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microgram
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7-DADMax

7-day average of daily maximum temperatures

Applicant
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DA
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Washington State Department of Natural Resources
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Fed. Reg.
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Flood Retention Only
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EXECUTIVE SUMMARY
Introduction
The Chehalis River Basin Flood Control Zone District (Applicant) is proposing the Chehalis River Basin
Flood Damage Reduction Project (proposed project). The Applicant proposes to construct a flood
retention facility with a temporary reservoir near the town of Pe Ell, Lewis County, Washington. Airport
Levee Improvements would also be constructed around the Chehalis-Centralia Airport in the city of
Chehalis, Lewis County, Washington.
The purpose of this discipline report is to describe the affected environment and potential impacts of
the National Environmental Policy Act Environmental Impact Statement alternatives on water quantity
and quality in the upper Chehalis River Basin. This includes surface water hydrology and floodplains,
surface water quality, groundwater, and water use and water rights.
The alternatives considered include the following:

•

No Action Alternative: This represents the conditions anticipated without the proposed project
over the course of the analysis period from 2025 through 2080.

•

Alternative 1 (Proposed Project): Flood Retention Expandable (FRE) Facility and Airport Levee
Improvements. Alternative 1 is the Applicant’s proposed project and includes the Flood
Retention Expandable (FRE) facility and Airport Levee Improvements. The FRE facility would
include a foundation that allows for the future expansion of the flood retention structure to
increase the storage capacity of the temporary reservoir.

•

Alternative 2: Flood Retention Only (FRO) Facility and Airport Levee Improvements.
Alternative 2 would be the same as Alternative 1, except that the flood retention facility would
be built on a smaller foundation. The Alternative 2 facility, called the Flood Retention Only
(FRO) facility, would not allow for potential future expansion of flood storage capacity.

For Alternatives 1 and 2, the direct and indirect impacts from construction and operation of the
proposed flood retention facility and Airport Levee Improvements were considered. The expected
duration of the impacts (temporary versus permanent) were also determined. If permitted, the
Applicant expects flood retention facility construction would begin in 2025 and operations in 2030, and
construction of the Airport Levee Improvements would occur over a 1-year period between 2025 and
2030. The EIS analyzes probable impacts from the Proposed Action and alternatives for construction
during from 2025 to 2030 and for operations from 2030 to 2080.
For the purposes of analyzing the potential impacts of the alternatives, this report considered the
effects in the context of two floods: a major flood and a catastrophic flood. Although a “major” flood is
defined as one that would happen on average once every 7 years, the 10-year flood was used as a
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substitute for the 7-year flood during the analysis because their inundation areas are similar. The
10-year flood is also more commonly modeled. For the purposes of this report, a major flood is
represented by the 10-year flood and a catastrophic flood is represented by a 100-year flood. The
impacts on water resources from a “back-to-back” flood where a major flood is followed by a
catastrophic flood in the following year would be similar to a single-year flood. However, more frequent
flooding has the potential to result in different impacts on other resources, namely aquatic resources,
which are addressed in the discipline report for aquatic species and habitat (Corps 2020a).

Summary of Impacts
Table ES-1 summarizes the construction and operations impacts for Alternative 1 compared to the No
Action Alternative. The construction-related impacts of Alternative 2 would be similar to Alternative 1
but would result in lower impacts because of the reduced size of the flood retention facility and reduced
construction duration. The operational impacts are expected to be the same.

