat-forming processes, especially those that are 
driven by major floods.  While flooding of the magnitude that would trigger flood retention would be 
infrequent, it is the largest floods that have the greatest ability to shape habitat for aquatic and semi-
aquatic species and wildlife species that use the riparian areas and the floodplain.  Habitat-building 
processes downstream would also be affected by the retention of much of the sediment and LWM load 
by the Flood Retention Facility. 

Downstream of the dam, reduced flooding would reduce stream and riparian habitat-shaping processes.  
Wetlands and periodically inundated areas that serve as functional floodplain habitat for semi-aquatic 
species, such as amphibians and waterfowl, would also be reduced.  These adverse impacts range 
from minor to moderate given the size of the entire Chehalis Basin relative to the change in the extent 
of flooding. 

Flood control with the FRFA dam would allow for the modulation of flows downstream of the dam 
year-round, with the intention of providing higher base flows and cooler water during the summer 
months to improve downstream habitat.  The potential effects of these higher flows and cooler water 
temperatures on stream breeding and stream-associated terrestrial amphibians is variable.  An increase 
in low summer instream flows downstream of the FRFA dam could benefit certain amphibian species by 
providing sufficient water levels in off-channel habitats that dry up under existing conditions.  Although 
many amphibian species could also benefit from cooler stream temperatures, such changes could 
interfere with the seasonal environmental cues (e.g., increased water temperature, decreased flow and 
water depth) used by these species to trigger the initiation of metamorphic processes.  An increase in 
summer base flows and reduction in temperatures has the potential to delay or eliminate breeding 
habitat for the instream-breeding western toad, which appears to prefer warm, shallow, open water 
areas in the stream channel for breeding (Hayes et al. 2016b).  To evaluate this potential, the change in 
usable downstream habitat for western toad based on the proposed changes in flow and temperature 
that would occur with an FRFA dam was modeled for the six consecutive river reaches below the 
proposed dam.  The results of this modeling effort indicate that there would be no change in the area of 
usable habitat for western toad in the river reach immediately below the proposed dam, but a reduction 
in area of usable habitat for all subsequent reaches.  Overall, although flows from the FRFA dam could 
be regulated to maximize available instream habitat for salmon below the dam, targeted flows could 
conflict with those that are optimal for amphibians (ASEPTC 2014c). 
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4.2.4.3 Mitigation 
4.2.4.3.1 Fish 

A range of possible mitigation measures for short-term impacts on fish are described in Table 4.1-1.  
However, instream work would be unavoidable and large in scale, and limiting work to times of the year 
when sensitive species are absent would not be possible.  Year-round construction for 2 to 3 years 
would be required.  Avoidance and minimization to reduce short-term direct impacts on fish could 
include construction of a temporary river bypass tunnel to pass water and fish downstream during the 
construction period.  A trap-and-haul strategy would be implemented to provide upstream fish passage 
and maintain fish survival around the Flood Retention Facility construction site.   

Some potential long-term impacts on fish would be addressed through avoidance and minimization 
measures, including provision of fish passage around the dam, minimum instream flows released from 
the dam during flood retention periods, and release of cool water from the FRFA facility during late 
spring to early fall.  New infrastructure such as roads and power lines could be planned to minimize the 
number of stream crossings that require permanent removal of intact riparian habitat.  Compensatory 
mitigation would be required for loss of fish habitat and fish habitat function, and reduced fish 
population performance above and below the dam.  Examples of compensatory mitigation could include 
fish habitat restoration, protection, or acquisition of land that presents an opportunity for in-kind 
compensation for fish habitat lost.  

Consistent with state mitigation policy (WDFW mitigation policy POL-M5002), mitigation for 
unavoidable adverse impacts on fish would include continued collection of baseline data and detailed 
implementation plans based on identified population performance standards or goals for fish 
populations, fish passage, and life history diversity, including maintenance of recreational and harvest 
opportunities.  Compensatory mitigation would be described in the Reservoir Operations and 
Management Plan, including an adaptive management plan for fish species affected by the Flood 
Retention Facility that includes regular monitoring and evaluation of fish passage and population 
performance (e.g., monitoring fish abundance, habitat processes upstream and downstream of the dam 
site) to ensure population viability goals are met.  Compensatory mitigation measures would be 
developed during project-level design and permitting to address the loss of fish habitat and function.  
Adaptive management plans would include corrective actions to be taken if mitigation developments do 
not meet goals and objectives.  A Flood Retention Facility may cause adverse impacts that cannot be 
fully mitigated by the compensatory actions described here. 

4.2.4.3.2 Wildlife 

Potential mitigation measures to reduce short-term impacts on wildlife and wildlife habitat from 
construction of the Flood Retention Facility are described in Table 4.1-1.   
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Some potential long-term impacts on wildlife could be addressed through avoidance and minimization 
measures, including developing and implementing a Post-construction Vegetation Management Plan 
(see Section 4.2.3.3) to address the loss of loss of forestland upstream of the dam.  Compensatory 
mitigation measures would be developed during project-level design and environmental review that 
would create or improve wetland, wetland buffer, and riparian habitat conditions that support a variety 
of native wildlife species.   

4.2.5 Tribal Resources 
The health and productivity of the entire Chehalis Basin affects the treaty fisheries and the non-treaty 
Chehalis Tribe fishery on the Chehalis Tribe reservation.  The upper and middle Chehalis River and its 
tributaries contain valuable habitat for spawning and rearing salmonids.   

Impacts on tribal resources could occur during or following 
construction, if tribal members could no longer access a 
resource or if the resource was diminished.  The following 
potential impacts were considered:  

• Access to treaty reserved usual and accustomed 
fishing areas, including Grays Harbor and the 
Chehalis River  

• Access to treaty-reserved usual and accustomed 
areas for hunting and gathering on open and 
unclaimed lands 

• Access to culturally significant areas for gathering 
of plant material or other related activities 

• Injury and mortality of fish and wildlife and their 
habitats, and plants that are identified as a tribal 
resource; these impacts are detailed in 
Section 4.2.4 and are included in this section by 
reference   

Indirect impacts on tribal resources could occur as a result 
of the impacts on water resources, geology and 
geomorphology, wetlands and vegetation, and fish and 
wildlife detailed in Sections 4.2.1 through 4.2.4. 

4.2.5.1 Short- and Long-term Impacts  
The potential impacts on tribal resources that would occur during construction of the Flood Retention 
Facility are related to the temporary disruption of access to areas for gathering resources associated 

Tribal Resources 

Tribal resources refer to the rights and 
interests of Indian tribes within the 
Chehalis Basin to various natural 
resources, including those associated 
with a tribe’s sovereignty and/or 
federally reserved treaty rights.  These 
resources include plants, wildlife, fish, 
and shellfish.  Tribal resources also 
include rights and interests in cultural, 
historic, spiritual, and archaeologic 
places and artifacts, including graves 
and Indian human remains.  Impacts 
on treaty-reserved rights cannot be 
mitigated without consent of an 
affected treaty tribe.  Discussion or 
consideration of mitigation for impacts 
on treaty rights resulting from any of 
the actions evaluated in this EIS would 
require consent by the Quinault Indian 
Nation.  Additional information on 
tribal rights is found in Section 2.4.1 
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with a tribe’s sovereignty or formal treaty rights.  These construction-related impacts could occur near 
construction activities associated with the dam, reservoir area, haul roads, and other components of the 
Flood Retention Facility.  Potential impacts could include reduced or limited access to plants, fish, or 
wildlife used for commercial, subsistence, and ceremonial purposes.  For example, members of the 
Quinault Indian Nation and the Chehalis Tribe can harvest Pacific lamprey found in the area of the Flood 
Retention Facility.  Access to this resource would be affected during the 2- to 3-year construction period.   

Additional construction-related impacts on tribal resources are associated with loss or take of natural 
resources protected by tribal treaty for fishing, hunting, and gathering.  As described in Section 4.2.3, 
direct impacts on fish or wildlife could occur during construction (including injury or mortality), as well 
as activities resulting in indirect impacts through habitat pathways such as sediment released into the 
river or construction noise-affecting behavior.  Construction-related impacts would affect fish use within 
the immediate area of construction and habitat upstream, which would affect productivity and 
abundance of fish species in the area.   

Additional input from the Quinault Indian Nation, Chehalis Tribe, and other potentially affected tribes 
will help to characterize existing tribal resources and use of the area for fishing, hunting, and gathering, 
and confirm the nature of potential impacts from construction-related activities.  Additional 
coordination with affected tribes to address specific impacts on tribal resources would continue during 
project-level environmental review, and as part of continued government-to-government consultations. 

The potential long-term impacts on tribal resources consider impacts on fishing, hunting, gathering, and 
other traditional cultural activities following construction.  As described in Section 4.2.4.2.1, impacts on 
fish and fish habitat during construction that occurs over a 2- to 3-year period could become a long-term 
impact because reduced egg and juvenile survival in a given year would lead to reduced abundance in 
the subsequent generations. 

Long-term impacts from the Flood Retention Facility could affect tribal resources in the following ways:  

• Restricted or reduced access of tribal members to tribal resources  

• Altered vegetation in the riparian and flood-affected areas due to periodic inundation, which 
could affect tribal fisheries 

• Loss of fish habitat function within the reach of the Chehalis River inundated upstream of the 
dam for cool, swift water-associated fish species, including loss of salmon-spawning habitat 

• Diminishment in the number of fish that would otherwise be available for tribal harvest, as well 
as wildlife and plants that are identified as a tribal resource 

Additional potential impacts on fish and wildlife and vegetation that may directly or indirectly affect 
tribal resources are described in Sections 4.2.4.2 and 4.2.3.2.3, respectively.  Several potential impacts 
have been identified, with the extent of impacts pending additional coordination with tribes and 



Action Elements: Impacts and Mitigation 
Flood Retention Facility (FRO and FRFA) 

306 Draft Chehalis Basin Strategy Programmatic EIS 

continued government-to-government consultations.  Potential long-term impacts could occur to tribal 
resources on tribal lands, within usual and accustomed fishing areas, or other areas used for hunting 
and gathering.  As noted by the Quinault Indian Nation, adverse impacts that impede the ability to 
exercise treaty rights, such as impaired access to resources or actions that harm resources directly or 
indirectly by affecting the habitat on which they are dependent, constitutes the take of a property right 
that has been guaranteed to tribes (Sharp 2016a, 2016b).   

Construction of the Flood Retention Facility would occur over 2 to 3 years and, thus, could affect 
multiple years of salmon and steelhead adults returning to spawn in the area of construction and 
upstream of the construction site, as well as juveniles in the vicinity of the Flood Retention Facility site.  
In-water construction activities could also reduce adult passage to the upper watershed for spawning or 
could affect habitat, thereby affecting survival of eggs or juveniles.  Together these impacts would result 
in fewer adult salmon and steelhead returning to the Chehalis Basin and upper watershed in future 
years, and would result in fewer salmon and steelhead available for harvest by tribal fishers in the lower 
Chehalis River.  Long-term impacts on fish habitat associated with construction and operation of the 
Flood Retention Facility could result in a reduction in the abundance of chum salmon, Chinook salmon, 
coho salmon, and winter-run steelhead returning to the Chehalis Basin as predicted through habitat 
modeling presented in Section 4.2.4.   

The Flood Retention Facility would reduce the available area for fish spawning, rearing, and migration, 
and would reduce upstream habitat for fish.  Over the longer term, the Flood Retention Facility could 
affect fish population productivity and population life history diversity—both measures of population 
resiliency (McElhany et al. 2000).  These impacts could result in greater sensitivity of the populations to 
variability in environmental conditions, affecting freshwater and marine survival and year-to-year 
variability in number of adults returning to the Chehalis Basin.  Modeling is currently underway to 
evaluate whether sediment supply from the area above the Flood Retention Facility would result in a 
measurable decrease in beach sediment contribution to the Pacific Ocean (Watershed GeoDynamics and 
Anchor QEA 2016).  

The Flood Retention Facility would be located in an area that could be used by tribal hunters and would 
affect access to this area.  The Flood Retention Facility would affect habitat potentially used by wildlife.  
The dam and reservoir would remove the availability of these areas for the collection of plants and the 
harvesting of deer and elk by tribal hunters and gatherers.   

4.2.5.2 Mitigation  
The mitigation associated with potential impacts on tribal resources would be addressed directly with 
Quinault Indian Nation and Chehalis Tribe tribal leadership during project-level environmental review 
and continued government-to-government consultations.  
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Some potential long-term impacts on tribal fish resources could be addressed through avoidance and 
minimization measures developed in consultation with tribes.  These may include the provision of fish 
passage around the dam during construction and operation, noise attenuation measures during 
construction, minimum instream flow release from the dam during operation, and release of cool water 
during operation of the FRFA facility in late spring to early fall.   

Potential compensatory mitigation measures developed in consultation with tribes could include, but 
are not limited to, the following: 

• Coordinating with tribal leaders and managers on the timing and location of construction 
activities that could affect tribal access 
‒ Coordination could result in adjustments to the timing of construction activities to avoid 

periods when use is the highest or provisions to provide an access point around the 
construction site and proposed Flood Retention Facility  

• Identifying areas with significant tribal resources and coordinating with the tribes regarding 
access points to these areas during and after construction 

Compensatory mitigation could be required for loss of fish habitat and fish habitat function, and 
reduced fish population performance above and below the Flood Retention Facility.  Compensatory 
mitigation would be developed in consultation with tribes and may include fish habitat restoration, 
protection, or acquisition of land that presents an opportunity for in-kind compensation for fish habitat 
lost.  Mitigation of impacts on treaty rights is subject to consideration and agreement by the Quinault 
Indian Nation. 

4.2.6 Air Quality 

4.2.6.1 Short-term Impacts  
The potential short-term impacts on air quality that would occur during construction are described in 
Table 4.1-1.  Emissions and dust would increase during the 2- to 3-year construction period, and clearing 
activities early in construction would cause the most increases in dust.  These temporary impacts would 
occur in an isolated area with no permanent residents, so increased dust would not affect people.  
Increased dust and emissions would be localized and are not expected to violate air quality standards.   

4.2.6.2 Long-term Impacts 
The Flood Retention Facility would result in minor adverse impacts on air quality due to windblown 
particulate matter (e.g., dust).  The cleared area of the FRO reservoir and FRFA reservoir flood storage 
pool could be a source of dust when not inundated.  The dust would be limited to the dry season and 
during relatively high winds.  Impacts would be temporary and would not affect overall regional air 
quality.  The Flood Retention Facility would not generate emissions, and would therefore not affect 
air quality.  
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4.2.6.3 Mitigation  
Potential mitigation measures to reduce short-term impacts on air quality are described in Table 4.1-1.  
No long-term impacts on air quality are anticipated, so no mitigation is proposed.   

4.2.7 Climate Change 
The evaluation of impacts related to climate change is considered from two perspectives, based on 
Ecology guidance (Ecology 2011c), and is as follows:  

• Adverse impacts that contribute to the effects of climate change (e.g., new sources of GHG 
emissions) 

• Adverse impacts of climate change on the proposed action element (e.g., increased sea levels, 
reduced snowpack, changes in water availability, changes in streamflow timing, increased forest 
fires, more extreme precipitation events and flooding)   

Ecology’s guidance (Ecology 2011c) is used for clarifying the level of analysis as follows: 

• Actions that are expected to annually produce an average estimate of at least 10,000, but less 
than 25,000 MT carbon dioxide equivalent (CO2e), should at least qualitatively disclose the GHG 
emissions caused by the action 

• Actions that are expected to produce an average of 25,000 or more MT CO2e each year should 
include a quantitative disclosure of GHG emissions 

4.2.7.1 Short-term Impacts 
4.2.7.1.1 Effects of the Flood Retention Facility Contributing to Climate Change 

The potential short-term impacts that could contribute to climate change would occur during 
construction of the Flood Retention Facility and include additional GHG emissions from construction 
equipment and truck shipments of materials to and from the dam site, such as construction materials, 
excavated materials, cement (including GHG emissions from cement production processes), and 
vegetation removal.  Concrete aggregate would be mined within the facility area and an on-site concrete 
batch plant would produce concrete at the Flood Retention Facility site.  Construction of the FRFA 
facility would generate greater GHG emissions (270,000 MT CO2e) than construction of the FRO facility 
(166,000 MT CO2e).  These effects would be above the threshold of significance established by Ecology, 
but would be temporary and not sustained over time.  

4.2.7.1.2 Effects of Climate Change on the Flood Retention Facility 

No short-term impacts of climate change on the Flood Retention Facility are anticipated during 
construction.   
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4.2.7.2 Long-term Impacts 
4.2.7.2.1 Effects of the Flood Retention Facility Contributing to Climate Change 

The potential adverse impacts of the Flood Retention Facility contributing to climate change would 
occur as a result of the permanent loss of vegetation within the Flood Retention Facility footprint, which 
reduces carbon sequestration (i.e., carbon storage).  The loss of carbon sequestration decreases CO2 
capture, which increases the concentration of GHGs in the atmosphere.  The GHG emission equivalents 
from lost carbon storage due to vegetation loss for both types of dams (see Section 4.2.3.2) are above 
the threshold of significance for evaluation of impacts (207 acres of deforestation and/or 
25,000 MT CO2e) for the Flood Retention Facility (Ecology 2011c).  These effects are considered a 
moderate adverse impact in the immediate vicinity of the Flood Retention Facility due to the sustained 
impact over time of GHG emission equivalents in excess of the Ecology threshold for significance for 
impact evaluation.  However, on a Basin-wide scale, the loss of vegetation for the dam facility 
represents a small percentage loss of vegetation across the watershed, which includes more than 
830,000 acres of forestland.   

Table 4.2-10 provides information on the loss of vegetation associated with the Flood Retention Facility, 
along with the corresponding annual GHG emission equivalents. 

Table 4.2-10  
Vegetation Loss and GHG Emission Equivalents 

CATEGORY FRO FACILITY FRFA FACILITY 
Vegetation loss in acres 
Facility footprint 6 9 
Conversion of forestland to shrubland in 
reservoir area 

405 178 

Conservation pool 0 711 
Total acres 411 889 

GHG emission equivalents1 49,731 MT CO2e/year 107,569 MT CO2e/year 

Note:  
1. Based on Ecology’s SEPA GHG Calculation Tool (Ecology 2011c, Attachment 2) 

 

4.2.7.2.2 Effects of Climate Change on the Flood Retention Facility 

The CIG has studied the potential effect of climate change on peak flows in the Chehalis Basin 
(CIG 2016).  The predicted change in peak flows derived from the CIG study are listed in Table 4.2-11 
(Karpack 2016a). 
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Table 4.2-11  
Percentage Change to Chehalis Basin Peak Flows for Climate Change Conditions 

EVENT PERCENT CHANGE 
2-year +16% 
10-year +35% 
20-year +45% 
100-year +66% 
500-year +94% 

 

The results of the CIG study were used in hydrologic modeling to estimate the effectiveness of the Flood 
Retention Facility in reducing peak flows under climate change conditions (Anchor QEA 2016c).  The 
modeling found a beneficial effect of reducing flood damage in the Chehalis River Basin from the 
reduction in peak flows from the Flood Retention Facility under climate change conditions.  Table 4.2-12 
presents a comparison of peak flows for a 100-year flood, under existing and climate change conditions 
with the Flood Retention Facility, at Doty and at Grand Mound.  

Table 4.2-12  
Peak Flows During 100-year Flood Under Existing and Climate Change Conditions 

 

AT DAM LOCATION AT DOTY AT GRAND MOUND 
EXISTING 
PEAK 
FLOW 
WITHOUT 
DAM (cfs) 

PEAK 
FLOW 
WITH 
DAM 
(cfs) 

PEAK 
FLOW 
WITHOUT 
DAM (cfs) 

PEAK 
FLOW 
WITH 
DAM 
(cfs) 

PERCENT 
DIFFERENCE 

PEAK 
FLOW 
WITHOUT 
DAM (cfs) 

PEAK 
FLOW 
WITH 
DAM 
(cfs) 

PERCENT 
DIFFERENCE 

Existing 24,200 300 36,700 12,800 -65% 75,100 62,900 -16% 
With Climate 
Change 

40,200 300 60,900 21,000 -66% 137,900 108,600 -21% 

Sources: Anchor QEA 2016b; Karpack 2016b 
 

It is predicted that the Flood Retention Facility will reduce peak flows downstream of the dam under 
future climate change conditions.  Both the peak flow reduction and percentage reduction will be 
greater than under existing conditions, indicating the Flood Retention Facility could help reduce flood 
damage in the Chehalis River floodplain resulting from climate change.  Detailed floodplain modeling of 
climate change conditions was not available at the time this EIS was published.  The EDT model 
developed for the Chehalis Basin (ICF 2016) was used to predict how fish species would respond to 
habitat modifications resulting from climate change, both with and without the Flood Retention Facility 
(see Section 4.1.3 for information on forecasting climate change).  The model determined that climate 
change would have the greatest impact on spring-run Chinook salmon and least impact on winter- and 
fall-run chum salmon (ASEPTC 2014c).  A Flood Retention Facility would further reduce salmon 
abundance up to 4% on a Basin-wide scale, depending on the species.  Table 4.2-13 and Figure 4.2-11 
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present these results for the Flood Retention Facility as a percentage increase or decrease compared to 
the results under current conditions with climate change.  

Table 4.2-13  
Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and 

Flood Retention Facility Types 

SPECIES  
(CURRENT HABITAT POTENTIAL) 

CHANGE FROM CURRENT CONDITION IN NUMBER OF FISH (%) 

WITH CLIMATE 
CHANGE ONLY 

WITH CLIMATE 
CHANGE AND 
FRFA 

WITH CLIMATE 
CHANGE AND 
FR0 50  

WITH CLIMATE 
CHANGE AND 
FR0 100  

Coho salmon (40,642) -22,390 (-55%) -22,447 (-55%) -22,560 (-56%) -22,566 (-56%) 
Fall-run Chinook salmon (25,844) -6,969 (-27%) -6,994 (-27%) -7,048 (-27%) -7,048 (-27%) 
Winter/fall-run chum salmon (190,550) -8,270 (-4%) -9,528 (-5%) -9,204 (-5%) -9,204 (-5%) 
Spring-run Chinook salmon (2,146) -1,869 (-87%) -1,897 (-88%) -1,954 (-91%) -1,954 (-91%) 
Winter-run steelhead (6,800) -3,741 (-55%) -3,732 (-55%) -3,793 (-56%) -3,799 (-56%) 

Source: ICF 2016 
 

The Flood Retention Facility could worsen the adverse effects of climate change on some salmonid 
species, including winter/fall-run chum salmon and spring-run Chinook salmon.  The FRO facility would 
have greater detrimental adverse impacts on the spring-run Chinook salmon population than the FRFA 
facility.  Modeling results indicate that little or no change in populations of other salmonid populations 
are predicted with climate change and construction of a Flood Retention Facility.   

As discussed in Section 4.2.4.2.2, decreases in salmon abundance resulting from lost freshwater habitat 
would have an adverse impact on wildlife species that either feed on or otherwise benefit from 
salmon-derived nutrients.  This adverse impact would likely be most intense in areas where salmon 
spawning is substantially reduced or prevented, such as the reservoir footprint. 

Climate change may also impact vegetation and riparian habitat upstream of the dam, as reservoir 
inundation patterns change with increased duration and amount of floodwater retention.  Unlike the 
impacts associated with the immediate reservoir inundation following dam construction, the increases 
in these periods of inundation would likely be gradual, and the potential impacts on fish and wildlife or 
vegetation would be difficult to predict, but less than the initial impact after dam construction. 

  



Figure  4.2-11

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and Flood Retention Facility Types

Source: ICF 2016
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4.2.7.3 Mitigation 
4.2.7.3.1 Mitigation to Address Effects of the Flood Retention Facility Contributing to Climate 

Change 

Potential long-term adverse impacts on climate conditions from operation of the Flood Retention 
Facility are associated with the loss of carbon sequestration resulting from vegetation removal.  These 
effects could be addressed through avoidance and minimization measures, including implementing the 
Reservoir Operations and Management Plan, which includes vegetation management efforts to 
minimize increased GHG emissions (from the loss of carbon storage/vegetation removal).   

The potential compensatory mitigation measures to address unavoidable adverse impacts from the 
operation of the Flood Retention Facility could include conservation of existing forestland to address 
loss of carbon storage and sequestration and increased GHG emissions. 

4.2.7.3.2 Mitigation to Address Effects of Climate Change on the Flood Retention Facility 

As described earlier, some of the potential long-term impacts of climate change on the Flood Retention 
Facility that could occur from increased intensity and frequency of storms would be mitigated by the 
design of the facility.  Other avoidance and minimization efforts include implementation of the Reservoir 
Operations and Management Plan that would provide for adaptive management of dam operations to 
address downstream flooding.  Adaptive management of the FRFA facility would also include management 
for instream flow and temperatures to minimize impacts on fish, in addition to downstream flooding.   

4.2.8 Visual Quality 

4.2.8.1 Short-term Impacts  
The potential short-term impacts on visual quality that would occur during construction are described in 
Table 4.1-1.  In addition, construction activities would substantially alter the appearance of the area 
near the Flood Retention Facility.  Because the site is on private land, public access and views of the area 
are limited to Weyerhaeuser workers and occasional recreational users.  Access to the area would likely 
be restricted during construction, further limiting the number of people exposed to construction impacts.   

4.2.8.2 Long-term Impacts  
Although few people would view the site of the Flood Retention Facility because of limited access, the 
FRO facility would result in a significant adverse impact due to the change in visual quality of the area 
(see Figures 4.2-12 and 4.2-13).  Clearing of vegetation at the dam and reservoir sites would 
permanently remove forestland, as described in Section 4.2.3.  The FRO dam would be approximately 
226 feet high and 1,220 feet long, and would therefore be visible from adjacent hillsides.  Where a 
free-flowing river previously existed, the FRO facility would introduce a large concrete structure with an 
ancillary “wing” and storage reservoir.  This would greatly contrast with the existing landscape.  
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During floods, the FRO facility would store water and inundate 5.3 miles (on average) behind the dam 
(maximum area of 778 acres), creating views of open water in the foreground.  Following floods, the 
slow release of water from the dam would leave visible mud, silt, and other residue on the edges of the 
storage area.  During times when water is not being stored, the Chehalis River would be visible in its 
channel, but the riparian vegetation would be changed with the removal of trees in the reservoir area 
(see Section 4.2.3).  

The potential adverse impacts on visual quality of the FRFA facility would be similar to the FRO facility, 
except the FRFA dam would be 41 feet lower (185 feet) and 1,250 feet longer (2,470 feet), and the area 
behind the FRFA dam would be inundated most of the year rather than just during major floods (see 
Figures 4.2-14 and 4.2-15).  The permanent reservoir would extend up to 7.6 miles (maximum area of 
1,264 acres).  When reservoir water levels are high, the area behind the FRFA dam would be inundated 
with water, creating views of open water in the foreground.  When reservoir water levels are low, the 
drawdown would expose areas of deciduous shrubland on the edges of the reservoir area.   

4.2.8.3 Mitigation  
In addition to those described in Table 4.1-1, short-term mitigation measures could include locating 
temporary construction access roads, staging areas, and stockpile sites within previously disturbed areas. 

Long-term mitigation measures could include integrating design techniques for minimizing visual impacts, 
including repeating elements of form, line, color, and texture into the design and alignment of facilities.  
These measures could slightly reduce the visual quality impacts, but the impacts would still be significant.   

  



Figure 4.2-12

Rendering of Existing Conditions at Potential Facility and Flood Retention Site

Proposed Dam Location



Figure 4.2-13

Rendering of FRO Facility (100-year Flood Stage)



Figure 4.2-14

Rendering of FRFA Facility (Permanent Reservoir)



Figure 4.2-15

Rendering of FRFA Facility (100-year Flood Stage)
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4.2.9 Noise 

4.2.9.1 Short-term Impacts  
This section uses standard information about noise levels from typical construction equipment to 
present a generalized, qualitative discussion of short-term changes in noise during construction.  
Construction and blasting noise is exempt from regulation if conducted between 7:00 a.m. and 
10:00 p.m. (daytime hours) per WAC 173-60-050.  In addition, noise created by traffic (including heavy 
construction vehicles) on public roads is exempt from regulation under WAC 173-60-050.  Therefore, 
there are no applicable standards to determine the significance of short-term noise impacts from 
construction activities.  Section 4.2.4 discusses noise impacts on fish and wildlife. 

The potential short-term impacts related to noise that would occur during construction are described in 
Table 4.1-1.  Heavy equipment and construction activities associated with the Flood Retention Facility 
would cause short-term noise impacts.  Table 4.2-14 shows noise levels of typical construction 
equipment at 50 feet from the source of the noise.   

Table 4.2-14  
Sound Levels of Common Sources and Noise Environments 

CONSTRUCTION 
EQUIPMENT 
TYPES EXAMPLES 

ACTUAL MEASURED 
AVERAGE Lmax AT 
50 FEET (dB) 

Earth moving Compactor 83 
Front-end loader 79 
Backhoe 78 
Tractor 84 
Grader 89 
Paver 77 

Materials 
handling 

Concrete mixer truck 79 
Concrete pump truck 81 
Crane 81 

Stationary Pumps 81 
Compressor 78 
Generator 81 

Hauling Dump truck 76 
Impact equipment Pile driver 110 
Impact tools Jackhammer 81 

Rock drill 81 
Pneumatic tools 85 

Note: Lmax is the maximum value of a noise level that occurs during a single event. 
Source: Reherman et al. 2006 
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Depending on the type of construction activity, peak noise levels from the equipment shown in 
Table 4.2-14 would range from 76 to 110 dBA at 50 feet from the source.  Damage to hearing occurs 
with noise levels above 85 dBA.  However, noise levels decrease with distance from the source at a rate 
of approximately 6 to 7.5 dBA per doubled distance.  For example, noise levels from construction 
equipment would range from approximately 57 to 98 dBA at a distance of 200 feet; from 51 to 92 dBA at 
400 feet; and from 45 to 86 dBA at 800 feet.   

The location of the Flood Retention Facility is isolated, with the closest permanent residents several 
miles away.  There are no sensitive noise receptors in the area.  The area would be closed to 
recreational use during construction, so the only people in the area during construction would be 
construction workers.    

Construction of the dam, as well as selective clearing of the reservoir area, would require heavy 
equipment and activities with high noise levels, including compactors, pile drivers, jackhammers, and 
rock drills.  Some of this equipment would operate at noise levels high enough to cause hearing damage 
at very short distances (less than 50 feet), but the noise levels would dissipate to safe levels with 
distance.  Construction would require blasting to excavate the rock footings of the dam.  Blasting has an 
instantaneous noise level of 94 dBA at 50 feet.  Blasting also causes air and ground vibrations that could 
be felt in surrounding areas.  Because the Flood Retention Facility site is isolated and the area would be 
closed to recreational use during construction, few people or buildings would be exposed to the noise 
and vibration of blasting.  Noise associated with the construction of the Flood Retention Facility would 
be major and would last for 2 to 3 years.   

4.2.9.2 Long-term Impacts  
The potential for adverse noise impacts is based on increased noise levels.  Significant impacts would 
occur if projects generated noise that would conflict with local ordinances or increase noise levels by 5 
dBA or greater at a sensitive land use.  Neither the FRO or FRFA facility would generate noise, so there 
would be no adverse noise impacts.   

4.2.9.3 Mitigation  
Assuming the specifications for equipment meet the noise standards described in Table 4.1-1, no 
additional equipment mitigation for short-term impacts would be required.  Construction workers at the 
site would wear hearing protectors to prevent hearing damage.  A Blasting Noise Mitigation Plan would 
also be prepared. 

No long-term impacts related to noise are anticipated, so no mitigation is required.   
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4.2.10 Land Use 

4.2.10.1 Short-term Impacts  
The potential short-term impacts on land use would occur during construction, with land use conditions 
returning to pre-construction status following construction.  Potential short-term impacts on land use 
during construction include limited access to forestland and the establishment of temporary worker 
housing.  Potential temporary impacts to vegetation associated with construction activities are 
addressed in Table 4.1-1 and Section 4.2.3.1. 

Limited access to commercial forestland in areas immediately adjacent to the construction site could 
affect forestry operations in this vicinity during construction.  In addition, temporary housing could be 
required for workers during construction, which could affect land use within the vicinity of the 
construction site.  The specific plans for site access and temporary worker housing would be determined 
during the project-level environmental review associated with more detailed project design and 
construction specifications.   

4.2.10.2 Long-term Impacts 
The potential adverse impacts on land use are similar for the FRO facility and FRFA facility and include 
the following:  

• Conversion of managed forestland to a Flood Retention Facility 

• Land use changes associated with reduced flood extents and frequency of major flooding  

Following the initial clearing or selective harvesting of timber during construction, the area within the 
Flood Retention Facility would no longer be managed as commercial forestland.  The property 
immediately surrounding the Flood Retention Facility would remain in use as commercial forestland, 
and the use of the Flood Retention Facility would be compatible with surrounding land uses.  No other 
changes in land use, including new residential or community development, are anticipated within or 
adjacent to the reservoir area.  Such development would not be consistent with the Chehalis Basin 
Strategy objectives to reduce flood damage and restore habitat for aquatic species.  The conversion of 
managed forestland to a Flood Retention Facility is considered a minor adverse effect on land use, 
because a substantial amount of forestry operations on 830,000 acres of forestland would continue in 
the Chehalis Basin.   

The extent and depth of major flooding would be reduced in the Chehalis River floodplain with 
construction of the Flood Retention Facility, which is anticipated to reduce crop damage on agricultural 
land.  The reduction in flooding could result in changes in the types of agricultural crops grown in the 
upper Chehalis Basin.  Currently, an estimated 13% of the crops grown in the Chehalis Basin are 
vegetable crops and the remainder are field crops (e.g., pasture or hay), which are more tolerant of 
flooding (EES and HDR 2014).  With less inundation from major floods, it is possible that some 
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agricultural lands could be converted from field crops to higher-value vegetable crops.  A reduction in 
the extent of major floods would likely result in fewer livestock losses as compared to major floods in 
the past.  Less severe flooding would also provide more areas of refuge from floodwaters for livestock. 

A reduction in flooding of commercial, residential, industrial, and agricultural structures is also 
anticipated.  Modeled results for the decreased area and extent of floodplain inundation and 
corresponding decrease in structures damaged by flooding have been developed for the combined 
alternatives and are described in Chapter 5.  Corresponding potential increases in development in areas 
protected by the Flood Retention Facility and Airport Levee Improvements are also described in the 
impacts analysis for Alternative 1 in Chapter 5 and Appendix L. 

4.2.10.3 Mitigation 
For short-term impacts, no compensatory mitigation measures are proposed.   

The potential long-term adverse impacts on land use that are anticipated with Flood Retention Facility 
implementation are minor and are associated with the conversion of forestland.  These impacts could be 
minimized by implementing the Reservoir Operations and Management Plan, which would include 
provisions to ensure that operation of the Flood Retention Facility included coordination with adjacent 
landowners with respect to vegetation management and site access.  The need for compensatory 
mitigation is not anticipated. 

4.2.11 Recreation 

4.2.11.1 Short-term Impacts  
The potential short-term impacts on recreation that would occur during construction are described in 
Table 4.1-1.  These impacts would disrupt recreational activities in the Flood Retention Facility area.  
Recreational access to the area would likely be restricted during the 2- to 3-year construction period.  
Permits to use the Pe Ell South Permit Area on Weyerhaeuser land would likely not be issued during this 
time.  Recreational users in nearby areas would notice construction noise and dust.  Construction noise 
and activities could be particularly disruptive to hunters in nearby areas because wildlife would leave 
the area during construction.   

4.2.11.2 Long-term Impacts  
The Flood Retention Facility would permanently change the recreational character of the immediate 
area.  Large areas of forestland would be cleared as described in Section 4.2.3.  For the FRO facility, the 
area behind the dam would be inundated and unavailable for recreational activities during major floods.  
For the FRFA facility, the area behind the dam would be permanently inundated and unavailable for 
recreational activities.  It is expected that Weyerhaeuser would reopen the area to recreational use 
(e.g., hunting) following construction.  Portions of the area that would be periodically or permanently 
inundated could be closed to hunting, but the conversion of forestland to deciduous riparian shrubland 
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could increase hunting opportunities.  These potential adverse impacts are considered minor because 
the loss of access to the reservoir area for hunting and camping would affect a small area compared to 
the rest of the recreation opportunities in the Chehalis Basin, and recreational access is already limited 
by the number of passes available from Weyerhaeuser. 

The Flood Retention Facility would permanently foreclose use of this reach of the Chehalis River for 
whitewater rafters for health and safety reasons.  The American Whitewater Association lists the reach 
as a Class III-IV whitewater area, but the area is not used heavily by rafters (O’Keefe 2016).  This change 
to recreation use in the area is considered a moderate adverse impact because of the permanent loss of 
this reach of the Chehalis River for in-water recreation.   

The Flood Retention Facility would reduce flood damage at parks and other recreational facilities 
throughout the Chehalis Basin during a 100-year flood, including in the area of Rainbow Falls State Park 
and the Willapa Hills Trail.  Most of the benefits of flood damage reduction would occur at recreational 
facilities in the upper Chehalis Basin.  The Flood Retention Facility would also reduce flood damage to 
agricultural properties, including those used for agritourism.   

4.2.11.3 Mitigation  
For short-term mitigation, the area would be closed for recreational use for safety reasons.  No other 
mitigation measures would be implemented.   

No mitigation is available for the long-term impacts from changes to in-water recreation and reduction 
of recreation opportunities within the reservoir area.  Once construction is complete, the accessible 
areas for activities (e.g., hunting) are likely to be re-opened to permit use. 

4.2.12 Historic and Cultural Preservation 

4.2.12.1 Short- and Long-term Impacts 
Potential short- and long-term impacts on historic and cultural resources include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 

• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource 

The potential impacts on historic and cultural resources that could occur during construction include 
ground disturbance associated with new roads or access routes, building the dam, and creating the 
reservoir.  Although no historic buildings or other cultural resources have been documented within the 
boundary of the Flood Retention Facility, there is a high to moderate potential for archaeological 
deposits to exist within the vicinity based on WSAPM.   
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The potential impacts on cultural resources are similar for the FRO facility and FRFA facility, but differ 
slightly, as the operational function of the reservoir varies between the facility types.  Although the 
degree or severity of the impact would depend on the nature of cultural resources that would be 
disturbed, moderate to significant adverse impacts on cultural resources could occur due to the 
predicted archaeological potential.  Potential impacts on tribal cultural resources or graves, Indian 
human remains, or traditional cultural properties would be determined in coordination with tribes, and 
government-to-government consultations. 

For both facility types, the initial inundation and drawdown of the flood storage reservoir and 
subsequent reservoir inundation as needed for flood storage, would result in the following conditions 
with potential long-term impacts: 

• Sedimentation of submerged resources 

• Stream channel changes and erosion, or streambank changes and resulting erosion—both of 
which could expose, damage, destroy, and/or alter as-yet undocumented cultural resources 

• Increased or changed vehicular and foot traffic patterns 

4.2.12.2 Mitigation 
Once potential project-specific impacts of the Flood Retention Facility on cultural resources have been 
identified, avoidance/minimization measures may be considered that alter design or construction 
methods to avoid or minimize these impacts.  If impacts cannot be avoided, mitigation measures to 
address potential impacts on cultural resources would be determined during project-specific evaluations 
of the Flood Retention Facility, and would include consultation with DAHP, interested and affected 
tribes, as well as other consulting parties.   

Addressing Potential Impacts on Cultural Resources 

If the Flood Retention Facility is selected to move forward into project-specific SEPA and NEPA evaluations, 
studies would be performed to determine if cultural resources are present within the Area of Potential Effects, 
and whether the action would have unavoidable significant impacts on these resources.  In the case of a NEPA 
evaluation, a significant cultural resource is defined as any cultural resource eligible for, or listed in, the National 
Register of Historic Places.  In the case of a SEPA evaluation, a significant cultural resource is defined as any 
archaeological site, or any built environment site that is eligible for the Washington Heritage Register.   

The cultural resources investigative studies would include background research, field investigations, and 
consultation with DAHP and affected tribes.  If these studies determine that significant cultural resources (including 
potential traditional cultural properties and designated traditional cultural properties) would be affected, the 
project consultation process would be used to develop and identify appropriate methods for avoiding or minimizing 
and mitigating impacts on significant cultural resources.  This process and could include the development of a 
memorandum of agreement or programmatic agreement outlining the steps that would be taken to address impacts. 
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The potential compensatory mitigation measures could include data recovery (scientific excavation and 
analysis) of the archaeological sites, archaeological monitoring during construction to ensure that no 
(previously unknown) cultural resources are affected, development and implementation of an Inadvertent 
Discovery Plan, ethnographic studies, Historic American Building Survey/Historic American Engineering 
Record documentation, and cultural resources identification trainings for construction personnel.  

4.2.13 Transportation 

4.2.13.1 Short-term Impacts  
The potential short-term impacts on transportation that would occur during construction are described 
in Table 4.1-1.  In addition, road access to the Flood Retention Facility site is limited, so construction 
traffic would be concentrated on SR 6 to Pe Ell and local roads leading to the site.  Traffic delays would 
be likely on these roadways.  Several miles of new temporary roads would be constructed to access the 
Flood Retention Facility and quarry sites.   

4.2.13.2 Long-term Impacts 
No adverse impacts on transportation are anticipated.  The Flood Retention Facility would reduce the 
duration of closures of I-5 during a 100-year flood.  The FRO facility would reduce flooding impacts on 
transportation systems in the Chehalis Basin, especially in the upper Chehalis Basin.  According to 
modeling conducted for the Flood Retention Facility, the dam would reduce flooding of roadways in the 
upper Chehalis Basin near the Chehalis River during a 100-year flood by approximately 1 to 3 days, 
including roads in Fords Prairie, south Centralia, and parallel to SR 6.  Flood depths in these areas would 
be reduced between 1 and 11 feet, and some portions of SR 6 between Doty and Adna would no longer 
be inundated during a 100-year flood.  In the Chehalis and Centralia area, the Flood Retention Facility 
would reduce flood depths by 1 to 2 feet.  The Flood Retention Facility would provide some flood 
protection for the Chehalis-Centralia Airport during smaller floods, allowing flights to continue, but the 
airport would continue to flood during some floods.  The Flood Retention Facility would reduce flood 
depths by 7 feet at the Chehalis-Centralia Airport during a 100-year flood; it would also likely decrease 
the frequency of rail closures.  These flood damage reductions would result in beneficial effects for 
transportation facilities.   

The completed Flood Retention Facility would not increase traffic on local roadways.  Vehicle trips to the 
dam would be limited trips for periodic maintenance.  For the FRO facility, a bypass road for FR 1000, up 
to 6 miles long, would provide access when the FRO facility is in operation and FR 1000 is inundated.  
Inundation of FR 1000 may damage the roadway, requiring maintenance following operation of the 
FRO facility.  For the FRFA facility, a 5-mile stretch of FR 1000 would be closed and a new 7-mile bypass 
road would be constructed outside the reservoir area, using either a new 7-mile road or a permanent 
detour using existing forest roads.   
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4.2.13.3 Mitigation  
In addition to the short-term mitigation measures described in Table 4.1-1, specific measures to mitigate 
short-term traffic impacts would be developed in the design phase and could include obtaining 
necessary permits and developing transportation plans in coordination with WSDOT, local jurisdictions, 
Weyerhaeuser, and other property owners.  Closure of the roads around the reservoir could be 
coordinated with Weyerhaeuser and other property owners, if necessary. 

Any damage to forest roads caused by operation of the FRO facility would be repaired.  No other 
adverse long-term impacts on transportation are anticipated, so no additional mitigation is required. 

4.2.14 Public Services and Utilities 

4.2.14.1 Short-term Impacts   
The Flood Retention Facility would be located in a remote area that is accessible only by a private road.  
Construction of the Flood Retention Facility would not hinder the access to or operation of public 
services; therefore, no short-term impacts on public services are anticipated.  However, construction 
would cause short-term impacts on utilities.  A new low-voltage line would be necessary for 
construction and operation of the dam to power pumps, gates, instruments, and other facilities.  
Construction would include a new transformer and electrical right-of-way to transmit electricity from 
local transmission lines to the Flood Retention Facility.  At this time, no alignment has been identified for 
the potential electrical right-of-way.  Constructing the new transmission line is not expected to cause 
adverse impacts because no services or utilities would be disrupted.   

4.2.14.2 Long-term Impacts  
Adverse impacts of the Flood Retention Facility would be moderate because the reservoir would 
inundate Pe Ell’s water supply located on Lester Creek.  The small amount of electricity required for 
operation of the Flood Retention Facility would not affect electrical supplies.  The Flood Retention 
Facility could require localized relocation of public utilities, resulting in minor adverse impacts.   

The Flood Retention Facility would decrease the level and duration of flooding in portions of the 
Chehalis Basin during major floods, and therefore would reduce corresponding flood impacts on public 
services and utilities.  Most of the benefits would occur in the Chehalis-Centralia area where public 
services and utilities are concentrated and where flood depths would be reduced from 1 to 2 feet during 
a 100-year flood.  The Flood Retention Facility would reduce flooding of public services and utilities 
downstream of the Chehalis-Centralia area, but to a lesser extent.   

4.2.14.3 Mitigation  
To mitigate short-term impacts on utilities, the new electrical transmission lines would be sited according 
to industry best practices.  Lewis County PUD provides electrical service in the area of the Flood Retention 
Facility.  Through the permitting process, Lewis County PUD would determine how to design and place 
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the new electrical infrastructure in a way that best avoids or minimizes impacts on exiting utilities.  In 
addition, a Construction Sequence Plan would be developed to coordinate schedules for utility work to 
minimize service disruptions and provide ample advance notice when disruptions are unavoidable.  

To mitigate for long-term impacts on Pe Ell’s water supply, the intake could be relocated or a new water 
source could be provided.   

4.2.15 Environmental Health and Safety 

4.2.15.1 Short-term Impacts  
The potential short-term impacts on environmental health and safety that would occur during 
construction are described in Table 4.1-1.  In addition, construction traffic on local roadways could cause 
temporary delays to emergency response.  However, construction traffic would be heading towards a 
more remote area on roads that are less traveled, decreasing the degree of impact.  Limited emergency 
services are required in the remote area so disruptions would be minimal and impacts would be limited 
to the construction period.  Construction is not likely to increase the need for emergency services. 

4.2.15.2 Long-term Impacts  
The Flood Retention Facility would reduce the severity of flooding in portions of the Chehalis Basin 
during a major flood, which would reduce the need for emergency response services in those areas.  The 
Flood Retention Facility would also reduce the number of local roadways flooded during major floods, 
which would have positive impacts on emergency response and public safety within those road 
corridors.  It could also reduce contamination of surface water by floodwaters and the release of 
hazardous materials, thereby reducing the potential for public exposure to hazardous materials and any 
health and safety effects.  The Flood Retention Facility would not substantially reduce contamination of 
drinking water wells because most areas would continue to be inundated during a 100-year flood.  
Reducing the level of inundation would not prevent groundwater contamination.  These potential 
impacts are considered beneficial because they would improve public health and safety.  Overall, the 
Flood Retention Facility would reduce threats to public health and safety. 

Over the life of the Flood Retention Facility, an earthquake on the CSZ could cause damage to the dam.  
If the dam sustained major damage while storing water, reservoir water could be released, causing 
catastrophic downstream flooding and resulting in endangered public safety.  The dam would be 
designed to withstand shaking associated with an earthquake on the CSZ, reducing the risk of 
catastrophic failure.  Although unlikely, the results of such an event would be considered an unavoidable 
significant adverse impact.  Because the FRFA facility would store water continuously, there would be 
more potential for a failure to cause catastrophic downstream flooding compared to the FRO facility. 
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4.2.15.3 Mitigation  
Potential measures to reduce short-term construction disruptions to environmental health and safety 
(e.g., encountering hazardous materials) could include coordinating construction with emergency 
services, scheduling construction to minimize impacts, and notifying the public of construction.  
Construction Traffic Control Plans would be developed to reduce impacts on emergency services and 
response and Worksite Safety Plans would be developed to provide emergency response for 
construction workers.  

If the dam were to fail, emergency response would be executed in accordance with an Emergency 
Action Plan (EAP), as required by Ecology’s Dam Safety Office.  EAPs provide guidance for detecting the 
event, determining the emergency level, notifying the community, addressing the event, and reporting 
the event.  
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4.3 Restorative Flood Protection 
4.3.1 Water Resources 

4.3.1.1 Short-term Impacts 
The temporary impacts described in Table 4.1-1, and their effects on water resources during 
construction of log and rock structures, would be relatively short in duration at each site (approximately 
a 4-month annual construction period), but would occur within treatment area construction sites over 
an approximately 10-year construction timeframe.  Avoidance and minimization measures would be 
employed when designing, constructing and permitting each structure.  Short-terms impact on water 
quality could also potentially occur as a result of clearing and construction associated with moving land 
uses out of the floodplain and relocating them in upland areas. 

4.3.1.2 Long-term Impacts 
The results and findings of this analysis are presented in the following study: 

• Preliminary Summary, Science and Technical Assessment of a Restorative Flood Protection 
Approach in the Upper Chehalis River Watershed (Abbe et al. 2016) 

Implementation of Restorative Flood Protection would have the potential to affect water resources 
through changes to surface water quality, surface water quantity, and groundwater.  In general, 
floodwaters would be distributed throughout the upper Chehalis Basin watershed more evenly than at 
present, and during non-flood conditions surface water features would occupy more of the floodplain in 
treatment areas than they do at present.    

Minor adverse impacts on water use and water rights are anticipated, and water right holders with 
groundwater rights could experience beneficial effects because of the increased groundwater recharge 
provided by the Restorative Flood Protection actions. 

4.3.1.2.1 Surface Water Quality 

No adverse impacts on surface water quality are anticipated to occur.  While water quality modeling of 
Restorative Flood Protection actions has not been conducted for this programmatic-level analysis, the 
beneficial effects are expected to include cooler and less turbid stream and river flow than under 
current conditions.  Anticipated beneficial effects are primarily related to improved stream and river 
corridor and riparian zone conditions from the following: 

• Increased streamside vegetation to shade the stream channel and help cool the water 

• Increased pools that provide places for sediment to settle rather than be transported downstream 

Each of these actions would affect the water quality in the stream or river, which would in turn 
improve conditions for aquatic life.  High summer water temperatures are a major limiting factor for fish 
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(see Section 3.4.1).  The beneficial surface water quality effects would occur at, as well as downstream 
of, the Restorative Flood Protection treatment areas.   

Increasing streamside vegetation and associated shade along river and stream channels within the 
treatment areas is expected to lower water temperatures.  This is the recommended approach to 
improving temperature conditions in Ecology’s Upper Chehalis River Basin Temperature TMDL (2001), 
which addresses several stream reaches suitable for Restorative Flood Protection treatments.  The 
TMDL uses streamside shade as a surrogate measure for water temperature, based on the known 
linkage between solar radiation reaching stream or river flow providing the energy to raise water 
temperature.   

The extensive in-channel wood structures proposed under Restorative Flood Protection would slow 
streamflows, and create more channel complexity such as pools and side channels (see Section 4.3.2.2.2).  
These slower-water environments would result in sediments settling out of the water column, rather 
than being carried downstream.  This would likely reduce turbidity and total suspended solid 
concentrations within and downstream of treatment areas.   

Restorative Flood Protection actions are not expected to affect other water quality constituents, such as 
DO, because a decrease in water temperatures would be expected.  

The potential exists for increased surface water pollution during floods from septic systems, buried fuel 
tanks, and stored chemicals in newly flooded areas.  Restorative Flood Protection would include removal 
of the structures most at risk for this type of pollution, which would include decommissioning buried 
fuel tanks and other chemical storage.  This potential water quality issue is anticipated to be addressed 
through implementation of this action element, in which case it would not result in an adverse impact.  
If not addressed, a minor adverse impact on surface water quality could occur as a result of expanded 
localized flooding. 

Impacts on surface water quality could also occur as a result of increased development in upland areas 
where treatment area floodplain uses are relocated.  The degree of adverse impact has not been 
quantitatively evaluated because specific receiving waters have not been identified.  In general, 
long-term effects of increased sedimentation and vegetation removal from clearing, excavating, 
relocating transportation and utility corridors, and site development could have adverse impacts on 
surface water quality. 

4.3.1.2.2 Surface Water Quantity 

The purpose of the Restorative Flood Protection treatments is to engage floodplain storage in the 
watershed above Chehalis-Centralia to distribute floodwaters more evenly throughout the watershed, 
thereby reducing flood damage in downstream portions of the Chehalis Basin.   
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Within Restorative Flood Protection Treatment Areas and Upland Areas Where Relocation and Land 
Conversion Occurs 
Anticipated impacts on surface water quality within Restorative Flood Protection treatment areas are 
related to the following: 

• Installation of instream log structures to raise water levels and aggrade streambeds, and cause 
the stream to form multiple channels, which would occupy a wider strip throughout the river 
and stream valleys 

• Reconnection of floodplain wetlands to the river and stream channels 

• Creation of more sinuosity (curves) in the channels to lower the stream slope and slow the flow 

Although not within the treatment areas, conversion of displaced floodplain land uses from within 
treatment areas to upland areas would likely generate higher runoff from those upland areas as a result 
of vegetation removal and increased developed surfaces. 

Over time, it is anticipated that each of the actions within treatment areas would build upon each other 
and in turn create more surface water area for a larger portion of the year in the watershed upstream of 
the Newaukum River confluence with the Chehalis River.  The larger surface water area would act as a 
temporary storage reservoir during flood periods, and could help feed summer low streamflows.  These 
potential adverse impacts are considered moderate with regard to water quantity due to the predicted 
increase in the areal extent of flooding that would occur.   

Restorative Flood Protection would increase surface water flooding in many valley bottom areas 
upstream of the Chehalis River confluence with the Newaukum River.  Areas near the river and stream 
channels could flood annually where they do not now.  Areas more distant from the river and stream 
channels could flood every 5 to 10 years where they now flood every 100 years on average.  In addition, 
areas that currently flood could experience deeper flood levels.  The duration of flooding would also 
increase, as floodplain areas work as temporary flood storage.  The anticipated changes in area flooded 
during a 100-year flood for each treatment area sub-basin are shown in Table 4.3-1.   

The Restorative Flood Protection treatments, by nature, are unlikely to result in higher velocity, more 
erosive flood flows; however, in some areas near the channel, the engineered log structures would 
cause turbulent flow that could be dangerous to life and property (see Section 4.3.15).  Specific areas 
would be identified through site-level planning and design.   

The additional runoff from converted upland areas is anticipated to be minor; many of these areas are 
currently in use as managed forestland and have been previously disturbed by vegetation removal and 
soil compaction.  It is anticipated that stormwater runoff from converted upland areas could be 
addressed through site-level planning and design, including use of low-impact development stormwater 
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management techniques.  The land use and transportation impacts of increased flooding are described 
in Sections 4.3.10 and 4.3.13.  

Table 4.3-1  
Predicted Changes in Areal Extent of Flooding for Restorative Flood Protection in a 100-year Flood 

RIVER 

RIVER REACH 
LENGTH 
(MILES) 

INUNDATED AREA (ACRES) 

EXISTING 
100-YEAR 
FLOODPLAIN 

RESTORATIVE 
FLOOD 
PROTECTION 
100-YEAR 
FLOODPLAIN DIFFERENCE 

AREAS WITH INCREASED FLOODING 
North and South Fork Newaukum, South 
Fork Chehalis, and mainstem Chehalis 
rivers; and Elk, Bunker, Deep, Stillman, 
Lake, Stearns creeks 

140 16,530 21,130 4,600 

AREAS WITH REDUCED FLOODING 
Chehalis and Centralia down to the 
Pacific Ocean 

207 56,630 55,815 -815 

Total 347 73,160 76,945 3,785 

Note: All flood inundation acreages are rounded to the nearest 5 acres. 
 

Existing surface water rights would not be impaired by Restorative Flood Protection actions.  The 
locations of some water right intakes may need to be adjusted if there is a conflict with in-channel 
engineered log structures, or if structures and uses are displaced to converted upland areas.  This would 
be a minor adverse impact as existing surface water rights and allocations would not be impaired.  The 
water supply intake for Boistfort is located on a tributary of Stillman Creek.  This is outside of the 
Restorative Flood Protection treatment area, and no impact is expected.   

Water right changes would be needed to service consumptive water needs for homes, farms, public 
facilities, and businesses displaced because of Restorative Flood Protection actions.  Restorative Flood 
Protection may require existing structures within a 16,000-acre area (including approximately 
8,500 acres of farmland) to be relocated out of flood-prone and erosion risk areas.  In addition, there 
would be more frequent flooding outside of the “river management” or “greenway” zone on 
approximately 5,200 acres, including 3,600 acres of farmland (see Section 4.3.10).  Many of these 
affected lands hold water rights, which would be transferred to the owner’s new location if, or when, 
they were relocated.   

Downstream of Restorative Flood Protection Treatment Areas 
Beneficial surface water quantity effects created by the Restorative Flood Protection actions include 
reduced flooding in the Chehalis-Centralia area downstream of the Restorative Flood Protection 
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treatment areas.  The Restorative Flood Protection treatments would reduce the flood flows entering 
the mainstem Chehalis River as shown in Table 4.3-2 for a 100-year flood.   

Table 4.3-2  
Predicted Flow Reductions from Restorative Flood Protection Treatment Sub-basins for 100-year Flood 

 

As shown in Table 4.3-3, the magnitude of this flood benefit would vary with different flood frequencies.  
A more pronounced effect could occur during higher-frequency floods, depending on location. 

Table 4.3-3  
Predicted Restorative Flood Protection Flood Level Reductions at Chehalis-Centralia for Various Flood Levels 

FLOOD LEVEL 
NEWAUKUM 
CONFLUENCE (FEET) 

ALONG AIRPORT 
LEVEE (FEET) 

500-year -1.0  -0.4  
100-year -1.0  -0.4 
20-year -1.1 -0.3 
10-year -0.9  No change 
2-year -1.6 -0.4 

  

4.3.1.2.3 Groundwater 

No adverse impacts on groundwater are anticipated to occur with Restorative Flood Protection.  The 
potential beneficial effects to groundwater would be a general raising of the water table in the 
Restorative Flood Protection treatment areas and adjacent floodplain.  This effect would primarily result 
from increased surface water levels from higher water levels in the stream and river channels, and 
improved connections between floodplain wetlands and the stream channels. 

The Restorative Flood Protection treatments would generally raise surface water levels, and increase the 
area of surface water present in treatment areas.  Because shallow groundwater in the floodplain 
treatment areas is closely connected to surface water, it is expected that shallow groundwater levels 
would rise as the surface water elevation increases.  This effect would be expected within the 
Restorative Flood Protection treatment areas and, to a lesser magnitude, in the adjacent areas that are 
connected hydraulically.   

TRIBUTARY 

PEAK FLOW 

EXISTING CONDITION (cfs) 
RESTORATIVE FLOOD 
PROTECTION (cfs) CHANGE (%) 

Elk Creek 7,245 6,450 -11% 
Newaukum 13,957 12,279 -12% 
Bunker Creek 2,290 2,106 -8% 
South Fork Chehalis River 15,076 13,381 -11% 
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The effect of higher groundwater levels would be as follows: 

• Higher groundwater levels would support stream and river base flows by feeding cool 
groundwater into the surface water system during late-summer, low-flow times 
‒ This would happen because of the close surface-groundwater connection, which would 

enable the groundwater to flow to the stream channels when water levels in the channel 
are lower than in the groundwater (gaining river reaches) 

‒ It is unknown whether this would cause summer low flows to be higher, as the more 
extensive streamside and riparian vegetation could transpire much of the additional shallow 
groundwater 

• Expansion of wetlands would likely occur because soil moisture would increase in low areas 
where the water table would become shallower (see Section 4.3.3) 

Landowners would see wetter conditions on farm fields and low areas that are influenced by the higher 
groundwater levels.  This potential impact, including associated mitigation, is discussed in Sections 4.3.3 
and 4.3.10.  Relocating floodplain land uses to upland areas could result in an adverse impact on 
groundwater depending on the location, and associated magnitude of subsurface excavation and 
resulting impervious surface. 

4.3.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources are described in Table 4.1-1.  
Potential avoidance and minimization, and compensatory mitigation measures for long-term impacts on 
water resources are described here. 

4.3.1.3.1 Surface Water Quality 

No long-term adverse impacts on surface water quality are anticipated, so no mitigation is proposed.  
New development in upland areas could be sited and designed to avoid adverse impacts on surface 
water quality through measures such as maintenance of functional riparian corridors. 

4.3.1.3.2 Surface Water Quantity 

Potential avoidance and minimization measures for adverse surface water quantity impacts could 
include treatment area design that avoids construction of Restorative Flood Protection treatments in 
areas that would not produce downstream flood benefits.  At this point, Restorative Flood Protection 
has not been developed at a reach or site scale, so these areas have not been identified.  Relocation of 
land uses that would be negatively affected by flooding from Restorative Flood Protection treatments is 
a critical component of this action element (see Section 4.3.10), and could be designed and sited to 
minimize impacts on surface water quantity by minimizing impervious surfaces and soil compaction. 
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4.3.1.3.3 Groundwater 

No long-term adverse impacts on groundwater quantity or quality are anticipated, so no mitigation is 
proposed. 

4.3.2 Geology and Geomorphology 

4.3.2.1 Short-term Impacts 
4.3.2.1.1 Geology 

The potential short-term impacts on geology that would occur during construction are described in 
Table 4.1-1 and are primarily associated with necessary clearing and staging to gain construction access. 

4.3.2.1.2 Geomorphology 

The potential short-term impacts on geomorphology are described in Table 4.1-1, and are primarily 
limited to localized slope instabilities associated directly with the construction sites.  Additional 
short-term impacts include the interruption of sediment and wood transport regimes throughout the 
construction work zone, and the loss of channel function for the river segment re-routed through the 
work zone.  At each site, these impacts would be limited to an approximately 3- to 4-month-long active 
construction period. 

4.3.2.2 Long-term Impacts 
4.3.2.2.1 Geology 

Within Restorative Flood Protection Treatment Areas and Upland Areas Where Relocation and Land 
Conversion Occurs 
The potential impacts on geology associated with Restorative Flood Protection are related to shallow, 
rapid, and deep-seated landslides triggered in areas where the river encroaches on valley walls. 

The Restorative Flood Protection actions would encourage more active channel migration, which could 
cause the river to encroach on valley walls in some areas.  This encroachment has the potential to 
undercut landslide-susceptible slopes, and trigger slope failures.  This adverse impact could be moderate 
as a result of potential localized increases in landslides—or could be minor because it is predictable in 
location and severity, thus avoidable.  

A preliminary examination of potential landslide hazards was conducted by overlaying known landslides 
mapped by DNR with the treatment areas (see Figure 4.3-1).  Although there are many areas of the 
Chehalis Basin with landslide-susceptible slopes, the majority of known landslide hazards are in steeper 
tributary drainages that are upstream of, and thus not affected by, the Restorative Flood Protection 
treatment areas.  Results of the GIS overlay show that approximately 1% of the treatment area corridors 
abut known landslides in the DNR database.  In the few instances where there are potential landslide 
hazards within treatment areas, it is anticipated that future design refinements could incorporate 



Action Elements: Impacts and Mitigation 
Restorative Flood Protection 

336 Draft Chehalis Basin Strategy Programmatic EIS 

engineered logjams and forested riparian buffers to moderate channel migration rates, and thus limit 
potential for undercutting landslide-susceptible slopes in these locations. 

Adverse impacts on geology could occur as a result of relocating floodplain land uses to upland areas if 
development included disturbance of unstable or steep slopes.  These impacts are anticipated to be minor 
because it is expected that unstable areas could be avoided during siting and design of relocated uses. 

Downstream of Restorative Flood Protection Treatment Areas 
No adverse impacts on geology are expected to occur downstream of Restorative Flood Protection 
Treatment areas.   

4.3.2.2.2 Geomorphology 

By design, the treatment actions aim to restore geomorphic processes to a condition representative of 
the Chehalis Basin prior to floodplain development and channel modification (pre-settlement 
conditions).  Compared to current conditions in many of the Restorative Flood Protection treatment 
areas, Restorative Flood Protection treatments would result in beneficial effects on geomorphology 
related to the following:   

• Increased channel complexity and restoration of habitat-forming processes 

• Increased sediment and wood retention 

• Increased floodplain connectivity (addressing effects of past channel incision) 

As discussed in Section 3.2.4.1.3, channel incision has occurred over many miles of the Chehalis River 
mainstem, South Fork Chehalis River, and to a lesser extent in the Newaukum River.  Restorative Flood 
Protection actions would reverse this condition, beneficially affecting geomorphology. 
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Within Restorative Flood Protection Treatment Areas and Upland Areas Where Relocation and Land 
Conversion Occurs 
The Restorative Flood Protection actions would increase large wood in the channels and floodplains, 
which would begin a series of landscape changes.  For example, the channel could become more 
sinuous, and additional channels would also develop.  Countermeasures (such as wood) to prevent 
active river and stream channels from migrating are not proposed with Restorative Flood Protection 
actions, except when active channels have the potential to encroach on landslide-susceptible, 
valley-side areas (see Section 4.3.2.2.1); dynamic river processes are desirable and necessary for the 
re-creation and maintenance of natural geomorphic processes.   

During an initial period following implementation of the treatment actions, there could be localized 
impacts on the sediment and wood regimes of the Chehalis Basin associated with geomorphic 
adjustments.  Increased channel roughness and energy dissipation, driven by installation of engineered 
logjams, would moderate the sediment transport capacity in treatment reaches.  All else remaining 
equal, this reduction in transport capacity would be expected to result in a net deposition of sediment 
and aggradation of the channel bed within treatment areas.  It should be noted, however, that existing 
channel conditions are characterized by increased sediment transport due to past removal of logjams 
and impairment to wood recruitment processes associated with impacts on riparian forests and ongoing 
removal of wood from the channel.  Further, the incoming sediment supply to Restorative Flood 
Protection treatment areas is elevated by forest practices that can increase channel-forming flows 
(see Section 3.2.4.3; Perry et al. 2016).  As such, providing additional storage of alluvial sediments within 
the Restorative Flood Protection treatment areas could result in a net benefit for the Chehalis Basin.  
Aggradation of the channel bed in treatment areas would provide a positive feedback mechanism that 
would further engage floodplain areas affected by past channel incision. 

Recent inventories reported wood loadings in the upper Chehalis River that averaged only 6% of a 
restoration target, representing unmanaged forest conditions (Anchor QEA 2016d).  The legacy of 
historical splash dams to flush logs downstream and intentional wood removal to clear channels of 
wood jams has impaired the wood regime.  Restorative Flood Protection actions would greatly increase 
the wood loading in treatment areas, and thus create areas that would trap incoming wood recruited 
from upstream reaches. 

At this time, the potential for adverse impacts on geomorphology as a result of relocating floodplain 
development to upland areas is unknown, because specific relocation areas have not been identified.  
Generally, many upland areas in the Chehalis Basin are currently in use as managed forestland and have 
been previously disturbed.  However, development that interrupts sediment or wood recruitment or 
transport, or disconnects streams or rivers from floodplains, has the potential to adversely affect 
geomorphology. 
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Downstream of the Restorative Flood Protection Treatment Areas 
In response to Restorative Flood Protection actions, the reaches immediately downstream of the 
treatment areas could experience a net decrease in sediment supply relative to the baseline condition 
due to sediment storage within the treatment area.  Such impacts on supply of bedload materials are 
likely to be localized in extent and diminish with downstream distance resulting in a minor adverse 
impact.  Treatment actions would not trap 100% of incoming sediment supply, and new sources of 
sediment would be mobilized from creation or reactivation of secondary channels in the stream 
corridor.  The primary source of bedload material downstream of the treatment area is locally derived 
streambank erosion from upstream meander bends (Glancy 1971) and this process would not be 
affected by Restorative Flood Protection actions.  

In channel segments typical of the treatment area reaches, key wood pieces that are large enough to 
remain stable and affect geomorphic function are generally recruited locally and remain close to the 
point of recruitment.  As such, the effect of Restorative Flood Protection actions on wood regime of the 
Chehalis Basin is not anticipated to have an adverse impact on recruitment of key pieces of wood 
downstream of treatment areas.  Pieces of smaller, mobile wood would be trapped within engineered 
logjams installed as part of the treatment actions.  These actions would also create additional sources of 
wood from riparian trees planted in treatment areas, as well as additional pathways of recruitment 
associated with the restoration of dynamic channel processes and the creation or re-engagement of 
secondary channels. 

4.3.2.3 Mitigation 
4.3.2.3.1 Geology 

Avoidance and minimization measures for potential long-term impacts on geology resulting from 
triggered landslides would include identifying at-risk areas during site-specific feasibility studies, and 
avoiding the risks during conceptual design.  This could include the installation of riverbank and 
floodplain barriers, such as wood revetments, to prevent channel migration from encroaching on 
landslide-susceptible, valley-side areas. 

4.3.2.3.2 Geomorphology 

No long-term adverse impacts on geomorphology are anticipated, so no mitigation is proposed.  Given 
that the scale and extent of Restorative Flood Protection actions are greater than what has been 
implemented to date, it would be important to evaluate project actions through the development and 
implementation of a detailed monitoring program to quantify geomorphic responses—both within and 
outside the treatment areas.   
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4.3.3 Wetlands and Vegetation  

4.3.3.1 Short-term Impacts 
The potential short-term impacts on wetlands and vegetation from construction activities such as 
excavation, clearing, filling, and equipment and materials staging are described in Table 4.1-1.  
Short-term impacts include the temporary disturbance of vegetation in the floodplain near Restorative 
Flood Protection treatment areas from the construction of temporary access roads and construction 
equipment and material staging areas. 

4.3.3.2 Long-term Impacts 
Adverse impacts on wetlands and vegetation from the implementation of Restorative Flood Protection 
actions would primarily be associated with the conversion of vegetation communities in undeveloped 
upland areas and managed forests to those associated with agriculture, rural residential, public services, 
and commercial uses, because these land uses are relocated out of the historic floodplain.  Adverse 
impacts on wetlands from such actions are expected to be moderate because the area is large.  There 
would also be an opportunity to avoid wetland impacts in sites selected for relocated land use.  Adverse 
impacts from land use conversion actions on vegetation, however, would be significant, with up to 
16,000 acres of managed forestland converted to other uses that primarily support cultivated 
herbaceous vegetation, ornamental landscaping, and impervious areas (e.g., residential and commercial 
development). 

Anticipated beneficial effects of Restorative Flood Protection actions on wetland and vegetation within 
treatment areas include the following: 

• Increased extent of wetland areas in the floodplain 

• Improved structure and function of riparian vegetation communities associated with off-channel 
and slow-water habitat 

• Increased diversity and extent of riparian and floodplain vegetation communities 

Over the long term, each of these outcomes could in turn affect fish, amphibians, and other wildlife 
currently using these areas, and change the types of available habitat through the increase in floodplain 
connectivity, habitat structure, and habitat-shaping processes.  Potential effects on fish and wildlife are 
discussed further in Sections 4.3.4.2.1 and 4.3.4.2.2, respectively. 

4.3.3.2.1 Wetlands 

Within Restorative Flood Protection Treatment Areas and Upland Areas Where Relocation and Land 
Conversion Occurs 
Restorative Flood Protection actions are designed to reconnect the river with converted bottomlands 
and portions of the historic floodplain that have become isolated from flood processes over time.  As 
proposed, Restorative Flood Protection actions would generally raise surface and groundwater levels in 
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the treatment areas as described in Section 4.3.1.  Increased surface and groundwater levels would 
contribute to an overall increase in wetlands by allowing some floodplain areas to maintain a surface 
connection to the river or an elevated water table in the upper 12 to 18 inches of the soil column 
throughout more of the year than current conditions.  The extent of this effect has not been quantified 
for this programmatic-level evaluation.   

Adverse impacts on wetlands could occur as a result of relocating floodplain land uses to uplands; 
however, this impact is anticipated to be minor because it is expected that wetland impacts can be 
avoided and minimized when siting and designing land uses during conversion. 

Downstream of Restorative Flood Protection Treatment Areas 
No adverse impacts on wetlands are anticipated to occur downstream of Restorative Flood Protection 
treatment areas.  Direct impacts would not occur because these areas are not within Restorative Flood 
Protection treatment areas, and indirect impacts are not anticipated because this action element is 
designed to hydrologically reconnect floodplain wetlands, stream channels, and groundwater 
(Section 4.3.1.2.3).   

4.3.3.2.2 Vegetation 

Within Restorative Flood Protection Treatment Areas and Upland Relocation Land Conversion Areas  
Adverse impacts from land use conversion actions on vegetation would be significant, with up to 
16,000 acres of managed forestland converted to other uses that primarily support cultivated herbaceous 
vegetation, ornamental landscaping, and impervious areas (e.g., residential and commercial development). 

Within treatment areas, restorative Flood Protection would provide improved structure and function of 
riparian vegetation communities associated with off-channel and slow-water habitat.  This would be 
accomplished over time by recreating the brushy riparian conditions and wetland complexes that existed 
in the floodplain prior to European settlement.  Such conditions would allow floodwaters to spread out 
over a greater portion of the floodplain, slow down the speed of flood waves, and provide additional 
floodwater storage in floodplain wetland depressions.  The return of pre-settlement flood conditions 
would be expected to increase the diversity and extent of native riparian and floodplain vegetation.   

Establishment of these vegetation types could occur over approximately 140 river miles for the brushy 
riparian corridors, with up to 21,000 acres of newly created floodplain forestland.  These changes in 
vegetation within treatment areas, over the long term, are anticipated to positively affect water quality 
and create habitat for fish and wildlife that rely on these areas (see Sections 4.3.1.2.1 and 4.3.4). 
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Downstream of Restorative Flood Protection Treatment Areas 
No adverse impacts on vegetation downstream of the Restorative Flood Protection treatment areas are 
anticipated.   

4.3.3.3 Mitigation 
Mitigation for long-term adverse impacts on wetland and vegetation would primarily focus on avoidance 
and minimization measures when siting new land uses in upland conversion areas.  Avoidance measures 
could include avoiding sites with extensive and high-quality wetlands, designing structure and 
disturbance areas to avoid wetland impacts and disturbance to native vegetation, and restoring 
vegetation in temporarily disturbed areas.  

4.3.4 Fish and Wildlife 

4.3.4.1 Short-term Impacts 
Short-term impacts on fish and wildlife could potentially occur during construction and would be 
localized to the construction footprint, with conditions returning to pre-construction status and/or 
function following construction. 

4.3.4.1.1 Fish 

The potential short-term impacts on fish related to in-water construction could primarily occur from the 
following: 

• Reduced water quality due to turbidity increases, pollutant-laden stormwater runoff, or 
construction-related pollutants entering the water 

• Temporarily dewatering of part of the river channels, reducing habitat available to fish in the 
immediate vicinity of construction 

Vegetation in the Restorative Flood Protection Treatment Areas 

Within treatment areas, anticipated riparian vegetation would include a mosaic of native willows, red osier 
dogwood, red alder, and black cottonwood.  Adjacent floodplain forestland would likely comprise a mix of native 
coniferous and deciduous trees, dominated by Douglas fir and western red cedar in the higher terraces, and 
black cottonwood, Sitka spruce, big-leaf maple, Oregon ash, and red alder on the lower-elevation surfaces.  
An extensive groundcover of shade-tolerant shrubs (salal, Cascade Oregon grape, red huckleberry and Scouler’s 
willow) and ferns (swordfern) would likely dominate the understory vegetation.  All of these vegetation types are 
well-adapted to the moist conditions and periodic overbank sediment deposition that would accompany the 
Restorative Flood Protection treatment areas.   
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• Construction noise in or near the stream channel and removal of bank vegetation, which would 
reduce the function of riparian habitat for fish (e.g., shading and input of terrestrial nutrients 
and food) 

4.3.4.1.2 Wildlife 

Short-term impacts on wildlife would result from construction activities that are either site-specific, such 
as the clearing of vegetation from construction access and staging areas or transient, like construction 
and equipment-generated noise.  Potential short-term impacts on wildlife related to construction 
activities are described in Table 4.1-1.  Of the listed activities, construction noise, equipment and vehicle 
usage, and human presence are expected to have the greatest effects on wildlife.  

4.3.4.2 Long-term Impacts 
4.3.4.2.1 Fish 

Within and downstream of Restorative Flood Protection treatment areas, effects on salmonids are 
anticipated to be beneficial, while warm-water associated species could be moderately adversely 
affected.  The treatment actions are anticipated to reduce temperatures in rivers and streams from 
reduced solar radiation by increasing shade, which would provide conditions that are beneficial for cool 
water-associated fish—both in channels and within connected floodplain habitats—and positively affect 
salmon abundance within the Chehalis Basin.   

The magnitude of adverse impacts on other species of fish is uncertain.  The agricultural and other land 
uses within the floodplain areas to be treated would be relocated to areas outside the affected 
floodplains (up to 16,000 acres).  As a result, upland areas currently having some form of forested cover 
would likely be converted to rural development and agricultural use, resulting in some amount of 
increased impervious surfaces and exposed soils. Increased rates of runoff and sediment delivery to 
stream channels would be expected (Beechie et al. 2013).  However, these effects would be expected to 
be largely negated by watershed processes operating within the restored riparian forest and wetland 
corridors within the treated floodplain areas.  Large, contiguous riparian corridors are effective at 
ameliorating effects of land disturbance located upstream (Naiman et al. 1992; Naiman et al. 2005).  The 
potential benefits to salmon are primarily related to the following changes in physical attributes of the 
environment created by Restorative Flood Protection actions:  

• Restoring normative wood loads to the stream channels to re-create a diverse mix of in-channel 
habitat types and provide more and well-distributed, high-quality key habitats for various 
salmonid species and their different life stages in all seasons of the year 

• In conjunction with restored floodplain riparian corridors, wood load conditions (as described 
previously) could help to re-create wetlands, off-channel habitats, and side-channel networks 
used heavily by coho salmon, and by spring-run Chinook salmon and steelhead 
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• More normative wood loads could reduce bed scour at spawning sites, store spawning gravel, 
allow fine sediment to settle in side-channel areas, and increase egg to emergent fry survival 

• Gravel could be distributed through the Restorative Flood Protection treatments and new 
sediment sources would be created by newly formed side channels in Restorative Flood 
Protection treatment areas (see Section 4.3.2.2.2) 

• Stream temperatures are expected to decrease compared to current conditions, and the 
number, quality, and distribution of thermal refugia are anticipated to be enhanced as a result 
of restored riparian forests and associated wetlands, channel aggradation, higher groundwater 
levels, and re-creation of large, deep, main channel pools 
‒ These conditions are anticipated to improve survival for rearing salmonids of all species 

during summer 
‒ In particular, the conditions could improve survival of adult migrant, pre-spawner, and 

spawning spring-run Chinook salmon 

• Peak winter flows would be reduced to characteristics more similar to a normative flow regime 
for the upper Chehalis River and its tributaries, which is expected to improve survival of 
overwintering fish, specifically coho salmon and steelhead 

At the Basin-wide scale, Restorative Flood Protection is modeled to have positive effects on all salmonid 
species, resulting in population increases, ranging from about 26% for fall-run Chinook salmon to 
473% for spring-run Chinook salmon (see Table 4.3-4 and Figure 4.3-2).  Restorative Flood Protection is 
predicted to have positive effects on coho salmon and winter-run steelhead, a small positive effect on 
chum salmon, and a large positive effect on spring-run Chinook salmon.  The conditions created through 
the Restorative Flood Protection treatments are less favorable to non-native fish species.  The response 
of non-salmonid fishes to Restorative Flood Protection has not been modeled or quantitatively 
evaluated at this point. 

Table 4.3-4  
Potential Response in Salmonid Abundance to Habitat Change 

in the Chehalis Basin from Restorative Flood Protection  

SPECIES (CURRENT HABITAT POTENTIAL) 

PRODUCTIVITY CHANGE FROM 
CURRENT CONDITION IN 
NUMBER OF FISH (%) 

Coho salmon (40,642) 46,471 (114%) 
Fall-run Chinook salmon (25,844) 6,782 (26%) 
Winter/fall-run chum salmon (190,550) 5,573 (3%) 
Spring-run Chinook salmon (2,146) 10,153 (473%) 
Winter-run steelhead (6,800) 1,306 (19%) 

Source: ICF 2016 
 

  



Figure  4.3-2

 Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Restorative Flood Protection 

Source: ICF 2016
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4.3.4.2.2 Wildlife 

Within Restorative Flood Protection Treatment Areas and Upland Areas Where Relocation and Land 
Conversion Occurs 
The conversion of up to 16,000 acres of upland managed forestland to agriculture, rural residential, 
public services, and commercial land uses would affect wildlife by displacing and shrinking available 
habitat for upland-dependent species.  Minor to moderate adverse impacts are anticipated because 
many of the wildlife species living and using these areas could also successfully occupy river greenways 
and Restorative Flood Protection treatment areas.  However, direct impacts from construction of access 
to and new development sites, and habitat fragmentation within the displacement area (up to 
16,000 acres) could be significant depending on site-specific characteristics, and there would be a 
temporal lag between when the river greenways and treatment areas would provide the same forest 
habitat as the converted uplands. 

Beneficial effects for wildlife within Restorative Flood Protection treatment areas are anticipated to 
include the following: 

• Improved structure and function of off-channel and slow-water habitat for species such as 
amphibians, providing high-quality habitat conditions for amphibians to breed and forage, and 
for wildlife species that rely on aquatic habitat for multiple life cycles, such as amphibians, 
western pond turtle, and North American beaver 

• Improved connectivity to floodplain habitat could increase the quality of riparian vegetation and 
the diversity of wildlife species that occupy the habitats 

• Improved connectivity between wildlife habitats, benefiting wildlife populations that are 
currently separated by human disturbances or activities and providing migration corridors that 
are less exposed to human disturbance (WHCWG 2010) 

• Increased quality and quantity of habitat for native wildlife species of birds, amphibians, large 
and small mammals, and reptiles to breed, forage, rest, and overwinter 

• Increased salmon abundance as described in Section 4.3.4.2.1 would benefit mammals and 
predators that feed on salmon and salmon carcasses, including multiple birds and mammal 
species in the Chehalis Basin, as well as the ESA-listed Southern Resident killer whale in the 
Pacific Ocean outside of Grays Harbor 

Restoring connections among currently disconnected habitat could have an adverse impact by 
facilitating the spread of non-native invasive species, which could lower the quality of habitat functions; 
however, this is anticipated to be a potentially minor adverse impact considering the overall beneficial 
effect of improving connectivity between habitats for wildlife species.  Invasive species dispersal could 
include non-native plants (e.g., reed canarygrass, purple loosestrife) or wildlife species (e.g., bullfrog) 
that prey on native wildlife.   
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4.3.4.3 Mitigation 
No mitigation measures are proposed for fish and wildlife because long-term adverse impacts are minor 
to moderate, and will recover through maturation of the habitat within the river greenways.   

4.3.5 Tribal Resources 
The health and productivity of the entire Chehalis Basin affects the condition of treaty fisheries in the 
lower Chehalis River and its tributaries, and the non-treaty Chehalis Tribe fishery on the Chehalis Tribe 
reservation.  The upper and middle Chehalis River and its tributaries contain valuable habitat for 
spawning and rearing salmonids.   

Impacts on tribal resources could occur during or following construction, if tribal members could no 
longer access a resource or if the resource was diminished.  The following potential impacts were 
considered:  

• Access to treaty reserved usual and accustomed fishing areas, including Grays Harbor and the 
Chehalis River  

• Access to treaty-reserved usual and accustomed areas for hunting and gathering on open and 
unclaimed lands 

• Access to culturally significant areas for gathering of plant material or other related activities 

• Injury and mortality of fish and wildlife and their habitats, and plants that are identified as a 
tribal resource; these impacts are detailed in Section 4.3.4 and are included in this Tribal 
Resources section by reference   

Indirect impacts on tribal resources could occur as a result of the impacts on water resources, geology 
and geomorphology, wetlands and vegetation, and fish and wildlife detailed in Sections 4.3.1 through 
4.3.4. 

4.3.5.1 Short- and Long-Term Impacts 
The potential impacts on tribal resources that would occur during construction of the Restorative Flood 
Protection treatments are related to the temporary disruption of access to tribal resources associated 
with a tribe’s sovereignty or formal treaty rights, or reduced or limited access to plants, fish, or wildlife 
used for commercial, subsistence, and ceremonial purposes.  These construction-related impacts could 
occur from activities associated with the in-channel wood structures and engineered-wood floodplain 
structures, or from relocation of floodplain land uses into upland conversion areas.  Potential impacts 
could also include direct impacts during construction on, or loss of, natural resources protected by tribal 
treaties for fishing, hunting or gathering.   

Additional input from the Quinault Indian Nation, the Chehalis Tribe, and other potentially affected 
tribes will help to characterize existing tribal resources and use of the area for fishing, hunting, and 
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gathering, and confirm the nature of potential impacts from construction-related activities.  Additional 
coordination with affected tribes to address specific impacts on tribal resources would continue during 
project-level environmental review and as part of continued government-to-government consultations. 

The potential long-term impacts on tribal resources consider impacts following construction on fishing, 
hunting, gathering, and other traditional cultural activities.  No long-term impacts on tribal resources 
have been identified for Restorative Flood Protection; however, beneficial outcomes are expected, 
primarily because of the significant improvement in self-sustaining fishery conditions that accompany 
the Restorative Flood Protection treatments.   

Specific potential adverse impacts on fish and wildlife and vegetation that may directly or indirectly 
affect tribal resources have not been identified; however, all of the impacts described in Sections 4.3.4.2 
and 4.3.3.2 could affect tribal resources.  Potential long-term impacts would need to be identified prior 
to and during reach- and site-specific project development, with the extent of impacts pending 
additional coordination with tribes and continued government-to-government consultations.  Potential 
long-term impacts could occur for tribal resources on tribal lands, within usual and accustomed fishing 
areas, or other areas used for hunting and gathering.  As noted by the Quinault Indian Nation, adverse 
impacts that impede the ability to exercise treaty rights, such as impaired access to resources or actions 
that harm resources directly or indirectly by affecting the habitat on which they are dependent, 
constitutes the take of a property right that has been guaranteed to tribes (Sharp 2016a, 2016b).   

4.3.5.2 Mitigation 
The potential mitigation associated with impacts on tribal resources would be directly addressed with 
Quinault Indian Nation and Chehalis Tribe tribal leadership during project-level environmental review 
and continued government-to-government consultations.  

Some potential long-term impacts on tribal fish resources could be addressed through avoidance and 
minimization measures developed in consultation with tribes.  These may include the provision of fish 
passage around the dam during construction and operation, noise attenuation measures during 
construction, minimum instream flow release from the dam during operation, and release of cool water 
late spring to early fall during operation of the FRFA facility.   

Potential compensatory mitigation measures developed in consultation with tribes could include, but 
are not limited to, the following: 

• Coordinating with tribal leaders and managers on the timing and location of construction 
activities that could affect tribal access 
‒ Coordination could result in adjustments to the timing of construction activities to avoid 

periods when use is the highest or provisions to provide an access point around the 
construction site and proposed Flood Retention Facility  
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• Identifying areas with significant tribal resources and coordinating with the tribes regarding 
access points to these areas during and after construction 

Compensatory mitigation could be required for loss of fish habitat and fish habitat function, and reduced 
fish population performance above and below the Flood Retention Facility.  Compensatory mitigation 
would be developed in consultation with tribes and may include fish habitat restoration and protection, 
or acquisition of land that presents an opportunity for in-kind compensation for fish habitat lost.  Mitigation 
of impacts on treaty rights is subject to consideration and agreement by the Quinault Indian Nation. 

4.3.6 Air Quality 

4.3.6.1 Short-term Impacts 
The potential short-term impacts on air quality would occur during construction, including increased 
vehicle emissions from truck trips and mechanized construction equipment, and dust created by clearing 
and grading land and the transport and placement of excavation material, soils, and other materials.  
These impacts would be localized during the construction period and would not cause an overall 
decrease in regional air quality. 

4.3.6.2 Long-term Impacts 
No adverse impacts on air quality are anticipated because completed Restorative Flood Protection 
actions would not generate additional dust or emissions.  Long-term emissions associated with land uses 
that are relocated to converted upland areas are not anticipated to increase over existing levels. 

4.3.6.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on air quality are described in Table 4.1-1.  
No long-term adverse impacts on air quality are anticipated, so no mitigation is proposed. 

4.3.7 Climate Change 

4.3.7.1 Short-term Impacts 
4.3.7.1.1 Effects of Restorative Flood Protection Contributing to Climate Change 

The potential short-term effects that could contribute to climate change would occur during 
construction of Restorative Flood Protection treatments and include GHG emissions from construction 
equipment and vegetation removal.  This effect is expected to be no more than 5,000 MT CO2e—well 
below the 10,000 MT CO2e threshold for qualitatively disclosing emissions established by Ecology over 
the construction period (this threshold equates to 6.2 million vehicle miles for a Class 7-8 truck). 

4.3.7.1.2 Effects of Climate Change on Restorative Flood Protection 

No anticipated short-term effects of climate change on Restorative Flood Protection actions are 
anticipated during construction.   
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4.3.7.2 Long-term Impacts 
4.3.7.2.1 Effects of Restorative Flood Protection Contributing to Climate Change 

There are no adverse impacts associated with Restorative Flood Protection actions that are anticipated 
to contribute to climate change.  Overall, riparian and floodplain plantings, enhancement of floodplain 
wetlands, and shade to support cooler stream temperatures are expected to offset climate change impacts 
and forge a more resilient future floodplain, although this has not been modeled at this point.  The 
conversion of upland areas from managed forestland to agriculture, rural residential, public services, 
and commercial land uses could mute any benefit; however, the overall effect is not expected to be 
adverse.   

4.3.7.2.2 Effects of Climate Change on Restorative Flood Protection 

The potential adverse impacts of climate change on Restorative Flood Protection would be considered 
and addressed during design of the treatment areas.  In general, the increased frequency of extreme 
weather events and increased flow magnitudes expected under future climate change conditions could 
be incorporated into design criteria and treatment area designs to ensure that facilities withstand and 
perform their intended function under more extreme flow and weather conditions.   

The EDT model developed for the Chehalis Basin (ICF 2016) was used to predict how fish species would 
respond to the effects of climate change on current habitat conditions when including implementation 
of Restorative Flood Protection actions.  Table 4.3-5 and Figure 4.3-3 present the results for Restorative 
Flood Protection as a percentage increase or decrease compared to the results with climate change.  
Model results predict that Restorative Flood Protection would reduce the adverse effects of climate 
change on salmon abundance on a Basin-wide scale.  Except for winter- and fall-run chum salmon, the 
adverse impacts on salmon from climate change are predicted to be partially buffered by Restorative 
Flood Protection actions.  Benefits likely result from the substantial increase in channel and floodplain 
habitat size and quality, including cooler water temperatures and more refuge area.   

Table 4.3-5  
Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and 

Restorative Flood Protection  

SPECIES  
(CURRENT HABITAT POTENTIAL) 

CHANGE FROM CURRENT CONDITION IN NUMBER OF FISH (%) 
WITH CLIMATE CHANGE 
ONLY 

WITH CLIMATE CHANGE AND 
RESTORATIVE FLOOD PROTECTION 

Coho salmon (40,642) -22,390 (-55%) -798 (-2%) 
Fall-run Chinook salmon (25,844) -6,969 (-27%) -4,296 (-17%) 
Winter/fall-run chum salmon (190,550) -8,270 (-4%) -10,514 (-6%) 
Spring-run Chinook salmon (2,146) -1,869 (-87%) 2,620 (122%) 
Winter-run steelhead (6,800) -3,741 (-55%) -2,343 (-34%) 

Source: ICF 2016  



Figure  4.3-3

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and Restorative Flood Protection 

Source: ICF 2016
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4.3.7.3 Mitigation 
No long-term, adverse impacts contributing to climate change are anticipated, so no mitigation is proposed.   

4.3.8 Visual Quality 

4.3.8.1 Short-term Impacts 
The potential short-term impacts on visual quality that would occur during construction are described in 
Table 4.1-1.  In addition, construction activities would substantially alter the appearance of the areas 
near the Restorative Flood Protection treatment areas.  Construction activities within the channel would 
be largely out of view; however, construction of the engineered-floodplain elements would be visible to 
the community.  

4.3.8.2 Long-term Impacts 
Potential adverse impacts on visual quality from Restorative Flood Protection are related to a long-term 
change or reduction in visual quality.  These impacts would occur within and within viewing distance 
from Restorative Flood Protection treatment areas and upland land conversion areas.   

Changes that would significantly contrast with the existing visual character include the following: 

• Establishment of dense floodplain vegetation that would disrupt the view that currently exists 
across open floodplain areas 

• Engineered-floodplain log structures that would be visible across large portions of the floodplain 
until interplanted vegetation grows tall enough to obscure the log structures 

• Conversion of upland managed forestland to other land uses 

Restorative Flood Protection would require construction of engineered-floodplain structures over 85% 
to 90% of the future 100-year floodplain, which includes up to 21,000 acres within the treatment areas.  
These structures would cover a large portion of the existing floodplain, much of which is currently in 
pasture, hay, or other cultivated crops.  The vistas that are enjoyed by people would be dramatically 
changed.  Over a 5- to 7-year period following construction of the engineered floodplain, a densely 
spaced matrix of constructed wood structures would be the most visible feature.  Following that, shrubs 
and trees would be tall enough to dominate the view, and the vista would transition to that of a forest.  
Because of the extent of area affected by the floodplain treatments, this is considered a significant 
adverse impact.  

Conversion of upland managed forestland to accommodate displaced land uses from the Restorative 
Flood Protection treatment areas would have an adverse impact on visual quality.  While in managed 
forestland use, the view evolves over an approximately 30-year cycle from clearcuts to young forest, and 
then to mature forest with large conifer trees.  The converted land would permanently change this view 
to farms, homes, and other structures—both public and private.  The views are visible from the valley, 
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and would be noticeable from a large area within each Restorative Flood Protection treatment 
sub-basin.  This adverse impact could range from moderate to significant, depending upon the visual 
quality and concentration of the new land use in contrast to managed forestland.   

4.3.8.3 Mitigation 
In addition to those described in Table 4.1-1, short-term mitigation measures could include locating 
temporary construction access roads, staging areas, and stockpile sites within previously disturbed areas. 

Long-term mitigation measures could include integrating view corridors that intersperse floodplain 
forestland with open areas within the Restorative Flood Protection floodplain treatment areas if further 
analysis indicates such configurations could still achieve the desired flood attenuation and storage.  
These measures could slightly reduce the visual quality impacts, but the impacts would still be significant. 

4.3.9 Noise 

4.3.9.1 Short-term Impacts 
The potential short-term impacts on noise that would occur during construction are described in 
Table 4.1-1.  Heavy equipment and construction activities associated with the Restorative Flood 
Protection treatments would cause short-term noise impacts.   

Depending on the type of construction activity, peak noise levels from the equipment shown in 
Table 4.2-10 would range from 76 to 110 dBA at 50 feet from the source.  Damage to hearing occurs 
with noise levels above 85 dBA.  However, noise levels decrease with distance from the source at a rate 
of approximately 6 to 7.5 dBA per doubled distance.  For example, noise levels from construction 
equipment would range from approximately 57 to 98 dBA at a distance of 200 feet; from 51 to 92 dBA at 
400 feet; and from 45 to 86 dBA at 800 feet.   

Construction of Restorative Flood Protection treatments would require heavy equipment and activities 
with high noise levels, including earth-moving equipment and pile drivers.  Some of this equipment would 
operate at noise levels high enough to cause hearing damage at very short distances (less than 50 feet), 
but the noise levels would dissipate to safe levels with distance.  The locations for many of the Restorative 
Flood Protection treatments would be proximal to private homes, businesses, and public facilities. 

4.3.9.2 Long-term Impacts 
Minor adverse impacts related to noise are anticipated.  These impacts would be created by potential 
land conversion in managed forestland.  New land uses in those areas would likely create noise 
consistent with rural residential, farming, businesses, and public services.  Significant impacts would 
occur if projects generated noise that would conflict with local ordinances or increase noise levels by 
5 dBA or greater at a sensitive land use.  Restorative Flood Protection actions would not generate noise 
within the treatment areas where noise would likely be less than under current conditions. 
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4.3.9.3 Mitigation 
Assuming the specifications for equipment meet the noise standards described in Table 4.1-1, no 
additional equipment mitigation for short-term impacts would be required.  Construction workers at the 
site could wear hearing protectors to reduce the risk of hearing damage.   

No long-term impacts on noise are anticipated, so no mitigation is required. 

4.3.10 Land Use 

4.3.10.1 Short-term Impacts 
Potential short-term impacts on land use would occur during construction, including disruption to use of 
and access to land within Restorative Flood Protection and upland relocation construction areas.   

4.3.10.2 Long-term Impacts 
Potential adverse impacts on land use associated with the Restorative Flood Protection would result 
from the following: 

• Conversion of floodplain land to Restorative Flood Protection treatment areas 

• Increased flooding in some areas that would affect existing high and limited value structures 

• Conversion of upland commercial forestland to agriculture, rural residential, and public facilities 

As described in this section, the adverse impact on existing land uses within the Restorative Flood 
Protection treatment areas would be significant. 

Within Restorative Flood Protection Treatment Areas 
Restorative flood protection actions would be incompatible with many existing land uses.  Many of 
these areas are already at-risk for flooding and loss of land from bank erosion; Restorative Flood 
Protection would formally recognize that risk and address it.  Figure 4.3-4 illustrates the expected range 
of land use impacts within the floodplain treatment areas.  Based on the preliminary analysis conducted, 
the zone within the 10-year floodplain following Restorative Flood Protection implementation would be 
largely unsuitable for permanent human residents.  This zone, described in the Restorative Flood 
Protection description as the “river management zone” or “greenway,” is expected to experience active 
channel migration, engagement of floodplain wetlands, and frequent flooding such that structures 
would be at-risk to severe flood and erosion damage.  There is currently approximately 16,000 acres 
within this zone, including 8,500 acres of active farmland.   

Outside the “river management” or “greenway” zone, but still within the Restorative Flood Protection 
floodplain, Restorative Flood Protection treatments are likely to cover 50% to 70% of the floodplain.  It is 
expected that flooding would be more frequent in these areas than under current conditions.  An additional 
5,200 acres would be more frequently flooded within this zone, including 3,600 acres of farmland.   
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Under Restorative Flood Protection, willing landowners would be offered a suite of compensation 
options, which could include measures described below under mitigation.  One option could be to 
relocate to suitable upland areas that would not be affected by Restorative Flood Protection treatments.  
This option would likely convert up to 16,000 acres of land that is currently managed forestland to 
agriculture, rural residential, public services, and commercial (also referred to as upland conversion 
areas in this EIS).  If all agricultural land uses in future greenways (see Figure 4.3-4) moved to upland 
areas, the land conversion from managed forestland to agriculture could reach 8,500 acres in size.  The 
location, magnitude, and concentration of these potential impacts have not yet been determined.  
Adverse impacts on fish and wildlife, vegetation, water quantity, visual quality, and climate change 
associated with this land conversion (see Sections 4.3.4, 4.3.3, 4.3.1, 4.3.8, and 4.3.7) are likely.  Because 
upland relocation would convert managed forestland to other uses, there would also be a reduction in 
managed forestland in the watershed.   

Approximately 462 high-value structures would be affected by increased flooding within the treatment 
areas.  Of the 462 structures, 182 structures would be inundated under current conditions during a 
100-year flood.  Flood depths and frequencies would increase for these 182 structures after Restorative 
Flood Protection treatments.  The remaining 280 structures would be subject to new flooding caused by 
Restorative Flood Protection treatments, and may not flood currently during a 100-year flood.  Because 
modeling was developed to be a screening-level tool, this estimate of affected structures includes all 
potential affected structures, and may be reduced in number with a conceptual design-level analysis. 

As noted above, many of the areas within Restorative Flood Protection treatment areas are already at 
risk from flooding and loss of land from bank erosion, and Restorative Flood Protection would formally 
recognize that risk and address it.  If all landowners with structures that currently experience flooding, 
and where flooding would increase, participated, 182 fewer structures would be flooded than under 
current conditions.  An additional 280 structures (those subject to new flooding caused by the treatments) 
would also be offered compensation, relocation, or adaptation assistance (see Section 4.3.10.3).   

Downstream of Restorative Flood Protection Treatment Areas 
Downstream of the Restorative Flood Protection treatment area, 1,197 high-value and limited-value 
structures are estimated to be inundated during a 100-year flood under current conditions.  After 
implementation of Restorative Flood Protection actions, it is estimated that 1,061 structures would be 
inundated during a 100-year flood, for a decrease of 136 flooded structures.     
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4.3.10.3 Mitigation 
An integral part of this action element is to provide assistance to help ensure that willing property 
owners and residents can adapt.  Adaptation strategies, intended to avoid and minimize the significant 
adverse impacts on land use associated with Restorative Flood Protection, could include the following: 

• Stay-in-place adaptation assistance – Within treatment areas but outside of greenways, 
floodproofing, elevation of structures, farm pads, drainage and utility improvements, or 
relocation of homes and structures to more upland portions of the same parcel 

• Buy-outs – If property owners prefer a simple buy-out option for property and structures 

• Conservation easements – Permanent conservation easements could be used to compensate 
property owners for lost use of land 
‒ This could be combined with stay-in-place assistance or be a strategy for parcels without 

structures 

• Relocation support to upland areas – A preliminary assessment of soils in the Chehalis Basin 
indicates that relocation of some current floodplain land uses to upland areas could be a viable 
option in portions of the watershed 
‒ The feasibility of this concept is very preliminary and unknown; the suitability of upland 

areas for specific land uses would have to be further explored 

4.3.11 Recreation 

4.3.11.1 Short-term Impacts 
Construction in the Restorative Flood Protection treatment areas would restrict access to recreation 
sites and river recreation.  The duration of this impact would be limited to the construction period at 
each site, likely to span approximately 3 to 4 months.  Short-term impacts on recreational activities such 
as hunting or fishing on managed forestlands, where currently allowed by permit, could occur from site 
preparation and construction associated with relocation of floodplain land uses to upland areas. 

4.3.11.2 Long-term Impacts 
Adverse impacts on recreation resulting from implementation of Restorative Flood Protection are 
anticipated to be minor to moderate because of the large area over which the impacts described in this 
section could occur.   

Restorative Flood Protection would require construction of large wood and rock structures (engineered 
logjams) in the mainstem and South Fork Chehalis rivers; Bunker, Elk, Stearns, Stillman, and Lake creeks; 
and the North and South Fork Newaukum River channel over a total length of up to 140 river miles.  
Logjams can create hazardous conditions for boaters of all types, and would permanently displace 
recreational use of some stretches of rivers and streams.  If access points are not available for boaters, 
rafters, and floaters to access the river in safe areas, recreational use could be further affected.   
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Agritourism opportunities are present in the Chehalis watershed, and depending upon their specific 
location, Restorative Flood Protection actions could adversely affect these recreational sites.  Where 
current agritourism facilities are located within the Restorative Flood Protection 10-year floodplain 
(greenways), these recreational facilities would likely be displaced.   

Some recreational facilities, such as the Chehalis-Centralia Railroad, Willapa Hills Trail, and Rainbow Falls 
State Park could experience more frequent flooding that would likely require modifications to existing 
facilities, such as floodproofing, installation of new bridges, and adjustments to trail alignments.  Other 
recreational activities would not be affected by Restorative Flood Protection, and activities like hunting, 
fishing, hiking, and bird-watching could benefit (increase) as a result of more floodplain habitat area 
and, correspondingly, more abundant fish and wildlife. 

It may not be possible to relocate some types of recreational activities or facilities from the Restorative 
Flood Protection floodplain to upland areas.  For example, features an activity may require or depend on 
to operate in one location may be diminished or not exist in upland areas.  For example, fishing requires 
access to a body of water, and this opportunity would not be available in an upland area without access 
to a waterbody. 

4.3.11.3 Mitigation 
Mitigation measures for short-term impacts on recreation during construction could include providing 
alternative recreational opportunities or access when treatment areas are under construction.  During 
construction, these areas would be closed to recreational use for safety purposes.   

For long-term adverse impacts on in-water recreation, compensatory mitigation could consist of 
identification of hazards and delineation of specific river reaches where in-water recreation is 
encouraged and safe.  Public safety communication would also be needed to inform the public about 
hazards within other areas along the Chehalis River and its tributaries.   

Mitigation for impacts on agritourism sites could include measures associated with the overall 
accommodation for relocating or compensating private landowners for displacement caused by 
Restorative Flood Protection (see Section 4.3.10). 

4.3.12 Historic and Cultural Preservation 

4.3.12.1 Short- and Long-term Impacts 
Potential short- and long-term impacts on historic and cultural resources include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 
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• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource 

The potential impacts on historic and cultural resources that would occur during construction include 
ground disturbance associated with access routes, Restorative Flood Protection construction sites, and 
upland conversion areas.  The engineered-floodplain elements of the Restorative Flood Protection 
would require some ground disturbance over a large area (up to 21,000 acres).  Upland conversion areas 
could require ground disturbance over approximately 16,000 acres.  A cultural resources assessment has 
not yet been conducted for potential Restorative Flood Protection treatment areas or upland conversion 
areas, and would be required during design and project-level environmental review.  Although the 
degree or severity of the impact would depend on the nature of cultural resources that would be 
disturbed, moderate to significant adverse impacts on cultural resources could occur due to the 
predicted archaeological potential.  Potential impacts on tribal cultural resources or graves, Indian 
human remains, or traditional cultural properties would be determined in coordination with tribes, and 
government-to-government consultations.  

4.3.12.2 Mitigation 
Once potential project-specific impacts of Restorative Flood Protection actions on cultural resources 
have been identified, avoidance and minimization measures may be considered that alter project design 
or construction methods to avoid or minimize these impacts.  If impacts cannot be avoided, mitigation 
measures to address potential impacts on cultural resources would be determined during 
project-specific evaluations, and would include consultation with DAHP, interested and affected tribes, 
as well as other consulting parties (see information on addressing potential impacts on cultural 
resources in Section 4.2.12).   

The potential compensatory mitigation measures could include data recovery (scientific excavation and 
analysis) of the archaeological sites; archaeological monitoring during construction to ensure that no 
(previously unknown) cultural resources are affected; development and implementation of an Inadvertent 
Discovery Plan; ethnographic studies; Historic American Building Survey/Historic American Engineering 
Record documentation; and cultural resources identification trainings for construction personnel. 

4.3.13 Transportation 

4.3.13.1 Short-term Impacts 
The potential short-term impacts on transportation that would occur during construction are described 
in Table 4.1-1 and are related to construction traffic and temporary road closures.  
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4.3.13.2 Long-term Impacts 
Significant adverse impacts on transportation are anticipated from implementation of Restorative Flood 
Protection.  The potential adverse impacts on transportation include: 

• Major roads that would be at risk from channel migration  

• Major roads that would flood more (see Table 4.3-6) 

• Roads that provide the only access route could be less accessible 

• I-5, and other roads that benefit where flooding is reduced 

Within Restorative Flood Protection Treatment Areas 
Restorative Flood Protection would increase flooding impacts on transportation systems in the 
Chehalis Basin upstream of the Newaukum confluence with the Chehalis River.  During a 100-year flood, 
Restorative Flood Protection would increase the duration of closure of SR 6 by approximately 4 days, 
SR 506 by approximately 1 to 2 days, and SR 508 by approximately 2 days. 

Table 4.3-6  
Increased Flooding Duration for Roads within the Restorative Flood Protection Treatment Areas 

LOCATION 

HOURS OF FLOODING 
DURING EXISTING 100-
YEAR FLOOD 

HOURS OF FLOODING 
DURING 100-YEAR FLOOD 
WITH RESTORATIVE FLOOD 
PROTECTION 

SR 6 near Scheuber Road 43 70 
SR 6 near Adna 33 71 
SR 6 at Boistfort Road 15 35 
SR 6 at Rainbow Falls State Park 17 18 
Boisfort Road near SR 6 0 23 
Boisfort Road at Boisfort 13 14 
Wildwood Road Bridge 0 6 
Main Avenue near South Fork 
Newaukum River crossing  

0 20 

 

A new transportation network and new transportation facilities would be necessary for upland 
conversion areas, which may affect current transportation facilities or patterns; the nature and 
magnitude of these impacts are currently unknown and would be evaluated through future 
development and design of this concept. 

Downstream of the Restorative Flood Protection Treatment Areas 
Restorative Flood Protection would reduce flooding impacts on transportation systems in the Chehalis 
Basin downstream of the Newaukum confluence with the Chehalis River.  Restorative Flood Protection 
would not reduce the duration of closures of I-5 during a 100-year flood (up to 4 days of closure).  In the 
Chehalis-Centralia area, Restorative Flood Protection would reduce flood depths by approximately 
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1 foot, and local roads within the area would experience reduced flood durations by up to 1 day.  
Restorative Flood Protection would protect the Chehalis-Centralia Airport during smaller floods, allowing 
flights to continue, but the airport would continue to flood during 100-year floods.  Restorative Flood 
Protection would likely decrease the frequency of rail closures downstream of the Newaukum confluence. 

4.3.13.3 Mitigation 
Mitigation measures for short-term impacts during construction phases of Restorative Flood Protection 
on transportation are described in Table 4.1-1. 

Potential long-term adverse impacts on transportation could be mitigated through a combination 
of emergency access route planning, and road relocations and modifications to increase access 
during flooding.    

4.3.14 Public Services and Utilities 

4.3.14.1 Short-term Impacts 
The potential short-term impacts on public services would occur during construction due to temporary 
road closures that could affect public services because access to properties would be temporarily 
restricted.  Construction could cause a temporary disturbance of on-site and nearby utilities, including 
overhead utility lines. 

4.3.14.2 Long-term Impacts 
Restorative Flood Protection includes the relocation of agricultural, residential, and commercial land 
uses out of the 10-year floodplain, which would require disconnection and decommissioning of existing 
public utilities in these areas.  This would include removal or decommissioning of overhead utilities, 
water lines or wells, sewer or septic systems, propane tanks, and buried fuel tanks.  New public services 
and utilities would need to be provided to the upland areas where the displaced land uses would be 
relocated.  The Restorative Flood Protection would not directly increase demand for public services and 
utilities, but relocation of those services and utilities could require extension of utilities including 
electricity, water supplies, and sewer services.  Removal and relocation of public services and utilities 
throughout the 10-year floodplain would be a significant adverse impact. 

Restorative Flood Protection would increase flood levels in the watershed above the confluence with 
the Newaukum River.  Public services and utilities located in the areas of increased flood levels would 
experience higher inundation or longer duration of flooding.  The higher flood levels would close access 
roads for a longer period and prevent access to public services such as public health facilities and 
schools for longer periods than under current conditions.  Higher flood levels could inundate public 
utilities for a longer period of time disrupting service.  Public services and utilities located in these areas 
include the Boistfort Elementary School, post offices, power lines, electrical substations, water wells, 
septic tanks, as well as numerous utilities in the small communities along the Chehalis and Newaukum 
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rivers and their tributaries.  As part of Restorative Flood Protection, public services and utilities would be 
relocated out of the treatment areas and the 10-year floodplain, reducing the number of public services 
and utilities that would be affected.  These adverse impacts would be moderate.  

Restorative Flood Protection would decrease the level and duration of flooding in the Chehalis Basin 
downstream of the Newaukum River confluence.  Flooding of public services and utilities would be 
reduced in the Chehalis and Centralia areas where flooding would be reduced by up to 1 foot.   

4.3.14.3 Mitigation 
Potential measures to reduce short-term construction disruptions on public services and utilities include 
the following: 

• Providing public notification of proposed construction activities, including the timing of 
construction, to all local service providers within the immediate vicinity of the construction area 

• Coordinating with local utility service providers to assist in utility locations, if applicable, and to 
identify specific mitigation measures to minimize impacts on utility purveyors 

• Coordinating with local utility purveyors to identify other specific mitigation measures to 
minimize impacts 

Mitigation planning for utilities would require coordination with involved service providers, as well as 
with potentially affected residents and landowners.  Where local utility system connections or 
installations would be affected by construction activities, alternative or relocated connections and 
facilities could be planned and implemented prior to construction to avoid service disruptions.  

Mitigation for potential long-term adverse impacts due to relocation of public services and utilities 
would include removal and decommissioning of utilities in the treatment areas and areas where flood 
levels are anticipated to increase.  Wastewater treatment systems, propane tanks, and underground 
fuel supplies would be decommissioned according to local and state guidelines to avoid potential 
contamination.  New services and utilities would be provided to the properties where the displaced land 
uses are relocated in coordination with local service providers.   

Mitigation for impacts on public services and utilities in areas that would experience increased flooding 
could include measures to floodproof or protect the affected utilities and services or relocating them 
out of the flooded area.   

4.3.15 Environmental Health and Safety 

4.3.15.1 Short-term Impacts 
The potential short-term impacts on environmental health and safety that would occur during 
construction are described in Table 4.1-1.  In addition, construction traffic on local roadways could cause 
temporary delays to emergency response.   
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4.3.15.2 Long-term Impacts 
Increased flooding could affect emergency response services in the areas upstream of the Newaukum 
River confluence with the Chehalis River.  Higher flood levels and increased duration of flooding of SR 6 
and local roadways could prevent or delay emergency service access.  This would be a moderate to 
significant adverse impact depending on how well emergency response could be maintained.  
Restorative Flood Protection includes relocation of residential, agricultural, commercial, and public 
service land uses out of the 10-year floodplain, which would reduce the demand for emergency services 
during floods, but access may still be required in areas outside the 10-year floodplain.  Relocation of 
land uses outside the 10-year floodplain would also reduce the risk of floodwater contamination by 
reducing the potential contaminants that could be exposed to flooding.   

Restorative Flood Protection could cause a moderate to significant adverse impact on human health and 
safety.  Higher flood levels could close roads for longer periods and prevent access for emergency 
response.  Access to some of the rural areas within the increased flood zone is already limited, 
increasing the hazard of increased road closures.   

4.3.15.3 Mitigation 
Potential measures to reduce short-term construction disruptions to environmental health and safety 
could include coordinating construction with emergency services, scheduling construction to minimize 
impacts, and notifying the public of construction.  Construction traffic control plans would be developed 
to reduce impacts on emergency services and response. 

Potential measures to reduce long-term adverse impacts on environmental health and safety include 
relocating land uses out of the 10-year floodplain and providing measures to protect areas outside the 
10-year floodplain that would experience increased flood levels.  These measures include floodproofing 
structures, providing farm pads, and development plans to maintain emergency response.  
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4.4 Airport Levee Improvements 
Improvements to the existing airport levee would be made by increasing the height by between 4 and 
7 feet.  If the existing levee is raised by 7 feet, a change to the extent and location of the northwest 
corner of the levee could be necessary to avoid interference with the glide path to the active runway; 
otherwise, no change to the extent or location of the levee would be proposed.  In addition to raising 
the existing levee, 1,700 feet of Airport Road would be raised to meet the raised airport levee height 
along the southern extent of the airport, and all utility infrastructure would be replaced, terminating at 
the West Street overcrossing approach. 

Short-term impacts from construction of the Airport Levee Improvements would include limited 
excavation, clearing, and filling required for elevating and extending the levee.  No construction would 
occur immediately adjacent to the active channel of the Chehalis River.  For a majority of the elements 
of the environment, the Airport Levee Improvements would result in no long-term adverse impacts.  
Adverse impacts would primarily be minor in nature, except for moderate impacts due to increases in 
the flood extent upstream and downstream of the levee, moderate impact on groundwater from 
disruption of the groundwater flow regime within the footprint of the levee, and the potential loss of 
fewer than 5 acres of wetlands and moderate to significant impacts on cultural resources.  The Airport 
Levee Improvements would reduce flood extents in portions of the Chehalis River floodplain, resulting in 
beneficial effects to water resources, land use, transportation, public services and utilities, and 
environmental health and safety. 

4.4.1 Water Resources 

4.4.1.1 Short-term Impacts 
The potential short-term impacts on water resources that would occur during construction are 
described in Table 4.1-1.  No in-water work is anticipated and there would be limited subsurface 
excavation, which would result in limited impacts on water resources. 

4.4.1.2 Long-term Impacts 
4.4.1.2.1 Surface Water Quality 

No adverse impacts on surface water quality are anticipated as a result of implementing the Airport 
Levee Improvements.  Installation of the Airport Levee Improvements would reduce flood depths and 
extents in areas protected by the levee, which could reduce pollutant loading to nearby surface waters 
from sources no longer inundated.  Surface water quality may not be as negatively affected during and 
after floods as during previous floods, if developed areas that are no longer flooded were home to 
pollutant-generating uses such as vehicular traffic, or on-site storage of hazardous or toxic materials.  
Flood levels adjacent to the Chehalis Regional Water Reclamation Facility located on Louisiana Avenue 
are predicted to increase by 0.5 foot during a 100-year flood.  However, the Chehalis Regional Water 
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Reclamation Facility is elevated above the current 100-year flood levels and would not flood—with or 
without the Airport Levee Improvements.  

Surface Water Quantity 
Anticipated adverse impacts on surface water quantity include the following: 

• Reduction in floodwater depths in specific locations during peak floods (e.g., 100-year flood) 

• Potential for changes in flood extents and increases in floodwater elevations upstream and 
downstream of the Airport Levee Improvements 

The Airport Levee Improvements were designed to provide flood protection in the airport vicinity in a 
100-year flood.  Flood depths are predicted to be reduced by as much as 15 feet at the airport within the 
levee (WSE 2014c), resulting in no inundation at the airport behind the levee during a 100-year flood.   

The potential exists for increases in Chehalis River flood extents and flood elevations upstream and 
downstream of the airport levee due to changes in river hydraulics, resulting in a moderate adverse 
impact.  Flooding could increase up to 0.9 foot in areas immediately upstream of the airport levee (north 
of SR 6 and west of the Chehalis River) due to backwater effects, or the displacement of floodwater that 
would have otherwise flooded the airport (WSE 2014c).  In addition, there could be up to a 0.2-foot 
increase in water depth immediately downstream of the levee (WSE 2014c).   

Potential beneficial effects on surface water quantity would occur in the area protected by the levee 
due to a reduction in the extent and depth of flooding.  The acres of different land uses and number of 
structures that would no longer be inundated are discussed in combination with the Flood Retention 
Facility (Alternative 1) and I-5 Projects (Alternative 2) in Chapter 5.   

No adverse impacts on water use and water rights are anticipated with the Airport Levee Improvements, 
because these improvements would not affect the ability of area water users to divert their water rights.   

4.4.1.2.2 Groundwater 

Potential adverse impacts on groundwater could result from subsurface construction (i.e., levee toe 
placement) that has the potential to modify the shallow groundwater flow regime.  These adverse impacts 
are considered moderate due to their localized area of impact within the levee footprint.  A potential 
beneficial effect on groundwater quality could result from the improved surface water quality resulting 
from reduced flooding of pollutant-generating surfaces or uses that store hazardous or toxic materials.   

4.4.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources are described in Table 4.1-1.   
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Potential avoidance and minimization measures for long-term adverse impacts on surface water quality 
would include compliance with applicable stormwater manual requirements (i.e., the most recent 
version of Ecology’s Stormwater Management Manual for Western Washington).   

Potential compensatory mitigation measures for long-term adverse impacts on surface water quantity 
could include compensatory water storage in areas upstream of the Airport Levee Improvements where 
flood levels are anticipated to increase.  No compensatory mitigation is proposed for shallow 
groundwater flow regime impacts. 

4.4.2 Geology and Geomorphology 

4.4.2.1 Short-term Impacts 
The potential short-term impacts on geology that would occur during construction are described in 
Table 4.1-1.  These impacts, related to excavation and filling, would increase the potential for soil 
erosion.  There are no short-term impacts on geomorphology because all construction work would occur 
outside of the Chehalis River.   

4.4.2.2 Long-term Impacts 
Potential adverse impacts on geology would occur as a result of increased settlement of buildings and land 
from the Airport Levee Improvements, and are considered minor because they would be isolated to the 
area of the levee.  No impacts on channel formation, or sediment and wood transport, in the Chehalis River 
are predicted to occur; therefore, no adverse impacts on geomorphology are anticipated.   

4.4.2.3 Mitigation 
Potential mitigation measures for short-term impacts on geology would be the same as those described 
in Table 4.1-1 related to excavation and filling.   

Potential avoidance and minimization measures for long-term adverse impacts on geology from 
potential levee settlement could include engineering studies to evaluate any potential settlement by the 
addition of the weight (from added height) of the fill and/or levee, with such measures as staged 
construction and subdrainage.  No long-term adverse impacts on geomorphology are anticipated, so no 
mitigation is proposed.   

4.4.3 Wetlands and Vegetation  

4.4.3.1 Short-term Impacts 
The potential short-term impacts on wetlands and vegetation include temporary removal or disturbance 
of vegetation for activities such as excavating, clearing, filling, and construction staging.  These types of 
impacts would occur where the levee and Airport Road are immediately adjacent to wetlands and 
vegetated areas, including both the north and south ends of the airport site (see Figure 4.4-1).  



Action Elements: Impacts and Mitigation 
Airport Levee Improvements 

Draft Chehalis Basin Strategy Programmatic EIS 367 

Disturbed wetlands and vegetated areas would be restored to pre-construction status and/or function 
following completion of construction. 

4.4.3.2 Long-term Impacts 
The potential adverse impacts on wetlands and vegetation would occur with the raising of Airport Road 
along the southern extent of the Airport Levee Improvements, and along the northwest corner of the 
levee.  Both of these areas have been substantially modified by previous development and construction 
activities.  Work here could affect existing wetlands and vegetation from activities such as land clearing, 
excavating, and fill placement.  These activities could result in the permanent loss of wetlands and 
upland and wetland vegetation, and the conversion, disturbance, and/or reduction of existing wetland, 
riparian, and vegetation communities.   

These potential adverse impacts are considered moderate for wetlands because the potential impact is 
less than 5 acres, and minor for vegetation because the potential loss of vegetation is less than 2 acres. 

4.4.3.3 Mitigation 
Some potential long-term impacts on wetlands and vegetation would be addressed through avoidance 
and minimization measures, including avoiding wetlands during construction access and staging efforts, 
and restoring vegetation in temporarily disturbed areas.   

Potential compensatory mitigation measures for unavoidable adverse impacts on wetlands from the 
Airport Levee Improvements that could be implemented to address long-term loss of wetlands from 
filling and excavation could include the following: 

• Creating, enhancing, or restoring wetlands in locations that would be consistent with 
Federal Aviation Administration (FAA) guidance, and would not create potential hazards to 
aircraft operations (e.g., wetlands with no standing water) 

• Restoring previously disturbed wetlands in the floodplain downstream of the airport 

• Completing monitoring programs for new, restored, or enhanced wetlands to ensure 
performance standards have been achieved 

• Purchasing credits from an approved wetland mitigation bank in the same watershed 

The potential compensatory mitigation measures to address unavoidable adverse impacts on vegetation 
from the Airport Levee Improvements would be implemented to address the loss of vegetation and 
habitat from land clearing.  Potential compensatory mitigation for long-term impacts on vegetation 
could include replanting the affected area with native species, where applicable, to replace the 
functions and values lost from the removal and/or modification of vegetation.  Revegetation efforts 
would be conducted in accordance with USACE levee design requirements.  
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4.4.4 Fish and Wildlife 

4.4.4.1 Short-term Impacts 
4.4.4.1.1 Fish 

The potential short-term impacts on fish would occur during construction and would be localized to the 
construction footprint, with conditions returning to pre-construction status and/or function following 
completion of the Airport Levee Improvements.  The potential short-term impacts described in 
Table 4.1-1 are related to construction activities, including excavation, construction of staging areas, and 
noise and vibration generated by equipment.  There is a small potential for fish in the reach closest to 
the levee to be exposed to pollutant-laden runoff from the construction site. 

4.4.4.1.2 Wildlife 

The potential responses of wildlife to short-term impacts on habitat are similar to those described in 
Table 4.1-1; however, impacts would be limited in magnitude through implementation of avoidance and 
minimization measures during construction.  The existing condition in the Airport Levee Improvements 
area is heavily disturbed and developed with road infrastructure.  Construction activity could disturb 
habitat used by native wildlife species to breed, forage, rest, and overwinter.   

4.4.4.2 Long-term Impacts 
4.4.4.2.1 Fish 

The potential adverse impacts on fish are primarily related to a change in flood extents and elevations 
upstream and downstream of the levee during 100-year floods.  These potential adverse impacts are 
considered minor because of the limited extent and occurrence.  Salmon and steelhead are not known 
to spawn or rear in the nearby reach of the Chehalis River, but adults could be affected as they migrate 
upstream—particularly fall-run Chinook salmon, steelhead, and coho salmon, which migrate during the 
fall and winter when floods are most likely to occur.  Other species likely to be present in this reach and 
that could be affected during a flood include lamprey, largescale sucker, dace, shiner, Northern 
pikeminnow, and invasive non-native species.  

4.4.4.2.2 Wildlife 

The potential adverse impacts on wildlife species would be minor due to limited wetland and vegetation 
disturbance.  These potential adverse impacts on composition of wildlife species currently occurring 
within these habitats are considered minor due to the relatively small area the action element affects, 
and small change in the extent of flood inundation compared to current conditions. 
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4.4.4.3 Mitigation 
4.4.4.3.1 Fish 

Mitigation measures to reduce short-term impacts on fish would not be required because construction 
would not occur in water.    

Compensatory mitigation measures to address unavoidable adverse impacts on fish from the Airport 
Levee Improvements related to the redistribution of fish during a flood could potentially include 
acquiring and restoring affected floodplain areas of equivalent size or habitat function for fish.  

4.4.4.3.2 Wildlife 

Some potential short-term impacts on wildlife would be addressed through the implementation of 
avoidance and minimization measures, including applicable mitigation measures included in Table 4.1-1 
related to excavating, clearing, filling, and construction staging. 

Compensatory mitigation measures to address potential unavoidable adverse impacts on wildlife could 
include restoring function to sensitive habitats for wildlife after construction.  Potential compensatory 
mitigation for long-term impacts on elements could include the following: 

• Replanting native vegetation and monitoring of planted areas to ensure the success of 
mitigation plantings 

• Implementing wetland mitigation measures described in Section 4.4.3.3 and restoring 
vegetation and habitat conditions that support a variety of native wildlife species 

4.4.5 Tribal Resources 

4.4.5.1 Short- and Long-term Impacts 
Construction of the Airport Levee Improvements would not occur in water and, therefore, is not 
anticipated to affect access to tribal fishing areas.  However, there is a small potential for release of 
sediments or pollutant-laden runoff from the construction site (see Table 4.1-1) to waterbodies used by 
tribal fish resources adjacent and downstream of the levee.  This could have a negative effect on fish 
habitat, leading to an indirect impact on fish abundance.   

Potential long-term impacts on tribal fish resources could result from changing flood extents and 
elevations upstream (increase in limited area) and downstream of the airport levee during floods.  
Although the impact of these changes on fish and fish habitat are expected to be small relative to the 
overall impact of a major flood or greater, there could be an indirect impact on tribal treaty rights due to 
reduced or impaired habitat that could affect fish populations.  Elevating the airport levee would 
prevent the Chehalis River from breeching it during a 100-year flood, which would reduce the risk of fish 
stranding behind the levee.  The extent of potential impacts on tribal resources from changing flood 
extents is pending additional consultation with tribes.   
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4.4.5.2 Mitigation 
The potential mitigation associated with impacts on tribal resources would be addressed directly with 
Quinault Indian Nation and Chehalis Tribe tribal leadership during project-level environmental review 
and continued government-to-government consultations.  

Some potential long-term impacts on tribal fish resources could be addressed through avoidance and 
minimization measures developed in consultation with tribes.  These could include avoiding intact 
riparian vegetation and working in streams or other sensitive areas.  Other measures outlined in 
Table 4.1-1 related to erosion controls would also be implemented. 

Compensatory mitigation measures to address unavoidable adverse impacts on tribal resources from 
the Airport Levee Improvements, including impacts on tribal fish harvests, would be addressed directly 
with Quinault Indian Nation and Chehalis Tribe tribal leadership.  In some cases, mitigation measures 
could be proposed to address the impacts on habitat that are important to tribal resources, including 
fish, wildlife, and plants.  Mitigation of impacts on treaty rights is subject to consideration and 
agreement by the Quinault Indian Nation. 

4.4.6 Air Quality 

4.4.6.1 Short-term Impacts 
The potential short-term impacts on air quality would occur during construction, including increased 
vehicle emissions from truck trips and mechanized construction equipment, and dust created by clearing 
and grading land and the transport and placement of excavation material, soils, and other materials.  
These impacts would be localized during the construction period and would not cause an overall 
decrease in regional air quality.   

4.4.6.2 Long-term Impacts 
No adverse impacts on air quality are anticipated because the Airport Levee Improvements would not 
generate emissions or dust.   

4.4.6.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on air quality would be the same as those 
described in Table 4.1-1 related to excavating, clearing, filling, and construction staging.  No long-term 
adverse impacts on air quality are anticipated, so no mitigation is proposed.   

4.4.7 Climate Change 

4.4.7.1 Short-term Impacts 
4.4.7.1.1 Effects of the Airport Levee Improvements Contributing to Climate Change 

The potential short-term effects of the Airport Levee Improvements that could contribute to the effects 
of climate change would occur during construction and include increased GHG emissions from 
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construction equipment and truck shipments of materials to and from the Airport Levee Improvements 
site.  GHG emissions resulting from construction activities are expected to be below the 10,000 MT CO2e 
annual threshold for qualitatively disclosing emissions over the construction period.  This threshold 
equates to 6.2 million vehicle miles for a Class 7-8 truck. 

4.4.7.1.2 Effects of Climate Change on the Airport Levee Improvements 

There are no anticipated short-term effects of climate change on the Airport Levee Improvements.   

4.4.7.2 Long-term Impacts 
4.4.7.2.1 Effects of the Airport Levee Improvements Contributing to Climate Change 

No adverse impacts that would contribute to the effects of climate change are anticipated from 
implementation of the Airport Levee Improvements, because the potential loss of vegetation or 
additional GHG emissions from vehicle trips associated with airport levee operation and maintenance is 
below the annual threshold for qualitatively disclosing emissions.  The threshold equates to 22 million 
vehicle miles for a large truck or sport utility vehicle. 

4.4.7.2.2 Effects of Climate Change on the Airport Levee Improvements 

Climate change is not anticipated to result in any adverse impacts on the Airport Levee Improvements.  
Even though the potential effects of climate change on the Airport Levee Improvements include an 
increased frequency and intensity of flooding events, the airport levee elevation would provide 
freeboard (i.e., distance between water surface and the height of the levee) beyond the 100-year flood 
level to account for potential future increases in the intensity of floods as a result of climate change.  
Pumps used to pump out water trapped behind the levee into the Chehalis River may be used more 
often as major flooding from the effects of climate change occurs more frequently.  These measures 
would provide additional resiliency to changing climate conditions.   

4.4.7.3 Mitigation 
4.4.7.3.1 Mitigation to Address Effects of the Airport Levee Improvements Contributing to 

Climate Change 

No adverse impacts contributing to climate change from the Airport Levee Improvements are 
anticipated, so no mitigation is proposed. 

4.4.7.3.2 Mitigation to Address Effects of Climate Change on the Airport Levee Improvements 

No adverse impacts from climate change are anticipated, so no mitigation is proposed. 
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4.4.8 Visual Quality 

4.4.8.1 Short-term Impacts 
Potential short-term impacts on visual quality would occur during construction of the Airport Levee 
Improvements, due to views of construction activities such as fugitive dust, exposed construction debris, 
heavy equipment, and erosion control measures.  This would temporarily create an unattractive visual 
setting during the construction period for airport users, Riverside Golf Course and RV Park patrons, 
residents of surrounding properties, passing traffic, and trail users.  The existing trail would be closed 
during construction and surrounding views would be closed off to recreational trail users for the 
duration of construction, which would also negatively affect existing views.  

4.4.8.2 Long-term Impacts 
The Airport Levee Improvements would elevate the recreational trail that runs along the airport levee by 
up to 7 feet.  The increased elevation would generally have a positive impact on the views from the trail, 
except in areas where Airport Road is raised to the same grade.  Because the trail along the airport levee 
already provides mostly open views, the increased elevation is likely to be a beneficial effect from 
vantage points along the trail. 

The higher levee would slightly obstruct views on either side of it.  Overall, however, views from 
properties surrounding the levee would be largely unchanged; therefore, adverse impacts would be 
minor.  Views of the surrounding area would be improved for motorists along portions of Airport Road 
that are elevated to meet trail height because their vantage point would be higher, generally allowing 
them to see more of the landscape. 

4.4.8.3 Mitigation 
For short-term impacts, vegetated areas that would be temporarily affected due to clearing, grading, 
and other construction activities could be re-established with appropriate native vegetation 
following construction.   

Mitigation measures to reduce long-term impacts include using earthen materials atop the existing 
levee to blend in with natural surroundings, and vegetating new exposed areas on the levee to the 
extent possible.  These mitigation measures would mitigate negative visual impacts for trail users, 
motorists, and those observing the Airport Levee Improvements site from surrounding properties. 

4.4.9 Noise 

4.4.9.1 Short-term Impacts 
The potential short-term impacts of noise occurring during construction would be related to heavy 
equipment and construction activities.  Construction equipment would primarily consist of earth-moving 
and hauling equipment with noise levels ranging from 77 to 89 dBA (see Table 4.2-10).  Some of these 
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noise levels would be high enough to cause hearing damages at a short distance, but noise levels would 
decrease with distance to levels that would not cause hearing damage at adjacent properties.   

Townhouses are located on the southeast corner of the Riverside Golf Club and RV Park, immediately 
adjacent to the airport levee.  The west side of the airport levee is located adjacent to the golf course.  
Construction noise is likely to disturb residents as well as golfers and campers.  Construction noise 
would be limited to allowable, daytime hours and noise levels would be reduced with distance from the 
construction site to levels that would not cause hearing damage.   

4.4.9.2 Long-term Impacts 
No adverse impacts are anticipated because the completed Airport Levee Improvements would not 
generate noise. 

4.4.9.3 Mitigation 
In addition to short-term mitigation measures described in Table 4.1-1 for noise impacts, additional 
measures to minimize impacts on local residents and users of the Riverside Golf Course and RV Park 
could include the following: 

• Using equipment with mufflers or noise control 

• Situating noise-generating equipment away from the townhouses and the Riverside Golf Course 
and RV Park 

• Minimizing the need for back-up alarms 

• Maintaining equipment to reduce noise 

• Notifying affected property owners  

No long-term adverse impacts on noise are anticipated, so no mitigation is proposed. 

4.4.10 Land Use 

4.4.10.1 Short-term Impacts 
No short-term impacts on land use are anticipated.   

4.4.10.2 Long-term Impacts 
The potential adverse impacts on land use from the Airport Levee Improvements include properties and 
structures that would experience reduced flooding, as well those that would experience new or 
increased flooding in limited areas upstream and downstream of the levee.  While reduced flooding 
would improve airport operations, a minor adverse impact on land use could occur if the existing 
structures or land uses in areas with new or increased flooding cannot be maintained.  This effect would 
be minor at a Basin-wide scale because it would generally occur on the edge of the existing floodplain 
immediately upstream and downstream of the levee.   
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The decrease in acres flooded and land uses and structures that would no longer be inundated are 
discussed in combination with the Flood Retention Facility (Alternative 1) and I-5 Projects (Alternative 2) 
in Chapter 5.  Areas protected by the levee that would see a reduction in flooding and are currently 
undeveloped could experience a corresponding increase in development.  This potential is evaluated in 
more detail in the impacts analysis for Alternatives 1 and 2 (see Chapter 5). 

4.4.10.3 Mitigation 
Compensatory mitigation measures to address potential unavoidable adverse impacts on land use by 
increased flooding resulting from the Airport Levee Improvements could include elevating or 
floodproofing measures.   

4.4.11 Recreation 

4.4.11.1 Short-term Impacts 
The potential short-term impacts on recreation that could occur during construction of the Airport 
Levee Improvements include the closure of the recreational trail on the top of the airport levee.  
Construction would be visible to users of the Riverside Golf Course and RV Park, and construction noise 
and dust would be disruptive to golfers.  If Airport Way is used for access to the construction site, access 
to the golf course would likely be temporarily delayed.  If the Airport Levee Improvements require 
bumping out the levee and locating Airport Way outside of the levee, additional construction impacts 
and delays could occur to users of the Riverside Golf Course and RV Park.   

4.4.11.2 Long-term Impacts 
The recreational trail on top of the airport levee would be rebuilt following construction, and current 
recreational uses would resume.  The higher levee could increase flood levels at the Riverside Golf 
Course and RV Park, which are located between the Chehalis River and the levee.  These potential 
adverse impacts are considered minor.  Flood levels during 100-year floods would increase by up to 
0.9 foot, possibly extending the time the Riverside Golf Club and RV Park are not available for use.  

4.4.11.3 Mitigation 
Mitigation measures related to noise, air quality, and transportation would also mitigate short-term 
impacts on recreation. 

Long-term mitigation measures to address increased flooding at the Riverside Golf Course and RV Park 
could include installing compensatory flood storage upstream of the levee where flood levels are 
anticipated to increase. 
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4.4.12 Historic and Cultural Preservation 

4.4.12.1 Short- and Long-term Impacts 
Potential short- and long-term impacts on historic and cultural resources include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 

• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource  

The extent of impacts would depend on the nature of cultural resources that could be disturbed, which 
would be determined through coordination with DAHP and affected tribes during project-level 
environmental review, including continued government-to-government consultations.  Potential 
impacts on tribal cultural resources or graves, Indian human remains, or traditional cultural properties 
could also occur and would be determined in coordination with tribes, and government-to-government 
consultations. 

The potential impacts on cultural resources during construction are related to ground disturbance 
associated with excavating, filling, and construction access/hauling.  Several archaeological resources 
have been identified in the area during studies for other projects.   

Potential impacts on cultural resources following construction could occur if the improved levee 
exposes, damages, destroys, and/or alters cultural resources upstream or downstream of the levee 
through additional, increased, or changed foot traffic patterns, as well as different flood patterns that 
could cause flooding and sedimentation of submerged resources in affected areas.   

Based on WSAPM, this area is considered to have a very high potential for archaeological deposits; 
therefore, potential adverse impacts are considered moderate to significant.   

4.4.12.2 Mitigation 
Mitigation measures for potential impacts on cultural resources would be determined during 
project-specific evaluations of the Airport Levee Improvements, and would include consultation with 
DAHP, interested and affected tribes, as well as other consulting parties (see information on addressing 
potential impacts on cultural resources in Section 4.2.12).  The potential compensatory mitigation 
measures would be the same as those described for the Flood Retention Facility (see Section 4.2.12.2). 
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4.4.13 Transportation 

4.4.13.1 Short-term Impacts 
The potential short-term impacts during construction of the Airport Levee Improvements on 
transportation include temporary disruptions on Airport Road and adjacent roadways from construction 
traffic and temporary road closures.  Expanding the levee to meet FAA design standards for approach 
and departure space would require relocating Airport Road outside of the levee, requiring additional 
road closures.   

4.4.13.2 Long-term Impacts 
The Airport Levee Improvements would provide some flood protection to I-5 during a 100-year flood, 
but flooding would continue to cause I-5 closures.  The Airport Levee Improvements would protect the 
airport during 100-year floods, allowing flights to continue.  The Airport Levee Improvements would 
provide beneficial effects on the transportation system.  Some access roads to the airport would 
continue to flood during major floods, and the raised levee could increase flooding of SR 6 and nearby 
residential streets, resulting in minor adverse impacts.   

4.4.13.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on transportation would be the same as 
those described in Table 4.1-1.  Additional mitigation measures would include providing detours or 
other means to maintain access to properties along Airport Road to the extent possible.   

Long-term mitigation for increased flooding of local roadways could include compensatory water 
storage in areas upstream of the levee where flood levels are anticipated to increase.  The height and 
design of the Airport Levee Improvements would be coordinated with FAA to ensure compliance with 
FAA design standards, possibly requiring expanding the airport levee and relocating Airport Road 
outside the levee.   

4.4.14 Public Services and Utilities 

4.4.14.1 Short-term Impacts 
No schools or health care facilities are located in the immediate vicinity of the airport.  The potential 
short-term impacts on public services would occur during construction due to temporary road closures 
that could affect public services, such as garbage collection, because access to properties from Airport 
Road would be temporarily restricted.  Construction could cause a temporary disturbance of on-site and 
nearby utilities, including overhead utility lines, underground utilities on both sides of Airport Road, and 
lighting in the parking lot south of the airport on Airport Road.   

4.4.14.2 Long-term Impacts 
The Airport Levee improvements would increase flood levels upstream (in a limited area) and 
downstream of the levee, potentially increasing flooding of public services and utilities.  The Chehalis 
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Regional Water Reclamation Facility is located just upstream of the airport and could experience 
increased flood levels.  Utilities located in the footprint of the levee would be replaced during 
construction.  These potential adverse impacts are considered minor because increased flood levels 
would be limited and utility relocations would be localized to the footprint of the Airport Levee 
Improvements.   

The Airport Levee Improvements would protect the radio tower located on the airport property (across 
the street from the entrance to the Riverside Golf Course and RV Park) during a 100-year flood.   

4.4.14.3 Mitigation 
Potential measures to reduce short-term construction disruptions on public services and utilities include 
the following: 

• Providing public notification of proposed construction activities, including the timing of 
construction, to all local service providers within the immediate vicinity of the construction area 

• Coordinating with local utility service providers to assist in utility locations, if applicable, and to 
identify specific mitigation measures to minimize impacts on utility purveyors 

• Coordinating with local utility purveyors to identify other specific mitigation measures to 
minimize impacts 

Mitigation planning for utilities would also include close coordination with involved service providers, as 
well as with potentially affected residents and landowners.  Where local utility system connections or 
installations would be affected by construction activities, alternative or relocated connections and 
facilities could be planned and implemented prior to construction to avoid service disruptions.  

Mitigation for potential long-term impacts due to limited increased flooding could be provided where 
flood levels are anticipated to increase.  Mitigation for utility relocations would include coordination 
with service providers and property owners. 

4.4.15 Environmental Health and Safety 

4.4.15.1 Short-term Impacts 
The potential short-term impacts on environmental health and safety include road closures that 
temporarily restrict emergency service access to businesses, single-family residences, multi-family 
complexes, and the Riverside Golf Course and RV Park during construction.  This could result in 
increased emergency response time.  These impacts would be limited to the construction period and 
access would be maintained to the extent possible. 

4.4.15.2 Long-term Impacts 
The potential adverse impacts on environmental health and safety are considered minor because the 
improved levee would cause minor increases in flood levels at the Chehalis Regional Water Reclamation 
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Facility, which could result in increased risk of contamination.  This increased risk would be small 
because of the limited increase in flood levels and the existing level of flood protection at the facility.  
The improved levee would protect the airport and local businesses, allowing the airport to remain 
functional and able to provide emergency response during floods.  The Airport Levee Improvements 
would also provide some protection to a portion of I-5 during a 100-year flood, possibly maintaining I-5 
as an emergency response route for longer periods during flooding.  Protection of the airport during a 
100-year flood would prevent the release of hazardous or toxic materials at the airport, and reduce the 
risk of contamination of nearby surface waters.  The Airport Levee Improvements would provide minor 
reductions in threats to human health and safety by allowing the airport to remain functional for 
emergency response.   

4.4.15.3 Mitigation  
Potential measures to reduce short-term impacts on environmental health and safety include those 
described in Table 4.1-1 related to transport of material, as well as coordinating construction with 
emergency services to reduce impacts on emergency response.  
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4.5 I-5 Projects 
Short-term impacts from construction of the I-5 Projects would include impacts similar to those associated 
with constriction of the Airport Levee Improvements, except construction would be required within and 
adjacent to Dillenbaugh and Salzer creeks.  This could include dewatering and/or stream diversions for 
bridge replacements, and construction of levees or floodwalls in and adjacent to each stream.   

For a majority of the elements of the environment, the I-5 Projects would result in no long-term adverse 
impacts.  Adverse impacts would primarily be minor in nature, except for the potential loss of less than 
5 acres of wetlands (moderate impact) and moderate to significant impacts on cultural resources.  Minor 
to moderate impacts are predicted for water quantity based on the increases in localized flood 
elevations and depths associated with the I-5 Projects.  Groundwater impacts would be minor to 
moderate based on the potential for localized disruptions in the shallow groundwater flow regime from 
placement of action elements.  I-5 Projects would result in reductions in Chehalis River floodplain 
extents, resulting in beneficial effects to water resources, land use, transportation, public services and 
utilities, and environmental health and safety. 

4.5.1 Water Resources 

4.5.1.1 Short-term Impacts 
The potential short-term adverse impacts on water resources are described in Table 4.1-1.  Although 
temporary, adverse impacts would occur due to an increased potential for sedimentation and turbidity, 
risk of contamination to surface and groundwater, and interruptions to surface water quantity and 
groundwater (e.g., recharge and discharge and localized hyporheic exchange alterations) in areas of 
dewatering.  With the proposed bridge replacements at Dillenbaugh and Salzer creeks, there is an 
increased potential for turbidity and pH impacts due to potential work in and adjacent to the channel.   

4.5.1.2 Long-term Impacts 
4.5.1.2.1 Surface Water Quality 

No adverse impacts on water quality are anticipated.  Installation of the I-5 Projects would reduce 
flooding in areas protected by the levees and walls.  If these areas are subject to pollutant-generating 
uses (e.g., vehicular traffic) or include on-site storage of hazardous or toxic materials, surface water 
quality could improve during and after floods in contrast to previous floods because of reduced 
pollutant loading to surface water from those areas.  

4.5.1.2.2 Surface Water Quantity 

The potential impacts of the I-5 Projects on surface water quantity would result in a beneficial effect in 
some locations due to reductions in flood extents, and minor adverse impacts in other locations due to 
increases in upstream and downstream flood levels.  No adverse impacts on water use and water rights 
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are anticipated with the I-5 Projects because they would not affect the ability of area water users to 
divert their water right.   

With implementation of I-5 Projects, floodwaters would be shifted away from I-5 and reduced behind the 
levees, particularly across I-5.  Bridge replacements at Salzer and Dillenbaugh creeks would alter flood 
extents and flood depths (0.4-foot depth decrease) within the Chehalis River floodplain in the immediate 
vicinity of the bridge crossings, likely as a result of less backwater occurring at and upstream of the bridge 
during a 100-year flood (WSE 2014a).  The decreased acreage subject to flooding and land uses and 
structures that would no longer be inundated are discussed in combination with the Airport Levee 
Improvements (Alternative 2) in Chapter 5.  The potential for increases in flood extents and floodwater 
elevations on the riverside of levees and walls, as well as upstream of the levees and walls, would be a 
minor to moderate adverse impact due to the local increase in floodplain extents or flood elevations. 

4.5.1.2.3 Groundwater 

Footings for walls and levees placed below ground have the potential to disrupt shallow groundwater 
flow regimes, resulting in a minor to moderate adverse impact on groundwater, depending on the 
extent of subsurface excavation for levee toes.  Improved surface water quality from reduced flooding of 
pollutant-generating roadway surfaces could potentially beneficially affect groundwater quality.   

4.5.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources are described in Table 4.1-1.  
Potential mitigation measures for long-term impacts on water resources are similar to those described 
for the Airport Levee Improvements (see Section 4.4.1.3).  

4.5.2 Geology and Geomorphology 

4.5.2.1 Short-term Impacts 
The potential short-term impacts on geology and geomorphology are described in Table 4.1-1.  The 
impacts related to excavating and filling are similar to the Airport Levee Improvements.  Temporary 
dewatering and/or stream diversions for bridge replacement would result in loss or modification of 
stream function during bridge replacement.    

4.5.2.2 Long-term Impacts 
Adverse impacts on geology are considered minor due to the limited potential for the weight of levees 
and walls to cause settlement of surrounding land and adjacent buildings, which can be addressed 
through avoidance and minimization measures.  

Potential minor adverse impacts on Basin-wide geomorphology would result from the placement of 
levees and floodwalls along streams and in floodplains, affecting channel movement and disconnecting 
streams from floodplains and off-channel areas.  With any bank-hardening component, there is the 
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potential to redirect flows downstream or to an adjacent or opposite bank, causing erosion or damage 
to aquatic habitats.  These impacts would be local to the area of the I-5 Projects and would not have 
Basin-wide impacts on geomorphic function.  The I-5 Projects also have the potential to improve and 
provide a beneficial effect to localized sediment transport processes due to improved hydraulic 
conditions under the replaced bridges at Dillenbaugh and Salzer creeks.   

4.5.2.3 Mitigation 
Potential mitigation measures for short-term impacts on geology and geomorphology are described in 
Table 4.1-1.   

Avoidance and minimization measures for long-term impacts on geology from potential levee 
settlement could include such measures as staged construction and subdrainage to address potential 
settlement resulting from added weight (because of added height) of the levees or walls.  Long-term 
mitigation for geomorphology could include monitoring of channel and floodplain conditions at, 
upstream, and downstream of the I-5 Projects.  Monitoring of channel and bank conditions (i.e., areas of 
deposition, areas of erosion, channel widths and depths, bed substrate size) would identify any 
geomorphic changes resulting from the implementation of the I-5 Projects.   

4.5.3 Wetlands and Vegetation  

4.5.3.1 Short-term Impacts 
In addition to the potential short-term impacts identified for the Airport Levee Improvements, 
temporary construction-related impacts on wetlands and riparian areas resulting from the construction 
of the I-5 Projects would occur from construction site dewatering activities.  Impacts from such activities 
could include temporary fill placement in wetlands, removal or disturbance of existing upland and 
wetland vegetation, removal of bank vegetation, and temporary modification of wetland hydrology.  
These impacts would be limited in nature and extent, and conditions would be restored to 
pre-construction status and/or function following completion of the I-5 Projects. 

4.5.3.2 Long-term Impacts 
The potential adverse impacts on wetlands and vegetation are similar to those described for the Airport 
Levee Improvements, except that there would be a larger footprint as well as replacement bridges over 
Dillenbaugh and Salzer creeks (see Figure 4.5-1).  Adverse impacts on wetland and upland vegetation 
communities are considered moderate due to the following:  

• Permanent loss of wetlands, assumed to be less than 5 acres 

• Permanent loss of upland and wetland vegetation 

• Constrained river migration and reduced connection to floodplain and/or riparian habitat  

• Modification of wetland hydrology 

• Conversion, disturbance, and/or reduction of existing wetland, riparian, and vegetation communities  
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4.5.3.3 Mitigation 
In addition to the long-term mitigation measures identified for the Airport Levee Improvements 
(avoidance, minimization, and compensatory mitigation), the I-5 Projects would be designed to comply 
with applicable stormwater manual requirements (i.e., the most recent versions of WSDOT’s Highway 
Runoff Manual and Ecology’s Stormwater Management Manual for Western Washington).  
Implementation of more stringent stormwater treatment requirements during design could result in 
improved water quality of stormwater runoff discharged to adjacent wetlands. 

4.5.4 Fish and Wildlife 

4.5.4.1 Short-term Impacts 
4.5.4.1.1 Fish 

Potential short-term impacts on fish could occur during construction of new levees along I-5, portions of 
which will be built immediately adjacent to the Chehalis River channel.  Levee construction that occurs 
adjacent to the Chehalis River and bridge replacements over Dillenbaugh and Salzer creeks will involve 
in-water work and restructuring of adjacent streambank areas.  Construction of bridge abutments would 
not greatly exceed the footprint of existing infrastructure.  Short-term impacts would be localized to the 
construction footprint, with conditions returning to pre-construction status and/or function following 
completion of the I-5 Projects.  Potential short-term impacts related to construction would primarily be 
from the following: 

• Reduced water quality due to turbidity and pH increases or pollutants entering the water 

• Temporarily dewatering of part of the river channels, potentially reducing habitat available to 
fish in the immediate vicinity of the I-5 Projects 

• Construction noise in or near the stream channel and removal of bank vegetation, which would 
reduce the function of riparian habitat for fish (e.g., shading and input of terrestrial nutrients 
and food) 

These short-term impacts have the potential result in fish injury or mortality during construction.  
However, they would be limited in nature and extent, and avoidance and minimization measures would 
be implemented during construction, as outlined below. 

4.5.4.1.2 Wildlife 

Similar to fish, potential short-term impacts on wildlife could occur during construction of I-5 Projects 
and would be localized to the construction footprint, with conditions returning to pre-construction 
status and/or function following completion of the I-5 Projects.  Potential short-term impacts related to 
construction could temporarily disturb habitat used by native wildlife species to breed, forage, rest, and 
overwinter.  These impacts would be limited in magnitude, and avoidance and minimization measures 
would be implemented during construction, as outlined below. 
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4.5.4.2 Long-term Impacts 
4.5.4.2.1 Fish 

No adverse impacts on fish or instream fish habitat are anticipated to occur as a result of implementing 
the I-5 Projects.  Adverse impacts on fish are primarily related to changing flood extents and elevations 
upstream and downstream of the walls and levees during a 100-year flood (see Section 4.5.1.2.2) from 
the following: 

• Redistribution of fish with the redistribution of floodwaters 

• Improved water quality during and after floods if developed areas that are no longer flooded are 
subject to pollutant-generating uses, such as vehicular traffic, or include on-site storage of 
hazardous or toxic materials 

• Reduced toxicity of runoff to fish with treatment of pollutant-laden stormwater from I-5 

Each of these actions could affect fish migrating, rearing, and foraging in river reaches adjacent to the I-5 
Projects during floods.  Salzer Creek has known spawning habitat for spring-run and fall-run Chinook 
salmon and winter-run steelhead near the confluence with the Chehalis River and the I-5 crossing; 
Dillenbaugh Creek has as known spawning habitat for coho salmon near the I-5 crossing.  These creeks 
are migratory pathways for salmon and steelhead, and many low-gradient areas could provide rearing 
habitat for coho salmon.  Other species likely to be present include lamprey, largescale sucker, dace, 
shiner, Northern pikeminnow, and invasive non-native species.  The numbers of fish that occur in the 
areas affected are unknown, but the scale of the habitat near the I-5 Projects is small relative to the fish 
habitat available across the entire Chehalis Basin.  Adverse impacts that occur from redirection of water 
around the I-5 Projects during floods would be short in duration (within one season) and infrequent.  

4.5.4.2.2 Wildlife 

The potential adverse impacts on wildlife species would be minor due to the limited vegetation 
disturbance and a small change in the extent of flood inundation compared to current conditions.  
There could be benefits to aquatic wildlife due to improved quality of stormwater runoff discharged to 
adjacent habitat, which would improve conditions for wildlife species that rely on aquatic habitat for 
breeding, foraging, and overwintering, such as amphibians. 

4.5.4.3 Mitigation 
4.5.4.3.1 Fish 

Some potential short-term impacts on fish could be addressed through avoidance and minimization 
measures, including those described in Table 4.1-1, such as avoiding intact riparian vegetation that 
stabilizes banks and provides cover for fish, reducing high-impact noise in water that could kill or injure 
fish, constructing outside of salmon migration and incubation seasons, and excluding fish from areas 
with nets or other temporary exclusion methods.   
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No long-term adverse impacts on fish would occur through implementation of the I-5 Projects, so no 
mitigation is proposed. 

4.5.4.3.2 Wildlife 

Potential mitigation measures to reduce short- and long-term impacts on wildlife would be the same as 
those described for the Airport Levee Improvements. 

4.5.5 Tribal Resources 

4.5.5.1 Short- and Long-term Impacts 
The potential construction-related impacts on tribal resources are related to reduced access to tribal fish 
resources and diminished water quality that could affect fish production.  These impacts would occur 
primarily where the Chehalis River is adjacent to I-5, where levee construction activities are immediately 
adjacent to the main channel of the Chehalis River, Dillenbaugh Creek, and other stream channels, and 
at bridge replacement locations over Dillenbaugh and Salzer creeks, including both in-water work and 
restructuring of adjacent riverbank areas.  

Construction activities could also result in indirect effects to fish through the temporary degradation of 
habitat, including water quality through pollutant-laden stormwater runoff, pollutants spilled into the 
water, or increased turbidity.  Areas could be temporarily dewatered, reducing available fish habitat in 
the immediate vicinity of the I-5 Projects.  Construction noise may affect fish behavior in or near the 
stream channel and removal of bank vegetation would reduce the function of riparian habitat for fish 
(e.g., shading and input of terrestrial nutrients and food). 

These impacts have the potential to increase fish injury or mortality during construction.  However, they 
would be limited in nature and extent, and avoidance and minimization measures would be 
implemented during construction as described in Section 4.5.4. 

The potential long-term impacts on tribal resources would be similar to those discussed for the Airport 
Levee Improvements. 

4.5.5.2 Mitigation 
The process to determine mitigation measures to address impacts of the I-5 Projects on tribal resources 
would be similar to those discussed under the Airport Levee Improvements, although the I-5 Projects 
involve in-water work, which would likely change the specific mitigation elements.  

4.5.6 Air Quality 

4.5.6.1 Short-term Impacts 
The potential short-term impacts of construction of the I-5 Projects on air quality are similar to those 
described for construction of the Airport Levee Improvements, but due to the larger scale of 
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construction activities, there would be a greater increase in vehicle emissions from truck trips and 
mechanized construction equipment, as well as dust.  These impacts would be localized, limited to the 
construction period, and would not cause an overall decrease in regional air quality. 

4.5.6.2 Long-term Impacts 
No adverse impacts on air quality are anticipated because the I-5 Projects would not generate emissions 
or dust.  

4.5.6.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on air quality would be the same as those 
described in Table 4.1-1 related to excavating, clearing, filling, and construction staging.  No long-term 
impacts on air quality are anticipated, so no mitigation is proposed.   

4.5.7 Climate Change 

4.5.7.1 Short-term Impacts 
The potential short-term impacts on climate change would be similar to those described for the Airport 
Levee Improvements.  Although construction-related emissions and vegetation removal may be slightly 
greater than the Airport Levee Improvement, they would still be below the annual threshold for 
qualitatively disclosing emissions over the construction period.  No impacts on construction resulting 
from climate change would occur due to the near-term, temporary nature of the construction activities. 

4.5.7.2 Long-term Impacts 
4.5.7.2.1 Effects of the I-5 Projects Contributing to Climate Change 

No adverse impacts of the I-5 Projects contributing to climate change are anticipated, because the 
potential loss of vegetation or additional GHG emissions associated with the operation and maintenance 
of the I-5 Projects is below the annual threshold for qualitatively disclosing emissions, as described for 
the Airport Levee Improvements in Section 4.4.7.2.   

4.5.7.2.2 Effects of Climate Change on the I-5 Projects 

No adverse impacts of climate change on the I-5 Projects are anticipated, and any impacts would be similar 
to those described for the Airport Levee Improvements.  The I-5 Project levees and walls would provide 
freeboard beyond the 100-year flood level.  Pumps used to pump out water trapped behind the levee into 
the Chehalis River may be used more often as major flooding from the effects of climate change occurs 
more frequently.  These measures would provide additional resiliency to changing climate conditions.   
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4.5.7.3 Mitigation 
4.5.7.3.1 Mitigation to Address Effects of the I-5 Projects Contributing to Climate Change 

No adverse impacts of the I-5 Projects contributing to climate change are anticipated, so no mitigation 
is proposed. 

4.5.7.3.2 Mitigation to Address Effects of Climate Change on the I-5 Projects 

No adverse impacts of climate change are anticipated, so no mitigation is proposed.    

4.5.8 Visual Quality 

4.5.8.1 Short-term Impacts 
The potential short-term impacts of the I-5 Projects on visual quality would occur during construction 
activities and include fugitive dust, exposed construction debris, heavy equipment, and erosion control 
measures.  This would temporarily create an unattractive visual setting during the construction period 
for motorists on I-5, users of the airport and existing airport levee trail, Riverside Golf Course and RV 
Park patrons, residents of surrounding properties, and passing traffic.  Construction equipment and 
activities, including vegetation removal, would lower visual quality for the duration of construction.  
These impacts would be localized and limited to the construction period.   

4.5.8.2 Long-term Impacts 
The new I-5 floodwalls and levees would block some existing views and change views for motorists on 
I-5 and adjacent roadways, and potentially change the views of adjacent residences and businesses.  
Because the additional infrastructure would interrupt existing views, impacts on visual quality would be 
minor and adverse.    

4.5.8.3 Mitigation 
Potential mitigation measures for short-term impacts on visual quality could include limiting the area of 
ground disturbance, locating temporary access roads and staging areas within previously disturbed 
areas or co-locating them with proposed activities, and revegetating temporarily affected areas with 
appropriate plantings as soon as possible following construction.  

Potential mitigation measures to reduce long-term impacts on visual quality could include vegetating 
new exposed areas on the levees to the extent possible, and using materials on the levees and 
floodwalls that would blend with the surroundings.  

4.5.9 Noise 

4.5.9.1 Short-term Impacts 
The potential short-term impacts related to noise would occur during construction and include heavy 
equipment and construction activities.  Construction equipment would primarily consist of 
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earth-moving, materials-handling, and hauling equipment.  Pile driving and impact tools could also be 
required for bridge replacements.  Noise levels for these types of equipment range from 76 to 110 dBA 
at 50 feet from the source (see Table 4.2-10).   

The I-5 Projects are located along the stretch of I-5 that passes through Centralia and Chehalis.  Some of 
the proposed floodwalls, and the Dillenbaugh Creek bridge replacement, are located near residential 
areas and the Riverside Golf Club and RV Park.  Construction noise is likely to disturb residents, golfers, 
and campers, but noise levels would quickly dissipate below levels that would cause hearing damage, 
and construction noise would be limited to daytime hours and to the duration of construction.     

4.5.9.2 Long-term Impacts 
No adverse impacts would occur because the completed I-5 Projects would not generate noise. 

4.5.9.3 Mitigation 
Potential mitigation measures for short-term impacts on noise would be the same as those described for 
the Airport Levee Improvements.  No long-term noise impacts are anticipated, so no mitigation is proposed. 

4.5.10 Land Use 

4.5.10.1 Short-term Impacts 
No short-term impacts on land use are anticipated.   

4.5.10.2 Long-term Impacts 
Reducing the length of time that I-5 is closed and the physical damage to I-5 during major floods would 
result in beneficial effects to land use as a result of fewer or less frequent interruptions to access for 
commercial or other land uses.  However, increases in flood extents and floodwater elevations that 
would occur upstream and downstream of the levees and walls would result in a minor adverse impact 
on land use in areas that experience new or higher levels of flooding.  The decrease in flood extents and 
land uses that would no longer be inundated are discussed in combination with the Airport Levee 
Improvements (Alternative 2) in Chapter 5.   

4.5.10.3 Mitigation 
Potential mitigation measures for long-term impacts on land use resulting from new or increased 
flooding could include installing compensatory flood storage upstream to avoid an increase in flood 
levels caused by the levees and floodwalls, or elevating or floodproofing those structures and uses.   

4.5.11 Recreation 

4.5.11.1 Short-term Impacts 
Potential short-term impacts on recreation from construction of the I-5 Projects are similar to those 
described for the Airport Levee Improvements, but there could be a slight increase in recreational 
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disruption (including to the Stan Hedwall Park and Recreation Park) due to the larger scale of 
construction activities.  These impacts would be localized nature and limited to the construction period. 

4.5.11.2 Long-term Impacts 
The I-5 Projects are predicted to increase flooding on the riverside of the levees, which would in turn 
increase flood levels at the Riverside Golf Course and RV Park.  These potential adverse impacts are 
considered minor because flood damages to the golf course and RV park would result in a limited 
increase in depth and duration of flooding.   

4.5.11.3 Mitigation 
Potential mitigation measures for short- or long-term impacts on recreation are similar to those 
described for the Airport Levee Improvements (see Section 4.4.11.3). 

4.5.12 Historic and Cultural Preservation 

4.5.12.1 Short- and Long-term Impacts 
Potential impacts on historic and cultural resources associated with the I-5 Projects include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 

• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource  

The extent of impacts would depend on the nature of cultural resources that could be disturbed, which 
would be determined through coordination with DAHP and affected tribes during project-level 
environmental review, including continued government-to-government consultations.  Potential 
impacts on tribal cultural resources or graves, Indian human remains, or traditional cultural properties 
may also occur and would be determined in coordination with tribes, and government-to-government 
consultations.   

The potential impacts on cultural resources that would occur during construction-related ground 
disturbance are associated with building new levees, structural walls, levee improvements, bridge 
replacements (over Dillenbaugh and Salzer creeks), and stormwater treatment areas.  Several 
archaeological resources have been identified in the area during studies for other projects.  

Some potential impacts on cultural resources from the I-5 Projects could occur following construction.  
The new levee could confine current transportation routes or river channels, which could expose, damage, 
destroy, and/or alter cultural resources at or downstream of the new levee through the following: 

• Additional, increased, or changed vehicular and foot traffic patterns 
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• Different flood patterns, which would cause flooding and sedimentation of submerged 
resources in other areas and change the streambank locations and result in bank erosion 

Based on WSAPM, this area is considered to have a very high potential for archaeological deposits; 
therefore, potential adverse impacts are considered moderate to significant.    

4.5.12.2 Mitigation 
Mitigation measures for potential impacts on cultural resources would be determined during 
project-specific evaluations of the I-5 Projects, and would include consultation with DAHP, interested 
and affected tribes, and other consulting parties (see information on addressing potential impacts on 
cultural resources in Section 4.2.12).  

The potential compensatory mitigation measures would be the same as those described for the Flood 
Retention Facility. 

4.5.13 Transportation 

4.5.13.1 Short-term Impacts 
The potential short-term impacts of construction of the I-5 Projects on transportation include temporary 
disruptions of traffic, and lane closures on I-5 and local roadways due to construction of floodwalls and 
levees as well as replacement of the I-5 bridges over Dillenbaugh and Salzer creeks.  Construction of 
stormwater improvements would also require temporary lane closures.  Some floodwall construction 
would occur near the BNSF rail line and would require coordination with BNSF.  These impacts would be 
limited to the duration of the construction period and access would be maintained to the extent possible. 

4.5.13.2 Long-term Impacts 
The I-5 Projects would reduce the duration of closures of I-5 during major floods, which would be a 
beneficial effect.  However, there could be new or increased flooding of nearby local roadways due to a 
limited increase in flood extents and floodwater elevation on the river side of levees and walls, as well as 
upstream of the levees and walls.  This would result in a minor adverse impact due to the limited and 
localized increase in flood elevations.   

4.5.13.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on transportation would be similar to those 
described for the Airport Levee Improvements.  The construction and design of the I-5 Projects would be 
coordinated with the Federal Highway Administration and comply with federal, state, and local 
standards.  Construction of the levee near the railroad would be coordinated with BNSF.  Potential 
long-term mitigation measures for increased flooding of local roadways could include installing 
compensatory flood storage upstream to avoiding an increase in flood levels caused by the levees and 
floodwalls, or potentially other measures to reduce flooding on these roadways.  



Action Elements: Impacts and Mitigation 
I-5 Projects 

392 Draft Chehalis Basin Strategy Programmatic EIS 

4.5.14 Public Services and Utilities 

4.5.14.1 Short-term Impacts 
The potential short-term impacts on public services and utilities would include the temporary disturbance 
of utilities near the levee, floodwall, and bridge replacement projects, including power lines and highway 
lighting during construction.  These impacts would be limited to temporary disruptions of service.  

4.5.14.2 Long-term Impacts 
The I-5 Projects would result in a limited increase in flood extents and floodwater elevations in some 
locations, and would affect public services and utilities, including the Chehalis Regional Water 
Reclamation Facility.  The I-5 Projects could require localized relocation of utilities.  These adverse 
impacts are considered minor because the increase in flood levels would be limited and localized and 
utility relocations would be localized.   

4.5.14.3 Mitigation 
Potential mitigation measures for short-term impacts on public services and utilities would be the same 
as those described for the Airport Levee Improvements (see Section 4.4.14.3).   

Potential impacts from increased flooding caused by the I-5 Projects could be provided through flood 
storage upstream of the levee, where flood levels are anticipated to increase.  Mitigation for utility 
relocations could include coordination with service providers and property owners. 

4.5.15 Environmental Health and Safety 

4.5.15.1 Short-term Impacts 
The potential short-term impacts on environmental health and safety would include lane closures during 
construction that could cause delays in emergency response.  Construction of the I-5 levees and walls 
could cause temporary delays to emergency services that use I-5.  Bridge replacements on I-5 over 
Dillenbaugh and Salzer creeks could require bridge closures or detours, and construction of stormwater 
improvements could require temporary lane closures on I-5, which would potentially delay emergency 
response.  These impacts would be relatively short in duration and would be coordinated with 
emergency responders. 

4.5.15.2 Long-term Impacts 
Minor adverse impacts on environmental health and safety are anticipated as a result of 
implementation of the I-5 Projects.  The I-5 levees and floodwalls would slightly increase flood 
elevations upstream and could cause a slight increase in risk of contamination from the Chehalis 
Regional Water Reclamation Facility.  This risk would be minor because of the limited increase in 
flooding and the existing level of flood protection at the facility.  Construction of the I-5 floodwalls and 
levees would reduce the duration of I-5 closures during major floods and maintain it as an emergency 
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response route, which would result in moderate beneficial effects.  Overall, the I-5 Projects would cause 
a reduction in threats to human health and safety. 

4.5.15.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on environmental health and safety would 
be the same as those described for the Airport Levee Improvements.  Long-term mitigation for increased 
flooding of the Chehalis Regional Water Reclamation Facility could include compensatory water storage 
in areas upstream of the levee where flood levels are anticipated to increase, or additional flood 
protection for the facility.   
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4.6 Aberdeen/Hoquiam North Shore Levee 
The Aberdeen/Hoquiam North Shore Levee is larger in scale than the Chehalis-Centralia airport levee.  
It would be approximately 5.8 miles long, and could require in-water work within the Chehalis, 
Hoquiam, or Wishkah rivers.  Short-term impacts from construction of this action element could include 
excavating, clearing, filling, and dewatering and/or water diversions to install upland earthen levees, 
concrete T-walls, stop-log closures, and, potentially, sheetpile walls, as well as to raise streets. 

For a majority of the elements of the environment, the Aberdeen/Hoquiam North Shore Levee would 
not result in long-term adverse impacts.  Adverse impacts would be primarily minor in nature, except for 
potential moderate to significant impacts on cultural resources and groundwater.  The long-term 
beneficial effects include a reduction in coastal flooding for the Aberdeen and Hoquiam communities 
and a reduction in pollutant loading to surface waters from floods. 

4.6.1 Water Resources 

4.6.1.1 Short-term Impacts 
Potential temporary impacts associated with construction of the Aberdeen/Hoquiam North Shore Levee 
are described in Table 4.1-1.  Impacts on water resources include an increased potential for 
sedimentation and turbidity during upland and in-water work, risk of contamination to surface and 
groundwater, and interruptions to surface water quantity and groundwater (e.g., recharge and 
discharge and localized hyporheic exchange alterations) in areas of dewatering.  Avoidance and 
minimization measures would be employed during construction to isolate work areas from surface 
waters and limit the potential for construction runoff from entering area receiving waters.   

4.6.1.2 Long-term Impacts 
4.6.1.2.1 Surface Water Quality 

No adverse impacts on surface water quality are anticipated to occur as a result of implementing the 
Aberdeen/Hoquiam North Shore Levee.  Installation of the levee would result in similar beneficial effects 
to surface water quality as the Airport Levee Improvements, due to reduced flooding of potential 
sources of pollution (locations that store hazardous or toxic materials and pollution-generating surfaces).  

4.6.1.2.2 Surface Water Quantity 

There is the potential for increases in flood extents and floodwater elevation upstream and adjacent to 
the levee improvements along the Wishkah, Hoquiam and Chehalis rivers, resulting in a minor adverse 
impact.  Because this action element is in the preliminary planning and design stages, elevations and 
extents of changes to flooding conditions are not available. 

Potential beneficial effects to surface water quantity could occur due to the reduction in the extent of 
flooding in Hoquiam and Aberdeen as a result of coastal floods.  The levee could provide protection 
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from flooding for up to 2,715 structures, based on estimates prepared using FEMA Hazus software 
(Franklin 2016).  The exact extent of flood protection and number of structures protected would be 
determined during project-level design and environmental review.   

No adverse impacts on water use and water rights are anticipated with the Aberdeen/Hoquiam North 
Shore Levee because this levee placement would not affect the ability of area water users to divert their 
water right.  

4.6.1.2.3 Groundwater 

The potential adverse impacts on groundwater quantity are due to shallow groundwater regime 
modifications with placement of the subsurface (toe) levee and sheetpile wall, and include potential 
impacts on the hyporheic exchange due to placement of the levee toe.  These potential adverse impacts 
on groundwater quantity are considered moderate due to their localized area of impact.  Installation of 
the levee would result in similar types of groundwater quality benefits as the Airport Levee 
Improvements, but would be increased due to the larger area of development protected from flooding.  
This would result in a potential beneficial effect on groundwater quality from reduced flooding of 
pollutant-generating land uses (e.g., roads and developed areas), which could seep into groundwater.   

4.6.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources associated with construction 
of the Aberdeen/Hoquiam North Shore Levee are described in Table 4.1-1.   

Potential mitigation measures for long-term impacts on surface water quantity would be analyzed 
during project-level design and environmental review.  No compensatory mitigation has been identified 
for potential impacts on flood levels or shallow groundwater flow regime impacts. 

4.6.2 Geology and Geomorphology 

4.6.2.1 Short-term Impacts 
The potential short-term impacts on geology and geomorphology are described in Table 4.1-1, and are 
similar to those described for the Airport Levee Improvements and I-5 Projects as they relate to 
excavating, filling, dewatering, water diversion, and isolating work areas (if in-water work were to 
occur).   

4.6.2.2 Long-term Impacts 
Similar to the Airport Levee Improvements and I-5 Projects, potential adverse impacts on geology would 
occur as a result of increased settlement of land, and are considered minor because they are isolated to 
the area of the levee.  Liquefaction of the ground during an earthquake would be a concern in the area 
of the Aberdeen/Hoquiam North Shore Levee.  The potential effects of liquefaction and earthquake-
induced ground motion on the levees would need to be evaluated.  Measures to accommodate the 
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effects of liquefaction and earthquake ground motion through post-seismic event repair or to reduce 
the associated settlement, instability, and lateral spread could be designed into the levee and would 
depend on established performance criteria.   

Potential moderate adverse impacts on geomorphology could result from placement of levees and 
floodwalls along the Wishkah, Hoquiam, and Chehalis rivers, potentially increasing the velocity in the 
river and restricting channel migration.  With placement of the levee, there is the potential to redirect 
high-velocity flows downstream or to an adjacent or opposite bank, causing erosion or damage to 
aquatic habitats.  These impacts would be local to the Aberdeen/Hoquiam North Shore Levee area, and 
would not have Basin-scale impacts on geomorphic function because the site is located at the bottom of 
the Chehalis Basin.   

4.6.2.3 Mitigation 
Potential mitigation measures for short-term impacts on geology and geomorphology are described in 
Table 4.1-1.  Liquefaction of the ground during an earthquake would be a concern in the area of the 
Aberdeen/Hoquiam North Shore Levee (Slaughter et al. 2013).  Potential avoidance and mitigation 
measures would be evaluated during project-level design and environmental review.  Other potential 
mitigation measures for long-term impacts related to geology and geomorphology would be the same as 
those described for the I-5 Projects.   

4.6.3 Wetlands and Vegetation  

4.6.3.1 Short-term Impacts 
The potential short-term impacts on wetlands and vegetation would occur during construction and are 
similar to those described for the Airport Levee Improvements.  These impacts would be limited in 
nature and extent given the limited existing vegetation and lack of wetlands due to previous disturbance 
from urban development and activities.  Temporarily disturbed areas would be restored to 
pre-construction status and/or function following construction. 

4.6.3.2 Long-term Impacts 
The potential adverse impacts of implementation of the Aberdeen/Hoquiam North Shore Levee on 
wetlands and vegetation include the placement of fill material into potential wetlands and the removal 
of woody vegetation that could exist along portions of the proposed levee footprint along the Hoquiam, 
Chehalis, and Wishkah rivers.  Following construction, adverse impacts on vegetation from the routine 
maintenance of the earthen portions of the levee could also occur.  Impacts from such activities could 
include conversion, disturbance, and/or reduction of existing wetland, riparian, and vegetation 
communities.  These potential adverse impacts of the Aberdeen/Hoquiam North Shore Levee would 
have a moderate effect on wetlands and a minor effect on vegetation.  The proposed work is not 
anticipated to affect more than 0.5 acre of wetlands (see Figure 4.6-1) or native vegetation, because 
much of the area has already been affected by past and current development.  
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4.6.3.3 Mitigation 
Potential mitigation measures for short-term impacts on wetlands and vegetation are described in 
Table 4.1-1 as they relate to excavating, clearing, filling, and construction staging.  Potential mitigation 
measures for long-term impacts would be the same as those described for the Airport Levee 
Improvements and I-5 Projects. 

4.6.4 Fish and Wildlife 

4.6.4.1 Short-term Impacts 
4.6.4.1.1 Fish 

The potential short-term impacts on fish from construction of the Aberdeen/Hoquiam North Shore Levee 
are described in Table 4.1-1.  These impacts would occur during the construction of the levee and other 
associated projects that are immediately adjacent to the Chehalis River and tributaries, especially if 
construction requires in-water work and use of barges, restructuring of adjacent riverbank areas, or water 
diversions.  The potential short-term impacts related to construction would primarily be from the following: 

• Reduced water quality due to turbidity increases, pollutant-laden stormwater runoff, or 
pollutants entering the water 

• Temporarily dewatering of part of the river channels, reducing habitat available to fish in the 
immediate vicinity of the Aberdeen/Hoquiam North Shore Levee, including species like salmon 
and steelhead, and ESA-listed bull trout, eulachon, and Southern green sturgeon during their 
migrations between freshwater and saltwater. 

• Construction noise in or near the stream channel and removal of bank vegetation, which would 
reduce the function of riparian habitat for fish (e.g., shading and input of terrestrial nutrients 
and food) 

4.6.4.1.2 Wildlife 

Construction, including noise impacts, could temporarily disturb habitat used by native wildlife species 
to breed, forage, rest, and overwinter.  Temporary impacts would be the same as those described for 
the Airport Levee Improvements and I-5 Projects, and would occur in areas currently developed or that 
have been previously disturbed by past industrial and commercial activities.   

4.6.4.2 Long-term Impacts 
4.6.4.2.1 Fish 

The potential adverse impacts from implementation of the Aberdeen/Hoquiam North Shore Levee on 
fish include reductions in coastal floodplain extents, reduction in channel migration potential, and 
changing flood extents and elevations upstream and downstream of the levees during coastal flooding.  
In addition, contaminants carried by stormwater runoff from urban areas behind the levees during large 
precipitation events could become concentrated at outflow areas of levee pump stations.  The 
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magnitude of these potential adverse impacts would be minor, although the impacts have not been 
quantified.  Developed areas that would be behind the levee are not likely providing quality floodplain 
habitat for fish currently, due to their relatively intensively developed character.  Preventing the river 
from inundating urbanized areas of Aberdeen and Hoquiam could result in a beneficial effect on fish, by 
reducing fish stranding in developed areas and by reducing pollutant loading during floods from 
urban-industrial areas behind the levees. 

The levee would reduce flood extents in urban areas, but would shift flood extents in other areas of the 
lower Wishkah River, lower Hoquiam River, and lower Chehalis River estuary floodplains.  The potential 
for river channels to migrate in these areas is already highly constrained by urban infrastructure, and 
further constraints on floodwater extents created by the levee are likely to increase flooding extents and 
force changes in the river channel upstream.  Constraints on river migration and floodplain inundation in 
these areas reduces habitat function for fish by reducing areas of refuge from high-velocity flows.  
Redistribution of floodwater could result in redistribution of fish in newly flooded areas upstream, 
resulting in a minor adverse impact on fish.   

This reach of the lower Chehalis River and estuary is a migratory pathway for salmon, steelhead, bull 
trout, lamprey, and eulachon (listed as threatened under ESA) in fall and winter when flooding is most 
likely to affect fish in the vicinity of the levees.  Other saltwater-tolerant species (e.g., stickleback) and 
marine species (e.g., surf smelt, shiner perch, Pacific staghorn, sculpin, English sole) are likely to occur in 
the transition zone between freshwater and saltwater.  The area adjacent to the levees could provide 
rearing habitat for juvenile Chinook salmon, chum salmon, and eulachon during the transition from 
freshwater to saltwater in spring.  Southern green sturgeon (listed as threatened under ESA) occur in the 
lower Chehalis River and Grays Harbor during the summer.  However, these life stages are not likely to 
be affected by impacts associated with the levees that are largely related to winter flooding events.  

4.6.4.2.2 Wildlife 

The potential adverse impacts on wildlife are similar to those described for the Airport Levee 
Improvements and I-5 Projects, and would be minor due to the limited vegetation and wetland systems 
in this area, as well as limited potential disturbance.   

4.6.4.3 Mitigation 
Potential mitigation measures for short- or long-term impacts on fish and wildlife are similar to those 
described for the Airport Levee Improvements and I-5 Projects (see Sections 4.4.4.3 and 4.5.4.3). 

4.6.5 Tribal Resources 

4.6.5.1 Short- and Long-term Impacts 
The potential construction-related impacts on tribal resources would be similar to those discussed for 
the Airport Levee Improvements and I-5 Projects.  In-water work is not anticipated, but has the potential 
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to occur.  Construction-related equipment such as cranes, barges, and tugboats could restrict the 
Quinault Indian Nation’s treaty right of access to the Wishkah, Chehalis, and Hoquiam rivers during 
construction—all of which are within the Quinault Indian Nation’s usual and accustomed fishing areas.   

The potential long-term impacts on tribal resources are those effects to fish that result from reductions 
in the floodplain extent, reduction in channel migration potential, and changing coastal flood extents and 
elevations upstream and downstream of the levees during coastal flooding (see Section 4.6.4).  This could 
affect estuarine habitat and functions adjacent to the Aberdeen/Hoquiam North Shore Levee.  The impacts 
on estuarine habitat would diminish the productivity and abundance of juvenile salmon and steelhead.  
This impact would result in fewer fish available for harvest by tribal fishers.  Access to tribal fisheries 
would also be affected if the Quinault Pride Seafood pier is removed as part of this action element.  The 
extent of potential impacts on tribal resources from changing flood extents will be determined through 
additional coordination with tribes and continued government-to-government consultations.   

The levee would be placed within the urban landscape of Aberdeen and Hoquiam and is not anticipated 
to affect culturally significant plants or wildlife.  No long-term impacts on tribal use and availability of 
plants and wildlife are anticipated. 

4.6.5.2 Mitigation 
Avoidance and minimization measures for potential short-term impacts on tribal resources could be 
similar to those described for the Airport Levee Improvements and I-5 Projects.  In addition, 
coordination on the timing and location of construction activities that could affect tribal fishers’ access 
to boat launches or other locations (including the Quinault Pride Pier) used to access the fisheries or 
other treaty-reserved rights could help to avoid or minimize potential impacts on access.  This 
coordination could result in adjustments to the timing of construction activities to avoid periods when 
fisheries could be open, and when access to the river is critical to target a particular opening.  Other 
periods would include openings when multiple fish deliveries to Quinault Pride Seafood could occur in a 
day (e.g., during the fall salmon fishery).   

The coordination process could mean establishing and communicating to the Quinault Indian Nation and 
Chehalis Tribe, through meetings and notices, the timing of construction activities and identification of 
alternative access points to the river or Bowerman Basin.  Mitigation of impacts on treaty rights is 
subject to consideration and agreement by the Quinault Indian Nation. 

4.6.6 Air Quality 

4.6.6.1 Short-term Impacts 
The potential short-term impacts on air quality are similar to those described for the Airport Levee 
Improvements, but vehicle emissions from truck trips, mechanized construction equipment, and dust 
would be greater due to the larger scale of construction activities.  Construction would occur near 
residences and commercial areas; therefore, fugitive dust would be noticeable and a potential nuisance.  
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The impacts would be localized, limited to the construction period, and would not cause an overall 
decrease in regional air quality.   

4.6.6.2 Long-term Impacts 
No adverse impacts on air quality are anticipated because the completed Aberdeen/Hoquiam North 
Shore Levee would not generate dust or emissions. 

4.6.6.3 Mitigation 
Potential mitigation measures to reduce short-term impacts on air quality would be the same as those 
described in Table 4.1-1 as they relate to excavating, clearing, filling, and construction staging.  No 
long-term adverse impacts on air quality are anticipated, so no mitigation is proposed.   

4.6.7 Climate Change 

4.6.7.1 Short-term Impacts 
The potential short-term impacts from GHG emissions contributing to climate change would occur from 
construction and are the same as those described for the Airport Levee Improvements.  Climate change 
is not anticipated to have any short-term impact on construction of the Aberdeen/Hoquiam North Shore 
Levee due to the temporary nature of the construction activities. 

4.6.7.2 Long-term Impacts 
4.6.7.2.1 Effects of the Aberdeen/Hoquiam North Shore Levee Contributing to Climate Change 

The potential effects that would contribute to the effects of climate change are similar to those 
described for Airport Levee Improvements, and would result in no adverse impact.   

4.6.7.2.2 Effects of Climate Change on the Aberdeen/Hoquiam North Shore Levee 

No adverse impacts from climate change on the Aberdeen/Hoquiam North Shore Levee are anticipated.  
Even though the potential effects of climate change on coastal flooding include an increased frequency 
and intensity of flooding events, the levee design height would be increased wherever feasible to 
account for future potential sea level rise (City of Aberdeen 2016).  More intense heavy winter rains 
combined with high tides could increase flooding behind the levee.  Pumps used to pump out water 
trapped behind the levee into Grays Harbor may be used more often as major flooding from the effects 
of climate change occurs more frequently.  These measures would provide additional resiliency to 
changing climate conditions.   
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4.6.7.3 Mitigation 
4.6.7.3.1 Mitigation to Address Effects of the Aberdeen/Hoquiam North Shore Levee 

Contributing to Climate Change 

No adverse effects of the Aberdeen/Hoquiam North Shore Levee contributing to climate change are 
anticipated, so no mitigation is proposed. 

4.6.7.3.2 Mitigation to Address Effects of Climate Change on the Aberdeen/Hoquiam North 
Shore Levee 

Climate change is not anticipated to have an adverse effect on the Aberdeen/Hoquiam North Shore 
levee, so no mitigation is proposed. 

4.6.8 Visual Quality 

4.6.8.1 Short-term Impacts 
The potential short-term impacts on visual quality would occur during construction and include lower 
visual quality due to construction equipment and activities, particularly in areas where the construction 
activity would visually contrast with the surrounding area.  Construction adjacent to residences and near 
existing parks, open space, and other natural settings would typically visually contrast with the 
construction activities.  These impacts would be limited in duration. 

4.6.8.2 Long-term Impacts 
The Aberdeen/Hoquiam North Shore Levee would visually contrast with its location in low, flat 
topography where no levee currently exists.  Views of Grays Harbor and the Hoquiam and Wishkah 
rivers could be partially blocked from areas behind the levee.  These potential adverse impacts are 
considered minor due to their localized area.   

4.6.8.3 Mitigation 
Potential mitigation measures for short- and long-term impacts on visual quality are similar to those 
described for the Airport Levee Improvements and I-5 Projects.   

4.6.9 Noise 

4.6.9.1 Short-term Impacts 
The potential short-term impacts on noise would occur during construction and include heavy 
equipment and construction activities.  Construction equipment would primarily consist of 
earth-moving, materials-handling, hauling, and impact equipment with noise levels ranging from 76 to 
110 dBA at 50 feet from the source (see Table 4.2-10).  Noise levels would decrease with distance from 
the source and decrease to safe levels.   
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The Aberdeen/Hoquiam North Shore Levee is located within residential and commercial areas of 
Aberdeen and Hoquiam.  Some construction would occur immediately adjacent to homes, and those 
residents would likely be disturbed by noise.  Pile driving for sheetpile walls could occur along the 
Hoquiam and Wishkah rivers adjacent to residential areas, and would be localized and limited to 
daytime hours.  Noise from pile driving (110 dBA) would cause impacts on residents.   

4.6.9.2 Long-term Impacts 
No adverse impacts are anticipated because the completed Aberdeen/Hoquiam North Shore Levee 
would not generate noise.   

4.6.9.3 Mitigation 
Potential mitigation measures for short-term noise impacts would be the same as those described for the 
Airport Levee Improvements and I-5 Projects.  Additional mitigation measures could include noise barriers 
during pile-driving activities.  No long-term noise impacts are anticipated, so no mitigation is proposed. 

4.6.10 Land Use 

4.6.10.1 Short-term Impacts 
No short-term impacts on land use are anticipated as a result of construction of the Aberdeen/Hoquiam 
North Shore Levee.   

4.6.10.2 Long-term Impacts 
The potential adverse impacts on land use include the loss of access to and use of private structures, 
due to the placement of the levee, particularly along the Wishkah River.  This adverse impact would be 
minor due to the anticipated limited number of properties affected. 

The levee could separate existing structures from one another (e.g., homes, docks, storage buildings).  If 
residences on these properties are included behind the levee, owners are likely to lose access to any 
structures located on or extending out over/into the water.  If the levee is located behind those 
properties, no flood protection would be provided.   

The levee is proposed to protect structures behind the levee from coastal flooding within Aberdeen and 
Hoquiam along Grays Harbor.  While the exact extent of flood protection and number of structures 
protected would be determined during project-level design and environmental review, the increased 
level of protected structures would be a beneficial effect on land use. 

4.6.10.3 Mitigation 
Avoidance and minimization measures to address potential adverse impacts on property access and use 
could include locating the levee to limit the number of affected properties during design.  Where 
adverse impacts are unavoidable, property acquisition and/or relocation efforts could be implemented.  
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4.6.11 Recreation 

4.6.11.1 Short-term Impacts 
The potential short-term impacts on recreation would occur during construction and include disruptions 
to parks in Aberdeen and Hoquiam that are located near the Aberdeen/Hoquiam North Shore Levee due 
to noise, dust, and traffic.  If construction requires in-water work or barges, recreational users could 
temporarily experience limited or restricted access to the rivers during construction.  The impacts would 
be temporary and localized in nature. 

4.6.11.2 Long-term Impacts 
The Aberdeen/Hoquiam North Shore Levee would protect parks and recreation areas behind the levee 
during coastal and tidally influenced flooding.  This effect is considered to be beneficial because flood 
damage at parks and recreation areas would be reduced.  The levee could block access to land and 
private docks along some stretches of the levee.  Public access to public shoreline areas would be 
maintained, except during coastal floods.  This adverse impact is considered to be minor because loss of 
access to recreational facilities would be localized. 

4.6.11.3 Mitigation 
Potential mitigation measures for short- or long-term impacts on recreation would be similar to those 
described for the Airport Levee Improvements and I-5 Projects.  In addition, coordination with property 
owners could occur during development of project-specific design to avoid and minimize impacts on 
docks and other private recreational structures extending into the water.   

4.6.12 Historic and Cultural Preservation 

4.6.12.1 Short- and Long-term Impacts 
Potential short- and long-term impacts on historic and cultural resources could occur during 
construction with the ground disturbance associated with building the new levee.  More than 40 historic 
structures and selective research indicates that water-related resource procurement sites, such as fish 
weirs, have been found in current or historical tidal zones along the coast in areas near the levee site.  
Although none of these resources are currently recorded or known to exist at the Aberdeen/Hoquiam 
Northshore Levee site, the levee location does include current or historic tidal zones and as such, has 
the potential to contain these types of archaeological resources.   

The extent of impacts would depend on the nature of cultural resources that could be disturbed, which 
would be determined through coordination with DAHP and affected tribes during project-level 
environmental review, including continued government-to-government consultations.  Potential 
impacts on tribal cultural resources or graves, Indian human remains, or traditional cultural properties 
may also occur and would be determined in coordination with tribes, and government-to-government 
consultations. 
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Based on WSAPM, this area is considered to have a very high to moderate potential for archaeological 
deposits, and potential adverse impacts are considered moderate to significant. 

The potential impacts on cultural resources following construction would be similar as those described 
under the Airport Levee Improvements (see Section 4.4.12). 

4.6.12.2 Mitigation 
Mitigation measures for potential impacts on cultural resources would be determined during 
project-specific evaluations of the Aberdeen/Hoquiam North Shore Levee, and would include 
consultation with DAHP, interested and affected tribes, as well as other consulting parties (see 
information on addressing potential impacts on cultural resources in Section 4.2.12).   

The potential compensatory mitigation measures would be the same as those described for the Flood 
Retention Facility (see Section 4.2.12.2). 

4.6.13 Transportation 

4.6.13.1 Short-term Impacts 
The potential short-term impacts on transportation related to construction of the Aberdeen/Hoquiam 
North Shore Levee would include temporary disruptions to local roads, US 12, and US 101, including 
potential closures to raise the bridge approaches over the Wishkah River.  Construction could also cause 
temporary disruptions to the Puget Sound & Pacific Railroad.  These impacts would be limited to the 
construction period and access would be maintained to the extent possible.   

4.6.13.2 Long-term Impacts 
The Aberdeen/Hoquiam North Shore Levee would protect local roadways within the levee from coastal 
flooding on the lower (tidally influenced) reaches of the Chehalis, Wishkah, and Hoquiam rivers.  The 
levees and walls would include stop log closures or similar devices, which would close during floods, but 
would open to maintain public access to roads and streets when there is no flooding.  For these reasons, 
the potential effects are considered beneficial.   

4.6.13.3 Mitigation 
Potential mitigation measures for short-term impacts on transportation would be the same as those 
described for the Airport Levee Improvements and I-5 Projects.  In addition, construction would be 
coordinated with WSDOT, the Puget Sound & Pacific Railroad, and local road departments. 

No long-term adverse impacts on transportation are anticipated, so no mitigation is proposed.   
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4.6.14 Public Services and Utilities 

4.6.14.1 Short-term Impacts 
The potential short-term impacts on public services and utilities would occur during construction and 
include the following:  

• Short-term disruptions to roadways, potentially affecting public services such as garbage 
collection if access to customers is restricted 

• Temporary disruptions of utilities near the levees and floodwalls (proposed levees and 
floodwalls would be located within developed areas along street corridors) 

• Potential effects on overhead electrical, sewer, water, and cable and internet lines 

These impacts would be limited to the construction period. 

4.6.14.2 Long-term Impacts 
The Aberdeen/Hoquiam North Shore Levee would not increase demand for public services and utilities 
and would result in beneficial effects due to the protection of multiple public services and utilities inland 
of the levee from coastal and tidally influenced riverine flooding.  Public services in the area include: 
Aberdeen Fire Department, Aberdeen Park Timberland Library, Aberdeen Police Department, Alexander 
Young Elementary School, A.J. West Elementary School, Harbor High School, Central Elementary School, 
Grays Harbor Beauty College, Grays Harbor Community Hospital, Grays Harbor PUD, Hoquiam Fire 
Department, KGHO-AM, Miller Junior High School, Polson Museum, and Techline the Technology People 
Computer Training School.  The levee could require localized relocation of public services and utilities, 
resulting in minor adverse impacts.   

4.6.14.3 Mitigation 
Potential mitigation measures for short- and long-term impacts on public services and utilities would be 
the same as those described for the Airport Levee Improvements (see Section 4.4.14.3).  Minor 
long-term impacts associated with utility relocations could be mitigated by coordination with service 
providers and property owners.   

4.6.15 Environmental Health and Safety 

4.6.15.1 Short-term Impacts 
The potential short-term impacts on environmental health and safety would include disruptions to 
roadways, which can delay emergency response during construction.  These impacts would be relatively 
short in duration and would be coordinated with emergency responders. 

4.6.15.2 Long-term Impacts 
The Aberdeen/Hoquiam North Shore Levee would reduce coastal flooding and provide flood protection 
along the low, tidally influenced portions of the Wishkah and Hoquiam rivers, resulting in beneficial 
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effects on environmental health and safety through the reduced demand for emergency response and 
better access during floods.  Reduced flooding in urban areas would also reduce the risk of 
contamination of floodwaters.  Some local streets would be blocked when the levees are in operation, 
making them inaccessible for emergency response.  However, the lack of access would be short term, 
and emergency plans would be developed for emergency response to those areas when the gates are 
closed.  Overall, the levee would reduce threats to human health and safety in Aberdeen and Hoquiam.   

4.6.15.3 Mitigation 
Similar to the Airport Levee Improvements and I-5 Projects, potential mitigation measures for 
short-term impacts on environmental health and safety could include coordinating construction with 
emergency services, scheduling construction to minimize impacts, and notifying the public of 
construction.  For long-term mitigation measures, reductions in emergency response time in the area 
outside the levee would be planned as part of the county’s natural hazard preparedness planning process.   
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4.7 Local-scale Flood Damage Reduction Actions  
Local-scale Flood Damage Reduction Actions include Floodproofing (and buy-outs of flood-prone 
properties), Local Projects (including protection of roads and infrastructure and local-scale floodplain 
reconnection projects), Land Use Management improvements within the Chehalis River floodplain, and 
Flood Warning System Improvements (see Section 2.3.3.2).  Temporary ground-disturbing construction 
activities are limited to Floodproofing and Local Projects.  The primary benefit of the Local-scale Flood 
Damage Reduction Actions is the reduction of flood damage to residential, commercial, industrial, 
public, and agricultural properties.  The Local-scale Flood Damage Reduction Actions also have fewer 
significant adverse impacts on many elements of the natural and built environment than the Large-scale 
Flood Damage Reduction Actions. 

For short- and long-term impacts, this section focuses on those actions that would result in adverse 
impacts or beneficial effects.  Where no effect on an element of the environment is anticipated to result 
from Local-scale Flood Damage Reduction Actions, impacts are not discussed in this EIS.  Short-term 
construction activities for Floodproofing and Local Projects could involve excavating, clearing, filling, 
dewatering, concrete use, in-water work, and equipment use and staging.  Some of the current Local 
Projects (see Section 2.3.3.2) are studies and do not involve construction; because these are in the 
planning and preliminary feasibility phases, potential impacts are not evaluated in this EIS.  
Implementation of Floodproofing and Local Projects would primarily result in beneficial effects due to 
reduction of flood damage to structures, infrastructure and roads, and agricultural uses (including 
protection of livestock and farm equipment).  Land Use Management actions could reduce the potential 
for future development within the Chehalis River floodplain.  Flood Warning System Improvements 
would result in increased accuracy with regard to forecasting flood timing and extents, and increased 
public safety.  Because flood warning systems are not structural, effects to the natural elements of the 
environment are not expected. 

4.7.1 Water Resources 

4.7.1.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on water resources related to Floodproofing and Local Projects are 
described in Table 4.1-1.  Although temporary, these actions would increase the potential for 
sedimentation and turbidity in surface waters, risk of contamination to surface and groundwater, and 
interruptions to surface water quantity and groundwater (e.g., recharge and discharge and localized 
hyporheic exchange alterations) in areas of temporary dewatering or water diversions.   
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4.7.1.2 Long-term Impacts 
4.7.1.2.1 Surface Water Quality 

Floodproofing 
Floodproofing structures within the Chehalis River floodplain would result in beneficial effects on water 
quality.  Pollution levels in nearby waterbodies could be reduced by avoiding inundation of structures 
and their contents, and the corresponding exposure of floodwaters to contaminants related to 
residential or commercial use, such as waste, chemicals, solvents, and hazardous or toxic materials 
during floods.   

Local Projects 
Implementation of Local Projects that include bank stabilization has the potential to benefit water 
quality as compared to the baseline, because projects designed to protect eroding banks at specific 
locations would ensure WWTPs are not compromised during floods.  However, Local Projects including 
bank stabilization are also likely to result in a loss of riparian structure where actions are implemented, 
which could lead to increased solar radiation and heating of surface water, resulting in a minor adverse 
impact.   

Land Use Management 
Land Use Management actions may have the potential to improve water quality during and after floods 
by restricting further development within the Chehalis River floodplain, thereby reducing future 
potential sources of pollution at risk of exposure to floodwaters and preserving natural floodplain 
functions that have the potential to benefit water quality.  As noted in the Build Out Analysis (see 
Appendix L), Land Use Management recommendations designed to minimize creating future parcels in 
the Chehalis River floodplain may not be effective at limiting development due to the abundance of 
developable parcels that currently exist.  Therefore, Land Use Management regulations that prohibit or 
restrict specific uses, such as restricting new on-site sewage systems, are likely to be more effective at 
reducing the future potential for adverse water quality impacts than those designed to limit the creation 
of new parcels in the floodplain. 

4.7.1.2.2 Surface Water Quantity 

Floodproofing 
Floodproofing actions would include installation of raised fill pads for livestock and equipment, and may 
include small-scale walls or berms to protect residential or commercial structures.  These farm pads or 
walls could deflect floodwaters and increase water velocities and flood depths adjacent to and slightly 
upstream and downstream of the project location.  This is considered a minor adverse impact on water 
quantity due to the relatively small size, localized nature, and limited extent of these projects 
Basin-wide.  When elevating homes, raising residential structures would generally occur in the same 
footprint and, therefore, would not result in an increase in flood velocities or depths in adjacent areas.   
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Local Projects 
Some of the Local Projects are proposed to protect properties and roads from floodwaters using bank 
stabilization measures, which would deflect floodwaters and increase water velocities and flood depths 
adjacent to and slightly upstream and downstream of the project.  This is considered a minor adverse 
impact on water quantity due to the localized nature and extent.  Bank stabilization projects could 
deflect the river’s energy downstream and increase erosion in downstream reaches.  Local Projects that 
include reconnecting river and stream channels to floodplains have the potential to benefit surface 
water quantity by slowing and storing flows during floods. 

Land Use Management 
Changes in Land Use Management include open space preservation and restrictions on floodplain filling, 
which could be a beneficial effect to water quantity because it would limit future uses and activities in 
the floodplain that increase flood elevations upstream and downstream.  Restricting further floodplain 
fill and maintaining open spaces would prevent downstream rises in flood levels when compared to the 
baseline.  However as noted in the Build Out Analysis (see Appendix L), Land Use Management 
recommendations designed to minimize creating future parcels in the Chehalis River floodplain may not 
be effective at limiting development due to the abundance of developable parcels that currently exist.  
Therefore, Land Use Management regulations that prohibit or restrict specific uses, such as fill in the 
floodplain, are likely to more effectively minimize future water quantity impacts from continued 
development in the floodplain. 

No adverse impacts on water use and water rights are anticipated with Local-scale Flood Damage 
Reduction Actions because these actions would not affect the ability of area water users to divert their 
water rights.    

4.7.1.2.3 Groundwater 

Floodproofing 
Floodproofing actions may include small-scale walls or berms to protect residential, commercial, 
industrial, or agricultural structures.  Subsurface excavation for the installation of these types of 
floodproofing measures has the potential to modify shallow groundwater regimes and, as a result, could 
have a minor adverse impact on groundwater quantity, depending on the location.   

Local Projects 
Subsurface excavation for the installation of bank stabilization measures associated with Local Projects 
has the potential to modify shallow groundwater regimes, including potential effects to hyporheic 
exchange.  As a result of these actions, minor adverse impacts on groundwater quantity could occur due 
to their localized extent.  Floodplain restoration projects could reconnect surface waters to groundwater 
and result in a benefit to groundwater quantity.  No adverse impacts on groundwater quality are 
anticipated with Local Projects. 
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Land Use Management 
Changes in Land Use Management include open space preservation and subdivision set asides, which 
could have a beneficial effect on groundwater by maintaining infiltration capacity of soils in areas within 
the floodplain where groundwater recharge occurs. 

4.7.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources are described in Table 4.1-1.  
Potential mitigation measures for long-term impacts on water resources are described in this section. 

4.7.1.3.1 Surface Water Quality 

Floodproofing 
No adverse impacts on surface water quality are anticipated related to Floodproofing, so no mitigation 
is proposed.  

Local Projects 
Potential mitigation measures for adverse impacts on surface water quality related to Local Projects 
could include replanting riparian areas with multi-storied vegetation to mitigate for a loss of riparian 
structure that provides shade and filters runoff. 

Land Use Management 
No adverse impacts on surface water quality are anticipated related to Land Use Management, so no 
mitigation is proposed.  

4.7.1.3.2 Surface Water Quantity 

Local Projects 
Potential mitigation measures for long-term adverse impacts on surface water quantity related to Local 
Projects could include compensatory storage in the areas where flooding would increase as a result of 
any fill placed.  Compensatory mitigation for bank stabilization and infrastructure protection projects 
would depend on site-specific conditions, but avoidance and minimization measures could include 
minimizing the length of stabilization to the extent necessary to protect the structure or use that is at 
risk, and utilizing soft shoreline stabilization approaches to the extent feasible. 

Land Use Management 
No long-term adverse impacts on surface water quantity are anticipated, so no mitigation is proposed. 

4.7.1.3.3 Groundwater 

Floodproofing and Local Projects 
Mitigation for site-specific, localized effects to groundwater from Floodproofing and Local Projects 
would depend on the project and site conditions.  
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Land Use Management 
No long-term adverse impacts on groundwater quality or quantity are anticipated, so no mitigation 
is proposed. 

4.7.2 Geology and Geomorphology 

4.7.2.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on geology and geomorphology related to Floodproofing and Local 
Projects are described in Table 4.1-1.  Excavation, fill, dewatering, and water diversions could be 
required for raising or floodproofing structures and Local Projects, depending on the project.  These 
impacts are anticipated to be minor and localized in nature.  

4.7.2.2 Long-term Impacts 
No adverse impacts on geology are anticipated as a result of Local-scale Flood Damage Reduction Actions.   

Local Projects  
The implementation of Local Projects could potentially result in adverse impacts on geomorphology due 
to localized alterations to channel morphology, and limiting channel migration from the placement of 
bank-stabilization structures.  With any bank-hardening component of these projects, there is the 
potential to redirect flows downstream or to an adjacent or opposite bank, causing erosion or damage 
to aquatic species habitats.  These impacts are anticipated to be minor based on the scale and number 
of projects currently on the Local Projects list; however, cumulatively hard shoreline stabilization 
measures could have a more significant impact on geomorphology, depending on reach conditions.  
Local Projects that include reconnecting river and stream channels to floodplains have the potential to 
benefit geomorphology. 

Land Use Management 
Changes in land use management regulations that protect existing floodplain areas could result in 
beneficial effects on geomorphology if river channels retain space in which to migrate at natural rates.   

4.7.2.3 Mitigation 
Potential mitigation measures for short-term impacts on geology and geomorphology are included in 
Table 4.1-1.  No long-term adverse impacts on geology are anticipated, so no mitigation is proposed.  
Potential minimization and avoidance measures to reduce adverse impacts on geomorphology include 
minimization in the length of stabilization measures and the use of bioengineering techniques for bank 
stabilization associated with Local Projects.   
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4.7.3 Wetlands and Vegetation  

4.7.3.1 Short-term Impacts 
Floodproofing 
The potential short-term impacts on wetlands and vegetation include the installation of Floodproofing 
components (e.g., farm pads, evacuation routes, floodwalls), which could affect riparian areas and/or 
wetlands and wetland buffers (depending on their location and proximity to construction activities).  
Specific impacts include temporary fill placement in wetlands and removal or disturbance of existing 
upland and wetland vegetation.  These impacts are anticipated to be limited in nature and extent (given 
the limited existing wetlands and vegetation due to disturbance from previous and current land uses), 
and would be restored to pre-construction status and/or function following completion of 
Floodproofing.   

Local Projects 
The potential short-term impacts on wetlands and vegetation related to Local Projects include activities 
such as land clearing, excavation, fill placement, equipment access, and material storage.  Specific 
impacts include temporary fill placement in wetlands, and removal or disturbance of existing upland and 
wetland vegetation.  These impacts would be limited in nature and extent (given the limited existing 
wetlands and vegetation due to disturbance from previous and current activities), and would be 
restored to pre-construction status and/or function following completion of Local Projects.   

4.7.3.2 Long-term Impacts 
Floodproofing  
The potential adverse impacts on wetlands and vegetation are primarily related to direct impacts from 
the construction of floodproofing measures.  Changes in wetland hydrology could also occur if 
floodproofing structures alter overland flow or shallow subsurface groundwater flow paths, such that 
floodplain wetlands no longer receive water from overbank flooding or groundwater.  The potential 
adverse impacts would include permanent loss of wetlands, permanent loss of upland and wetland 
vegetation, and modification of wetland hydrology.  Overall, the potential adverse impacts on wetlands 
and vegetation are limited, and are therefore considered minor due to the small size of these structures 
and the location around existing development and in developed areas.  Elevated structures are generally 
anticipated to maintain the same footprint as the pre-elevated structure, which would limit adverse 
impacts on wetlands and vegetation. 

Local Projects 
The construction of Local Projects could result in potential disconnection of floodplains, wetlands, and 
off-channel habitat from rivers, as well as direct removal of wetland or riparian vegetation.  The 
potential adverse impacts on wetlands and vegetation from Local Projects are considered minor, based 
on the scale and number of projects currently on the Local Projects list and their location in relatively 
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developed areas.  Local Projects that include reconnecting river and stream channels to floodplains have 
the potential to benefit floodplain wetlands and native floodplain vegetation. 

Land Use Management 
No adverse impacts on wetlands and vegetation are anticipated.  Potential beneficial effects on 
wetlands and vegetation could occur with preservation of floodplain open space and filling restrictions 
in the floodplain.    

4.7.3.3 Mitigation 
Potential mitigation measures for short-term impacts on wetlands and vegetation are described in 
Table 4.1-1.  Potential mitigation measures for long-term adverse impacts on wetlands and vegetation 
for Floodproofing and Local Projects would be the same as those described for the Airport Levee 
Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee. 

4.7.4 Fish and Wildlife 

4.7.4.1 Short-term Impacts 
4.7.4.1.1 Fish 

The potential responses of fish to short-term impacts on habitat as a result of the construction of 
Floodproofing or Local Projects actions are similar to those described in Table 4.1-1.  However, impacts 
would be limited in magnitude because the actions are limited in number and extent, and because the 
areas in which these projects would occur are currently developed and habitat conditions for fish may 
currently be relatively impaired.   

Short-term impacts on fish could occur if construction takes place immediately adjacent to the Chehalis 
River and tributaries, and would occur on a limited scale with actions requiring bank stabilization or 
in-water work.  Water quality would be affected by turbidity increases, pollutant-laden stormwater 
runoff, or pollutants entering the water.  Areas could be temporarily dewatered, reducing habitat 
available to fish in the immediate vicinity of the actions.  Other potential impacts on fish could include 
construction noise in or near the stream channel and removal of bank vegetation, which would reduce 
the function of riparian habitat for fish (e.g., shading and input of terrestrial nutrients and food).  These 
short-term impacts would have a limited potential for direct fish injury or mortality. 

4.7.4.1.2 Wildlife 

The potential responses of wildlife to short-term impacts on habitat are similar to those described in 
Table 4.1-1; however, impacts would be limited in magnitude since the actions are limited in number 
and extent and because the areas in which these actions would occur are currently developed and likely 
currently provide limited habitat for wildlife.  These temporary impacts could disturb habitat used by 
native wildlife species to breed, forage, rest, and overwinter.   
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4.7.4.2 Long-term Impacts 
4.7.4.2.1 Fish 

The potential adverse impacts on fish are primarily related to changes in bank characteristics, flood 
extents, and improvements to water quality from bank stabilization in areas experiencing high levels of 
erosion, and a reduction in sedimentation and risk of wastewater contamination.  Each of these actions 
could affect the quality of fish habitat.   

Floodproofing  
Floodproofing structures could result in a beneficial effect to fish by reducing potential pollutant loads 
to surface waters during floods.  This could be accomplished as a result of elevating, or otherwise 
Floodproofing, structures and limiting exposure of the contents to floodwaters.  However, protection 
measures for structures in the floodplain would allow for continuation of activities in the floodplain that 
are harmful to fish and fish habitat, such as preventing restoration of riparian area vegetation or 
preventing the creation of off-channel habitat. 

Local Projects 
Protecting riverbanks, roads, and infrastructure through Local Projects could benefit fish by reducing 
potential pollutant and sediment loads to the Chehalis River as a result of reducing erosion and 
improving local water quality.  However, bank stabilization could also create minor adverse impacts on 
fish habitat by permanently altering river hydraulics, velocities, and causing bank erosion in other areas.  
As noted previously, bank stabilization impacts on fish habitat cumulatively could be more significant, 
depending on the project setting.  In addition, some Local Projects could affect local riparian structure, 
which could impair fish habitat quality by increasing water temperatures and pollutant runoff, and result 
in impacts on refugia.  Local Projects that include reconnecting river and stream channels to floodplains 
have the potential to benefit fish by improving habitat. 

Land Use Management 
Revising land use regulations and practices could limit future development in the floodplain to some extent, 
preserving open space and potentially floodplain habitat for fish.  Fish like juvenile coho salmon and 
Olympic mudminnow rely on off-channel habitat, which could be preserved in present open spaces.  The 
potential effects on fish from Land Use Management are considered beneficial.  The magnitude of the 
benefit would depend on the amount of open area preserved, and the efficacy of development 
restrictions in the floodplain—that is, preventing development in the Chehalis River floodplain rather 
than allowing development where structures are protected during a 100-year flood by added freeboard. 

4.7.4.2.2 Wildlife 

Anticipated adverse impacts on wildlife are primarily related to changes in flood extents and potential 
improvements to water quality during floods.  Each of these actions could affect the quality of wildlife 
habitat used for breeding, foraging, resting, and overwintering.   
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Floodproofing and Local Projects 
Minor adverse impacts could result from potential changes in wildlife habitats, such as wetlands and 
riparian areas, from the alteration of overland flow paths by floodproofing structures, or direct impacts 
on wetlands or vegetation during construction of Local Projects.  Additionally, clearing existing 
vegetation would result in minor adverse impacts on native wildlife by reducing the quantity and quality 
of habitat available.  Non-native invasive wildlife species could also populate disturbed areas, creating 
competition with or displacement of native species. 

Aquatic or semi-aquatic wildlife species may benefit from improved water quality if WWTPs, roads and 
infrastructure, and other potential sources of pollutants are not inundated in future floods.  These 
benefits would be most important to species such as amphibians that rely on high-quality aquatic 
habitat for breeding and foraging.  Local Projects that include reconnecting river and stream channels to 
floodplains have the potential to benefit floodplain wetlands and native floodplain vegetation, and 
therefore wildlife that use these habitats. 

Land Use Management 
Open space preservation may avoid future impacts on floodplain habitat, which would be considered a 
beneficial effect for wildlife. 

4.7.4.3 Mitigation 
4.7.4.3.1 Fish 

Some potential long-term impacts on fish would be addressed through mitigation measures outlined in 
Table 4.1-1.  The potential compensatory mitigation measures to address unavoidable minor adverse 
impacts on fish from Floodproofing and Local Projects would be the similar those identified for the 
Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee.  Mitigation for 
bank stabilization projects would generally be site- and project-specific; however, to address the loss of 
riparian structure, compensatory mitigation could include replanting affected riparian vegetation or 
restoring floodplain areas of equivalent size or habitat function for fish.   

4.7.4.3.2 Wildlife 

Some potential long-term impacts on wildlife would be addressed through the avoidance and 
minimization measures outlined in Table 4.1-1.  The potential compensatory mitigation measures to 
address unavoidable minor adverse impacts on wildlife from Floodproofing and Local Projects would be 
the same as those identified for the Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam 
North Shore Levee.  
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4.7.5 Tribal Resources 

4.7.5.1 Short- and Long-term Impacts 
The potential construction-related impacts on tribal resources are associated with Local Projects and 
would be similar to those discussed for the Airport Levee Improvements and I-5 Projects.  Construction 
of Local Projects could involve in-water work and/or could restrict the treaty right of access to tribal 
fishing areas or other tribal resources.  Potential impacts on tribal resources following construction of 
Local Projects are not anticipated with the exceptions of ongoing maintenance or similar project-related 
activities.  Local Projects that include reconnecting river and stream channels to floodplains have the 
potential to benefit fish by improving habitat, and therefore may potentially benefit tribal resources. 

Protection measures like floodproofing structures in the floodplain would allow for continuation of 
activities in the floodplain that, cumulatively, are harmful to fish and fish habitat.  Land Use 
Management actions that include development restrictions—that is, prevent rather than allow 
development, but require protection for structures—are more likely to benefit fish (see 
Section 4.7.4.2.1), and may therefore benefit tribal resources.  The extent of potential impacts on tribal 
resources from restricted access to tribal fishing areas will be determined through additional 
coordination with tribes and continued government-to-government consultations.   

4.7.5.2 Mitigation 
The potential mitigation associated with impacts on tribal resources would be addressed directly with 
Quinault Indian Nation and Chehalis Tribe tribal leadership during project-level environmental review 
and continued government-to-government consultations.  

Some potential long-term impacts on tribal fish resources could be addressed through avoidance and 
minimization measures developed in consultation with tribes.  These could include avoiding intact 
riparian vegetation and working in streams or other sensitive areas.  Other measures outlined in 
Table 4.1-1 and related to erosion controls would also be implemented. 

Compensatory mitigation measures to address unavoidable adverse impacts on tribal resources from 
Local Projects should be addressed directly with Quinault Indian Nation and Chehalis Tribe tribal 
leadership.  In some cases, mitigation measures could be proposed to address the impacts on habitat 
that are important to tribal resources, including fish, wildlife, and plants.  Mitigation of impacts on treaty 
rights is subject to consideration and agreement by the Quinault Indian Nation. 

4.7.6 Air Quality 

4.7.6.1 Short-term Impacts 
Floodproofing and Local Projects  
The potential short-term impacts on air quality related to Floodproofing and Local Projects would vary 
and would likely last a few weeks to a few months depending on the scale of the individual project.  The 
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impacts would be localized, limited to the construction period, and would not cause an overall decrease 
in regional air quality.   

4.7.6.2 Long-term Impacts 
No adverse impacts on air quality are expected because, once completed, it is not anticipated that the 
Local-scale Flood Damage Reduction Actions would generate emissions above current levels.  Any 
cleared areas could be revegetated to avoid providing future sources of dust.   

4.7.6.3 Mitigation 
Potential mitigation measures for short-term impacts on air quality would be the same as those described 
in Table 4.1-1.  No long-term impacts on air quality are anticipated, so no mitigation is proposed.   

4.7.7 Climate Change 

4.7.7.1 Short-term Impacts 
4.7.7.1.1 Effects of Local-scale Flood Damage Reduction Actions Contributing to Climate 

Change 

Floodproofing and Local Projects 
The potential short-term effects of Floodproofing and Local Projects that would contribute to climate 
change include additional GHG emissions from construction equipment.  GHG emissions resulting from 
construction activities are expected to be below the annual threshold for qualitatively disclosing 
emissions and are considered negligible.   

4.7.7.1.2 Effects of Climate Change on the Local-scale Flood Damage Reduction Actions 

Floodproofing and Local Projects 
No short-term effects from climate change on Floodproofing or Local Projects are anticipated.  

4.7.7.2 Long-term Impacts 
4.7.7.2.1 Effects of Local-scale Flood Damage Reduction Actions Contributing to Climate 

Change 

Floodproofing and Local Projects 
The potential effects that contribute to climate change are due to GHG emissions during operation and 
maintenance activities that could require the periodic use of trucks and/or heavy equipment.  The 
anticipated GHG emission equivalents from operation of equipment are below the annual threshold 
for qualitative disclosure of emissions as described in Section 4.4.7; therefore, no adverse impacts 
are anticipated. 
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4.7.7.2.2 Effects of Climate Change on Local-scale Flood Damage Reduction Actions 

Floodproofing and Local Projects 
The effects of climate change on Floodproofing and Local Projects are increased frequency and intensity 
of flooding events.  More intense heavy winter rains could increase flood elevations beyond anticipated 
levels, and compromise Floodproofing and Local Projects.  Floodproofing actions and Local Projects could 
be designed to consider climate change (e.g., additional freeboard when raising homes), and similar 
measures could provide resiliency to changing climate conditions.  Therefore, no adverse impacts are 
anticipated.  Local Projects that include reconnecting river and stream channels to floodplains are likely 
to improve floodplain function, and therefore provide resiliency under future climate change conditions. 

4.7.7.3 Mitigation 
4.7.7.3.1 Mitigation to Address Effects of Local-scale Flood Damage Reduction Actions 

Contributing to Climate Change 

It is not anticipated that Local-scale Flood Damage Reduction Actions would contribute to climate 
change over the long term; therefore, no mitigation is proposed. 

4.7.7.3.2 Mitigation to Address Effects of Climate Change on Local-scale Flood Damage 
Reduction Actions 

Local-scale Flood Damage Reduction Actions could be designed to be resilient to changing climate 
conditions, such as more intense winter rains and projected increases in peak flood flows.   

4.7.8 Visual Quality 

4.7.8.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on visual quality related to Floodproofing and Local Projects include 
construction equipment and activities that would lower visual quality for the duration of construction, 
particularly in areas where the construction activity would visually contrast with the surrounding area.  
Parks, open space, and other natural settings visited by the public would be particularly sensitive to visual 
impacts associated with construction.  These impacts would be relatively small and limited in duration.   

4.7.8.2 Long-term Impacts 
Floodproofing 
Elevating existing structures would change the appearance of the buildings and could interrupt views.  
Purchasing (and removing) homes in the Chehalis River floodplain would potentially result in more open 
area.  Constructing flood barriers, floodwalls, and farm pads would introduce human-made structures 
where they currently do not exist.  Their impact on the existing viewshed would depend on the degree 
to which they contrast with it; however, because they would be auxiliary to existing structures, these 
potential adverse impacts are considered minor. 
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Local Projects 
Protection of roads and infrastructure would cause localized changes to views in the areas.  The 
potential adverse impacts from Local Projects are considered minor because of their small scale.  Bank 
protection activities could cause minor adverse impacts on the limited changed views along the 
Wynoochee and Chehalis rivers.  

4.7.8.3 Mitigation 
Potential mitigation measures for short-term impacts on visual quality are similar to those described for 
the Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee.  Potential 
mitigation measures for long-term impacts on visual quality related to Floodproofing and Local Projects 
include buffering visual impacts with native trees, shrubs, and other vegetation. 

4.7.9 Noise 

4.7.9.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term noise impacts related to Floodproofing and Local Projects include construction 
activities and equipment.  Construction equipment likely to be used for construction would include 
earth-moving, materials-handling, and hauling equipment with peak noise levels ranging from 81 to 
89 dBA at 50 feet from the source (see Table 4.2-10).  Construction noise would likely be a disturbance 
to nearby residents, but the impacts would not be significant because noise levels would decrease to 
safe levels before reaching homes and would be limited to daytime hours.   

4.7.9.2 Long-term Impacts 
No adverse impacts are anticipated because none of the completed projects would generate noise in 
excess of current conditions.   

4.7.9.3 Mitigation 
Potential mitigation measures for short-term noise impacts would be the same as those described for 
the Airport Levee Improvements and I-5 Projects.  No long-term noise impacts are anticipated with the 
Local-scale Flood Damage Reduction Actions, so no mitigation is proposed. 

4.7.10 Land Use 

4.7.10.1 Short-term Impacts 
Floodproofing 
No potential short-term impacts on land use are anticipated as a result of Floodproofing. 

Local Projects 
No potential short-term impacts on land use are anticipated as a result of Local Projects. 
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4.7.10.2 Long-term Impacts 
Floodproofing 
This action element estimates that 75% of residential structures in the Chehalis River floodplain could be 
elevated above BFE.  If elevation of a structure is more expensive than the value of the land and 
structure combined, the structure and land could be purchased.  The potential effects on land use from 
Floodproofing are beneficial and include reductions in flood damage for residential land uses.  
Floodproofing also would be employed to reduce flood damages to other land uses, where 
approximately 25% of residential structures and 75% of commercial, industrial, government, school 
structures have the potential to be floodproofed.  The installation of farm pads that provide refuge from 
floodwaters and the creation of livestock evacuation routes would benefit agricultural land uses.   

Local Projects 
No adverse impacts on land use are anticipated.  The potential effects on land use associated with Local 
Projects primarily include the reduction in the risk of flood damage to structures and key infrastructure 
or priority areas, reducing the risk of flood damage or disruption to land uses.   

Land Use Management 
Land Use Management actions are intended to affect patterns of development within the floodplain.  
Floodplain protection and construction standards proposing to minimize development in flood-prone 
locations, protect natural floodplain functions, and more effectively protect buildings in the floodplain 
could be enacted, with the goal of effecting a long-term impact on land use.  This would be considered a 
beneficial effect on land use in the context of reducing flood damage.  A Build Out Analysis was 
conducted to evaluate the potential effectiveness of Land Use Management actions in the floodplain of 
this type (see Appendix L).  Due to the abundance of existing developable parcels in the Chehalis River 
floodplain, the results indicated that subdivision set asides, and low density or large lot zoning, would be 
unlikely to significantly limit further development in the Chehalis River floodplain.  While Land Use 
Management actions could have an effect on land use, regulations that more directly restrict floodplain 
development could be more effective at preventing potential future flood damage.  Land use changes 
that restrict development potential on existing parcels could be considered minor adverse impacts from 
the perspective of individual property owners.  More information on the potential effectiveness of Land 
Use Management actions in the floodplain is included in Appendix L.    

4.7.10.3 Mitigation 
No short-term impacts on land use are anticipated as a result of implementing Floodproofing or Local 
Projects, so no mitigation is proposed. 

Floodproofing and Local Projects 
No long-term adverse impacts on land use are anticipated with Floodproofing and Local Projects, so no 
mitigation is proposed.   
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Land Use Management 
Land Use Management changes that represent a departure from a community’s current comprehensive 
plan or development regulations would need to demonstrate that such standards continue to provide 
sufficient suitable land for development to accommodate allocated housing and employment growth, 
per the provisions of GMA.  Significant adverse impacts on land use are not anticipated under the 
proposed floodplain protection and construction standards. 

4.7.11 Recreation 

4.7.11.1 Short-term Impacts 
Floodproofing and Local Projects  
Potential short-term impacts on recreation related to Floodproofing or Local Projects would occur 
during construction, and include construction noise and dust on properties located adjacent to parks or 
other recreational facilities.  These impacts would be limited to the construction period, which would 
likely be several weeks to several months. 

4.7.11.2 Long-term Impacts 
Floodproofing and Local Projects  
Floodproofing would not affect any recreational areas and would therefore have no adverse impact.  
Floodproofing could result in a beneficial effect on recreation if farm pad projects protect livestock and 
equipment for farms used for agritourism.  Some Local Projects could result in benefits to recreation 
because they could help maintain access to parks or other recreational areas by reducing flooding of 
access roads.   

4.7.11.3 Mitigation 
No short- or long-term adverse impacts on recreation are anticipated with Local-scale Flood Damage 
Reduction Actions, so no mitigation is proposed.   

4.7.12 Historic and Cultural Preservation 

4.7.12.1 Short- and Long-term Impacts 
Floodproofing and Local Projects 
The potential impacts on cultural resources related to Floodproofing and Local Projects that could occur 
during construction are related to ground disturbance and filling to floodproof (raise or make other 
alterations) frequently flood-damaged properties or farm pads.  The purchase and demolition of 
frequently flood-damaged properties, or infrastructure improvements implemented under Local 
Projects, could also affect cultural resources during construction.  Potential impacts include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 
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• Changes to the use or physical features of a cultural resource 

• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource  

The extent of impacts would depend on the nature of cultural resources that could be disturbed, which 
would be determined through coordination with DAHP and affected tribes during a project-level 
environmental review, including continued government-to-government consultations.  Potential 
impacts on tribal cultural resources or graves, Indian human remains, or traditional cultural properties 
may also occur and would be determined in coordination with tribes, and government-to-government 
consultations. 

The potential impacts on cultural resources associated with Floodproofing and Local Projects that could 
occur following construction are associated with the alteration or removal of existing frequently 
flood-damaged properties, which could expose, damage, destroy, and/or alter cultural resources 
through additional, increased, or changed vehicular and foot traffic patterns.  Different flood patterns, 
which could cause flooding and sedimentation of any submerged resources in different areas, change 
stream channels and cause erosion, and change the streambank locations, which results in bank erosion.  
These changes could expose, damage, destroy, and/or alter cultural resources downstream of the Local 
Projects.  Potential adverse impacts are considered minor for Floodproofing, as these actions are not 
anticipated to require substantial ground disturbance that could affect significant archaeological 
materials.  Potential adverse impacts for Local Projects are considered moderate to significant due to 
the potential to affect cultural resources due to different flood patterns, although as described 
previously, this would be determined during coordination and consultation with DAHP and affected 
tribes under the project-level environmental review. 

4.7.12.2 Mitigation 
Mitigation measures for potential impacts on cultural resources would be determined during 
project-specific evaluations, and would include consultation with DAHP, interested and affected tribes, 
as well as other consulting parties (see information on addressing potential impacts on cultural 
resources in Section 4.2.12).  The potential compensatory mitigation measures would be the same as 
those described for the Flood Retention Facility (see Section 4.2.12.2). 

4.7.13 Transportation 

4.7.13.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on transportation related to Floodproofing and Local Projects include 
temporary disruptions to local roadways.  These impacts would be limited in duration and access to 
properties would be maintained to the extent possible.   
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4.7.13.2 Long-term Impacts 
Local Projects 
Local Projects that protect roadways would reduce road closures in specific locations during major 
floods, resulting in beneficial effects. 

Land Use Management 
Limitations on the construction of new roads in the floodplain would reduce the number of roads 
inundated during floods, and limitations on residential development in the floodplain would reduce 
incidences of blocked access to residential areas during floods.  Therefore, Land Use Management would 
result in beneficial effects.   

4.7.13.3 Mitigation 
Mitigation measures for short-term impacts would be similar to those for the Airport Levee 
Improvements and I-5 Projects.  No long-term impacts on transportation are anticipated with Local-scale 
Flood Damage Reduction Actions, so no mitigation is proposed. 

4.7.14 Public Services and Utilities 

4.7.14.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on public services and utilities related to Floodproofing and Local 
Projects include reduced accessibility and temporary disruption of public services that rely on having 
consistent access to their customers (e.g., garbage collection).  However, impacts would be limited 
through proper mitigation (i.e., use of detours or maintain property access).  Local Projects to protect 
WWTPs would be designed so that operations are not disrupted during construction; therefore, no 
disruption of services is anticipated.  Short-term impacts would occur due to implementation of 
construction mitigation measures and limited construction periods. 

4.7.14.2 Long-term Impacts 
Floodproofing  
Floodproofing structures in the floodplain would reduce flood impacts and help maintain public services 
and utilities structures and uses during floods.  These potential effects are considered beneficial because 
they would protect a limited number of public services and utilities.  Any utility relocations would be 
localized, causing minor adverse impacts.   

Local Projects 
Local Projects would result in beneficial effects where such projects protect specific WWTPs and other 
utilities during floods.  Local Projects could require utility relocations, either on the current site or to 
nearby areas off site, resulting in minor to moderate adverse impacts.   
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Land Use Management 
Changes to land use regulations would positively affect public services and utilities by restricting the 
placement of public service facilities and utilities in the floodplain, reducing flood damage and the need 
to repair utilities in the future.  

4.7.14.3 Mitigation 
Potential mitigation measures for short-term impacts on public services and utilities would include 
measures to maintain access and public services similar to those described for the Airport Levee 
Improvements.  The minor to moderate long-term adverse impacts associated with utility relocations 
would be mitigated by coordination with service providers and property owners.   

4.7.15 Environmental Health and Safety 

4.7.15.1 Short-term Impacts 
Floodproofing and Local Projects 
The potential short-term impacts on environmental health and safety related to Floodproofing and Local 
Projects would occur during construction and include temporary disruptions to local roadways, causing 
minor delays to emergency response during construction.  These impacts would be limited to the 
construction period. 

4.7.15.2 Long-term Impacts 
Floodproofing 
Floodproofing could reduce the demand for emergency response services during a flood because 
residences and commercial buildings would no longer be inundated, or inundated to a lesser extent, and 
the risks to health and safety of inhabitants of those structures would be reduced as a result.  
Floodproofing residences and commercial buildings could reduce floodwater contamination from 
hazardous materials.  These effects would be beneficial at the locations in which they are applied. 

Local Projects 
Local Projects could somewhat reduce the demand for emergency response services through localized 
flood damage reduction and maintaining road access.  Flood protection of WWTPs would reduce the 
potential for floodwater contamination by keeping the WWTPs operable during major floods.  Minor 
reductions in threats to human health and safety would create a beneficial effect to the community. 

Land Use Management 
Updated regulatory standards would require a higher level of protection for critical facilities (facilities 
that are vital to flood response activities or public health and safety, as well as those that could release 
hazardous materials into the environment during flooding).  New facilities would either be prohibited 
from locating within the 500-year floodplain, or be protected from damage and loss of access during a 
500-year flood through more stringent construction standards.  Regulatory standards that minimize new 
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development in the floodplain would reduce risks to public safety and potential impacts on emergency 
services.  Therefore, beneficial effects on public health and safety could result from improvements to 
Land Use Management. 

Flood Warning System 
Implementing improvements to the flood warning system would improve flood forecasts and increase 
the lead time for flood warning, resulting in a beneficial effect on environmental health and safety. 

4.7.15.3 Mitigation 
No short- or long-term adverse impacts on environmental health and safety are anticipated, so no 
mitigation is proposed. 

 



Action Elements: Impacts and Mitigation 

Draft Chehalis Basin Strategy Programmatic EIS 427 

4.8 Aquatic Species Habitat Actions (High and Low) 
For the purpose of evaluating impacts in this EIS, high and low restoration scenarios for restoring aquatic 
species habitat were analyzed for river reaches within the Chehalis Basin.  It is assumed that in the future, 
selected restoration actions would fall within this bracketed range.  The main difference between the 
high and low restoration scenarios is the magnitude of short- and long-term impacts.  In other words, 
the low restoration scenario would result in the same benefits and impacts, but to a lesser degree.   

The goal of Aquatic Species Habitat Actions is to design and implement broad-scale restoration and 
protection actions to benefit and protect aquatic species and habitat throughout the Chehalis Basin.  
The intent of this action element is to protect, improve, and create sustainable ecosystem processes and 
functions that support the long-term productivity of native aquatic and semi-aquatic species at much 
higher levels of abundance than current conditions support.   

4.8.1 Water Resources 

4.8.1.1 Short-term Impacts 
The potential short-term impacts on water resources are described in Table 4.1-1 and would result from 
construction activities, such as water diversions, excavating, clearing, filling, and using and staging heavy 
equipment for restoration actions in the Chehalis Basin, on the shoreline, and in the adjacent riparian areas.  
Impacts would primarily be due to the increased potential for turbidity, risk of contamination to surface 
and groundwater from construction activities, and interruptions to surface water quantity and groundwater 
(e.g., recharge and discharge and localized hyporheic exchange alterations) in areas of dewatering.   

4.8.1.2 Long-term Impacts 
4.8.1.2.1 Surface Water Quality 

No adverse impacts on water quality are anticipated as a result of implementation of Aquatic Species 
Habitat Actions.  The potential effects on surface water quality are related to the creation of cool-water 
habitats (i.e., deep pools) and improved riparian conditions (e.g., creation of streamside shade).  Habitat 
could be restored in some reaches of the Chehalis River and its tributaries where temperature or DO 
conditions are suboptimal for fish, and water quality criteria are not presently met.  Anticipated 
beneficial effects on water quality include the following: 

• Localized improvements in water quality conditions, including lower water temperatures and 
associated improvements in DO   

• Water quality treatment provided by restored or enhanced wetlands  

• Less-frequent occurrence of violations of state surface water quality standards (WAC 173-201) 
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4.8.1.2.2 Surface Water Quantity 

Potential impacts on water quantity from Aquatic Species Habitat Actions would result from the 
implementation of restoration elements that modify floodplain inundation areas or connectivity to off-
channel and floodplain areas.  The activation of floodplain and off-channel areas has the potential to 
decrease flood extents and depths in adjacent areas.  Fish passage barrier and culvert removal could 
reduce localized flooding upstream of the barrier, and increase localized flooding downstream if the 
barriers and culverts were undersized for floods.   

Reconnection of the floodplain to the main channel would cause flooding in the reconnected areas.  
These potential adverse impacts are considered minor where increased flooding has the potential to 
affect structures and roads due to its limited duration and extent.   

There is the potential for increased water availability, resulting in a beneficial effect on water use and 
water rights.    

4.8.1.2.3 Groundwater 

The potential effects on groundwater quality and quantity are considered beneficial due to improved 
localized groundwater recharge (and hyporheic exchange) in the expanded or reconnected floodplain 
areas. 

4.8.1.3 Mitigation 
Potential mitigation measures for short-term impacts on water resources are included in Table 4.1-1.  
Because no long-term adverse impacts on surface water quality and groundwater resulting from 
implementation of Aquatic Species Habitat Actions are anticipated, no long-term mitigation is proposed.  
Potential mitigation for long-term impacts on surface water quantity include compensatory storage in 
locations where flood levels would increase.  Where an easement or property acquisition is necessary in 
areas of increased flooding, the type and level of mitigation would be determined during project-level 
environmental review, and coordination with affected property owners. 

4.8.2 Geology and Geomorphology 

4.8.2.1 Short-term Impacts 
4.8.2.1.1 Geology 

Potential short-term impacts on geology could occur where restoration actions are built in the vicinity of 
existing shallow rapid or deep-seated landslides.  Although activation of landslides from implementation 
of these restoration actions would be unlikely, there could be a short-term impact on geology, limited to 
the extent of the impact area, if a landslide did occur. 
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4.8.2.1.2 Geomorphology 

Potential short-term impacts on geomorphology could occur due to dewatering or rerouting the river 
channel, resulting in the loss of river function through work areas, or a temporary impact on geomorphic 
channel and floodplain processes.  Implementation of water diversion and re-routing measures could 
result in impacts on sediment and wood transport through the construction zones.  For example, 
diversion of a stream or river would be necessary to build an engineered logjam.  These impacts would 
be temporary and localized.   

4.8.2.2 Long-term Impacts 
4.8.2.2.1 Geology 

No adverse impacts on geology are anticipated with Aquatic Species Habitat Actions. 

4.8.2.2.2 Geomorphology 

Implementation of Aquatic Species Habitat Actions is anticipated to have beneficial effects on 
geomorphology as a result of the addition of channel structure to create or restore habitat.  Geomorphic 
benefits would result from the following improvements over current conditions: 

• Improved channel complexity and geomorphic function 

• Improved sediment load and transport processes 

• Increased wood load and recruitment 

In-water habitat restoration actions that add large wood would result in localized improvements in 
channel complexity (e.g., pools) and function (e.g., trap sediment).  Certain elements such as large wood 
placement would have the potential to limit local channel migration.  Reconnection of oxbows or 
secondary channels could increase the potential for the channel to move (migrate) across the channel 
migration zone.  Culvert removal and replacements that improve flow would also improve sediment 
transport conditions locally, leading to improved geomorphic function in the long term.   

4.8.2.3 Mitigation 
Potential mitigation measures for additional short-term impacts on geology and geomorphology are 
included in Table 4.1-1.  Where landslides are adjacent to construction, reconnaissance could be 
performed to avoid and minimize potential impacts on the potential landslide area.  Construction 
measures, such as avoidance or stabilization, could be implemented as applicable to reduce the 
potential for ground movement.  No long-term adverse impacts on geology and geomorphology are 
anticipated, so no long-term mitigation is proposed. 
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4.8.3 Wetlands and Vegetation  

4.8.3.1 Short-term Impacts 
The potential short-term impacts on wetlands and vegetation associated with both the high and low 
restoration scenarios would occur during construction, and could also occur with the implementation of 
actions that have the potential to disturb wetlands and upland and riparian vegetation communities 
(e.g., land clearing, excavation, fill placement, equipment access, and material storage during 
construction).  Potential short-term impacts on wetlands and vegetation associated with these types of 
actions include temporary fill placement in wetlands, removal or disturbance of existing upland and 
wetland vegetation, and temporary modification of wetland hydrology.  The overall intent of Aquatic 
Species Habitat Actions is to restore aquatic species habitat throughout the Chehalis Basin through such 
actions as the re-establishment of riparian and off-channel habitat and the reconnection of floodplains.   

4.8.3.2 Long-term Impacts 
No adverse impacts on wetlands and vegetation are anticipated.  The potential beneficial effects on 
wetlands and vegetation would largely be habitat improvements and protection, and restoration of 
wetlands and vegetation communities that are of high value to fish and wildlife.  Specific benefits would 
also include an increase in riparian areas and associated functions through the restoration or creation of 
habitat.  

4.8.3.3 Mitigation 
Potential mitigation measures for short-term impacts on wetlands and vegetation are described in 
Table 4.1-1.  No long-term adverse impacts on wetlands and vegetation are anticipated during 
implementation of Aquatic Species Habitat Actions, so no mitigation is proposed. 

4.8.4 Fish and Wildlife 

4.8.4.1 Short-term Impacts 
4.8.4.1.1 Fish 

The potential short-term impacts on fish are described in Table 4.1-1 and would occur during construction 
of habitat restoration actions, including in-water work and restructuring of adjacent streambank areas 
with conditions planned to exceed pre-construction status and/or function following completion.  The 
potential short-term impacts related to in-water construction primarily occur from the following: 

• Reduced water quality due to by turbidity increases, pollutant-laden stormwater runoff, or 
pollutants entering the water 

• Temporarily dewatering of part of the river channels, reducing habitat available to fish in the 
immediate vicinity of construction 
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• Construction noise in or near the stream channel and removal of bank vegetation, which would 
reduce the function of riparian habitat for fish (e.g., shading and input of terrestrial nutrients 
and food) 

4.8.4.1.2 Wildlife 

The potential short-term impacts on wildlife are described in Table 4.1-1 and would occur during 
construction, including construction activity that could disturb habitat used by native wildlife species to 
breed, forage, rest, and overwinter.  These impacts would be temporary.  

4.8.4.2 Long-term Impacts 
4.8.4.2.1 Fish 

The potential benefits to fish are improved fish habitat-forming processes, increased habitat area and 
complexity, and connectivity throughout the entire Chehalis Basin.  Anticipated beneficial effects are 
primarily related to improvement in habitat conditions that currently limit fish survival from the 
following:  

• Restoration of riparian vegetation, improving water quality, food and nutrient inputs, and 
habitat structure for fish 

• Restoration of stream channels and geomorphic processes that would reduce erosion and 
improve habitat complexity, providing better water quality and refugia for fish 

• Removal of culverts that currently block access for fish to habitat upstream 

Each of these actions could affect fish survival, and numbers of fish present in the system, by providing 
the necessary habitat for incubation, juvenile growth, refuge, and spawning.  

The goals of restoration would be to restore habitat function for native fish and amphibian species, 
including salmon and steelhead, by restoring river conditions and processes.  Actions that do not require 
long-term maintenance or intervention would be made a priority, and would be buffered against the 
effects of climate change to create and maintain the quantity and quality of fish habitat for the future.  
While the restoration actions would focus on self-maintaining restoration and protection, structural 
habitat actions would likely require intervention during the 100-year life span of the restoration plan.  As 
an example, culvert replacement would require periodic instream maintenance work.  

Restoration of riparian vegetation that provides shade and restoration of habitat complexity, including 
the creation of deep pools, would improve water quality by lowering temperatures and improving DO.  
Locations that are of high value to native fishes (e.g., areas of high productivity, species diversity, or 
refugia) would be protected and restored. 

The removal of more than 400 culverts that are currently rated as impassible or partially passable could 
reopen a minimum of 295 river miles of fish habitat.  For salmon species, removing all culverts could 
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improve populations of salmon and steelhead from 2% (for fall-run Chinook salmon) up to 13% (for coho 
salmon), depending on the species.  Coho salmon would experience the greatest gains because of their 
tendency to be distributed across many sub-basins and in smaller tributaries that are often impaired by 
undersized culverts (see Table 3.4-4 for existing salmon and steelhead run sizes by species).   

The reconnection of off-channel habitat across large areas of the Chehalis Basin could result in a minor 
adverse impact if it facilitates the dispersal of invasive species, such as bass and bullfrogs, that prey on 
or compete with native fish species.  However, reconnection of off-channel areas to main channel 
streams and rivers may restore seasonal flow patterns that reduce the abundance of invasive predators.  

Salmon abundance would be increased by actions in two different geographic areas of the Chehalis 
Basin: areas that are in active timber management (managed forestland), which are generally located in 
the upper Chehalis Basin and fall under the Washington FPA and Habitat Conservation Plans, and areas 
downstream of the managed forestlands in lowland areas of the basin where active habitat restoration 
is proposed under the Aquatic Species Habitat Actions.  Under current Forest Practice rules, changes to 
improve the conditions of the riparian corridor and reduce impacts from road building and fish barriers 
(such as culverts) have taken place on publicly and privately managed forestland.  In the lowland areas, 
restoration measures would include active riparian restoration and other habitat actions described in 
Section 2.3.3.3. 

There is uncertainty as to the long-term effectiveness of riparian maturation in managed forestland.  As 
a result, the effectiveness of riparian maturation in managed forestland was reduced from 100% to a 
range from 20% to 60% effective in the model to account for this uncertainty.  Managed forestland was 
studied and modeled along with the Aquatic Species Habitat Actions to account for the overall habitat 
improvement in the Chehalis Basin as fish use both managed forestland and downstream areas for 
spawning, rearing and migrating. 

While other species that are as widely distributed as salmon in the Chehalis Basin are likely to benefit, 
the magnitude of the benefit to other native fishes will depend on restoration that focuses on restoring 
ecological processes that support all species, as well as the overlap of chosen restoration areas with the 
distributions of the other native fishes.  The modeled current habitat potential for the Chehalis Basin to 
support each salmon species is depicted as the number of potential spawners, along with estimated 
total run size and escapement provided by WDFW over the past 10 years.  The modeled change in 
salmon and steelhead abundance for the entire Chehalis Basin predicted to result from a change in 
habitat potential due to implementation of the low and high restoration scenarios is shown in 
Table 4.8-1 and Figure 4.8-1 for each species. 
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Table 4.8-1  
Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin 

from Aquatic Species Habitat Actions  

Source: ICF 2016 
 
The contribution of managed forestlands to salmon habitat potential varies, with a range of 5% (fall-run 
Chinook salmon) to 26% (steelhead) and 31% (coho salmon) benefit for the low restoration scenario, 
and a range of 10% (fall-run Chinook salmon) to 54% (steelhead) and 57% (coho salmon) benefit for the 
high restoration scenario, compared to current conditions (see Figure 4.8-2).  The low restoration 
scenario is focused on spring-run Chinook salmon spawning reaches, with habitat potential primarily 
located in the upper Chehalis Basin in managed forestland, with some reaches in the middle and upper 
mainstem Chehalis River.  The high restoration scenario would result in a larger proportion of 
restoration benefit from active restoration in lowland areas outside managed forestlands, due to an 
increased level of restoration in a wider array of reaches throughout the Chehalis Basin1. 

The response of salmon populations to habitat restoration was also modeled by sub-basin.  The results 
assume distribution of restoration widely across sub-basins.  Those sub-basins that show the largest 
response in numbers of increased fish tend to be those with the most river miles of stream that would 
be restored.  The sub-basins that would provide the greatest increase in numbers of salmon and 
steelhead within the overall Chehalis Basin population are shown in Table 4.8-2 for each species.   

  

                                                            
1 Refer to Draft EIS Addendum dated October 17, 2016. 

SPECIES  
(CURRENT HABITAT POTENTIAL) 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 
LOW 
RESTORATION; 
20% OF 
REACHES 

HIGH 
RESTORATION; 
20% OF 
REACHES 

LOW 
RESTORATION; 
60% OF 
REACHES 

HIGH 
RESTORATION; 
60% OF 
REACHES 

Coho salmon (40,642) 22,908 (56%) 39,258 (97%) 51,785 (127%) 96,165 (237%) 
Fall-run Chinook salmon (25,844) 2,781 (11%) 9,124 (35%) 5,437 (21%) 19,350 (75%) 
Winter/fall-run chum salmon (190,550) 18,596 (10%) 29,080 (15%) 30,626 (16%) 56,970 (29%) 
Spring-run Chinook salmon (2,146) 2,051 (96%) 4,590 (214%) 5,583 (260%) 15,357 (715%) 
Winter-run steelhead (6,800) 2,147 (32%) 3,133 (46%) 4,738 (70%) 7,751 (114%) 
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Table 4.8-2  
Sub-basins with the Largest Potential Increase in Chehalis Basin Salmonid Abundance by Species from Aquatic 

Species Habitat Actions 

Notes: 
1. Low and high scenarios are shown in combination with 20% or 60% of spawning reaches restored 
2. Percentage change shows change in size of the given sub-basin population  
Source: ICF 2016 
 

 

  

SPECIES RESTORATION LEVEL1 SUB-BASIN 

CURRENT 
SUB-BASIN 
HABITAT 
POTENTIAL 

CHANGE IN SUB-BASIN 
ABUNDANCE IN NUMBER 
OF FISH (%)2 

Coho salmon Low (20%) Mainstem Chehalis from 
Satsop to Skookumchuck  

5,764 4,437 (77%) 
Low (60%) 8,803 (153%) 
High (20%) 6,835 (119%) 
High (60%) 16,088 (279%) 

Fall-run 
Chinook 
salmon 

Low (20%) Mainstem Chehalis from 
Satsop to Skookumchuck 

3,401 842 (25%) 
Low (60%) 1,536 (45%) 
High (20%) 2,404 (71%) 
High (60%) 5,466 (161%) 

Fall/winter-
run chum 
salmon 

Low (20%) Mainstem Chehalis from 
Satsop to Skookumchuck 

52,103 10,261 (20%) 
Low (60%) 14,456 (28%) 
High (20%) 13,419 (26%) 
High (60%) 22,387 (43%) 

Spring-run 
Chinook 
salmon 

Low (20%) Newaukum River 812 912 (112%) 
Low (60%) 2,026 (250%) 
High (20%) 2,127 (262%) 
High (60%) 6,341 (781%) 

Winter-run 
steelhead 

Low (20%) Newaukum River 1,022 397 (39%) 

Low (60%) 598 (59%) 
High (20%) 819 (80%) 
High (60%) 1,451 (142%) 
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Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Aquatic Species Habitat Actions 
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Figure  4.8-2

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Active Restoration Outside Managed Forest Compared to Managed Forestland  
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Aquatic Species Habitat Actions under the high restoration scenario would occur in 356 river miles 
across the entire Chehalis Basin.  If the high restoration scenario were undertaken, salmonid species 
would benefit across the entire Chehalis Basin—ranging from an increase in abundance of 16% for fall- 
and winter-run chum salmon if 20% of reaches were restored, up to an increase of 715% for spring-run 
Chinook salmon if 60% of reaches were restored (see Table 4.8-2).   

If low restoration scenario were undertaken, restoration would be focused on 104 river miles of spring-
run Chinook salmon spawning reaches; however, all salmon species that use these reaches would 
benefit.  Based on model results, increases in total Chehalis Basin abundance under the lowest 
restoration scenario would range from 10% for fall- and winter-run chum salmon to 11% for fall-run 
Chinook salmon if 20% of reaches were restored, up to 260% for spring-run Chinook salmon if 60% of 
reaches were restored (see Table 4.8-2).   

Restoration of the Newaukum and the middle mainstem Chehalis River sub-basins between the 
confluences of the Skookumchuck River up to Elk Creek would increase salmon numbers the most across 
all five species; however, restoration of the lower Chehalis, Wynoochee, Satsop, Skookumchuck, and 
South Fork Chehalis River sub-basins would also provide benefits of slightly smaller magnitudes.  The 
smallest change in salmon abundance would be observed with restoration of the South Bay, 
Humptulips, Hoquiam, and Wishkah rivers; however, the magnitude of change within these tributaries 
could still be sizeable, with sub-basin populations increasing up to nearly 200% for coho salmon in the 
Wishkah River.  

It should be noted that the benefits described here do not take climate change in to account, which is 
projected to cause increases in water temperature and change seasonal precipitation patterns.  The 
benefit of the low Aquatic Species Habitat Actions scenario would not offset losses to salmon abundance 
predicted under a climate change scenario (see Section 4.8.7 for further discussion).   

4.8.4.2.2 Wildlife 

The potential beneficial effects on wildlife include habitat improvements and protection, and restoration 
of vegetation communities and wetlands that are of high value to fish and wildlife.  Anticipated effects 
are primarily related to increases in habitat quantity, quality, and connectivity from the following: 

• Increase in wildlife habitat through improvements in wetland and riparian habitats and 
associated functions through restoration or creation of habitat 

• Improved habitat connectivity and corridors for wildlife  

• Increased fish production described in Section 4.8.4.2.1 would benefit mammals and predators 
that feed on salmon and salmon carcasses including multiple birds and mammal species in the 
Chehalis Basin, as well as the ESA-listed Southern Resident killer whale in the Pacific Ocean 
outside of Grays Harbor 
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Each of these actions could affect habitat quality by increasing the area of habitat functioning as it 
would have historically for aquatic and semi-aquatic wildlife such as amphibians, reptiles, 
North American beaver, and waterfowl.  In the low restoration scenario, 21 to 63 river miles (1,150 to 
2,900 acres) of riparian habitat could be treated with restoration or protection activities; whereas in the 
high restoration scenario, 71 to 214 river miles (3,900 to 9,750 acres) of riparian habitat could be 
restored or protected.   

The potential effects on wildlife habitat and native wildlife species, in particular species that rely on 
aquatic habitat for multiple stages of their life cycle such as amphibians, are considered beneficial.  Key 
restoration activities that benefit wildlife would include the following: 

• Improvement of habitat processes, habitat complexity, and connectivity throughout the 
Chehalis Basin that is self-maintaining, high-value habitat for wildlife 

• Creation, restoration, and enhancement of wetlands for use by semi-aquatic species 

• Creation and improvement of habitat features achieved through increased plant species 
diversity and complexity, the addition of snag and woody material habitat features, increased 
wetland and riparian habitat functions, and the establishment of hydrologic features with 
diverse characteristics in depth, width, and sinuosity  

• Restoration and improvement of riparian habitat features could improve connectivity between 
wildlife habitats, creating a benefit by connecting wildlife populations that are currently 
separated by human disturbances or activities and providing migration corridors that are less 
exposed to human disturbances (WHCWG 2010) 

Establishing these features would provide quality habitat for native wildlife species of birds, amphibians, 
large and small mammals, and reptiles to breed, forage, rest, and overwinter.  

Restoring connections among currently disconnected habitat could have an adverse impact by 
facilitating the spread of non-native invasive species, which could lower the quality of habitat functions; 
however, this would be a potentially minor adverse impact compared to the overall beneficial effect of 
improving connectivity between habitats for wildlife species.  Invasive species dispersal could include 
non-native plants (e.g., reed canarygrass and purple loosestrife) or wildlife species (e.g., bullfrog) that 
prey on native wildlife. 

4.8.4.3 Mitigation 
4.8.4.3.1 Fish 

Potential mitigation measures to reduce short-term impacts on fish could include those described in 
Table 4.1-1, as well as the following: 

• Avoiding intact riparian vegetation that stabilizes banks and provides cover for fish 
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• Excluding fish from areas with nets or other temporary exclusion methods  

No long-term adverse impacts on fish are anticipated, because Aquatic Species Habitat Actions would be 
beneficial to fish species in the long term, so no mitigation is proposed.   

4.8.4.3.2 Wildlife 

Potential mitigation measures for short-term impacts on wildlife are described in Table 4.1-1.  No long-
term adverse impacts on wildlife are anticipated, because Aquatic Species Habitat Actions would be 
beneficial to wildlife species in the long term, so no mitigation is proposed.   

4.8.5 Tribal Resources 

4.8.5.1 Short- and Long-term Impacts 
Potential adverse impacts on tribal resources could occur during construction and would result in the 
following disturbances to aquatic habitat and tribal fish resources: 

• Impairment or elimination of fish habitat used by adults, eggs, and juveniles 

• Effect on survival of adult, eggs, and juveniles 

• Affected behavior of adult or juvenile fish such that some are unable to successfully complete 
their life cycle and contribute to spawning for the next generation 

While Aquatic Species Habitat Actions would focus on self-maintaining restoration and protection, 
structural habitat actions would likely require intervention during the 100-year life span of this action 
element.  In particular, culvert maintenance would be required over the long term, which likely would 
involve instream work, however on a small temporal and spatial scale.  

Tribal fishers could be temporarily delayed or restricted from accessing the Chehalis River or its 
tributaries during some construction activities.  The potential to affect access depends on where and 
when construction would occur.  Access to traditional plants and hunting of wildlife could also be 
affected by short-term construction activities.   

The extent of potential impacts is pending additional coordination with tribes and continued 
government-to-government consultations.  The potential impacts on tribal resources following 
construction of the projects implemented as part of Aquatic Species Habitat Actions are improvements 
to productivity and capacity of natural populations of salmon and steelhead.   

Under the high restoration scenario, improvements in riparian vegetation would also provide wildlife 
habitat for elk and deer.  These potential long-term effects are considered beneficial due to the 
appreciable improvement in overall population performance of all populations.   
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Habitat improvements are anticipated to benefit tribal fisheries by improving population productivity, 
abundance, and life history diversity; and proving greater resiliency to periods of adverse freshwater 
and marine environmental conditions.  The modeled change in salmon abundance for the low and high 
restoration scenarios is described in Section 4.8.4. 

4.8.5.2 Mitigation 
The potential mitigation associated with impacts on tribal resources would be addressed directly with 
Quinault Indian Nation and Chehalis Tribe tribal leadership during project-level environmental review 
and continued government-to-government consultations.  

In some cases, mitigation measures would be proposed to address the short- and long-term impacts on 
habitat that are important to tribal resources, including fish, wildlife, and plants.  Mitigation of impacts 
on treaty rights is subject to consideration and agreement by the Quinault Indian Nation. 

4.8.6 Air Quality 

4.8.6.1 Short-term Impacts 
The potential short-term impacts on air quality would vary and would likely last a few weeks to a few 
months depending on the scale of the individual restoration project.  These impacts would be localized, 
limited to the construction period, and would not cause an overall decrease in regional air quality.   

4.8.6.2 Long-term Impacts 
No adverse impacts on air quality are anticipated because Aquatic Species Habitat Actions would not 
generate emissions once completed.  Cleared areas would be revegetated and would not provide a 
source of dust. 

4.8.6.3 Mitigation 
Potential mitigation measures for short-term impacts on air quality would be the same as those 
described in Table 4.1-1.  No long-term adverse impacts on air quality are anticipated with Aquatic 
Species Habitat Actions, so no mitigation is proposed.   

4.8.7 Climate Change 

4.8.7.1 Short-term Impacts 
4.8.7.1.1 Effects of Aquatic Species Habitat Actions Contributing to Climate Change 

The potential short-term effects of Aquatic Species Habitat Actions that could contribute to climate 
change would occur during construction and include additional GHG emissions from construction 
equipment and truck shipments of materials to and from the site, such as construction and 
excavated/demolished materials for fish barrier removals, and materials for vegetation re-establishment 
and aquatic species habitat restoration sites.  Restoration activities are expected to be implemented 
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over a multi-year timeframe, and the anticipated GHG emission equivalents from all restorative 
elements are below the annual threshold for qualitative disclosure of emissions (Ecology 2011b).   

4.8.7.1.2 Effects of Climate Change on Aquatic Species Habitat Actions 

No short-term effects of climate change on Aquatic Species Habitat Actions are anticipated.   

4.8.7.2 Long-term Impacts 
4.8.7.2.1 Effects of Aquatic Species Habitat Actions Contributing to Climate Change 

No adverse impacts that contribute to climate change are anticipated.  However, beneficial effects could 
occur with increased vegetation and the associated increase in carbon storage and reduction in GHG 
emission equivalents, ranging between 140,000 to 350,000 MT CO2e/year (low restoration) and 470,000 
to 1.18 million MT CO2e/year (high restoration).   

4.8.7.2.2 Effects of Climate Change on Aquatic Species Habitat Actions 

The potential impacts of climate change on Aquatic Species Habitat Actions could reduce the 
effectiveness of restoration for salmonid populations.  However, these effects are considered minor 
adverse impacts because the improved habitat-forming processes, habitat complexity, and 
self-maintaining connectivity associated with implementation of Aquatic Species Habitat Actions are 
expected to help buffer the effects of climate change on salmonids and aquatic species. 

Several actions within both the high and low restoration scenarios serve to moderate the effects that 
are predicted with climate change forecasts, including providing the following: 

• Floodplain reconnection to moderate the effects of increased stream temperatures on aquatic 
species by increasing hyporheic flow, which provides cool groundwater to surface water during 
the summer 

• Restored riparian habitat, reduced erosion and sediment delivery, and restored instream 
conditions to moderate the effects of climate change on stream temperatures 

• An increase in thermal refugia to moderate the impacts of climate change on salmonids 

The EDT model developed for the Chehalis Basin (ICF 2016) was used to predict how fish species would 
respond to varying effects of climate change under the high and low restoration scenarios.  Table 4.8-3 
and Figure 4.8-3 present these results, as compared to current conditions with climate change.   
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Table 4.8-3  
Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and 

Aquatic Species Habitat Actions 

 
SPECIES  
(CURRENT 
HABITAT 
POTENTIAL) 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 

WITH 
CLIMATE 
CHANGE ONLY 

WITH CLIMATE 
CHANGE AND 
LOW 
RESTORATION; 
20% OF 
REACHES 

WITH CLIMATE 
CHANGE AND 
HIGH 
RESTORATION; 
20% OF 
REACHES 

WITH CLIMATE 
CHANGE AND 
LOW 
RESTORATION; 
60% OF 
REACHES 

WITH CLIMATE 
CHANGE AND 
HIGH 
RESTORATION; 
60% OF 
REACHES 

Coho salmon 
(40,642) 

-22,390 (-55%) -3,865 (-10%) 4,728 (12%) 27,684 (68%) 61,395 (151%) 

Fall-run Chinook 
salmon (25,844) 

-6,969 (-27%) -4,602 (-18%) -566 (-2%) -2,236 (-9%) 8,654 (33%) 

Winter/fall-run 
chum salmon 
(190,550) 

-8,270 (-4%) 15,445 (8%) 28,232 (15%) 29,261 (15%) 59,272 (31%) 

Spring-run 
Chinook salmon 
(2,146) 

-1,869 (-87%) -1,075 (-50%) -452 (-21%) 1,088 (51%) 5,467 (255%) 

Winter-run 
steelhead (6,800) 

-3,741 (-55%) -894 (-13%) 194 (3%) 2,711 (40%) 6,347 (93%) 

Source: ICF 2016 
 

Future climate conditions in the Chehalis Basin are expected to appreciably reduce the habitat potential 
for salmon.  However, active restoration in lowland areas is anticipated to moderate these changes, 
especially when considering the high restoration scenario.  Figure 4.8-4 shows the increase in benefit 
from managed forestlands and active restoration in lowland areas outside of managed forestlands2. 

 
  

                                                            
2 Refer to Draft EIS Addendum dated October 17, 2016. 



Figure  4.8-3

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change and Aquatic Species Habitat Actions

Source: ICF 2016

-22,390

-6,969 -8,270

-1,869

-3,741

-3,865 -4,602

15,445

-1,075 -894

4,728

-566

28,232

-452

194

27,684

-2,236

29,261

1,088 2,711

61,395

8,654

59,272

5,467 6,347

-100

-50

0

50

100

150

200

250

300

Coho Salmon Fall-run Chinook Fall/Winter-run Chum Spring-run Chinook Winter-run Steelhead

Pe
rc

en
ta

ge
 C

ha
ng

e 
in

 F
ish

 A
bu

nd
an

ce

Species

20% Riparian (Low)Percent Change in Fish Abundance: 20% Riparian (High) 60% Riparian (Low) 60% Riparian (High)

20% Riparian (Low)

With Climate Change Only

With Climate Change OnlyNumerical Change in Fish Abundance: 20% Riparian (High) 60% Riparian (Low) 60% Riparian (High)



Figure  4.8-4

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin from Climate Change (Active Restoration Outside Managed Forest Compared to Managed Forestland)
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All of the low and high restoration scenarios with climate change would result in the increased 
abundance of salmonids compared to climate change only.    

The high restoration scenarios with climate change would result in the following: 

• Significantly greater percentage increase in abundance (more than 75%) than the low 
restoration scenario for coho salmon and spring-run Chinook salmon when applied to either 
20% or 60% of the reaches, as well as winter-run steelhead when applied to 60% of the reaches 

• Exceedance of habitat potential for coho salmon and spring-run Chinook salmon with 60% of 
reaches addressed 

The low restoration scenarios with climate change would result in the following: 

• A reduction in predicted losses of salmonid abundance due to climate change only under 
current conditions for all species 

• Avoidance of a loss in abundance for coho salmon and winter-run steelhead when applied to 
60% of reaches and for winter/fall-run chum salmon when applied to both 20% and 60% of 
reaches 

4.8.7.3 Mitigation 
4.8.7.3.1 Mitigation to Address Effects of Aquatic Species Habitat Actions Contributing to 

Climate Change 

No adverse effects of Aquatic Species Habitat Actions contributing to climate change are anticipated, so 
no mitigation is proposed. 

4.8.7.3.2 Mitigation to Address Effects of Climate Change on Aquatic Species Habitat Actions 

The design of the actions within Aquatic Species Habitat Actions are intended to moderate the effects of 
climate change and provide resiliency to these changing conditions.  The vulnerability of specific types of 
restoration actions in the Chehalis Basin would be evaluated in order to identify those actions that 
would maintain the largest degree of effectiveness under future projected climatic and hydrologic 
conditions.  No additional mitigation measures are anticipated.  

4.8.8 Noise 

4.8.8.1 Short-term Impacts 
The potential short-term impacts on noise would occur during construction and would include 
construction equipment, such as graders and dump trucks that would have peak noise levels ranging 
from 79 to 89 dBA at 50 feet from the source (see Table 4.2-10).  Aquatic Species Habitat Actions would 
range in scale, and larger actions, such as restoring off-channel habitat, would last longer and require 
heavier equipment.  These impacts would be localized and limited to daytime hours.   
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4.8.8.2 Long-term Impacts 
No adverse impacts are anticipated because implementation of Aquatic Species Habitat Actions would 
not generate noise.   

4.8.8.3 Mitigation 
Potential mitigation measures for short-term noise impacts would be the same as those described for 
the Airport Levee Improvements and I-5 Projects.  No long-term noise impacts are anticipated with 
Aquatic Species Habitat Actions, so no mitigation is proposed. 

4.8.9 Visual Quality 

4.8.9.1 Short-term Impacts 
The potential short-term impacts on visual quality would occur during construction and include 
unmanaged dust, exposed construction debris, heavy equipment, and temporary installations, 
depending on the individual activity, which would generally create an unattractive visual setting.  These 
impacts would occur in relatively small areas and would be limited to the construction period. 

4.8.9.2 Long-term Impacts 
Aquatic Species Habitat Actions could cause changes in views in local areas toward more natural 
conditions and vegetation.  Depending on personal preference, these changes could be considered 
beneficial to visual quality.  All potential adverse impacts would be minimal because they would not 
involve large-scale changes or large structures that block views.    

4.8.9.3 Mitigation 
Potential mitigation measures for short-term impacts on visual quality include limiting the area of 
ground disturbance through appropriate site design; locating staging and stockpiling areas within 
previously disturbed areas or co-locating them with proposed activities; and revegetating temporarily 
affected areas with appropriate plantings following construction.   

Long-term impacts on visual quality would be minimal and dependent on personal preference, so no 
mitigation is proposed.  

4.8.10 Land Use 

4.8.10.1 Short-term Impacts 
No short-term impacts on land use are anticipated.   

4.8.10.2 Long-term Impacts 
The potential adverse impacts on land use are related to the conversion of land from other uses into 
habitat restoration areas, which could be between 1,150 and 9,750 acres.  Impacts are most likely to 
occur on existing agricultural land, with impacts on residential, commercial, or industrial land uses 
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occurring to a lesser degree.  The land use conversion would be completed through property acquisition 
or pursuing a conservation easement on the portion of the land where restoration would take place 
(i.e., restoration of a narrow riparian corridor would not necessitate conversion of the entire property).  
If implemented at the highest level, habitat restoration actions could cumulatively result in minor to 
moderate adverse impacts to land use. 

4.8.10.3 Mitigation 
No short-term impacts on land use are is anticipated, so no mitigation is proposed.  Potential mitigation 
measures to address long-term adverse impacts on land use are associated with individual projects that 
permanently convert or alter the existing land use.  Where an easement or property acquisition is 
necessary, the type and level of mitigation would be determined during project-level environmental 
review, and coordination with affected property owners.  

4.8.11 Recreation 

4.8.11.1 Short-term Impacts 
The potential short-term impacts on recreation would occur during construction and include 
construction noise, dust, access, and transportation impacts in or adjacent to recreation areas, which 
could disturb recreational users.  Access to recreation areas could also be restricted during construction.  
These impacts would be limited to the construction period, which would be a few weeks to a few 
months for most projects.   

4.8.11.2 Long-term Impacts 
The restoration actions would increase the abundance of fish species in the Chehalis Basin, improving 
opportunities for recreational fishing and causing beneficial effects.  In-water structures (e.g., LWM) 
installed in the river or its tributaries could create a hazard for kayakers and other recreational boaters.  
This would result in a minor adverse impact because the area affected would be limited and signage 
would warn boaters.  Restoration actions could cause some minor, localized reductions in flooding, but 
the effects on recreation would be limited because these reductions are unlikely to reduce flood 
damage at recreational facilities or agritourism sites.  It is possible that some restoration sites would be 
closed to public access after construction.  If these sites were previously used for undeveloped 
recreation, this would be a minor adverse impact because it is likely that other opportunities for 
undeveloped recreation would remain nearby. 

4.8.11.3 Mitigation 
In addition to restoring access to recreation areas following construction, mitigation measures for 
short-term impacts on recreation are described in Table 4.1-1.  Potential mitigation measures for 
long-term adverse impacts on recreation associated with in-water structures could include signage to 
notify boaters of potential hazards. 
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4.8.12 Historic and Cultural Preservation 

4.8.12.1 Short- and Long-term Impacts 
The potential impacts on cultural resources are related to ground disturbance and filling to restore 
habitat, reduce bank erosion, and remove or improve fish passage obstructions.  Potential impacts 
include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 

• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource  

The resulting changes to the landscape could expose, damage, destroy, and/or alter cultural resources 
through the following: 

• Additional, increased, or changed vehicular and foot traffic patterns 

• Different flood patterns, which would cause flooding and sedimentation of submerged 
resources in other areas, change stream channels and cause erosion, and change the 
streambank locations and result in bank erosion 

The extent of impacts would depend on the nature of cultural resources that could be disturbed and 
could range from minor to significant, depending on the location.  Impacts would be determined 
through coordination with DAHP and affected tribes during a project-level environmental review, 
including continued government-to-government consultations.  Potential impacts on tribal cultural 
resources or graves, Indian human remains, or traditional cultural properties may also occur and would 
be determined in coordination with tribes, and government-to-government consultations.  

4.8.12.2 Mitigation 
Mitigation measures for potential impacts on cultural resources could be determined during 
project-specific evaluations of Aquatic Species Habitat Actions, and could include consultation with 
DAHP, interested and affected tribes, as well as other consulting parties (see information on addressing 
potential impacts on cultural resources in Section 4.2.12).  

The potential compensatory mitigation measures would be the same as those described for the Flood 
Retention Facility (see Section 4.2.12.2). 
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4.8.13 Transportation 

4.8.13.1 Short-term Impacts 
The potential short-term impacts on transportation would include limited temporary disruptions to local 
roadways to access construction areas and temporary road closures or detours for removal of fish 
passage barriers.  These impacts would be limited in duration and access would be maintained to the 
extent possible. 

4.8.13.2 Long-term Impacts 
Aquatic Species Habitat Actions would not affect the duration of I-5 closures.  Aquatic Species Habitat 
Actions could cause localized increased in flooding of some roadways, resulting in minor adverse 
impacts due to the limited scale.   

4.8.13.3 Mitigation 
Potential mitigation measures for short-term impacts on transportation include maintaining access to 
properties to the extent possible, installing signs, marking detour routes, flagging and providing 
information to the public, including notifications in advance of construction activities.  Culvert 
replacements on state roadways would be coordinated with WSDOT and local transportation departments.   

Long-term adverse impacts on transportation would be limited to small areas of increased flooding on 
local roadways, so no mitigation is proposed. 

4.8.14 Public Services and Utilities 

4.8.14.1 Short-term Impacts 
The potential short-term impacts on public services and utilities would occur during construction and 
include temporary disruptions to roadways, delays to public services, and disruptions of utilities.  These 
impacts are limited because services and utilities would be maintained through proper mitigation, and 
impacts would be limited to the construction period. 

4.8.14.2 Long-term Impacts 
Aquatic Species Habitat Actions would not change demand for public services and utilities, but could 
require localized relocation of utilities, which would result in minor adverse impacts.  Aquatic Species 
Habitat Actions could cause minor increases in flooding, but the increases are unlikely to affect public 
services and utilities.   

4.8.14.3 Mitigation 
Potential mitigation measures for short-term impacts on public services and utilities could include 
measures to maintain access and public services similar to those described for the Airport Levee 
Improvements.  Mitigation for minor long-term adverse impacts associated with utility relocation could 
include coordination with local service providers and property owners.   
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4.8.15 Environmental Health and Safety 

4.8.15.1 Short-term Impacts 
The potential short-term impacts on environmental health and safety would include disruptions to local 
roadways, causing temporary delays to emergency services during construction.  These impacts would 
be limited to the construction duration and access would be coordinated with emergency services. 

4.8.15.2 Long-term Impacts 
No adverse impacts on environmental health and safety would occur with implementation of the 
Aquatic Species Habitat Actions.  Restoration actions could cause some increased flooding in local areas, 
but would not increase the demand for emergency response services or increase the risk of 
contamination of floodwaters.   

4.8.15.3 Mitigation 
Potential mitigation measures for short-term impacts on environmental health and safety could include 
those described in Table 4.1-1 as they relate to the transport of material, as well as coordinating 
construction with emergency services to reduce impacts on emergency response.  No long-term adverse 
impacts on environmental health and safety are anticipated with Aquatic Species Habitat Actions, so no 
mitigation is proposed. 
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5 COMBINED ALTERNATIVES: IMPACTS 
AND MITIGATION 

5.1 Introduction 
This chapter describes the potential long-term impacts of the combined alternatives as compared to the 
No Action Alternative, as well as potential compensatory mitigation measures for unavoidable 
significant adverse impacts.  Specific short- and long-term impacts and mitigation associated with each 
action element, which are combined into the alternatives described in this chapter, are provided in 
Chapter 4.  Because Chapter 4 provides a more detailed analysis for each action element, Chapter 5 
focuses on those adverse impacts that are likely to be significant for each combined alternative.  
Cumulative impacts of the combined alternatives are described at the end of this chapter. 

The extent to which the No Action Alternative and action alternatives meet the Chehalis Basin Strategy 
objectives is also described in Chapter 5.  This strategy is intended to maximize the benefits of flood 
damage reduction and aquatic species habitat actions over the short and long term, while avoiding and 
minimizing environmental, social, cultural, agricultural, and economic impacts.  Because each of the 
action alternatives would be implemented as part of a comprehensive package, a climate change 
analysis that considers the combined impacts of flood damage reduction and aquatic species habitat 
actions under each alternative is also included in this chapter.   

Chehalis Basin Strategy Objectives 

Reduce the following conditions caused by a major flood: 
• Threats to human health and safety, including access to critical medical facilities  
• Flood damage to commercial and residential properties 
• Flood damage to agricultural properties, livestock, and crops 
• Disruption in transportation systems, including closures of I-5 and local and regional transportation systems 
• Disruption to industry, commercial businesses, and public services  

Protect and restore aquatic species habitat function to:  
• Improve resiliency of natural floodplain processes and ecosystems from the effects of climate change, 

including warming stream temperatures, low flows, and other effects  
• Increase abundance of native aquatic species, including increased populations of healthy and harvestable 

salmon and steelhead  
• Reduce the potential for future ESA listings 
• Enhance tribal and non-tribal fisheries 
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The Chehalis Basin Strategy is intended to be implemented as a coordinated plan and phased over time.  
If a combined alternative identified in this EIS moves forward, the resulting actions would be subject to 
project-level environmental review before being approved for implementation.  The process for this 
environmental review is described in Section 1.5.  For actions included in the No Action Alternative, the 
lead agencies would also conduct appropriate environmental review. 

The focus of the impacts analysis for the No Action Alternative is on the potential long-term impacts of 
ongoing flood damage reduction actions and habitat improvements at historical funding levels 
(excluding recent legislative funding related to the Chehalis Basin Strategy).  Under the No Action 
Alternative, actions to reduce flood damage and improve aquatic species habitat conditions would 
continue to a lesser extent than with the action alternatives, and in a piecemeal fashion.   

Each action alternative includes a distinct combination of Large-scale Flood Damage Reduction Actions 
(i.e., Flood Retention Facility, Restorative Flood Protection, Airport Levee Improvements, I-5 Projects, 
and Aberdeen/Hoquiam North Shore Levee).  All action alternatives include the same Local-scale Flood 
Damage Reduction Actions (Floodproofing, Local Projects, Land Use Management, and Flood Warning 
System Improvements) and Aquatic Species Habitat Actions (low and high scenarios).   

Impacts related to changes in flooding extents and depths in this chapter were analyzed using hydrologic 
modeling.  Results are given in the context of the 100-year floodplain of the Chehalis River, referred to 
as the Chehalis River floodplain and the floodplain affected by the Restorative Flood Protection action 
element (Alternative 4).   

No long-term impacts on air quality or noise are anticipated to occur as a result of the No Action 
Alternative or any of the action alternatives.  Furthermore, visual quality conditions would result in 
site-specific, rather than Basin-wide, significant impacts with the Flood Retention Facility and 
Restorative Flood Protection.  Therefore, potential impacts on these resources are not further evaluated 
in Chapter 5.  
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Table 5.1-1 provides a summary of the action elements evaluated in this EIS, and illustrates how the action elements are combined into the 
considered alternatives.  Under the No Action Alternative, actions to reduce flood damage and improve habitat conditions would continue to a 
lesser extent than under the action alternatives (open circles designate less intense actions as part of this alternative). 

Table 5.1-1  
Action Elements and Combined Alternatives for Evaluation in the Draft EIS 

ACTION ELEMENT 

PROPOSED ALTERNATIVES 

NO ACTION 
ALTERNATIVE 

ALTERNATIVE 1:  
2014 GOVERNOR’S 
WORK GROUP 
RECOMMENDATION 

ALTERNATIVE 2:  
STRUCTURAL FLOOD 
PROTECTION WITHOUT 
FLOOD RETENTION 
FACILITY 

ALTERNATIVE 3: 
NONSTRUCTURAL 
FLOOD 
PROTECTION 

ALTERNATIVE 4: 
RESTORATIVE 
FLOOD 
PROTECTION 

LARGE-SCALE FLOOD DAMAGE REDUCTION ACTIONS 
Flood Retention Facility (dam and 
associated reservoir) 

     

Airport Levee Improvements      
I-5 Projects      
Aberdeen/Hoquiam North Shore 
Levee 

     

Restorative Flood Protection      
LOCAL-SCALE FLOOD DAMAGE REDUCTION ACTIONS 
Floodproofing      
Local Projects      
Land Use Management      
Flood Warning System Improvements      
AQUATIC SPECIES HABITAT ACTIONS 
Restore riparian habitat      
Remove fish passage barriers      
Restore off channel habitat      
Add wood to streams for habitat      
Reduce bank erosion to naturally 
occurring rates 

     

Reconnect the floodplain      
Create, restore, enhance wetlands      
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5.2 No Action Alternative 
5.2.1 Overview 
The No Action Alternative is intended to represent the most likely future expected in the absence of 
implementing an action alternative.  Under the No Action Alternative, actions to address flood damage 
and aquatic species habitat improvements in the Chehalis Basin would continue at reduced levels as 
compared to the action alternatives.  As such, the No Action Alternative would result in the least 
reduction in flood damage during major floods, and least benefit to aquatic species habitat function.   

Under the No Action Alternative, existing activities, programs, and trends in the Chehalis Basin would 
continue.  Because the No Action Alternative does not involve a coordinated and integrated approach, 
benefits are likely to be localized and minimal throughout the Chehalis Basin.   

5.2.2 Long-term Impacts 
For the purposes of this EIS, a summary description of long-term minor adverse impacts or benefits 
resulting from No Action Alternative is provided relative to the following elements of the environment: 
water resources, geology and geomorphology, wetlands and vegetation, and fish and wildlife.  Those 
actions anticipated to result in moderate to significant adverse impacts are described in more detail in 
the sections that follow.  

5.2.2.1 Environmental Elements with Minor Adverse Impacts or Benefits  
While there could be incremental benefits from implementation of the No Action Alternative, these 
benefits would likely be outweighed at a Basin-wide scale by the adverse impacts that occur during the 
next major flood and continued degradation of aquatic species habitat.   

For example, surface water quality could be improved under existing programs like Ecology’s Water 
Quality Program and by ongoing localized flood damage reduction and aquatic species habitat 
restoration projects that are currently underway.  These projects could affect water quality through 
funding projects that improve it, and through protecting properties where there is a risk of pollutants 
entering nearby waterbodies (e.g., WWTPs) during a flood.  However, flood-related spills or leaks of 
toxic or hazardous materials and pollutants from developed areas would continue during major floods.  
Major floods would also continue to create instability on steep slopes and potentially trigger localized 
landslides, resulting in minor adverse impacts on geology.  There could be limited reductions in flood 
extents, floodwater depths, and floodwater velocities due to smaller-scale shoreline stabilization, levee 
placement, and bridge and culvert replacements projects; however, minor adverse impacts on 
geomorphology and fish and wildlife could occur if these activities reduce channel migration, deflect 
flow energy, and impair riparian habitat.   

With regard to fish, flooding is part of a natural flow regime and native fish have adapted to these 
conditions.  Flooding provides access to temporary foraging habitats in the floodplain and supplies 
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nutrients to riparian vegetation that in turn provides shade, cover, and additional food sources to fish.  
However, major floods, especially repeated major floods, can contribute to impairment of habitats due 
to large-scale erosion and deposition of fine sediment in spawning and rearing areas, including scouring 
of recently laid redds or scouring of features that provide habitat complexity—both of which would be 
detrimental to fish.   

Wildlife in the Chehalis Basin also likely exhibit some degree of adaptation to flooding.  Although floods 
can benefit wildlife over the long term by creating new habitat conditions and modifying vegetation 
communities, repeated major floods, such as those experienced in the Chehalis Basin in recent years, 
can result in detrimental effects to wildlife.  Potential adverse impacts include direct mortality of species 
unable to flee floodwaters such as small, less-mobile animals, young animals, and ground-nesting birds; 
destruction of nests and dens; displacement of wildlife to upland habitats where they may face 
increased competition for basic resources from both other animals and humans, increased mortality, or 
reduced reproductive success; and the destruction or alteration of wildlife habitat by scouring, 
prolonged inundation, sediment and woody material deposition, and large-scale erosion. 

The potential adverse impacts on wetlands and vegetation from ongoing flood damage reduction 
actions are primarily related to direct impacts from the construction of new facilities or infrastructure.  
Adverse impacts could include permanent loss of wetlands and vegetation, modification of wetland 
hydrology, and potential disconnection of the floodplain.  Overall, due to the limited scope of these 
actions and the likely location around developed areas, such impacts on wetland and vegetation would 
likely result in minor adverse impacts at a Basin-wide scale.   

Ongoing habitat restoration actions would provide some benefits to water resources, geomorphology, 
and fish and wildlife by protecting and restoring riparian areas and floodplain habitat in certain areas, 
but benefits would be localized and provide minor overall benefits at a Basin-wide scale.  Continued 
implementation of No Action Alternative measures (e.g., near-term habitat restoration projects; SRFB 
projects; and CREP, CFRP, FFFPP, and WSDOT fish passage programs) would provide some benefits to 
fish; however, these benefits are also anticipated to be localized and minor in a Basin-wide context.  
These benefits include the following:  

• Reductions in water temperatures with the creation of cool-water habitats (i.e., deep pools) and 
restoration of riparian habitat  

• Localized reductions in turbidity and sediment delivered to stream channels resulting from 
restoring natural erosion rates to reduce bank erosion  

• Improvements in channel complexity and improved geomorphic function with the addition 
of restoration features such as large wood that affects transport and distribution of 
coarse substrate 

• Beneficial increase in nutrient concentrations in streams that are restored with improved 
fish habitats  
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• Restoration of flow conditions and improved fish passage as a result of culvert removal or 
replacement activities  

• Enhanced wetland habitats, and increased wetland function 

The No Action Alternative includes salmon habitat potential benefits from the maturation of riparian 
areas in managed forestland compared to current conditions.  In contrast, the action alternatives 
include benefits from managed forestland, as well as active restoration in the lowlands (included within 
the Aquatic Species Habitat Action), compared to current conditions.  Modeled results of salmon habitat 
potential for Alternatives 1 and 4 are provided in Sections 5.3.2 and 5.3.3 (Alternative 1) and 
Section 5.6.2 and 5.6.3 (Alternative 4). 

Adverse impacts on fish under the No Action Alternative would result from continued impairment to fish 
habitat and habitat requirements, as described in Section 3.4 (see Bjornn and Reiser 1991; Wampler et 
al. 1993; Envirovision 2000; Smith and Wenger 2001; GHLE 2011; and ASEPTC 2014a for suites of habitat 
impairments by sub-basin).  Compared to its historical potential before European settlement, the 
current habitat is estimated to be 54% impaired for fall-run Chinook salmon, 56% impaired for 
winter-run steelhead, 72% impaired for coho salmon, and 87% impaired for spring-run Chinook salmon 
(ASEPTC 2014a).  The scope of restoration planned under the No Action Alternative would be limited 
and result in minor, with generally localized benefits; however, the changes would likely not be 
sufficient to restore reaches of Chehalis Basin rivers and streams in a way that substantially improves 
salmon abundance.  These changes would also provide minor benefits to wildlife species that breed, 
forage, rest, and overwinter in these habitat conditions, particularly semi-aquatic species such as 
amphibians.  These minor benefits are not likely to be adequate to overcome the significant adverse 
impacts resulting from projected climate change (see Section 5.2.2.3).   

Forest practices would continue to affect streamflow and landslides within the Chehalis Basin, as 
described in Section 3.1.2.  Any changes to forest management practices are not anticipated to reduce 
the frequency of extreme flooding in a watershed the size of the Chehalis Basin (Perry et al. 2016).   

5.2.2.2 Tribal Resources 
Under the No Action Alternative, Aquatic Species Habitat Actions could provide minor beneficial effects 
on tribal resources, as described in Section 5.2.2.1.  However, localized flood damage reduction actions 
could result in adverse impacts on treaty rights, primarily related to fish.  The nature of potential 
impacts on tribal resources is pending additional coordination with tribes and continued 
government-to-government consultations.  

Activities that impede the ability to exercise treaty rights (e.g., impaired access to resources or actions 
that harm resources or the habitat on which they are dependent) constitutes taking a property right that 
has been guaranteed to treaty tribes.  Impairment or elimination of fish habitat used by fish (eggs, 
juveniles, and adults) could affect their survival.  These activities could also affect behavior of adult or 
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juvenile fish such that some are unable to successfully complete their life cycle and contribute to 
spawning for the next generation.   

Tribal fishers could be temporarily delayed or restricted from accessing the Chehalis River and its 
tributaries during some construction activities.  Access to traditional plants and hunting of wildlife could 
also be affected by construction activities.  Based on feedback from the Quinault Indian Nation, impacts 
on tribal resources could occur from disturbance resulting from flood damage reduction actions that 
include installation of hard banks (e.g., riprap and sheetpile).  The excavation, channel re-routing, and 
other activities related to installation of levees and other hard bank proposals could result in short- and 
long-term losses to fish production (Sharp 2016a, 2016b). 

Temperature and habitat constraints, which are of particular concern for spring-run Chinook salmon, 
would continue in the long term.  It is likely tribal fisheries would continue to be focused on fall-run 
salmon entering the Chehalis River (coho, fall-run Chinook, and chum) and on winter steelhead.  It is 
anticipated that spring and early summer harvests by Quinault Indian Nation and Chehalis Tribe fishers 
on Chinook salmon would be limited, consistent with trends in recent years.  Spring and summer 
harvests of sturgeon by tribal fishers would continue to be managed to avoid impacts on a low 
abundance of spring- and summer-run Chinook salmon returning to the Chehalis Basin.  The significant 
adverse impacts of climate change (see Section 5.2.2.3) would result in decreased salmonid abundance, 
and could result in further impacts on tribal resources. 

5.2.2.3 Climate Change 
Without an integrated strategy, actions under the No Action Alternative would be implemented in a 
piecemeal fashion.  An uncoordinated approach could reduce the potential to formulate and adapt flood 
damage reduction and aquatic species habitat restoration strategies that are capable of adjusting to 
changing climatic conditions.  

As discussed in Section 3.7, the effects of climate change would alter temperatures, precipitation, wind, 
sea levels, streamflow, water temperatures, and forest compositions.  By mid-century, rainfall events 
are projected to become more severe, summer streamflows are projected to decrease, and annual 
variability would continue to cause some periods that are abnormally wet and others that are 
abnormally dry (ASEPTC 2014c; Mauger et al. 2016).  Anticipated effects of climate change on the 
No Action Alternative are described as follows and, collectively, are expected to result in significant 
adverse impacts. 

Geology and Geomorphology 
Under the No Action Alternative and when considering climate change, potential increases in channel 
erosion and incision, bank instability and erosion, and lateral bank migration could result from the 
projected increase in the number and severity of high-flow events.  Increases in winter precipitation 
would likely contribute to landslides on slopes saturated by rainfall or runoff (Mauger et al. 2016).  
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Water Resources  
Under the No Action Alternative and when considering climate change, projected increases in 
temperatures and decreases in summer precipitation would likely result in increased temperatures in 
rivers and streams.  With increased temperatures in rivers and streams, there would likely be increased 
algal production and decreased DO levels.  Projected increases in temperature, decreases in summer 
precipitation, more intense winter rain, and reduced snow retention would likely result in decreased 
rates of summer instream flow (Mauger et al. 2016).  With the reduced availability of water and inability 
to meet minimum instream flow requirements, there would be an increased frequency of interruptions 
in diversions and effects to water rights.  There could also be potential changes in alluvial aquifer levels. 

Increased peak flows and frequency of winter storms would result in more frequent and greater flood 
damage.  Additionally, sea level rise would increase flooding in areas adjacent to Grays Harbor 
(e.g., Aberdeen, South Aberdeen, Hoquiam, Westport; Mauger et al. 2016). 

Wetlands and Vegetation  
Sea level rise would likely result in a shift from tidal swamps supporting woody vegetation to irregularly 
flooded marshes consisting of non-woody vegetation.  There would be a loss of trees from saltwater 
intrusion into the lower Chehalis River, and a loss of low-elevation tidal mud and sand flats. 

Warmer and drier summers would likely result in a shift in forest composition to increased hardwoods 
and fewer Douglas firs, and increased numbers and extent of wild fires.  With longer-term shifts in forest 
types and species, there could be increased insect and tree disease outbreaks.   

Fish and Wildlife  
Projected increases in temperature in rivers and streams as well as a decrease in summer precipitation 
would likely result in decreased abundance of cold water-associated fish, such as salmon and steelhead.  
As shown in Table 5.2-1, future conditions as a result of climate change under the No Action Alternative 
would have the greatest impact on spring-run Chinook salmon and the least impact on winter- and 
fall-run chum salmon.  Chum salmon would be least affected by climate change because of their 
late-season entry into freshwater in the fall after water has cooled and precipitation has increased 
(ICF 2016).   
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Table 5.2-1  
Potential Response in Salmon Abundance in the Chehalis Basin to Climate Change  

SPECIES  
(CURRENT HABITAT POTENTIAL) 

CHANGE FROM CURRENT CONDITION IN 
NUMBER OF FISH (%) 

Coho salmon (40,642) -22,390 (-55%) 
Fall-run Chinook salmon (25,844) -6,969 (-27%) 
Winter/fall-run chum salmon (190,550) -8,270 (-4%) 
Spring-run Chinook salmon (2,146) -1,869 (-87%) 
Winter-run steelhead (6,800) -3,741 (-55%) 

 

Depending on projected changes in climate, spring-run Chinook salmon could be nearly extirpated from 
the Chehalis Basin, or have substantially reduced populations, primarily as a result of assumed increases 
in summer water temperature (ICF 2016).  Analysis also showed five subpopulations of spring-run 
Chinook salmon and one subpopulation of winter-run steelhead could be extirpated from the Chehalis 
Basin as a result of climate change under the No Action Alternative.  NMFS and USFWS are responsible 
for assessing the possible listing of salmonids under Section 4 of the ESA and would initiate an 
ESA-listing proposal for endangered or threatened species.  The analysis of climate change impacts on 
fish and wildlife under the No Action Alternative does not include future actions that could occur as a 
result of ESA listings. 

Negative impacts on spawning and rearing habitat for other cold-adapted fish, such as mountain 
whitefish, and non-fish aquatic species could occur due to increases in summer water temperature 
(ASEPTC 2014c).  Beneficial effects on spawning and rearing habitat for warm-adapted fish and non-fish 
aquatic species, such as Pacific lamprey, largemouth bass, smallmouth bass, speckled dace, largescale 
sucker, and western toad, could occur due to increases in summer water temperature (ASEPTC 2014c).  
The adverse impacts of sea level rise would shift fish species composition in the lower Chehalis River as 
saltwater extends farther upstream. 

In addition to affecting fish, projected increases in water temperature, changes in seasonal flows, and 
the upstream extension of saltwater in the Chehalis Basin would adversely affect stream- and stillwater-
breeding amphibians, including western toad, by constraining or potentially eliminating suitable 
breeding and foraging habitat for these species.  Terrestrial amphibians including Dunn’s salamander 
and Van Dyke’s salamander could also be affected by increased summer air temperatures and changes 
in precipitation patterns.  Other wildlife including mammals, reptiles, and birds could also be affected by 
climactic changes and would be subjected to the loss of breeding and foraging habitat due to changes in 
seasonal flooding, sea level rise, wetland and mudflat/sandflat conversion, tree loss, and vegetation 
community changes.  Reduction in food sources, especially for those wildlife that rely on salmon 
carcasses for a part of their diet, could also occur—as could increased competition for other basic life 
resources as species relocated to find more suitable habitats. 
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Air Quality 
Decreased summer precipitation and increased wild fires with climate change are likely to adversely 
affect air quality under the No Action Alternative. 

Built Environment 
Continued rise in sea level, more intense heavy winter rains, decreased summer precipitation, and 
increased wildfire activity as a result of climate change could result in the following effects to the built 
environment under the No Action Alternative: 

• Land Use – Increased impacts on structures and agriculture due to increased flooding and 
shoreline inundation 

• Transportation – Increased flooding and shoreline inundation, which would result in increased 
transportation closures, delays, or detours for facilities and transportation lines located in or 
near coastal and low-lying areas, as well as facilities located in or near current floodplains 

• Recreation – Increased flooding impacts on park facilities located within the floodplain and 
low-lying areas  

• Historical and Cultural Preservation – Potential increased impacts on cultural resources from 
increased flooding and inundation  

• Public Services and Utilities – Increased flooding impacts on public service and utility facilities 
located within the floodplain due to increased peak flow and frequency of winter storms, 
resulting in more frequent and greater flood damage 

• Environmental Health and Safety – Impacts on emergency response services would continue 
during floods due to closures of I-5 and local roads that are impassible during major floods  
‒ Flood conditions would increase and more frequent major floods would increase the 

potential for contamination of wells and surface water 

5.2.2.4 Land Use 
Landowners could choose to relocate homes and businesses outside of the floodplain to avoid damages.  
More than 1,360 high-value structures susceptible to flooding within the Chehalis River floodplain—
approximately 56% residential, 26% commercial, and 18% agricultural—would remain vulnerable under 
the No Action Alternative and could incur flood damages (see Appendix L), resulting in a significant 
adverse impact.  Agricultural losses to crops and livestock from flooding would continue, although 
livestock losses would be lessened by farm pads that have already been constructed.  Under the No 
Action Alternative, it is anticipated that development would progress in much in the same way as it has 
in the past (see Appendix L).   

During the next 100 years, population growth in the Chehalis River floodplain could result in the 
development of 407 to 914 new residential and commercial/industrial structures (approximately 4 to 
9 structures per year).  These structures would be distributed throughout all three counties in the 
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Chehalis River floodplain, with the highest portion of this development expected in Lewis County 
because that is where the most vacant or subdividable parcels in the floodplain exist.  Most of the 
potential development associated with the No Action Alternative would occur as residential structures 
in Lewis County, likely in incorporated and Urban Growth Areas (UGAs) in Chehalis and Centralia 
(see Appendix L).   

The cities of Aberdeen and Hoquiam recently joined together to create a Coastal Resiliency Master 
Plan—the Timberworks Master Plan—which would identify multiple-benefit projects that can reduce 
flood risk, improve fish habitat, and increase public open space and recreation opportunities.  Initiation 
of this project occurred in November 2015 and the long-term effect on land use is undetermined.   

Agricultural losses to crops and livestock from flooding would continue, although livestock losses would 
lessen to some degree by farm pads that have been constructed since the 2007 flood.  Farm pads and 
excavation routes that are currently funded, or are completed through 2017, would likely reduce the risk 
of adverse impacts on livestock from flooding.  Funding for farm pads and excavation routes after 2017 
is uncertain under the No Action Alternative.  Ultimately, flooding would continue to cause significant 
adverse impacts on agricultural lands and infrastructure in the floodplain.   

5.2.2.5 Recreation 
The habitat restoration actions included in the No Action Alternative would not substantially improve 
fish abundance (see Section 5.2.2.1) and recreational fishing opportunities would continue to decline.  
Flooding at parks and other recreational facilities throughout the Chehalis Basin would not be 
substantially reduced through implementation of flood damage reduction actions included in the 
No Action Alternative.  Floods would continue to affect structures and facilities within recreation areas, 
and access roads and bridges to recreational facilities (such as Rainbow Falls State Park and the Willapa 
Hills Trail) would remain at risk of being damaged by floodwaters.  This would cause moderate adverse 
impacts because floods would continue to displace recreational uses until floodwaters recede and could 
cause long-term loss of access.   

If farm pads provide high ground to protect livestock and equipment at agricultural operations used for 
agritourism, this would provide beneficial effects.  As stated in Section 5.2.2.4, major floods would 
continue to have significant adverse impacts on agricultural lands and infrastructure in the floodplain.   

5.2.2.6 Historic and Cultural Preservation 
Potential short- and long-term impacts on historic and cultural resources include the following: 

• Destruction, damage to, or alteration of a cultural resource 

• Necessary removal of a cultural resource from its original location 

• Changes to the use or physical features of a cultural resource 
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• Introduction of visual, atmospheric, or audible elements that diminish the integrity of the 
significant features of a cultural resource 

Although few large-scale projects are likely to be constructed under the No Action Alternative, WSAPM 
identifies the Chehalis River and watershed as primarily at a moderate to very high risk, with completion 
of an archaeological survey highly advised or recommended.   

Although the degree or severity of the impact would depend on the nature of cultural resources that 
would be disturbed, moderate to significant adverse impacts on cultural resources could occur due to 
the predicted archaeological potential.  Impacts on cultural resources associated with the No Action 
Alternative are related to the following: 

• Required ground disturbance related to construction and implementation of actions under the 
No Action Alternative 

• Increased channel mobility and resulting stream channel changes and subsequent erosion  

• Additional, increased, or changed vehicular and foot traffic patterns 

• Different flood patterns or increased peak flows under climate change, which could cause 
flooding and sedimentation of submerged resources in other areas, change stream channels and 
cause erosion, and change the streambank locations and result in bank erosion 

Potential impacts on tribal cultural resources or graves, Indian human remains, or traditional cultural 
properties may also occur, and would be determined in coordination with tribes, and continued 
government-to-government consultations. 

5.2.2.7 Transportation 
Significant adverse impacts on transportation would occur due to the continuation of the following 
conditions during major floods:  

• Closures of I-5 (currently 4 days during 100-year floods) requiring use of WSDOT’s detour route 
(see Section 3.13; WSDOT 2014) 

• Closures of SR 6, US 101, and US 12, and flooding of local roadways would continue 

• Flooding within the Chehalis-Centralia Airport, which would restrict flights and use of the airport 
for emergency response 

• Flooded rail lines, including BNSF, Union Pacific, and the Curtis Industrial Park line  

5.2.2.8 Public Services and Utilities 
Projects included in the No Action Alternative would not significantly reduce flooding, and public service 
facilities and utilities located within the floodplain would continue to be adversely affected by floods.  
Significant adverse impacts could continue to occur under the No Action Alternative due to damaged 



Combined Alternatives: Impacts and Mitigation 
No Action Alternative 

Draft Chehalis Basin Strategy Programmatic EIS 463 

utility infrastructure, interrupted utility services, and temporary service outages while providers work to 
repair damage and restore service.   

5.2.2.9 Environmental Health and Safety 
Significant adverse impacts on environmental health and safety could continue to occur due to the 
continuation of the following conditions during major floods:  

• Closures of I-5, SR 6, US 12, US 101, and local roads during major floods, reducing emergency 
response time  

• Siting of critical facilities in the floodplain as part of future development, which could also 
adversely affect emergency response  

• Contamination of wells and surface water 

5.2.3 Mitigation 
Mitigation for unavoidable adverse impacts that occur as a result of projects implemented under the 
No Action Alternative would be project-specific, and therefore must be identified on a project-level 
basis.  Compensatory mitigation for impacts on wetlands, vegetation, fish, and wildlife that occur as a 
result of project-related actions would be similar to mitigation described in Chapter 4 for smaller-scale 
elements such as levees and Local-scale Flood Damage Reduction Actions, as well as for the Aquatic 
Species Habitat Actions. 

Acquisition and restoration of floodplain areas or streambanks of equivalent size or habitat function for 
fish could be implemented if a project is found to impair habitat for sensitive species. 

The potential mitigation associated with project-related impacts on tribal resources would be addressed 
directly with tribal leadership during project-level environmental review and consultations, as described 
in Section 4.2.5.  Mitigation of impacts on treaty rights is subject to consideration and agreement by the 
Quinault Indian Nation. 

Mitigation measures for project-related adverse impacts on historic and cultural resources would be 
determined during project-specific evaluations of activities implemented under the No Action 
Alternative, as described in Section 5.2.2.6. 

Significant unavoidable impacts are identified under the No Action Alternative that are not 
project-related; rather, these impacts are due to the ongoing and increasing effects of climate change 
and associated flood damage, as well as habitat degradation.  These impacts are not triggered by a 
specific project and without a comprehensive program, such as the Chehalis Basin Strategy, would be 
less likely to be addressed in a coordinated manner in the future.  
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5.3 Alternative 1: 2014 Governor’s Work Group 
Recommendation 

As described in Chapters 1 and 2 of the EIS, the Work Group published its 2014 Recommendation 
Report, outlining a program of integrated, long-term, flood damage reduction and aquatic species 
habitat restoration actions for further study in the 2015-17 state biennium budget.  Since then, the 
Work Group membership has changed, and they are evaluating the alternatives in this EIS and public 
comments in crafting their recommendation to the Governor later in 2016. This recommendation, the 
2014 Governor’s Work Group Recommendation (Alternative 1), would achieve flood damage reduction 
through implementation of a dam with a temporary (FRO) or permanent (FRFA) reservoir, Airport Levee 
Improvements, the Aberdeen/Hoquiam North Shore Levee, and Local-scale Flood Damage Reduction 
Actions.  The Aquatic Species Habitat Actions would be implemented to accomplish the restoration 
objectives outlined in this recommendation.   

Alternative 1 would result in the greatest reduction in overall flood extents and depths within the 
Chehalis Basin during a major flood or greater when compared to the No Action Alternative, as well as to 
the other action alternatives.  Most of the flood damage reduction from Alternative 1 would be realized 
in the Chehalis River floodplain.  

In the long term, Alternative 1 would provide an increased benefit to aquatic species habitat function as 
compared to the No Action Alternative through implementation of Aquatic Species Habitat Actions.  
However, as compared to the other action alternatives, Alternative 1 would result in more impacts on 
native salmon and aquatic species as a result of permanent and large-scale changes to the Chehalis River 
and floodplain caused by a Flood Retention Facility.   

5.3.1 Flood Damage Reduction  

5.3.1.1 Benefits from Implementing Flood Damage Reduction Actions 
Alternative 1 could help to moderate the extent and depth of flooding in downstream areas from more 
intense winter rains anticipated with climate change, and therefore broadly help to avoid future flood 
damage resulting from extreme floods in these areas.  The No Action Alternative would not include 
actions that would address this possibility on a broad geographic scale.  Alternatives 2 and 3 include 
elements that would help avoid future flood damage resulting from more intense winter storms if 
constructed properly (Airport Levee Improvements and Floodproofing); however, these would not affect 
as broad a geographic area as Alternative 1.  Alternative 4 would increase the areal extent and depth of 
100-year floods upstream of Newaukum River confluence. Downstream of the Newaukum River 
confluence, including in the Chehalis-Centralia area, Alternative 4 would reduce flood extents and 
depths but to a lesser degree than Alternative 1.  
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Alternative 1 would eliminate inundation in portions of the upper Chehalis Basin from Doty to the 
confluence with the South Fork Chehalis River, and reduce inundation by 1 to 10 feet in other portions 
of this area during a 100-year flood (see Figure 5.3-1).  Downstream of the South Fork Chehalis River 
confluence to Centralia, inundation would be reduced by 1 to 5 feet in most locations, with portions of 
Chehalis behind the airport levee predicted to experience reductions of inundation up to 10 feet, or to 
be no longer inundated.  Downstream of Centralia to approximately Elma, inundation is predicted to 
decrease by between 0.1 and 5 feet in the Chehalis River floodplain during a 100-year flood, depending 
on location.  Downstream of Elma, inundation is predicted to decrease by between 0.1 and 1 foot 
(see Figures 5.3-1 through 5.3-3).  Alternative 1 would not reduce flood inundation or flood damage in 
the South Fork Chehalis River floodplain upstream of approximately King Road, or in the Newaukum 
River floodplain upstream of approximately Stan Hedwall Park in Chehalis.  It is anticipated that the 
Aberdeen/Hoquiam North Shore Levee would protect the areas behind the levee in Aberdeen and 
Hoquiam from coastal flooding (not shown in the figures), which would also be the case for 
Alternative 2.   

Within the Chehalis River floodplain, the number of high-value residential, commercial, and agricultural 
structures flooded could be reduced from approximately 1,379 to 820 during a 100-year flood as result 
of the Flood Retention Facility and Airport Levee Improvements (protection of 559 structures).  For the 
2007 flood, the number of valuable residential and commercial structures flooded would have been 
reduced from 2,026 to 736 (WSE 2014c, 2014d; Karpack 2016c).  The Aberdeen/Hoquiam North Shore 
Levee could prevent coastal flooding behind the levee, where up to 2,715 structures could potentially be 
protected (Franklin 2016); these structures have not been determined to be of high or limited value at 
this time.  However, the Large-scale Flood Damage Reduction Actions in Alternative 1 would not 
eliminate flood damage to many residential, commercial, and industrial structures in the Chehalis River 
floodplain, nor in many Chehalis River tributaries.  In locations where structures would remain 
inundated after implementation of Large-scale Flood Damage Reduction Actions, Floodproofing would 
still be necessary to protect structures and their contents from flood damage.  The exact number of 
structures protected from flood damage as part of all of the action alternatives would be determined 
during project-level design and environmental review.  Based on communication with cities, counties, 
and business owners in the Chehalis Basin, 75% of the residential structures and 25% of the commercial, 
industrial, and other non-residential structures in the Chehalis River floodplain could be protected 
through elevation, other floodproofing measures, and buy-outs. 
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Implementation of the Flood Retention Facility and Airport Levee Improvements could reduce flooding 
in the Chehalis River floodplain during major floods on 4,481 acres, mostly located within Lewis County 
(see Tables 5.3-1 and 5.3-2).  This includes 90 acres on Chehalis Tribe reservation, which is not shown in 
Table 5.3-1.  Most of the reduction would be on agricultural/forestlands and residential land.  In some 
portions of the Chehalis River floodplain, this land would no longer be inundated; in some locations, 
inundation would simply be reduced.   

Table 5.3-1  
Change in Acres Flooded by County and Land Use Zone for Alternative 1  

GENERAL ZONE 
LEWIS 
COUNTY 

GRAYS 
HARBOR 
COUNTY 

THURSTON 
COUNTY1 

Agricultural/forestland -1,351 -432 -173 
Commercial/industrial -551 -284 0 
Parks -40 0 0 
Public land -256 0 0 
Residential -1,134 -74 -94 
Total -3,334 -790 -267 

Note:  
1. Does not include Chehalis Tribe reservation 

 

The implementation of Alternative 1 could reduce flood damage and result in beneficial effects on I-5, as 
well as other local and regional transportation systems.  Installation of the Flood Retention Facility and 
Airport Levee Improvements could reduce the duration of closures of I-5 during a 100-year flood from 
the current 4 days to 1 day (WSDOT 2014).  This includes reduced flooding depths of roadways near 
Chehalis and Centralia during a 100-year flood by up to 5 feet.  Flood depths along SR 6 could also be 
reduced up to 5 feet in most areas, and up to 10 feet in areas east of Doty.  Some areas east of Doty 
would no longer be inundated.  Downstream, flood depths along US 12 could be reduced by 0.01 to 
1 foot in most areas, and up to 5 feet near Oakville, Porter, and Elma.  Flooding of roadways on the 
Chehalis Tribe reservation could be reduced by up to 1 foot.  The Chehalis-Centralia Airport would be 
protected by the Airport Levee Improvements during a 100-year flood, and the Aberdeen/Hoquiam 
North Shore Levee would protect local roadways behind the levee during coastal floods.  Flooding of rail 
lines, including BNSF, Union Pacific, and the Curtis Industrial Park line would also be reduced. 

The decreased severity of flooding could reduce the need for emergency response, increase public 
safety, and reduce adverse impacts on public services and utilities.  For example, the airport would 
remain functional and be able to provide a base for emergency response during floods, and the radio 
tower located on the airport property would be protected during 100-year floods.  Reduction of the 
period of closure of I-5 would make it available as an emergency response route for a longer time during 
floods.  The Aberdeen/Hoquiam North Shore Levee could protect public services and utilities in 
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Aberdeen and Hoquiam from coastal flooding.  Local Projects, such as flood protection of WWTPs, could 
reduce the potential for floodwater contamination by keeping the WWTPs operable during floods.  Land 
Use Management actions would require a higher level of protection for new critical facilities (facilities 
that are vital to flood response activities and public health and safety or could release hazardous waste 
during floods).  Flood Warning System Improvements, such as improvements to flood forecasting and 
flood inundation maps, would improve predictions and increase the lead time for flood warning, 
improving public safety. 

5.3.1.2 Impacts of Implementing Flood Damage Reduction Actions 
While there would be beneficial effects as a result of implementing Alternative 1, unavoidable 
significant adverse impacts on water resources, geology, geomorphology, wetlands and vegetation, fish 
and wildlife, tribal resources, and cultural resources would occur—primarily as a result of implementing 
the Flood Retention Facility as described in more detail in Chapter 4.   

As compared to natural conditions, higher levels of sediment could be delivered to the temporary or 
permanent reservoir area from landslides that could potentially be triggered by fluctuating water levels, 
resulting in highly turbid conditions in the reservoir (also see Section 4.2.2.2.1).  The effects of these 
erosion processes have the potential to cause a significant adverse impact on water quality within the 
reservoir with respect to suspended sediment and turbidity conditions by violating the state water 
quality criterion for turbidity (5 NTU over background).  

For both the FRO and FRFA facility types, the potential for prolonged, controlled releases of turbid water 
exists as the reservoir draws down after a major flood (occurrence once every 7 years on average).  
Reduction in sediment quantity when the reservoir pool is in operation (for both the FRO and FRFA 
facilities), or the release of higher rates of suspended sediment outside of flood retention periods (for 
the FRO facility), have the potential to result in a significant adverse impact on downstream water 
quality with regard to suspended sediment and turbidity conditions.  The FRFA facility would also alter 
approximately 6.3 miles of the Chehalis River upstream of the dam from a free-flowing river to a 
reservoir, resulting in a significant adverse impact on water quality.  

In the FRO reservoir, increased solar heating of the Chehalis River in the reservoir inundation area would 
occur due to a reduction in riparian vegetation.  Predictions of a water quality model that simulated the 
anticipated changes to vegetation indicated that nearly a 4˚C increase in summer water temperatures 
(over existing conditions) could occur within the reservoir footprint (PSU 2016).  In the Crim Creek 
tributary upstream of the dam, up to a 5˚C increase was predicted.  Modeling predicts this temperature 
effect to diminish upstream along the mainstem Chehalis River, where at RM 114 the predicted increase 
is 2˚C.  Because warmer waters hold less DO, and can also stimulate biological activity creating a greater 
demand for DO, lower DO in the reservoir area is expected.  With the increase in temperature by up to 
4˚C and decrease in DO, there would be a significant adverse impact on water quality.   
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Compared to the No Action Alternative and other action alternatives, the occurrence of landslides along 
the perimeter of the reservoir has the potential to increase as a result of fluctuating water levels with 
the Flood Retention Facility.  Over the life of the Flood Retention Facility, an earthquake on the CSZ to 
the west or Doty Fault Zone to the north could occur, and cause damage to the dam due to strong 
shaking.  This would result in a significant adverse impact, if it were to occur.  However, the dam and 
appurtenant structures could be designed to withstand this potential situation.  Alternative 1 would 
have significant adverse impacts on geomorphology, primarily as a result of the dam disrupting 
sediment and wood transport downstream during dam operations.  Compared to the No Action 
Alternative and other action alternatives, impacts on geomorphic functions would be greater.   

Alternative 1 would have a much greater degree of unavoidable adverse impacts on wetlands and 
vegetation than the No Action Alternative and other action alternatives.  This is primarily due to the 
permanent loss of approximately 68 acres (FRO facility) to 98 acres (FRFA facility) of wetlands and 
approximately 6 acres (FRO facility) to 720 acres (FRFA facility) of forested vegetation that would be 
required to construct and operate the Flood Retention Facility, which is unique to this alternative.  
Permanent loss or conversion of wetlands and vegetation associated with the Airport Levee 
Improvements, Aberdeen/Hoquiam North Shore Levee, and Local-Scale Flood Damage Reduction 
Actions are expected to be limited to within the footprint of the actions, which are largely located in 
areas that are currently developed or have been previously disturbed by past industrial, commercial, 
and residential activities.   

Implementing Alternative 1 could also result in changes in wetland water regimes, vegetation, nutrient 
cycling, functions, and hydrologic sources of downstream floodplain wetlands.  Table 5.3-3 provides a 
comparison of the approximate area of wetlands in the Chehalis River floodplain under the No Action 
Alternative with those in the Chehalis River floodplain with the Alternative 1 action elements in place.  
As indicated, Alternative 1 would reduce the extent of floodplain wetlands that would receive flood 
flows from 100-year floods.  In addition to the No Action Alternative, this reduction in flooding as a 
source of hydrology for floodplain wetlands would be greater under Alternative 1 than that for any of 
the other action alternatives. 
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Table 5.3-3  
Wetlands Located in Future 100-year Floodplain for the No Action Alternative and Alternative 1 

WETLAND TYPE 

AREA (ACRES) 
NO ACTION 
ALTERNATIVE ALTERNATIVE 1 

Potentially (previously) disturbed wetlands 4,276 3,902 
Palustrine forested wetland 4,789 4,492 
Palustrine scrub-shrub wetland 4,476 4,228 
Palustrine emergent wetland 6,291 5,949 
Estuarine emergent wetland 50 47 
Unconsolidated shore 339 335 
Open water 3,877 3,817 
Palustrine aquatic bed wetland 71 71 
Estuarine aquatic bed wetland 0 0 

Total 24,169 22,841 

Source: Ecology 2011b; modeled inundation extent (WSE 2014c) 
 

Alternative 1 would result in the most adverse impacts on fish as compared to the No Action Alternative 
and other action alternatives because of permanent and large-scale changes to the Chehalis River and 
its floodplain caused by the Flood Retention Facility, as further described in Chapter 4.  Permanent 
changes to water quality (turbidity, temperature, and DO), temporary or permanent inundation of what 
is currently stream habitat above the dam, and reductions in forces that shape habitat downstream 
(delivery of coarse sediment used for refuge and spawning or large wood that creates habitat structure) 
would occur.  These impacts could be avoided and minimized through such measures as fish passage 
facilities, reduced drawdown rates to avoid or minimize landslide occurrences, release of cooler waters 
in late spring to early fall (FRFA facility only), gravel augmentation, and large wood relocation.  However, 
there would be significant adverse impacts resulting in the potential decline of salmonids as further 
described in Chapter 4.  These declines would be greater when factoring in climate change predictions 
during the next 100 years (see Section 5.3.3 for an analysis of climate change impacts for Alternative 1).  
Impacts from the combination of the Flood Retention Facility and Aquatic Species Habitat Actions on fish 
were modeled, and are included in the Aquatic Species Habitat Actions evaluation in Section 5.3.2.  
Impacts from the combinations of the Flood Retention Facility and Aquatic Species Habitat Actions with 
climate change on fish have also been modeled and are included in Section 5.3.3.2.   

Alternative 1 would temporarily or permanently inundate habitat above a dam, and constrain or 
eliminate instream breeding and foraging habitat for stream- and stillwater-breeding amphibians.  Over 
time, potential changes to wildlife habitat could change the composition of wildlife species currently 
occurring within habitats by creating habitat conditions more favorable to some wildlife species, while 
eliminating characteristics favorable to other wildlife species as described in Section 4.2.4.  Disturbed 
areas could be repopulated with non-native, invasive species that compete with native wildlife for 
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resources.  The long-term adverse impacts range from minor to significant because different classes of 
wildlife species (e.g., amphibians, reptiles, categories of mammal and bird species) have a variety of 
habitat needs and home ranges with different vulnerabilities and potential responses to the disturbance 
and conversion of habitat features. 

Impacts on tribal resources would occur with implementation of Alternative 1, primarily related to 
impacts on fish resources, although disruption to plant, wildlife, and traditional cultural practices could 
also occur.  The extent of potential impacts on tribal resources is pending additional coordination with 
tribes and continued government-to-government consultations.   

Impacts on cultural resources that could occur following construction of elements of Alternative 1 
include potential sedimentation of any submerged resources; changes in stream channels and streambanks, 
resulting in erosion and potential exposure of resources; and increased or changed vehicular and foot 
traffic patterns that could affect resources.  These changes could expose, damage, destroy, and/or alter 
cultural resources within construction footprints, as well as within the footprints of reservoirs or areas 
of changed river or tributary flows.  In addition, erosion and other changes to stream channels and 
banks could require the removal of a cultural resource from its original location, or change the use or 
physical features of a cultural resource.  Moderate to significant adverse impacts on cultural resources 
could occur due to the predicted archaeological potential in several areas of proposed construction. 

Installation of the Flood Retention Facility and Airport Levee Improvements could result in increased 
development pressure in the Chehalis River floodplain due to a reduction of flooded area on 
developable parcels.  In Lewis County, this could result in approximately 649 parcels, mostly located in 
residential incorporated and UGA areas of Lewis County, experiencing increased development pressure.  
Commercial/industrial parcels that have a lower risk of being flooded, and could be subject to greater 
development pressure, are mainly located in incorporated areas of Lewis County.  Agricultural parcels 
that would contain area no longer inundated under Alternative 1 are located in unincorporated 
Lewis County.   

During the next 100 years, population growth in the Chehalis River floodplain could result in 
development similar to that expected for the No Action Alternative, approximately 4 to 9 structures per 
year (total of 407 to 914 structures during the next 100 years).  As a result of decreased flooding extents 
and the corresponding increase in development pressure on those parcels, future Chehalis River 
floodplain development rates under this alternative may tend toward the high end of the range in 
Lewis County, where flood extents would be most substantially reduced.  Further analysis related to 
future development in the Chehalis River floodplain is included in Appendix L. 

5.3.2 Aquatic Species Habitat Actions Evaluation 
Alternative 1, when implemented as a comprehensive strategy, could substantially increase abundance 
of native aquatic species, reduce the potential for future ESA listings, and enhance tribal and non-tribal 
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fisheries as compared to the No Action Alternative.  As described in the introduction to Section 5.3, 
Alternative 1 would result would result in more impacts on native salmon and aquatic species as 
compared to the other action alternatives because of permanent and large-scale changes to the 
Chehalis River and its floodplain caused by the Flood Retention Facility. 

Implementation of Aquatic Species Habitat Actions would result in beneficial effects to native aquatic 
and semi-aquatic species and salmonids at a Basin-wide scale, due to the following: 

• Restoring and protecting riparian habitat throughout the Chehalis Basin  

• Opening up more than 295 miles of streams for migrating fish by removing partially or totally 
blocked fish passage barriers  

• Restoring off-channel habitat on the mainstem Chehalis River and its tributaries, reconnecting 
the floodplain, adding wood, and reducing bank erosion to naturally occurring rates 

• Creating, restoring, or enhancing wetlands for use by semi-aquatic species 

As described in Chapter 2, the low restoration scenario focuses on reaches in the middle and upper 
Chehalis Basin that improve habitat for spring-run Chinook salmon, whereas the high restoration 
scenario occurs across a greater geographic area with improvements to habitat focused on areas with 
the highest restoration potential for all salmonid species.  While these scenarios were developed based 
on habitat potential for salmonid species, the restoration actions will have benefits for other fish and 
amphibians as well. 

Changes to the potential of the habitat in modeled tributaries in the Chehalis Basin to support salmon 
and steelhead in response to the combined actions in Alternative 1 was modeled for the different 
salmonid species that occur in WRIAs 22 and 23.  The resulting changes in Chehalis Basin salmon 
populations are depicted for a range of dam and restoration scenarios (see Table 5.3-4).  Modeled 
results of salmon habitat potential for Alternative 1 include the maturation of riparian areas in managed 
forestlands and active restoration from the Aquatic Species Habitat Actions compared to current 
conditions.  The contribution of managed forestlands to total salmonid abundance would, on average, 
contribute 59% of the restoration benefit under the low scenario and 27% under the high scenario.  
Most of the benefit of riparian and fish passage improvements in managed forestlands would accrue to 
coho and steelhead because a larger portion of their habitat is located in the Satsop, Humptulips, and 
Wynoochee basins that are largely managed forestland3.     

Without Aquatic Species Habitat Actions, the Flood Retention Facility type that would have the most 
adverse impact on salmon populations would depend on the species.  The FRFA facility would have a 
greater adverse impact for coho salmon and fall-run Chinook salmon, whereas the FRO facility would 
have a greater adverse impact for winter/fall-run chum salmon, spring-run Chinook salmon, and winter-

                                                            
3 Refer to Draft EIS Addendum dated October 17, 2016. 
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run steelhead.  Under low and high restoration scenarios, impacts of the FRFA facility would be greater 
than the FRO facility, largely because restoration of riparian areas upstream of the dam and inundation 
footprint would reduce water temperatures.  Elevated water temperature is an adverse impact of the 
FRO facility that has a strong effect on salmon productivity in areas of the inundation footprint and 
extending downstream of the FRO facility.  Although the FRFA facility would be designed to provide cool 
water downstream to benefit salmon, it would generally result in a greater magnitude of adverse 
impacts than an FRO facility, primarily due to loss of stream habitat and salmon spawning and rearing 
habitat in the permanent conservation pool.  The predicted impacts of the facilities to salmonid 
abundance are shown in combination with the beneficial effects of the low and high restoration 
scenarios in Table 5.3-4 and Figure 5.3-4. 

Table 5.3-4  
Potential Response in Salmonid Abundance for the Chehalis Basin with Alternative 1 

SPECIES 
(CURRENT 
HABITAT 
POTENTIAL) 

FLOOD 
RETENTION 
FACILITY 
SCENARIO 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 

NO 
RESTORATION 

WITH LOW 
RESTORATION; 
20% OF 
REACHES 

WITH HIGH 
RESTORATION; 
20% OF 
REACHES 

WITH LOW 
RESTORATION; 
60% OF 
REACHES 

WITH HIGH 
RESTORATION; 
60% OF 
REACHES 

Coho 
salmon 
(40,642) 

FRO 100 -325 (-1%) 21,167 (52%) 38,831 (96%) 50,560 (124%) 94,930 (234%) 
FRO 50 -308 (-1%) 21,200 (52%) 38,866 (96%) 50,623 (125%) 94,998 (234%) 
FRFA -622 (-2%) 17,144 (42%) 27,546 (68%) 38,707 (95%) 72,003 (177%) 

Fall-run 
Chinook 
salmon 
(25,844) 

FRO 100 -82 (<-1%) 2,860 (11%) 9,078 (35%) 4,366 (17%) 19,282 (75%) 

FRO 50 -80 (<-1%) 2,876 (11%) 9,100 (35%) 4,384 (17%) 19,311 (75%) 

FRFA -150 (-1%) 1,305 (5%) 3,927 (15%) 2,866 (11%) 9,495 (37%) 

Fall/winter-
run chum 
salmon 
(190,550) 

FRO 100 -1,837 (-1%) 18,589 (10%) 29,068 (16%) 30,641 (17%) 55,747 (30%) 

FRO 50 -1,837 (-1%) 18,589 (10%) 29,068 (16%) 30,641 (17%) 55,747 (30%) 

FRFA -1,548 (-1%) 16,893 (10%) 28,485 (16%) 28,021 (15%) 51,038 (28%) 

Spring-run 
Chinook 
salmon 
(2,146) 

FRO 100 -82 (-4%) 1,990 (93%) 4,520 (211%) 5,448 (254%) 15,175 (707%) 

FRO 50 -75 (-3%) 2,013 (94%) 4,555 (212%) 5,506 (257%) 15,265 (711%) 

FRFA -56 (-3%) 1,007 (47%) 1,665 (78%) 2,614 (122%) 4,904 (228%) 

Winter-run 
steelhead 
(6,800) 

FRO 100 -117 (-2%) 1,996 (29%) 2,963 (44%) 4,488 (66%) 7,426 (109%) 
FRO 50 -103 (-2%) 2,078 (31%) 3,056 (45%) 4,662 (69%) 7,655 (113%) 
FRFA -95 (-1%) 1,866 (27%) 2,692 (40%) 4,126 (61%) 6,535 (96%) 

Source: ICF 2016 
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Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Alternative 1

Source: ICF 2016
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Figure  5.3-4b

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Alternative 1

Source: ICF 2016
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Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Alternative 1

Source: ICF 2016
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As described in Chapter 4, with the exception of potential significant adverse impacts on cultural 
resources, implementation of the Aquatic Species Habitat Actions would result in beneficial effects, no 
impact, or minor to moderate adverse impacts on most elements of the environment.  For cultural 
resources, the degree or severity of the impact would depend on the nature of cultural resources that 
would be disturbed as determined during a project-level environmental review, and could range from 
minor to significant adverse impacts depending on the location.  The extent of potential impacts on 
tribal resources from Aquatic Species Habitat Actions is pending additional coordination with tribes and 
continued government-to-government consultations.  Climate change would reduce the effectiveness of 
restoration for salmonid populations and other aquatic species (see Section 5.3.3.2). 

5.3.3 Climate Change Analysis 
Alternative 1 is anticipated to provide substantial beneficial effects in response to the effects of climate 
change when considering the combined action elements.  However, Alternative 1 also results in 
generation of the most GHG of all alternatives as a result of construction of the Flood Retention Facility, 
which adversely affects climate conditions.  The Flood Retention Facility is not part of the other 
action alternatives.   

Adverse impacts from climate change on Alternative 1 are anticipated to be minor when combining 
all of the action elements.  Alternative 1 would temper the effects of a changing climate in the 
Chehalis Basin more than the No Action Alternative, as the elements within Alternative 1 are designed 
to moderate those effects in a large-scale fashion.   

5.3.3.1 Adverse Effects Contributing to Climate Change 
The minor adverse impacts anticipated under Alternative 1 that would contribute to climate change 
would occur as the result of permanent loss of vegetation with the Flood Retention Facility, which 
reduces carbon sequestration (i.e., carbon storage).  Construction of the FRFA facility would generate 
moderately greater GHG emissions equivalent than construction of the FRO facility—889 acres and 
107,569 MT CO2e versus 411 acres and 49,731 MT CO2e.  However, the vegetation losses associated 
with construction represent less than one-fifth of 1% of the existing forestland within the Chehalis Basin. 

Aquatic Species Habitat Actions would result in a benefit to the resiliency of natural systems in the 
Chehalis Basin in the face of climate change under Alternative 1.  This action element would increase or 
protect vegetation across floodplains in the Chehalis Basin, and result in an increase in carbon storage 
ranging from 900,000 to 1.93 million MT CO2 (Ecology 2011c).  These benefits exceed the potential 
adverse impacts contributing to climate change described previously. 

5.3.3.2 Effects of Climate Change on Alternative 1 
Alternative 1 would moderate the extent of flooding in downstream areas from the more intense winter 
rains anticipated with climate change, reduce the frequency of major floods originating in the Chehalis 
River headwaters, and reduce flood damage to land and to structures in the Chehalis River floodplain 
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more than the No Action Alternative and other action alternatives.  Hydraulic modeling of peak flows 
under climate change conditions indicate that a FRO or FRFA dam would reduce peak flows to a greater 
degree in a 100-year flood in the future than under existing conditions, indicating Alternative 1 could 
help reduce flooding impacts from climate change (Karpack 2016a).  In addition, the FRFA facility could 
moderate increases in summer instream temperature resulting from climate change by releasing cool 
water into the Chehalis River during late spring through early fall, although it could increase river 
temperatures at other times.  

The design of facilities included in this alternative is expected to anticipate changes in precipitation, 
increased flooding, and drought conditions that are predicted with climate change forecasts.   

Impacts of the Flood Retention Facility coupled with the Aquatic Species Habitat Actions on fish 
abundance were modeled using EDT.  The results indicate that when combined with a dam, both the low 
and high scenarios for Aquatic Species Habitat Actions would be effective in overcoming the modeled 
effects of climate change on salmon population abundance in the Chehalis Basin (ICF 2016).  See 
Table 5.3-5 and Figure 5.3-5 for a summary of modeled results.  Modeling related to salmon abundance 
and climate change for the other action elements that are included in Alternative 1 has not been conducted.   

The combination of the FRFA facility and high restoration would result in the greatest benefits to the 
modeled fish species under climate change, notably spring-run Chinook salmon.  Model results indicate 
this combination would not only lessen the predicted decline in abundance, but is predicted to result in 
increased populations across all species.   
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Table 5.3-5  
Potential Response in Salmonid Abundance for the Chehalis Basin with Alternative 1 and Climate Change 

SPECIES 
(CURRENT 
HABITAT 
POTENTIAL) 

FUTURE HABITAT 
POTENTIAL WITH 
CLIMATE CHANGE 

FLOOD 
RETENTION 
FACILITY 
SCENARIO 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 
WITH FLOOD RETENTION 
AND LOW RESTORATION; 
20% OF REACHES AND 
CLIMATE CHANGE 

WITH FLOOD RETENTION 
AND HIGH RESTORATION; 
60% OF REACHES AND 
CLIMATE CHANGE 

Coho salmon 
(40,642) 

-22,390 (-55%) FRO 100 -2,115 (-5%) 49,030 (121%) 
FRO 50 -2,104 (-5%) 49,065 (121%) 
FRFA -2,093 (-5%) 55,309 (136%) 

Fall-run Chinook 
salmon (25,844) 

-6,969 (-27%) FRO 100 -4,785 (-19%) 6,935 (27%) 
FRO 50 -4,780 (-18%) 6,945 (27%) 
FRFA -4,906 (-19%) 6,674 (26%) 

Fall/winter-run 
chum salmon 
(190,550) 

-8,270 (-4%) FRO 100 16,899 (9%) 63,264 (33%) 
FRO 50 16,899 (9%) 63,264 (33%) 
FRFA 13,660 (7%) 54,118 (28%) 

Spring-run 
Chinook salmon 
(2,146) 

-1,869 (-87%) FRO 100 -1,138 (-53%) 2,151 (100%) 
FRO 50 -1,138 (-52%) 2,151 (100%) 
FRFA -1,063 (-50%) 2,288 (107%) 

Winter-run 
steelhead 
(6,800) 

-3,741 (-50%) FRO 100 -936 (-14%) 6,468 (95%) 
FRO 50 -963 (-14%) 6,521 (96%) 
FRFA -891 (-13%) 5,175 (76%) 

Source: ICF 2016 
 

  



Figure  5.3-5a

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Climate Change and Alternative 1

Source: ICF 2016
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Figure  5.3-5b

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Climate Change and Alternative 1

Source: ICF 2016
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Figure  5.3-5c

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Climate Change and Alternative 1

Source: ICF 2016
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5.3.4 Mitigation 
Specific mitigation measures to address potential unavoidable adverse impacts resulting from the 
implementation of Alternative 1 would be identified during project-level design and environmental review.  

Some unavoidable, adverse impacts could be minimized through such measures as designing the dam to 
withstand the effects of earthquakes and shaking on the CSZ and other nearby faults (including the 
Doty Fault).  Other mitigation measures for unavoidable adverse impacts could include incorporating 
fish passage into the dam, reducing reservoir drawdown rates to minimize landslide potential, and 
releasing cooler waters in spring to early fall (FRFA facility only).  A Reservoir Operations and 
Management Plan would be developed and incorporated into the design to minimize impacts on water 
resources, geology and geomorphology, vegetation, and fish and wildlife to the extent feasible.  The 
Reservoir Operations and Management Plan would be developed to minimize adverse impacts on flow 
from maintaining water in a reservoir, water quality (including turbidity, temperature, and DO), wood 
and sediment management, and landslides resulting from a dam and reservoir.  Additionally, a 
Post-construction Vegetation Management Plan and Fisheries Management Plan (to evaluate fish 
passage performance) would be prepared and include monitoring and adaptive management 
requirements.  Project-specific mitigation plans, such as downstream sediment and wood 
supplementation, could also be prepared to address unavoidable impacts on geomorphology.  

For project elements that are anticipated to have long-term, significant, or unavoidable impacts on 
wetlands, compensatory mitigation measures would be required during project-level design and 
environmental review to ensure no net loss of ecological function.  To achieve this, the goals of the 
mitigation would be based on the following guidelines from the joint Ecology, USACE, and EPA 
document Wetland Mitigation in Washington State – Part 1: 

• Replace impacted wetland with the same or higher category of wetland 

• Provide equal or greater area of wetlands through re-establishment or creation 

• Locate mitigation in areas where compensation could contribute to ecosystem functioning 

• Clearly identify how the compensation actions would replace the functions lost or provide 
measureable gains in other functions that are important in the area 

Potential compensatory mitigation for long-term impacts on vegetation could include purchasing and 
preserving adjacent and off-site areas of forestlands within the same watershed, which could mitigate 
unavoidable adverse climate change impacts.   

Compensatory mitigation would be required for loss of fish habitat and fish habitat function, and 
reduced fish population performance above and below the dam.  Examples of compensatory mitigation 
include fish habitat restoration, protection, or acquisition of land that presents an opportunity for 
in-kind compensation for fish habitat lost.  Mitigation actions associated with wetlands, vegetation, and 
fish would also benefit wildlife. 
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Potential compensatory mitigation measures for potential impacts on tribal resources and cultural 
resources would be the same as those described in Sections 4.2.5 and 4.2.12, respectively.  Mitigation of 
impacts on treaty rights is subject to consideration and agreement by the Quinault Indian Nation. 

As noted in Section 4.1.3, identified compensatory mitigation measures may not completely reduce or 
eliminate potential adverse impacts; significant unavoidable impacts for which effective mitigation 
measures have not been identified may remain. 
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5.4 Alternative 2: Structural Flood Protection Without Flood 
Retention Facility 

Structural Flood Protection Without Flood Retention Facility (Alternative 2) would reduce flood damage 
during a major flood or greater when compared to the No Action Alternative.  As compared to the other 
action alternatives, Alternative 2 would reduce flood damage in a much smaller geographic area than 
Alternatives 1 and 4, but in a greater geographic area than Alternative 3.  Flood damage reduction in 
Alternative 2 would be achieved through installation of the Airport Levee Improvements, I‐5 Projects, 
Aberdeen/Hoquiam North Shore Levee, and Local‐scale Flood Damage Reduction Actions.   

Alternative 2 would have an increased benefit to aquatic species habitat function when compared to the 
No Action Alternative as a result of implementation of Aquatic Species Habitat Actions.  As compared to 
the other action alternatives, Alternative 2 would result in greater benefits to aquatic species habitat 
function than Alternative 1, similar benefits as Alternative 3, and less benefit than Alternative 4.     

5.4.1 Flood Damage Reduction  

5.4.1.1 Benefits from Implementing Flood Damage Reduction Actions 
Installation of the Airport Levee Improvements and I‐5 Projects would result in areas behind (east of) 
the levee being no longer inundated during a 100‐year flood (see Figure 5.4‐1).  In other portions of the 
Chehalis‐Centralia area, there would be a reduction of 0.1 to 1 foot, depending on the location.  On the 
west side of the Chehalis River, there would be a 0.1 to 0.9‐foot increase in inundation, affecting 
14 acres, due to the walls and levees shifting water upstream during a flood.  Reductions in flood levels 
would not occur in the upper, remainder of the middle, or lower Chehalis Basin (see Figures 5.4‐2 and 
5.4‐3); therefore, these Large‐scale Flood Damage Reduction Actions would not reduce flood damage in 
those areas.  Similar to Alternative 1, it is anticipated that the Aberdeen/Hoquiam North Shore Levee 
would prevent coastal flooding to the areas behind the levee in Aberdeen and Hoquiam (not shown on 
the figures).   

Implementation of the Airport Levee Improvements and I‐5 Projects would reduce flooding (and 
therefore flood damage) to approximately 88 high‐value residential and commercial structures in the 
Chehalis River floodplain during a 100‐year flood when compared to the No Action Alternative 
(WSE 2014d; Karpack 2016c).  This is fewer than Alternatives 1 and 4, but more than Alternative 3.  
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The Airport Levee Improvements and I-5 Projects would primarily protect structures in the 
Chehalis-Centralia area near the airport and I-5, and would not reduce flood damage in communities 
within Thurston and Grays Harbor counties.  Similar to Alternative 1, the Aberdeen/Hoquiam North 
Shore Levee would prevent coastal flooding behind the levee, where up to 2,715 structures could 
potentially be protected (Franklin 2016).  These structures have not been determined to be of high or 
limited value at this time.  Similar to the other action alternatives, remaining residential, commercial, 
and industrial structures would have to be floodproofed to experience a reduction in flood damage.   

Implementation of the Airport Levee Improvements and I-5 Projects would reduce inundated area 
during major floods by approximately 565 acres, all located within Lewis County (see Table 5.4-1 and 
Figure 5.4-1).  Most of this would be on commercial land (333 acres) and public land or parks 
(210 acres), with some on residential land (36 acres).  Raising the airport levee and constructing the 
I-5 Projects has the potential to increase flood extents and depths on approximately 14 acres of 
agricultural/forestlands to the west of (and upstream and downstream) these actions.  Changes would 
be localized in nature, occurring upstream to north of SR 6 and downstream to just north of Mellen 
Street.  Increased flood extents would occur around the edges of the Chehalis River floodplain; and 
increases in flood depths are not anticipated to exceed 1 foot (WSE 2014c).   

Table 5.4-1  
Change in Flooded Area Under Alternative 2 

GENERAL ZONE 
LEWIS 
COUNTY 

GRAYS 
HARBOR 
COUNTY 

THURSTON 
COUNTY1 

Agricultural/forestland 14 0 0 
Commercial/industrial -333 0 0 
Parks 0 0 0 
Public land -210 0 0 
Residential -36 0 0 
Total -565   

Note:  
1. Does not include the Chehalis Tribe reservation 

 

The Airport Levee Improvements combined with the I-5 Projects would reduce the duration of closures 
of I-5 during major floods up to 3 days, which is a lesser extent than Alternative 1 but greater than the 
other action alternatives.  The Airport Levee Improvements and I-5 Projects would decrease flood 
elevations east of I-5, and some areas south of Chehalis would no longer be inundated (generally behind 
the airport levee but in localized areas as well).  However, the projects would increase flood levels on 
the west side of I-5, which could increase flooding of SR 6 and local roadways.  Rail lines, including BNSF, 
Union Pacific, and the Curtis Industrial Park line, would continue to be flooded during major floods. 
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As described in Alternative 1, decreased flooding extents would reduce the need for emergency 
response, increase public safety, reduce impacts on access to critical medical facilities, and would affect 
public services and utilities to a lesser degree.   

5.4.1.2 Impacts of Implementing Flood Damage Reduction Actions 
While implementing Alternative 2 would be beneficial with regard to reducing flood damage, 
unavoidable significant adverse impacts would occur—primarily as a result of implementing the 
Large-scale Flood Damage Reduction Actions, as described in more detail in Chapter 4.  As described in 
this section, impacts on water resources, geology, wetlands and vegetation, fish and wildlife, tribal 
resources, and cultural resources would occur to a lesser degree than Alternative 1.  Adverse impacts on 
wetlands, tribal resources, and cultural resources could be undetermined or significant, depending on 
the resource.   

Minor adverse impacts on water resources could occur in limited areas through the implementation of 
Alternative 2.  The adverse impacts are primarily related to an increase in water depths in areas 
immediately upstream and downstream of the levee (WSE 2014d).  Approximately 29 high-value 
structures would experience new inundation, only 7 of which would experience an increase of more 
than 1 inch.  Most of these structures are residential, while some are commercial and agricultural.  

For Alternative 2, the potential exists for minor adverse impacts on geology due to increased land 
settlement from construction of the Airport Levee Improvements and the Aberdeen/Hoquiam North 
Shore Levee as compared to the No Action Alternative, Alternative 3, and Alternative 4.  This could 
cause long-term settlement of surrounding land and adjacent buildings.  The occurrence of landslides 
and induced seismicity in the upper watershed would be less than Alternative 1 because the Flood 
Retention Facility would not be built.  For geomorphology, the potential exists for moderate adverse 
impacts as a result of altering the geomorphic characteristics (i.e., channel migration potential) of the 
Chehalis River in the vicinity of the Aberdeen/Hoquiam North Shore Levee.  With bank-hardening 
measures or levee placement, there is the potential to increase the velocity in the Chehalis River as well 
as redirect high-velocity flows downstream or to an adjacent or opposite bank, increasing erosion.  

Alternative 2 would have significant adverse impacts on wetlands, primarily due to the permanent loss 
of wetlands that would be required to construct the Large-scale Flood Damage Reduction Actions.  
Alternative 2 would result in greater impacts on wetlands when compared to the No Action Alternative.  
In comparison to the other action alternatives, Alternative 2 would have fewer unavoidable significant 
adverse impacts on wetlands than Alternative 1 (see Table 5.4-2), but greater adverse impacts than 
Alternatives 3 and 4 due to the potential construction-related impacts and floodplain habitat 
connectivity constraints associated with the levee actions. 

Table 5.4-2 provides a comparison of the approximate area of wetlands in the Chehalis River floodplain 
under the No Action Alternative with the approximate area of wetlands in the Chehalis River floodplain 
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under Alternatives 1 and 2—both of which include structural flood protection actions.  As indicated, the 
area of floodplain wetlands subject to 100-year floods under Alternative 2 would be less than the 
No Action Alternative, but greater than Alternative 1.  This indicates that Alternative 1 would result in a 
greater reduction in area of downstream wetlands subject to flooding than Alternative 2.  The potential 
change in downstream wetlands flooded by a 100-year flood was not modeled for Alternatives 3 and 4, 
but would be less than Alternative 2 due to the lack of large-scale structural flood actions under 
Alternative 3, and the fact that one of the primary goals of Alternative 4 is to increase flood storage 
within the floodplain. 

Table 5.4-2  
Wetlands Located Inside of 100-year Inundation Event Boundary  

for the No Action Alternative and Alternatives 1 and 2 

WETLAND TYPE 

AREA (ACRES) 
NO ACTION 
ALTERNATIVE ALTERNATIVE 1 ALTERNATIVE 2 

Potentially (previously) disturbed 
wetlands 

4,276 3,902 4,154 

Palustrine forested wetland 4,789 4,492 4,705 
Palustrine scrub-shrub wetland 4,476 4,228 4,407 
Palustrine emergent wetland 6,291 5,949 6,196 
Estuarine emergent wetland 50 47 49 
Unconsolidated shore 339 335 337 
Open water 3,877 3,817 3,859 
Palustrine aquatic bed wetland 71 71 71 
Estuarine aquatic bed wetland 0 0 0 

Total 24,169 22,841 23,778 

Source: Ecology 2011b; modeled inundation extent (WSE 2014c) 
 

Under Alternative 2, impacts on vegetation would be much less than those anticipated under 
Alternatives 1 and 4, and slightly more than those anticipated under the No Action Alternative and 
Alternative 3.  Similar to the No Action Alternative and Alternative 3, adverse impacts on vegetation 
under Alternative 2 would be primarily from the localized clearing of vegetation and its replacement 
with flood control structures and components.  Neither the large-scale vegetation clearing proposed for 
the dam under Alternative 1, nor the large-scale conversion of existing upland forestland proposed 
under Alternative 4 would occur under Alternative 2. 

Minor adverse impacts could occur to fish and wildlife as a result of changing flood extents and 
elevations upstream and downstream of the Airport Levee Improvements and I-5 Projects (depending 
on the location), and Local Projects during 100-year floods.  These adverse impacts are described in 
more detail in Chapter 4, and would be more than those described for the No Action Alternative due to 
the implementation of Airport Levee Improvements and I-5 Projects.  As compared to Alternative 1, 
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Alternative 2 would have a much lesser degree of long-term impacts on fish and wildlife because it 
would exclude the permanent and large-scale changes to the Chehalis River and its floodplain resulting 
from the Flood Retention Facility.  In comparison to Alternatives 3 and 4, the structural elements 
associated with Alternative 2 (floodwalls and levees) would result in a greater adverse impact on fish 
and wildlife.   

Impacts on tribal resources would occur with the implementation of Alternative 2, primarily related to 
impacts on fish resources, although disruption to plant, wildlife, and traditional cultural practices could 
also occur.  The extent of potential impacts on tribal resources is pending additional coordination with 
tribes and continued government-to-government consultations.  In comparison to the No Action 
Alternative, Alternative 2 would have a greater potential for unavoidable adverse impacts on tribal 
resources due to the Large-scale Flood Damage Reduction Actions.  As compared to other action 
alternatives, Alternative 2 would likely result in less impact on tribal resources than Alternative 1, and 
greater adverse impacts than Alternative 3 and Alternative 4. 

Moderate to significant adverse impacts on cultural resources could occur due to the predicted 
archaeological potential in proposed areas of construction, although the degree or severity of the 
impact would depend on the nature of cultural resources that would be disturbed.  As compared to the 
No Action Alternative, potential long-term impacts from Alternative 2 would be greater due to the 
additional disturbance activities during construction and operation within areas that have cultural 
resources potential.  As compared to the other action alternatives, Alternative 2 would have less impact 
than Alternatives 1 and 4, and slightly more than Alternative 3 due to the additional excavation in areas 
with a high probability for archaeological material. 

Development pressure could increase as a result of implementing the Airport Levee Improvements and 
I-5 Projects in areas where inundation is decreased.  This would only affect residential (104 parcels) and 
commercial/industrial (68 parcels) in the incorporated areas of Chehalis and Centralia, and 1 parcel in 
Lewis County (in the UGA).  In total, Alternative 2 could increase development pressure on up to 
173 parcels in Lewis County.  No agricultural parcels that could be further developed would be affected. 

During the next 100 years, population growth in the floodplain could result in development similar to 
that expected for the No Action Alternative, approximately 4 to 9 structures per year (total of 407 to 
914 structures during the next 100 years).  As a result of decreased flooding extents and the 
corresponding increase in development pressure on those parcels, future Chehalis River floodplain 
development rates under this alternative may tend toward the middle of the range.  It is assumed that 
development pressure in Thurston and Grays Harbor counties would not be influenced by this 
alternative because flood extents and depths in those locations would not be reduced as a result of 
implementing the Airport Levee Improvements and I-5 Projects.  Floodplain growth in those areas would 
occur consistent with the No Action Alternative.  More analysis related to potential future development 
in the Chehalis River floodplain is included in Appendix L.  
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5.4.2 Aquatic Species Habitat Actions Evaluation 
Implementation of the Aquatic Species Habitat Actions of Alternative 2 would substantially increase the 
abundance of native aquatic species, reduce the potential for future ESA listings, and substantially 
enhance tribal and non-tribal fisheries as compared to the No Action Alternative (before factoring in 
climate change; see Section 5.4.3).  The benefits of combined actions within Alternative 2 to fish, 
wildlife, and non-salmonid fish have not been modeled but are anticipated to be similar to the Aquatic 
Species Habitat Action.   

As described in the introduction to Section 5.4, the long-term impacts of Alternative 2 would likely result 
in an increased benefit to aquatic species habitat function when compared to the No Action Alternative.  
As compared to the other action alternatives, Alternative 2 could result in greater benefits to aquatic 
species habitat function than Alternative 1, because it would exclude the permanent and large-scale 
changes to the Chehalis River and its floodplain resulting from the Flood Retention Facility.  Alternative 2 
is anticipated to result in less benefit to aquatic species compared to Alternatives 3 and 4, when 
considering the structural components associated with Alternative 2 versus the other action 
alternatives.  Potential impacts on cultural resources and tribal resources from implementation of 
Aquatic Species Habitat Actions in Alternative 2 would be the same as those described under 
Alternative 1, though likely in less magnitude due to the relatively smaller construction and operational 
footprint of Alternative 2.   

5.4.3 Climate Change Analysis 
Alternative 2 is anticipated to provide beneficial effects with regard to reducing flood damage and 
restoring habitat for aquatic species in response to the effects of climate change.  These beneficial 
effects would be greater than under the No Action Alternative, due to structural flood protection 
measures that would be designed to provide resiliency with the potential for more frequent and intense 
floods resulting from climate change, and due to Aquatic Species Habitat Actions associated with this 
alternative.  In comparison to other action alternatives, the long-term adverse impacts contributing to 
climate change from implementation of this alternative are similar to all other action alternatives, 
except for Alternative 1, which has additional adverse impacts related to the additional vegetation loss 
and resulting equivalent GHG emissions associated with construction and operation of the Flood 
Retention Facility.   

Climate change has the potential to reduce the effectiveness of flood protection provided by levees and 
floodwalls (i.e., Airport Levee Improvements, I-5 Projects, and Aberdeen/Hoquiam North Shore Levee 
elements).  Flood elevations could increase as a result of climate change, which could require additional 
freeboard in levee designs.  Impacts of flood elevations that are increased upstream and downstream as 
a result of levees and walls are likely to be magnified with climate change, as floods occur more 
frequently and are more intense.  Adverse impacts from the effects of climate change on Alternative 2 
are anticipated to reduce the effectiveness of restoration for salmonid populations under both the low 
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and high restoration scenarios due to increased river temperatures and drier summers, although this 
effect has not been modeled.   

5.4.4 Mitigation 
Unavoidable adverse impacts that cannot be mitigated without substantial intervention include those 
associated with the permanent loss of wetlands.  Impacts on fish and wildlife are expected to be minor 
for Alternative 2, but could result in undetermined adverse impacts on tribal resources.  Impacts on 
cultural resources would depend on the nature of cultural resources that would be disturbed.  Specific 
measures would be identified and implemented during project-level design and environmental review.  
Potential compensatory mitigation measures for potential impacts on wetlands, tribal resources, and 
cultural resources would be the same as those described under Alternative 1.   
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5.5 Alternative 3: Nonstructural Flood Protection 
Nonstructural Flood Protection (Alternative 3) would not result in geographically broad-scale flood 
damage reduction during a major flood or greater when compared to the other action alternatives.  
The implementation of Local-scale Flood Damage Reduction Actions would protect key properties 
and infrastructure from flood damage, and would protect a substantial portion of the residential 
structures—as well as some commercial and other structures—in the Chehalis River floodplain through 
elevation, other floodproofing measures, and buy-outs.  This alternative would reduce the pattern of 
damage and recovery to structures and their contents associated with major floods or greater, but 
would not reduce flood damage to transportation systems and agricultural properties or crops at a 
Basin-wide scale. 

Alternative 3, as compared to the No Action Alternative, would result in an increased benefit to aquatic 
species habitat function through implementation of Aquatic Species Habitat Actions.  As compared to 
Alternatives 1 and 2, Alternative 3 would result in greater benefits to aquatic species habitat function 
because there would be none of the adverse effects associated with Large-scale Flood Damage 
Reduction Actions structural components.  As compared to Alternative 4, Alternative 3 would result in 
less benefit to habitat function because the treatments associated with Alternative 4 would result in 
increased habitat function.   

5.5.1 Flood Damage Reduction  

5.5.1.1 Benefits from Implementing Flood Damage Reduction Actions 
Geographically broad-scale reductions to flood depths and extents would not result from the 
implementation of Alternative 3 (see Figures 5.5-1 through 5.5-3).  However, the implementation of 
Local-scale Flood Damage Reduction Actions would protect key properties and infrastructure from flood 
damage, and would protect up to 75% of the residential and 25% of the commercial, industrial, or other 
non-residential structures in the Chehalis River floodplain through elevation, other floodproofing 
measures, and buy-outs.  Alternative 3 would reduce flood damage to structures in the Chehalis River 
floodplain by implementing a single action.   
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5.5.1.2 Impacts of Implementing Flood Damage Reduction Actions 
The benefits of Alternative 3 would be localized to structures that are floodproofed, and properties and 
infrastructure protected by Local Projects.  Closures of I-5 (up to 4 days) would continue during major 
floods.  WSDOT would continue to use its detour route when I-5 is closed for more than 24 hours.  Local 
roadways that currently flood during major floods would continue to do so, except where smaller-scale 
flood damage reduction projects reduce flooding of local roadways.  The Chehalis-Centralia Airport 
would continue to flood during major floods, restricting flights and use of the airport for emergency 
response.  Rail lines, including BNSF, Union Pacific, and the Curtis Industrial Park line, would continue to 
be flooded during major floods.   

Alternative 3 has the potential to reduce threats to human health and safety when compared to the 
No Action Alternative, because Alternative 3 would protect structures in the floodplain and allow people 
the option of safely waiting out many floods in their homes.  However, Alternative 3 would not improve 
the ability to access critical medical facilities as compared to the No Action Alternative, and would not 
reduce disruption to industry, commercial businesses, and public services—with the exception of 
protecting the structures that house them in the event those structures have been floodproofed.  
Similar to the No Action Alternative, but on an accelerated scale, minor localized adverse impacts on the 
built and natural environment would occur as a result of the implementation of Alternative 3, which are 
described in detail in Chapter 4.   

Potential impacts on cultural resources and tribal resources would be less in magnitude than the rest of 
the action alternatives due to the reduced level of excavation and structural components, but could still 
result in moderate to significant adverse impacts on cultural resources due to the predicted 
archaeological potential.  The extent of potential impacts on tribal resources would be determined 
pending additional coordination with tribes and continued government-to-government consultations. 

Alternative 3 would not result in significant adverse impacts on any elements of the built or natural 
environment, as described in more detail in Chapter 4.  Noted impacts resulting from Alternative 3 are 
minor or moderate; however, bank stabilization impacts on fish habitat cumulatively could be 
significant, depending on the project setting.   
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5.5.2 Aquatic Species Habitat Actions Evaluation 
Alternative 3, when implemented as a comprehensive strategy, would substantially increase abundance 
of native aquatic species, reduce the potential for future ESA listings, and substantially enhance tribal 
and non-tribal fisheries as compared to the No Action Alternative.  As described in the introduction to 
Section 5.5, Alternative 3 would have an increased benefit to aquatic species habitat function over the 
long term as compared to the No Action Alternative, through implementation of Aquatic Species Habitat 
Actions.  As compared to Alternatives 1 and 2, Alternative 3 would result in greater benefits and fewer 
impacts on aquatic species habitat function due to the lack of large-scale structural flood damage 
components.  Alternative 3 would have fewer benefits to habitat function as compared to Alternative 4, 
because the treatments associated with Alternative 4 would result in increased habitat function.   

5.5.3 Climate Change Analysis 
This section provides an analysis of the adverse effects of Alternative 3 that contribute to climate 
change, as well as the effects of climate change on Alternative 3. 

5.5.3.1 Adverse Effects Contributing to Climate Change 
Overall, Alternative 3 is not anticipated to result in impacts that contribute to climate change.  
Alternative 3 is anticipated to result in beneficial effects with regard to climate change due to the 
wetland and riparian restoration activities and associated carbon sequestration that would occur with 
the Aquatic Species Habitat Actions associated with this alternative.  These benefits would far exceed 
those expected to occur to the same resources under the No Action Alternative.  In comparison to the 
other action alternatives, Alternative 3 would have fewer adverse impacts contributing to climate 
change than Alternatives 1 and 2, but would not offset the impacts of climate change (a beneficial 
result) as much as Alternative 4, due to the degree of wetland and riparian restoration activities and 
associated carbon sequestration associated with actions under that alternative.  

5.5.3.2 Effects of Climate Change on the Proposed Alternative 
It is assumed that actions such as Floodproofing and Local Projects associated with Alternative 3 would 
be designed in anticipation of projected future changes in precipitation, increased flooding, and drought 
conditions predicted with climate change forecasts.  As a result, adverse impacts from climate change 
on the elements of this alternative are not anticipated, except for the reduced effectiveness of the 
Aquatic Species Habitat Actions low and high scenarios (see Section 4.8.7).  

5.5.4 Mitigation 
Significant, adverse impacts are not anticipated from implementation of Alternative 3, and therefore, 
compensatory mitigation measures are not expected to be necessary. 
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5.6 Alternative 4: Restorative Flood Protection 
Restorative Flood Protection (Alternative 4) would address flooding in the Chehalis River floodplain as 
well as in tributary areas of the Chehalis River—the North and South Fork Newaukum rivers, South Fork 
Chehalis River, Stearns Creek, Bunker Creek, Deep Creek, Lake Creek, Stillman Creek, and Elk Creek—
largely through supporting relocation and adaptation of at-risk land uses under existing conditions.  
Alternative 4 would increase the areal extent and depth of 100-year floods upstream of Newaukum 
River confluence.  Downstream of the Newaukum River confluence, including in the Chehalis-Centralia 
area, Alternative 4 would reduce flood extents and depths, but to a lesser degree than Alternative 1.  
As compared to the No Action Alternative and Alternatives 2 and 3, Alternative 4 would decrease flood 
extents and depths to a greater extent in the Chehalis River floodplain.  Because Alternative 4 would 
relocate 16,000 acres of land uses, including 8,500 acres of agriculture, upstream of the Newaukum 
confluence, it would result in greater flood damage reduction compared to the No Action Alternative 
and other action alternatives (see Appendix C).  

Over the long term, Alternative 4 would benefit aquatic species habitat function to a much greater 
degree compared to the No Action Alternative and other action alternatives; this would be achieved 
through implementation of the Aquatic Species Habitat Actions and Restorative Flood Protection 
treatments proposed under Alternative 4.  Restorative measures, including placement of engineered 
wood structures, associated with implementation of this alternative are intended to reduce flood 
damage by slowing and storing the flow of floodwaters in the floodplain, and would be coordinated with 
Aquatic Species Habitat Actions.  These actions would complement, rather than replace, the actions 
associated with Aquatic Species Habitat Actions. 

5.6.1 Flood Damage Reduction  

5.6.1.1 Benefits from Implementing Flood Damage Reduction Actions 
Downstream of the Newaukum River confluence, Alternative 4 would reduce flooding on approximately 
815 acres through a reduction of peak flood flows entering the mainstem Chehalis River.  Compared to 
Alternatives 1 and 2, there would be less reduction in water surface elevation during a 100-year flood 
along the Chehalis River in the Chehalis-Centralia area than Alternative 1, and similar reductions in 
specific locations to Alternative 2.  The reduction in inundation for Alternative 4 during a 100-year flood 
is shown in Figure 5.6-1.   

Downstream of Restorative Flood Protection treatment areas, within the Chehalis-Centralia city limits, 
136 high-value structures would experience reduced inundation.  Within river management areas or 
greenways in the Restorative Flood Protection treatment areas, flood inundation would be increased on 
approximately 16,000 acres, affecting approximately 280 high-value structures that are not anticipated 
to flood under current conditions.  Flood depths and frequencies would increase and further affect 
182 high-value structures within the treatment areas that do flood under current conditions during a 
100-year flood.  Alternative 4 would permanently address flood damage to these 462 structures by 
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removing them, and providing compensation, relocation, or adaptation assistance to landowners.  If all 
landowners with structures that currently experience flooding, and where flooding would increase, 
participated, 182 fewer structures within treatment areas would be flooded than under current 
conditions, and approximately 16,000 acres would no longer experience flood damage because these 
land uses would be relocated.   

Similar to the other action alternatives, remaining residential, commercial, and industrial structures—in 
this case, outside of river management corridors, but within the future Restorative Flood Protection 
100-year floodplain, as well as in the remainder of the Chehalis River floodplain—would have to be 
floodproofed to experience a reduction in flood damage. 

In the Chehalis-Centralia area, Alternative 4 would reduce flood durations on local roads.  Restorative 
Flood Protection would protect the Chehalis-Centralia Airport during smaller floods, allowing flights to 
continue, but the airport would continue to flood during 100-year floods.  Restorative Flood Protection 
would likely decrease the frequency of rail closures downstream of the Newaukum confluence. 
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In addition to flood damage reduction benefits within and downstream of Restorative Flood Protection 
treatment areas, Alternative 4 would benefit wetlands and improve riparian vegetation communities, 
and improve connectivity to floodplain habitat.  These treatment actions would create conditions that 
are beneficial to fish and wildlife, both in the channels and within connected floodplain habitats.  
Potential long-term impacts on tribal resources consider impacts following construction on fishing, 
hunting, gathering, and other traditional cultural activities and treaty-reserved resources.  Restorative 
Flood Protection actions taken to reduce flood damage as part of Alternative 4 are expected to have 
beneficial outcomes for tribal resources, primarily because of the significant improvement in 
self-sustaining habitat conditions that would benefit fisheries.   

5.6.1.2 Impacts of Implementing Flood Damage Reduction Actions 
As described in this section, impacts on land use, transportation, public services and utilities, and, 
potentially, cultural resources could be significant.  While there would be a localized significant impact 
on vegetation as a result of relocating approximately 16,000 acres of floodplain land uses to converted 
uplands (currently managed forestland), this impact may be moderated through restorative actions.  
This would include measures such as planting native vegetation across equal valley bottom areas; the 
impact would also be reduced when considering benefits to vegetation that result from the 
implementation of Aquatic Species Habitat Actions.   

Restorative Flood Protection treatment areas would occupy much of the channels and floodplains of the 
Newaukum, South Fork Chehalis, and mainstem Chehalis rivers; and Stearns, Stillman, Elk, Bunker, Deep, 
and Lake creeks.  Based on screening-level analysis, this could result in new or increased flooding to an 
area potentially reaching 21,000 acres in size, which is considered a moderate impact on surface water 
quantity.  This includes approximately 12,100 acres of active farmland, where approximately 8,500 acres 
of agricultural land would be converted to floodplain forest.   

The treatments required, and resultant changes to the river system in those areas, would likely displace 
many rural residential homes and farms; some public and commercial land uses could also be displaced 
or affected.  Approximately 462 high-value structures would be relocated or experience more flooding.  
Although this action includes compensating willing landowners for property or structures that would 
become inundated (or experience more inundation), and assistance for interested landowners to 
relocate to areas of the Chehalis Basin that do not flood, the potential adverse impacts are still 
considered significant.  Permanently relocating or moving these structures out of flood-prone areas can, 
however, also be considered a long-term benefit.  

Upstream of the Newaukum River confluence, Alternative 4 would increase the duration of closure of 
SR 6 by approximately 4 days, SR 506 by approximately 1 to 2 days, and SR 508 by approximately 2 days 
during a 100-year flood.  Compared to the No Action Alternative and other action alternatives, this could 
increase disruptions to industry, commercial businesses, and public services. Downstream of the 
Newaukum confluence with the Chehalis River, I-5 closures would continue during major floods (up to 
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4 days), requiring the use of WSDOT’s detour route.  Under Alternative 4, local roadways that currently 
flood during major floods would continue to do so, even though smaller-scale flood damage reduction 
projects could reduce flooding of local roadways in some places.  The Chehalis-Centralia Airport would 
continue to flood during 100-year floods, restricting flights and use of the airport for emergency response.   

Compared to the No Action Alternative and Alternatives 1 and 2, Alternative 4 does not improve access 
to critical medical facilities because flooding of local and regional roads would continue, and in some 
locations would be expanded.  Higher flood levels and increased duration of flooding of SR 6 and local 
roadways could prevent or delay emergency service access.  Restorative Flood Protection includes 
relocation of residential, agricultural, commercial, and public service land uses out of the 10-year 
floodplain, which would reduce the demand for emergency services during floods as part of Alternative 4, 
but access to areas outside the 10-year floodplain within treatment areas may still be required.  

Alternative 4 includes relocation of agricultural, residential, and commercial land uses.  New public 
services and utilities would need to be provided to the upland areas where the displaced land uses 
would be relocated.  This would not directly increase the demand for public services and utilities, but 
relocation of land uses would require removal and relocation of public services and utilities throughout 
the 10-year floodplain, which would be a significant adverse impact. 

Although the degree or severity of impact on cultural resources would depend on the nature of the 
disturbance, moderate to significant adverse impacts on cultural resources could occur due to the 
predicted archaeological potential.  Potential impacts on tribal cultural resources or graves, Indian 
human remains, or traditional cultural properties would be determined in coordination with tribes and 
government-to-government consultations. 

5.6.2 Aquatic Species Habitat Action Evaluation 
Alternative 4, when implemented as a comprehensive strategy, would substantially increase abundance 
of native aquatic species, reduce the potential for future ESA listings, and substantially enhance tribal 
and non-tribal fisheries as compared to the No Action Alternative.  As described in the introduction to 
Section 5.6, the long-term impacts of Alternative 4 would have an increased benefit to aquatic species 
habitat function as compared to the No Action Alternative and other action alternatives through 
implementation of the Aquatic Species Habitat Actions and Restorative Flood Protection treatments.  
The predicted impacts on salmon and steelhead abundance are shown in combination with the 
beneficial effects of the low and high restoration scenarios in Table 5.6-1 and Figure 5.6-2. 

Similar to the No Action Alternative and Alternative 1, modeled results of salmon habitat potential for 
Alternative 4 include the maturation of riparian areas in managed forestlands and active restoration 
from the Aquatic Species Habitat Actions compared to current conditions.  The contribution of managed 
forestlands to total salmonid abundance would, on average, contribute 59% of the restoration benefit 
under the low scenario and 27% under the high scenario.  Most of the benefit of riparian and fish 
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passage improvements in managed forestlands would accrue to coho and steelhead because a larger 
portion of their habitat is located in the Satsop, Humptulips, and Wynoochee basins that are largely 
managed forestland4.  

Table 5.6-1  
Potential Response in Salmonid Abundance for the Chehalis Basin with Alternative 4 

SPECIES 
(CURRENT 
HABITAT 
POTENTIAL) 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 

NO 
RESTORATION 

WITH LOW 
RESTORATION; 
20% OF REACHES 

WITH HIGH 
RESTORATION; 
20% OF REACHES 

WITH LOW 
RESTORATION; 
60% OF REACHES 

WITH HIGH 
RESTORATION; 
60% OF REACHES 

Coho salmon 
(40,642) 

46,471 (114%) 69,670 (171%) 82,057 (202%) 91,949 (226%) 127,213 (313%) 

Fall-run 
Chinook 
salmon 
(25,844) 

6,782 (26%) 9,719 (38%) 16,188 (63%) 12,730 (49%) 26,895 (104%) 

Fall/Winter-
run chum 
salmon 
(190,550) 

5,573 (3%) 24,499 (13%) 33,863 (18%) 35,350 (19%) 57,961 (30%) 

Spring-run 
Chinook 
salmon 
(2,146) 

10,153 (473%) 13,233 (616%) 16,966 (790%) 17,679 (824%) 28,781 (1,341%) 

Winter-run 
steelhead 
(6,800) 

1,306 (19%) 3,393 (50%) 4,311 (63%) 5,830 (86%) 8,495 (125%) 

Source: ICF 2016 
 

 

  

                                                            
4 Refer to Draft EIS Addendum dated October 17, 2016. 



Figure  5.6-2

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Alternative 4

Source: ICF 2016
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5.6.3 Climate Change Analysis 
This section provides an analysis of the adverse effects of Alternative 4 contributing to climate change, 
as well as the effects of climate change on Alternative 4. 

5.6.3.1 Adverse Effects Contributing to Climate Change 
No long-term adverse impacts that contribute to the effects of climate change are anticipated from the 
implementation of Alternative 4.  Benefits to offset the adverse impacts of climate change that would 
occur with Restorative Flood Protection and Aquatic Species Habitat Actions are greater than those 
described under the other action alternatives, because these actions would increase the amount of 
forestland in the Chehalis Basin and offset forestland impacts that may occur from relocating floodplain 
land uses to converted uplands. 

5.6.3.2 Effects of Climate Change on the Proposed Alternative 
Actions taken under Alternative 4 would anticipate the changes in precipitation, increased flooding, and 
drought conditions that are predicted with climate change forecasts.  Similar to Alternatives 1 and 2, the 
extent of flooding in downstream areas from more intense heavy winter rains anticipated with climate 
change could be moderated, to some degree, in a broad geographic area through the implementation of 
Alternative 4.   

Restorative Flood Protection actions in Alternative 4 include restoring floodplain connectivity, restoring 
streamflow regimes, and re-aggrading incised channels.  These actions, along with Aquatic Species 
Habitat Actions, are likely to ameliorate streamflow and temperature changes and increase habitat 
resilience in the face of climate change.  Protection and restoration of natural watershed processes is 
also anticipated to mitigate climate change through carbon sequestration.  Distributing flood damage 
reduction actions in all three of the upper sub-basins in the Chehalis Basin may further buffer against 
future variability in the magnitude and spatial distribution of precipitation patterns that could result 
from climate change.   

The impacts of Alternative 4 on fish abundance under climate change conditions were modeled using 
EDT.  The results indicate that Alternative 4 would increase salmon population abundance in the 
Chehalis Basin, with the most notable increase in abundance in spring-run Chinook salmon (ICF 2016).  
See Table 5.6-2 and Figure 5.6-3 for a summary of the modeled results.   
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Table 5.6-2  
Potential Response in Salmonid Abundance for the Chehalis Basin with Alternative 4 and Climate Change 

Source: ICF 2016 
 

  

SPECIES (CURRENT HABITAT 
POTENTIAL) 

FUTURE HABITAT 
POTENTIAL WITH 
CLIMATE CHANGE 

CHANGE IN ABUNDANCE IN NUMBER OF FISH (%) 
WITH ALTERNATIVE 4 AND 
LOW RESTORATION; 
20% OF REACHES AND 
CLIMATE CHANGE 

WITH ALTERNATIVE 4 AND 
HIGH RESTORATION; 
60% OF REACHES AND 
CLIMATE CHANGE 

Coho salmon  
(40,642) -22,390 (-55%) 23,810 (59%) 83,768 (206%) 
Fall-run Chinook salmon 
(25,844) -6,969 (-27%) -1,183 (-5%) 18,817 (73%) 
Fall/Winter-run chum salmon 
(190,550) -8,270 (-4%) 10,203 (5%) 49,090 (26%) 
Spring-run Chinook salmon 
(2,146) -1,869 (-87%) 5,497 (256%) 20,506 (955%) 
Winter-run steelhead  
(6,800) -3,741 (-50%) 1,690 (25%) 7,666 (113%) 



Figure  5.6-3

Potential Response in Salmonid Abundance to Habitat Change in the Chehalis Basin with Climate Change and Alternative 4

Source: ICF 2016
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5.6.4 Mitigation 
The most significant impact associated with Alternative 4 is to existing land uses, transportation, and 
public services.  Because Restorative Flood Protection has only been evaluated at a concept or screening 
level, land use, transportation, and public service impacts at specific locations have not yet been 
determined.  Potential avoidance and minimization measures could include treatment area design that 
avoids construction of Restorative Flood Protection treatments in areas where the most or highest 
magnitude of impacts would occur, and where treatments would not significantly reduce downstream 
flood elevations.   

An integral part of Alternative 4 is providing assistance to help willing property owners and residents 
adapt.  Mitigation strategies could include the following: 

• Stay-in-place adaptation assistance – This could include floodproofing, elevation of structures, 
farm pads, drainage improvements, or relocation of homes and structures to more upland 
portions of the same parcel 

• Buy-outs – Property owners may prefer a buy-out option for their property 

• Conservation easements – Permanent conservation easements could be used to compensate 
property owners for lost use of land 
‒ This could be combined with stay-in-place assistance where life and property would not be 

at risk, or be a strategy for parcels without structures 

• Relocation support to upland areas – Relocation of some land uses to upland areas could be a 
viable option in portions of the watershed 
‒ The feasibility of this concept is very preliminary and could continue to be explored 

Mitigation for potential long-term impacts on public services and utilities could include removal and 
decommissioning of utilities in the treatment areas, and areas where flood levels are anticipated to 
increase.  Wastewater treatment systems, propane tanks, and underground fuel supplies would be 
decommissioned according to local and state guidelines to avoid potential contamination.   

Mitigation for impacts on public services and utilities in areas that would experience increased flooding 
could include measures to floodproof or protect the affected utilities and services, or relocating them 
out of the flooded area.   

Impacts on cultural resources would depend on the nature of cultural resources that would be 
disturbed.  Specific measures would be identified and implemented during project-level design and 
environmental review.  Potential compensatory mitigation measures for potential impacts on cultural 
resources and tribal resources would be the same as those described under Alternative 1.   
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5.7 Comparison of Alternatives 
The objectives of the Chehalis Basin Strategy, as described in Section 5.1, are used as the basis for 
evaluating the alternatives and their ability to meet the dual purpose and need of reducing flood 
damage and restoring aquatic species habitat.  Sections 5.2 through 5.6 include information regarding 
the extent to which the No Action Alternative and action alternatives meet the objectives.  This section 
provides a comparison between all of the alternatives. 

5.7.1 Reduction in Flood Damage 
In preparation of the EIS, a number of modeling studies were completed to understand which 
alternative would result in the greatest reduction in flood extents and depths, as well as the greatest 
reduction in flood damage.  This section compares the following quantitative and qualitative differences 
among the alternatives: change in extent and depth of flood damage reduction, effects to agricultural 
land use, reduction in structure damage, and effects to transportation systems.  Based on available data, 
Alternative 1 would reduce the areal extent and depth of 100-year floods to a greater extent than the 
No Action Alternative, as well as the other action alternatives.  Alternative 4 would increase the areal 
extent and depth of 100-year floods upstream of Newaukum River confluence.  Downstream of the 
Newaukum River confluence, including in the Chehalis-Centralia area, Alternative 4 would reduce flood 
extents and depths but to a lesser degree than Alternative 1.  However, because Alternative 4 would 
relocate 16,000 acres of land uses, including 8,500 acres of agriculture, upstream of the Newaukum 
confluence, it would result in greater flood damage reduction compared to the No Action Alternative 
and other action alternatives (see Appendix C). 

During 100-year floods, Alternative 1 would result in the greatest reduction in flood extents as 
compared to the No Action Alternative and other action alternatives.  The No Action Alternative and 
Alternative 3 would not reduce flood extents.  Alternative 1 would reduce flooding on approximately 
4,481 acres throughout Lewis, Thurston, and Grays Harbor counties, with the most benefits realized in 
the Chehalis-Centralia area (see Figure 5.3-1).  Alternative 2 would primarily reduce flooding in the 
Chehalis-Centralia area near the airport and I-5.  However, raising the airport levee and constructing the 
I-5 Projects as part of Alternative 2 have the potential to increase flood extent and depth on 
approximately 14 acres of agricultural/forestland to the west (and upstream and downstream) of these 
actions (see Figure 5.4-1).  While Alternative 4 would increase flooding by 4,590 acres in many valley 
bottom areas upstream of the Chehalis River confluence with the Newaukum River, it would result in a 
reduction of approximately 815 acres of flooded area downstream of the Newaukum River confluence 
(see Figure 5.6-1).   

The increase or decrease in flood extents and depths would have an impact on land use.  Alternative 1 
would reduce flooding to a greater extent than the No Action Alternative and other action alternatives 
due to the reduction in flooding to 1,956 acres of agricultural/forestland (see Table 5.3-1).  Alternative 4 
would have the greatest impact on agriculture because implementation of the Restorative Flood 
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Protection action element could result in new or increased flooding to an area potentially reaching 
21,000 acres in size in the future 100-year floodplain, including approximately 12,100 acres of active 
farmland, and would require relocation of 8,500 acres of farmland.  The location, magnitude, and 
concentration of this potential impact from Alternative 4 has not been identified at this time.   

Table 5.7-1 provides a comparison of the total number of structures flooded, relocated, or floodproofed 
during a 100-year flood by alternative.  The Aberdeen/Hoquiam North Shore Levee action element is 
included in Alternatives 1 and 2, and would result in the additional protection of 2,715 structures.  
Alternative 4 would result in the greatest reduction in flood damage to high-value structures, primarily 
due to relocating up to 462 structures out of the proposed greenway to upland areas.  Because of the 
land use impacts associated with construction and operation of the Restorative Flood Protection action 
element, Alternative 4 includes landowner compensation, relocation, or adaptation assistance for 
landowners willing to participate.  Alternative 1 would result in the greatest reduction in remaining 
structures flooded after the actions have been implemented. 

Table 5.7-1  
Reduction in Flood Damage to High-value Structures Under Different Alternatives 

ACTION 

CHANGE FROM BASELINE 100-YEAR FLOOD 
NO ACTION 
ALTERNATIVE 

ALTERNATIVE 
1 

ALTERNATIVE 
2 

ALTERNATIVE 
3 

ALTERNATIVE 
4 

Structures that would no 
longer be flooded 

0 559 88 0 136 

Structures relocated 0 0 0 0 462 
Structures floodproofed 0 500 812 802 645 
Total damages reduced to 
structures  

0 1,059 900 802 1,243 

Remaining structures flooded 1,379 320 479 577 5981 

Notes: 
1. Structures relocated are not included in this total because it is currently unknown whether property owners 
would be willing to relocate. 
 

The alternatives were also evaluated to determine their effectiveness in reducing disruption in 
transportation systems, including closures of I-5 and local and regional transportation systems.  Under 
the No Action Alternative, I-5 would continue to be closed up to 4 days during a 100-year flood, 
requiring use of WSDOT’s detour route.  Closures of SR 6, US 101, and US 12, and flooding of local 
roadways would continue.  Flooding of rail lines, including BNSF, Union Pacific, and the Curtis Industrial 
Park line, would also continue under the No Action Alternative.  All of the action alternatives would 
reduce disruptions to transportation systems compared to the No Action Alternative.  

Of the action alternatives, Alternative 1 would result in the least disruption to transportation systems, 
while Alternative 4 would result in the most disruption (see Table 5.7-2).  Under Alternative 1, flooding 
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of roadways would be reduced in the upper Chehalis Basin near the Chehalis River due to 
implementation of the Flood Retention Facility and Airport Levee Improvements.  Alternative 4 would 
increase flooding impacts on transportation systems in the Chehalis Basin upstream of the Newaukum 
confluence with the Chehalis River.  

Table 5.7-2  
Reduction in Transportation Impacts During a 100-year Flood Under Different Alternatives 

NO ACTION 
ALTERNATIVE ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 ALTERNATIVE 4 
I-5 CLOSURES (CLOSED 4 DAYS DURING 100-YEAR FLOOD) 
No reduction Reduced by 3 days Reduced up to 3 

days 
No reduction No reduction 

FLOODING OF SR 6, US 101, US 12, AND LOCAL ROADS 
No reduction Reduced by 1 to 3 

days 
Reduced behind 
levee, increased on 
west side of I-5 
(SR 6 and local 
roadways) 

No reduction Reduced in 
Chehalis-Centralia 
area by up to 1 day, 
could be increased 
on SR 6 (4 days), 
SR 506 (1 to 2 days), 
and SR 508 (2 days) 

 

5.7.2 Restoration of Aquatic Species Habitat 
Implementation of the Aquatic Species Habitat Actions low and high scenarios in all of the action 
alternatives would substantially increase riparian area and salmon abundance, resulting in a benefit to 
other aquatic species as well. With Aquatic Species Habitat Actions, riparian area would be increased 
between 21 river miles (1,150 acres) and 214 river miles (9,750 acres).  Alternative 1 would decrease 
241 acres of riparian area in the FRFA reservoir due to clear-cutting and permanent inundation.  As a 
combined action alternative, Alternative 1 would result in a total of between 909 and 9,509 acres of 
increased riparian habitat.  Alternative 4 would increase the riparian area by between 562 and 6,552 
acres through adding large wood in the treatment areas, for a total of 1,712 to 16,302 acres of increased 
riparian habitat.  

As shown in Table 5.7-3, Alternative 1 would result in the least increase in salmon abundance, while 
Alternative 4 would result in the greatest increase in salmon abundance.  The increase in salmon 
abundance for Alternatives 2 and 3 would be very similar to the Aquatic Species Habitat Actions 
(see Section 4.8.4.2.1).  Across all alternatives, climate change would reduce salmon abundance, and the 
low restoration scenario would generally maintain the status quo.  Modeled results of salmon habitat 
potential include the maturation of riparian areas in managed forestlands and active restoration from 
the Aquatic Species Habitat Actions compared to current conditions.    
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A major difference between Alternative 1 and the other alternatives is the effect on salmon and other 
aquatic species that use the mainstem Chehalis River upstream and immediately downstream of the 
dams.  The dams would have a significant adverse impact on the native species that use this area of the 
mainstem.  Although, the FRO dam would allow passage of species, changes to habitat in the reservoir 
area would decrease the survival of salmon and other species.  The FRFA dam would more severely 
reduce upstream and downstream passage of aquatic species resulting significant reductions of salmon, 
lamprey and other species in that portion of the Chehalis Basin. 

The potential response of some specific species to Alternatives 1 and 4—accounting for climate 
change—are also compared in the previous sections (see Figures 5.3-4 and 5.3-5 [Alternative 1] and 
Figures 5.6-2 and 5.6-3 [Alternative 4]).  The contribution of managed forestlands to salmon abundance 
would, on average, contribute 59% of restoration benefit for the low scenario and 27% for the high scenario5.  

Table 5.7-3  
Potential Response in Salmon Abundance to Habitat Change  

in the Chehalis Basin Under Different Action Alternatives 

ACTION 

CHANGE IN ABUNDANCE FOR CHUM, SPRING-RUN AND FALL-RUN 
CHINOOK, COHO, AND WINTER-RUN STEELHEAD IN NUMBER OF FISH (%) 

LOW 
RESTORATION 
20% OF REACHES  
(CURRENT 
CONDITIONS) 

LOW 
RESTORATION 
20% OF REACHES  
(FUTURE 
CONDITIONS) 

HIGH 
RESTORATION 
60% OF 
REACHES 
(CURRENT 
CONDITIONS) 

HIGH 
RESTORATION 
60% OF 
REACHES  
(FUTURE 
CONDITIONS) 

Aquatic Species Habitat Actions 
(Alternatives 2 and 3 would be 
similar) 

48,843 
(18%) 

5,019 
(2%) 

194,383 
(73%) 

141,135 
(53%) 

Alternative 1 (FRFA and Aquatic 
Species Habitat Actions) 

38,215 
(14%) 

4,707 
(2%) 

143,975 
(54%) 

123,564 
(46%) 

Alternative 1 (FRO 50 and Aquatic 
Species Habitat Actions) 

46,756 
(18%) 

8,781 
(3%) 

192,986 
(73%) 

127,946 
(48%) 

Alternative 1 (FRO 100 Aquatic 
Species Habitat Actions) 

46,602 
(18%) 

7,925 
(3%) 

192,560 
(72%) 

127,848 
(48%) 

Alternative 4 (Restorative Flood 
Protection and Aquatic Species 
Habitat Actions) 

120,514 
(45%) 

40,017 
(15%) 

249,345 
(94%) 

179,847 
(68%) 

 

Based on the increased riparian area and salmon abundance, Alternative 4 would result in the greatest 
benefit to aquatic species compared to the No Action Alternative and other action alternatives.  
Alternative 1 would substantially restore habitat for aquatic species, but would result in the least benefit 

                                                            
5 Refer to Draft EIS Addendum dated October 17, 2016. 
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as a result of permanent and large-scale changes to the Chehalis River and floodplain caused by a Flood 
Retention Facility.   
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5.8 Cumulative Impacts 
This cumulative impacts analysis is prepared in accordance with SEPA (Chapter 43.21C RCW), the 
SEPA Rules (WAC 197‐11‐060), and the SEPA Handbook.  Additional guidance developed by the Council 
on Environmental Quality in the handbook entitled Considering Cumulative Effects under NEPA (1997) 
was also considered where SEPA requirements are consistent with requirements of NEPA. 

Cumulative impacts are the effects that may result from the incremental impact of an action when 
added to other past, present, and reasonably foreseeable future actions (40 Code of Federal Regulations 
[CFR] 1508.7).  “Cumulative impacts can result from individually minor but collectively significant actions 
taking place over a period of time” (40 CFR 1508.7).  Generally, an impact can be considered cumulative 
if: (a) effects of several actions occur in the same locale; (b) effects on a particular resource are similar in 
nature; and (c) effects are long term in nature. 

5.8.1 Past Actions 
Beginning in the mid‐1850s, various activities, including agriculture, ranching, logging, gravel mining, 
dredging, and the installation of dams and diversions, have exacerbated flooding, caused channel 
incision, and degraded aquatic species habitat in the Chehalis Basin.  

One of earliest documented floods, occurring in 1887, inundated most of the area between Centralia 
and Chehalis (The Chronicle staff 2007).  In the past 60 years, major floods have occurred in eight 
separate events, with flood levels rising and flood damage in the Chehalis Basin increasing.  The 1996, 
2007, and 2009 floods are the three largest floods on record and resulted in widespread environmental 
damage, including threats to public health and safety; losses to homeowners, agriculture, and 
commercial businesses; damage to public infrastructure; and emotional and psychological costs.  The 
primary cause of flooding in Western Washington has been found to be atmospheric rivers which funnel 
large quantities of precipitation in a short time span, typically during a period of a few hours to a few 
days (Neiman et al. 2011).  Winter storms associated with atmospheric rivers produce twice the amount 
of precipitation as storms not associated with atmospheric rivers (Ralph et al. 2008).  The influence of 
urbanization on flooding has generally been muted; overall, residential, commercial, and industrial land 
use collectively comprise a small portion (7%) of the overall land cover in the Chehalis Basin, and 
impervious surfaces are less than 2%.  

In preparation of one of the actions evaluated in the EIS (Restorative Flood Protection action element), 
research determined that significant areas of channel incision (down‐cutting of the river) and loss of 
floodplain storage have also occurred in portions of the Chehalis Basin.  Channel incision and floodplain 
forest clearing can reduce floodplain connectivity and capacity for flood storage, as well as influence 
flood timing and extents (Dixon et al. 2016; Watson et al. 2016).  This can result in more rapid 
downstream conveyance of high flows, which directly affects the magnitude and timing of downstream 
flooding.  In the Chehalis Basin, one of the historical practices contributing to channel incision was the 
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use of splash dams to transport logs (see Section 3.2.4).  Current land use also contributes to continued 
down-cutting of the river channels in some locations.  Legacy agricultural practices of removing 
wetlands, straightening and armoring riverbanks, and removing floodplain forests increase flooding 
downstream (see Section 1.2).   

Much research has been conducted to understand how forest management practices influence the extent 
of flooding in the Chehalis Basin.  In general, there is consensus that timber harvesting results in an 
increase in rain-induced, channel-forming flows up to 20 or more years post-harvest (Perry et al. 2016).  
However, as stated previously under the No Action Alternative, the balance of evidence suggests 
changes to forest management practices would not reduce the frequency of extreme flooding in a 
watershed the size of the Chehalis Basin (Perry et al. 2016).  Many studies have also documented 
increases in landslides and surface erosion resulting from timber-harvesting and road-building 
practices (Dragovich et al. 1993; Dyrness 1967; Guthrie and Evans 2004; Jakob 2000; Ketcheson 1977; 
Montgomery et al. 2000; Robison et al. 1999; Swanson and Dyrness 1975; Swanson et al. 1987; 
Swanston 1974).  New Forest Practices Rules have been implemented through the Adaptive 
Management Program; however, there are conflicting conclusions on how effective the current rules are 
during an extreme storm event, such as the 2007 flood (see Appendix E).   

Overall, agricultural and residential uses in the Chehalis Basin have also led to reduced habitat 
complexity and function over baseline pre-European settlement conditions (Mobrand 2003).  Beginning 
in the mid-1850s, agriculture and ranching, followed by logging in the 1880s, have shaped habitat in a 
number of ways.  These include loss of riparian vegetation, increased erosion, reduced water quality, 
increased stream temperature, and overall reduced aquatic habitat function.  Gravel mining and 
dredging activities have also led to the loss of wetlands and tidelands that are important rearing habitats 
for aquatic and semi-aquatic species.  Dams and diversions constructed for agricultural and municipal 
water uses have also adversely affected habitat conditions, including reduced flows, increased stream 
temperatures, and barriers to fish passage.  Farming, forestry, harvesting of shellfish, and fishing 
continue to be central to the Chehalis Basin economy, and the loss and degradation of habitat, 
estimated to be between 54% and 87% (ASEPTC 2014a), has resulted in declines in salmon, steelhead, 
and other fish, affecting both tribal and non-tribal people of the Chehalis Basin.  

5.8.2 Present and Reasonably Foreseeable Future Actions 
Present and reasonably foreseeable future actions that are anticipated in the Chehalis Basin that are 
relevant to the Chehalis Basin Strategy include the following: 

• New residential and commercial development 

• Expansion of agricultural uses 

• Local programs and activities (many of which are described under the No Action Alternative and 
Local Projects action element in Sections 2.3.4.1 and 2.3.3.2) 
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• Predicted increases in heavy precipitation and storms as a result of climate change 

While many Chehalis Basin communities have regulations that prohibit development in the floodplain, 
current regulations in both Lewis and Grays Harbor counties allow for continued subdivision and 
development in the floodplain, although additional development standards apply.  Under current 
floodplain land use management regulations, future growth potential is primarily centered around 
opportunities for residential development in incorporated and UGA areas in Lewis County—many of 
which are in Chehalis and Centralia—followed by residential development in unincorporated areas of all 
three counties (Lewis, Grays Harbor, and Thurston).  Residential opportunities are followed by 
opportunities for growth on agricultural parcels (21% of the overall development potential), and much 
more limited commercial and industrial development (11%; see Appendix L).  Future growth would be 
constrained to an extent by water availability because issuance of new water rights within the basin are 
limited in part to maintain minimum instream flows for fish and to minimize potential impacts on 
groundwater.  However, agricultural expansion is anticipated to continue, supported in part by the 
continued work of the Chehalis Basin Partnership to improve water use and irrigation efficiency and to 
develop partnerships for shared water rights and more localized systems for food processing, storage, 
transport, and sales.   

A number of specific present and future actions have been identified that are relevant to reducing flood 
damage or restoring habitat for aquatic species, many of which are included in the No Action 
Alternative.  For example, by 2030, WSDOT is required to correct 818 WSDOT-owned culverts in the 
western Washington (WSDOT 2016).  Individual culvert corrections would be prioritized to provide the 
highest benefits to fish, including improving fish passage and stream function.  Near-term aquatic 
species habitat restoration projects have been funded and will be implemented in the Chehalis Basin by 
2017.  Other present and future actions that will are relevant to the Chehalis Basin Strategy include 
continuation of SRFB-funded habitat projects, the CREP, USFWS’ CFRP, and DNR’s FFFPP.    

With regard to reducing flood damage, local projects that protect structures by elevating and 
floodproofing them, protect critical properties and infrastructure like WWTPs and roads from flood 
damage, provide safe harbor for farm animals and equipment, or improve floodplain storage, are 
anticipated to continue in the Chehalis Basin under the No Action Alternative, though at levels of historic 
(pre-2011) funding.  Additionally, various projects are also planned along the I-5 corridor to retrofit 
stormwater runoff facilities to minimize potential adverse impacts on water quality.  

With respect to Forest Practices, although it is not clear how effective current Forest Practices rules are 
at reducing landslides and erosion during extreme storm events, it is clear that practices have improved 
the management of areas to reduce the potential for landslides during less severe floods (see 
Appendix L).   
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With respect to climate change, research has shown that although the mechanisms driving heavy rain 
events within the Chehalis Basin are not expected to change substantially in the future, atmospheric 
rivers are projected to increase across the region, resulting in higher moisture transport and rainfall 
associated with these storms.  The risk of winter flooding is also anticipated to increase, and summer 
low flows are anticipated to further decrease (Mauger et al 2016).   

5.8.3 Cumulative Effects of the Alternatives 
To some degree, identifying the cumulative effects of the action alternatives is inherent in the analyses 
described in this chapter, because many local programs and initiatives anticipated to continue in the 
future are part of the impact evaluation (e.g., the Local Projects action element).  More localized 
differences in cumulative effects could occur where other developments and actions would be in close 
proximity to elements of the alternatives.  However, these differences would generally be further 
identified at the project-level environmental review as compared to the programmatic-level analysis 
conducted in this EIS. 

The cumulative effects of the Chehalis Basin Strategy are expected to be beneficial, although some 
cumulative adverse impacts could occur as a result of individual actions.   

The action elements comprising the Chehalis Basin Strategy are intended to substantially contribute to 
reducing flooding damage and improving aquatic species habitat in the Chehalis Basin.  While the action 
alternatives all include Local-scale Flood Damage Reduction Actions and Aquatic Species Habitat Actions, 
they differ in the incorporation of Large-scale Flood Damage Reduction Actions and the degree to which 
they would contribute to cumulative impacts on water resources and aquatic habitat in the Chehalis Basin.  

Of the action alternatives, Alternative 1 would result in the broadest flood damage reduction benefits, 
associated primarily with the construction of the Flood Retention Facility, which is unique to this 
alternative.  Construction of the Flood Retention Facility would cumulatively add to existing impacts on 
fisheries in a river basin that has already been extensively dammed and where habitat has been 
adversely affected by development, climate change, and other modifications to the system.  
Construction of the Flood Retention Facility could also contribute to existing and ongoing water quality 
problems in the Chehalis River, including elevated temperatures and low DO.  Aquatic Species Habitat 
Actions under Alternative 1, while not intended to mitigate for the effects of the Flood Retention 
Facility, would build on other habitat restoration efforts currently occurring in the Chehalis Basin.  These 
efforts may decrease the potential for adverse impacts from the Flood Retention Facility to accumulate 
and contribute to conditions that have negatively affected water resources and fish in the Chehalis 
Basin.  Local Projects that include bank stabilization could cumulatively adversely affect flood flows and 
velocity in armored reaches, and therefore affect habitat and aquatic conditions for fish, depending on 
site-specific conditions.  If land use management recommendations do not limit future floodplain 
development and a dam increases development pressure in the floodplain, continued floodplain 
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development could cumulatively affect water resources, fish and wildlife habitat, and increase the 
future risk of flood damage.   

Alternative 2 would also result in the potential for cumulative impacts due to Aquatic Species Habitat 
Actions and Local-scale Flood Damage Reduction Actions, such as Local Projects including bank 
stabilization.  Large-scale Flood Damage Reduction Actions would cumulatively result in reductions to 
flood damage in the Chehalis River floodplain, which is a beneficial cumulative impact, particularly when 
combined with Aquatic Species Habitat Actions and the other ongoing habitat restoration efforts in the 
Chehalis Basin.   

Compared to Alternatives 1 and 2, Alternative 3 is most likely to result in cumulative beneficial 
contributions to aquatic species habitat function due to the lack of structural components; and is least 
likely to contribute to cumulative adverse impacts on water resources, fish and wetlands for the sake of 
reducing flood damage.  Alternative 3 would result in the same potential for cumulative impacts due to 
Aquatic Species Habitat Actions and Local-scale Flood Damage Reduction Actions (Local Projects including 
bank stabilization) as Alternatives 1 and 2, and continued floodplain development could cumulatively 
affect water resources, fish and wildlife habitat, and increase the future risk of flood damage.    

Alternative 4 would reduce flood damage more broadly than Alternatives 2 and 3, and in different 
locations than Alternative 1.  Of the action alternatives, Alternative 4 would result in the least potential 
for cumulative adverse impacts on aquatic species habitat due to the lack of structural elements and the 
inclusion of Restorative Flood Protection treatments.  Alternative 4 would cumulatively help to improve 
aquatic species habitat functions in a basin that as noted above, has been adversely affected by dams, 
development, climate change, and other modifications to the system.  In locations where both 
Alternatives 1 and 4 reduce flood damage, Alternative 4 does not reduce flood extents or depths, and 
therefore flood damage, as much as Alternative 1.  However, Alternative 4 increases flooding in 
tributary areas of the Chehalis River—the North and South Fork Newaukum rivers; South Fork Chehalis 
River; and Stearns, Bunker, Deep, Lake, Stillman, and Elk creeks.  Cumulatively, increased flooding has an 
adverse impact on land uses in the floodplain.  The potential for cumulative impacts on land uses and 
structures in the floodplain resulting from increased flooding under Alternative 4 is likely to be 
minimized through supporting relocation and adaptation of at-risk land uses under existing conditions.  
Alternative 4 would result in the same potential for cumulative impacts due to Aquatic Species Habitat 
Actions and Local-scale Flood Damage Reduction Actions (Local Projects including bank stabilization) as 
the other action alternatives, except it would reduce the potential for cumulative impacts on aquatic 
species habitat as a result because of the inclusion of Restorative Flood Protection actions   

Implementation of actions that disrupt access to tribal resources associated with a tribe’s sovereignty or 
formal treaty rights, or reduce or limit access to plants, fish, or wildlife used for commercial, subsistence, 
and ceremonial purposes, have the potential to cumulatively affect tribal resources.  Potential impacts 
could also include direct impacts on or loss of natural resources protected by tribal treaties for fishing, 
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hunting, or gathering during construction or implementation of the action elements or combined 
alternatives considered in this EIS. 

While reduced flooding potential could result in increased population growth and land use development 
within the Chehalis Basin, flood damage reduction would also result in cumulatively significant 
improvements related to public health and safety and reduced disruptions to industry, commercial 
businesses, and public services.   
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6 CONSULTATION AND COORDINATION 

This chapter describes consultation and coordination 
activities led by Ecology with agencies, tribes, and the 
public.  Highlights of activities to date are provided here, 
along with future outreach plans.  Outreach and public 
involvement efforts will continue throughout the EIS 
process and future development of the Chehalis 
Basin Strategy. 

6.1 Public Involvement 
Ecology has worked closely with other state agencies, 
tribes, and communities in the Chehalis Basin for the past 
several years to address flooding and aquatic species 
habitat concerns.  During development of this EIS, Ecology 
provided updates and information to the public, and 
solicited input regarding the public’s needs, values, and 
opinions on the alternatives.  Both formal and informal 
public input has been encouraged and used, as described 
in this chapter. 

6.2 EIS Scoping Process 
The purpose of the scoping process is to confirm the focus of an EIS by seeking input from agencies, 
tribal governments, and members of the public on the content and emphasis of the EIS.  Scoping also 
provides notice to the public and other agencies that an EIS is being prepared, and initiates their 
involvement in the process.  Comments received during scoping are used in the following activities: 

• Identifying the significant issues relevant to the proposal 

• Identifying those elements of the environment that could be affected by the proposal 

• Formulating alternatives for the proposal 

• Determining the appropriate environmental documents to be prepared 

  

Public involvement provides an 
opportunity for interested and 
affected individuals, organizations, 
tribes, agencies, and governmental 
entities to be included in the 
decision-making process.  A number of 
outreach efforts are part of public 
involvement for the EIS, including 
formal outreach during the SEPA 
scoping notice and publication of the 
Draft EIS, and informal outreach 
through attendance at festivals, fairs, 
and community organization events.   
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Ecology led a scoping process for the Chehalis Basin Strategy EIS from September 18 to October 19, 2015, 
in accordance with SEPA requirements (WAC 197-11-408).  Ecology invited agencies, tribal governments, 
and members of the public to provide input on the scope of the EIS relating to the purpose and need, 
range of alternatives, probable significant adverse impacts, and elements of the affected environment 
to be analyzed in the EIS.  Scoping began with the issuance and publication of a Determination of 
Significance and Request for Comments on the Scope of the Programmatic EIS.  The scoping notice was 
published in Ecology’s SEPA Register on September 18, 2015.   

Two public scoping meetings were held in the Chehalis Basin during the scoping period.  The first 
scoping meeting was held on September 28, 2015, at the Veterans Memorial Museum in Chehalis.  The 
second meeting was held on September 29, 2015, at the Montesano City Hall Banquet Room in 
Montesano.  The meetings began with a short presentation, including a question-and-answer period, 
followed by an open house.  The presentation outlined the environmental review process and described 
the Chehalis Basin Strategy, including its history and the preliminary alternatives.  The meetings included 
the opportunity for attendees to provide formal public comment through written comment cards or oral 
comments recorded by a court reporter.   

  

Scoping Notice Summary  

• Scoping notice published in Ecology’s SEPA Register on September 18, 2015 
• Legal notices placed in The Olympian, The Daily World, and The Chronicle on September 22, 2015 
• News release issued on Ecology’s website on September 22, 2015, and distributed to the three newspapers 

listed above 
• Focus sheet developed and sent to local communities for posting to community boards 
• Email with the scoping notice sent to the Government Advisory Team, which includes federal and state 

agencies and area tribes, on September 18, 2015 
• Email distributed to the Chehalis Flood Authority’s members and interested parties list, including an 

announcement of the scoping meetings, on September 14, 2015 
• Email distributed to the local salmon lead entities on September 22, 2015, including the press release and 

focus sheet 
• Announcement posted on the Chehalis Basin Strategy website on September 18, 2015 
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6.3 EIS Scoping Summary 
During the scoping period, a total of 43 public comments 
were received through mail, email, the Chehalis Basin 
Strategy website, and the scoping meetings.  The compiled 
comments expressed both approval and objections related 
to proposed action elements and alternatives.  Additionally, 
comments ranged from general (regarding the EIS or the 
Chehalis Basin Strategy as a whole) to specific (relating to a 
proposed action element or element of the environment).  
These comments helped to shape the development and 
evaluation of alternatives for this EIS, including adding the 
Restorative Flood Protection and Nonstructural Flood 
Protection alternatives, expanding the Aquatic Species Habitat Actions scope, evaluating water rights 
and water supply, and evaluating effects of forest practices.  For a full summary of scoping comments, 
see the Scoping Summary Report in Appendix B. 

6.3.1 Water Rights and Water Supply 
Commenters also addressed water rights and water supply in the Chehalis Basin.  Some comments 
focused on how certain alternatives, such as water retention facilities and aquatic species habitat 
restoration, have the potential to effect water supply and water rights in the Chehalis Basin.  Others 
brought up how future climate change could affect water supply and demand for both instream and 
out-of-stream uses, as well as the potential need for augmenting the river flow for human and 
agricultural use, not solely for aquatic species habitat.  In response, an analysis of water supply and 
water rights is included in the EIS.  

6.3.2 Forest Practices 
Commenters questioned whether forest practices in the Chehalis Basin contribute to the problems and 
needs being addressed in the EIS.  In particular, comments from Trout Unlimited, American Rivers, and 
Washington Environmental Council requested an independent evaluation of forest practices in the 
Chehalis Basin.  As a result, Ecology initiated an independent literature review related to forest practices 
to: 1) understand potential impacts on flood and low flow conditions; 2) characterize the contribution of 
current and past forest practices to flood intensity and frequency, as well as to summer low flows; and 
3) understand the potential for forest practices in the Chehalis Basin to exacerbate landslides and their 
contribution to sediment to the Chehalis River and its tributaries.  The independent literature review 
summarizes existing information regarding the potential effects of forest practices within the 
Chehalis Basin on flood frequency and intensity, summer low-flow events, and landslide occurrences 
(see Appendices A and E).   

Scoping meeting in Chehalis 
Photo credit: The Chronicle, Centralia, 
Washington 
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6.3.3 Additions to Aquatic Species Habitat Actions  
Commenters suggested that Aquatic Species Habitat Actions should focus on, and better identify, 
specific goals for all the salmonid species in the Chehalis Basin, not only spring-run Chinook salmon.  
The issue of the geographic scope of restoration actions, and a potential need to focus restoration 
efforts on a more Basin-wide scale was also raised.  To address these scoping comments, Aquatic 
Species Habitat Actions was expanded to address the decline of spring-run and fall-run Chinook salmon, 
coho salmon, chum salmon, and steelhead, and to restore aquatic species habitat.  These measures 
include removing priority fish passage barriers throughout the Chehalis Basin and improving habitat for 
amphibians and other wildlife.   

6.3.4 Nonstructural Flood Protection Alternative 
Comments received during the scoping period suggested that an alternative should be included within 
the EIS that would accomplish flood damage reduction and aquatic species habitat restoration using 
nonstructural elements only.  There was a request for more robust analysis and quantification of the 
anticipated outcomes of implementing nonstructural actions, and some suggested that the Basin-wide 
strategy should prioritize nonstructural activities before implementing any larger-scale, structural 
actions.  In response, this EIS includes an analysis of the Nonstructural Flood Protection alternative, 
which does not include Large-scale Flood Damage Reduction Actions.   

6.3.5 Restorative Flood Protection Alternative 
During the EIS scoping period, it was requested that Ecology include a restorative flood protection 
alternative for evaluation in the EIS.  Under this alternative, in-channel wood and vegetated riparian 
floodplain areas would be utilized to provide flood storage and slow the flow of floodwater.  Ecology 
concluded that the Restorative Flood Protection alternative should be considered and included in the 
EIS.  A number of scoping comments (e.g., DNR, Thurston County, environmental organizations) also 
expressed support for evaluation of the Restorative Flood Protection alternative in the EIS.   

6.4 Additional Public Outreach 
In addition to the formal scoping process, informal public involvement has occurred through public 
outreach opportunities (e.g., fairs and festivals) to share information and solicit input (see Table 6.4-1).  
Project team representatives attended several festivals and events throughout the Chehalis Basin with 
display boards and other project information.  The display boards provided information on the Chehalis 
Basin, the environmental review process, the history of the Chehalis Basin Strategy, and the action 
elements proposed for consideration as part of each EIS combined alternative.   

Focus groups were also created to educate and inform landowners and identify activities, support, and 
incentives that would increase knowledge and stimulate participation in restoration and floodproofing 
activities.  As part of the focus groups, project team members conducted surveys to gauge willingness of 
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property owners within the Chehalis River floodplain, and the likelihood of participation in restoration 
and/or floodproofing activities.   

Table 6.4-1  
Chehalis Basin Strategy EIS Public Outreach Program Highlights  

TIMEFRAME EIS STAGE OUTREACH HIGHLIGHTS 
September to 
October 2015 

Scoping and development 
of EIS alternatives 

• Newspaper notices, community mailings 
• Email notices to agencies and tribes 
• Two public scoping open house meetings 
• Community fairs and festivals 

January to  
June 2016 

Focus groups • Focus group meetings and individual discussions  

Winter to  
summer 2016 

Development of Draft EIS • Ongoing fairs, festivals, and general outreach  
• Landowner, resident, and business owner meetings 

Fall 2016 Draft EIS issuance • Newspaper notices and community mailings 
• Public hearings and community meetings 
• Ongoing fairs, festivals, and general outreach 

2017 Final EIS issuance • Issuance of Final EIS 
• Public briefings and discussions 

 

6.5 Agency and Tribal Coordination 
Ecology is the lead agency for the EIS; however, Ecology coordinated with many agencies and tribes 
during development of this EIS.  This was completed through formal groups and review cycles, as well as 
through informal consultation on specific issues. 

6.5.1 Government Advisory Team 
At key points throughout the development of the Draft EIS, Ecology obtained input from tribes and 
interested agencies through the Government Advisory Team (composed of tribal, federal, and state 
agency representatives) on the purpose and need, scoping notice and process, proposal objectives, 
range of alternatives, and potential impacts and mitigation.  In addition, several members of the 
Government Advisory Team reviewed sections of the Draft EIS prior to publication.   

6.5.2 National Marine Fisheries Service and U.S. Fish and Wildlife Service  
Ecology is coordinating with NMFS and USFWS in conjunction with their interests and responsibilities for 
compliance with ESA and the Magnuson-Stevens Fishery Conservation and Management Act.  
Consultation with these agencies would be conducted for individual projects carried out under the 
Chehalis Basin Strategy in the future that could affect listed species or critical habitat, as well as EFH.   
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6.5.3 U.S. Army Corps of Engineers 
Ecology is coordinating with USACE in conjunction with 
their interests and responsibilities for waters of the United 
States.  When specific projects are carried forward under 
the Chehalis Basin Strategy, individual project proponents 
will apply to USACE for permits under Section 404 of CWA, 
if necessary. 

6.5.4 Tribal Coordination 
Two tribes are located in or adjacent to the Chehalis Basin: 
the Quinault Indian Nation and the Chehalis Tribe.  Ecology 
has coordinated with both tribes during the preparation of 
this EIS.  The Quinault Indian Nation put forth and prepared 
much of the technical work in support of the Restorative 
Flood Protection alternative, and was also consulted 
regarding the analysis of impacts and mitigation related to 
this alternative.  The Quinault Indian Nation and Chehalis 
Tribe are members of the Governor’s Work Group, and 
therefore have a role in recommending a proposal to be 
funded by the Washington State Legislature.  In addition, 
both tribes have provided, and will continue to provide, 
input throughout the EIS process by sharing knowledge and 
documentation relevant to the evaluation of impacts and mitigation related to cultural and tribal 
resources, including impacts on treaty rights. 

In the future, consultation with tribes under Section 106 of the National Historic Preservation Act could 
occur when specific projects in the Chehalis Basin Strategy are carried forward to implementation.  For 
projects not undergoing Section 106 review, consultation with the tribes under Governor’s Executive 
Order 05-05 could occur for capital construction projects and land acquisitions. 

6.5.5 Washington Department of Natural Resources 
Because DNR manages state trust lands within the Chehalis Basin, Ecology has collaborated with this 
agency on development of the EIS.  Specific input from DNR was solicited with regard to forest practices, 
geology, aquatic resources, and fish and wildlife.  When specific projects are carried forward under the 
Chehalis Basin Strategy, individual project proponents may need to submit applications to DNR for 
aquatic use authorizations and easements. 

Government Advisory 
Team Agencies and Tribes: 

• Chehalis Tribe 
• Quinault Indian Nation  
• Ecology  
• WSDOT 
• NMFS 
• USACE 
• USFWS  
• DAHP 
• WDFW 
• DNR 
• Federal Highway Administration 
• Washington State Conservation 

Commission  
• Washington State Department of 

Agriculture  
• Washington State Department of 

Commerce 
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6.5.6 Washington Department of Archaeology and Historic Preservation 
Information from DAHP staff and the historic property database were used in the preparation of the EIS.  
This information helped to identify areas with potential for historic properties and archaeological 
resources within the Chehalis Basin.  Because this EIS is programmatic and specific project details are 
not known at this time, additional cultural review and consultation will be undertaken as part of the 
environmental review for specific projects that are implemented.  These reviews will include site-specific 
cultural resource studies, and determinations of potential impacts and appropriate mitigation in 
coordination with DAHP, tribes, and other interested parties. 

6.5.7 Washington Department of Fish and Wildlife 
Because WDFW manages state fish, wildlife, and ecosystems within the Chehalis Basin, Ecology has 
collaborated with this agency on development of the EIS.  Information from WDFW staff was used in the 
preparation of the EIS, including recent studies regarding aquatic and terrestrial fish, amphibians, and 
other species use within the Chehalis Basin.  Specific input from WDFW was solicited with regard to fish 
and wildlife.  When specific projects are carried forward under the Chehalis Basin Strategy, individual 
project proponents may need to submit applications to WDFW for Hydraulic Project Approvals. 
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