Surface Water Hydrology and Floodplains
Construction of the FRE facility under Alternative 1 would result in low to medium direct impacts on
surface water hydrology and floodplains in the study area. These impacts would include a low
temporary reduction of summer instream flows in the Chehalis River as a result of water withdrawals for
construction uses. Low temporary reductions in downstream flow would also occur during flow events
greater than the diversion tunnel’s conveyance design capacity (a 2.8-year storm). Both of those
impacts would be temporary in duration and would only occur during FRE facility construction. There
would also likely be a low localized increase in surface water runoff because of large-scale tree-clearing
in the temporary reservoir footprint.
Floodplain impacts during construction would include the medium disturbance of Chehalis River
floodplain functions from equipment use, material staging, and tree removal. These impacts would be
temporary. A portion of the existing floodplain would also be permanently replaced by the FRE facility.
Construction of the Airport Levee Improvements under Alternative 1 would result in low disturbance of
the Chehalis River floodplain and its associated functions. This would be caused by construction
equipment use and material storage. These impacts would be temporary and would only occur during
the construction period.
Indirect impacts from operation of the FRE facility would include medium changes to upstream surface
water flow conditions when the facility is impounding water. When the facility is impounding water,
water upstream would change from free-flowing in a channel to a pool of water with a substantial
increase in water surface elevation, depth, and surface water area. Because such changes would occur
once every 7 years on average, the potential impact on upstream flow conditions was determined to be
medium. Low changes to upstream upland areas during free-flowing conditions would also occur when
flows exceed the conveyance capacity of the gated outlets. Such conditions would result in some
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pooling upstream of the FRE facility and a low change in upstream flow conditions from free-flowing to a
mix of flowing and ponded water.
Downstream of the FRE structure, operation of the flood retention facility would result in a medium
reduction in the extent and duration of flooding in certain areas during the 10-year and 100-year floods.
Such changes would occur without redirecting floodwater. Flooding would also be reduced or
eliminated at several key low-elevation roadway locations. These changes would be considered an
indirect beneficial impact. Other indirect impacts include a low reduction in downstream flow when the
FRE facility is not impounding water and instream flows exceed the conveyance capacity of the
FRE facility gated outlets. These conditions would cause temporary pooling above the FRE facility. This
pooling would cause a low reduction in flow in the downstream portion of the Chehalis River.
Operation of the Airport Levee Improvements would not impact surface water hydrology or floodplains
compared to existing conditions.

Water Quality
Construction of the FRE facility would cause multiple short-term water quality impacts. These would
include the direct degradation of water quality in the immediate project area from turbidity generated
during in-water and near-water work in the Chehalis River channel. Direct water quality impacts could
also occur because of accidental spills or leaks of fuel or other fluids from construction equipment
working in or near the water. Sediments and pollutants from the construction site could also be carried
into surface waters by surface runoff, wind, high flows, or blasting activities. In addition, the pH of
surface waters could be altered by stormwater runoff from uncured and new concrete used to construct
the FRE structure. All of those impacts would be low, temporary, and limited to the construction phase
of the project. The use of standard construction best management practices (BMPs) would minimize the
potential of these impacts.
Short-term water quality impacts could also occur if the upstream cofferdam were overtopped and the
worksite flooded during a high flow event. Such conditions could result in the submersion of
construction equipment and material, causing potential fuel or chemical contamination and increased
turbidity in floodwaters. Water quality impacts from such occurrences would only occur during the
construction period and could be minimized through the use of standard construction BMPs and
worksite management plans.
Long-term water quality impacts from construction of the FRE facility include high impacts from
increases in water temperature. This would be caused by decreased riparian shading following the
removal of trees in the footprint of the temporary reservoir. Such impacts would primarily occur during
the spring and summer (May through October) of the construction period but would be ongoing. The
ongoing impacts of increased water temperature are discussed further in Table ES-1 under Operations.
Construction of the Airport Levee Improvements would have a limited potential to result in direct water
quality impacts due to the distance of the project area from the Chehalis River channel. Construction
Chehalis River Basin Flood Damage Reduction Project

ES-3

NEPA Discipline Report for Water Quantity and Quality

Executive Summary

work that would occur in or adjacent to wetlands and drainage ditches could affect water quality if
those features connect with the river or its tributaries. The primary threats to water quality would be
increased turbidity and accidental spills or leaks of fuel or other fluids from construction equipment.
There is also a low potential for the introduction of sediments and pollutants into surface waters
through surface runoff, wind, high flows, or other processes. The potential occurrence of direct water
quality impacts would be minimized by the use of standard construction BMPs.
Operation of the FRE facility would result in low to high impacts from increases in Chehalis River water
temperature upstream of the FRE structure, both when the FRE facility is impounding and not
impounding water. The most substantial increases in water temperature are expected to occur during
the spring and summer months (May through October) under non-impounding conditions. Such
changes would occur because there would be less riparian vegetation for shading as the result of tree
removal in the footprint of the temporary reservoir. When the FRE facility is impounding water, a
medium increase in Chehalis River water temperature could be expected if the impoundment occurred
during the fall. This is because of heating from warmer ambient air temperatures compared to the
winter when impoundments are more likely.
Operation of the FRE facility would result in low increases in turbidity in the Chehalis River upstream of
the FRE structure when the FRE facility is not impounding water. This would be the result of increased
surface runoff from cleared areas in the temporary reservoir footprint. When the FRE facility is
impounding water, turbidity increases in the upstream portion of the Chehalis River would be medium
and would likely exceed water quality criteria.
Operation of the FRE facility would result in a medium reduction in dissolved oxygen in the Chehalis
River upstream of the FRE structure in late spring and summer. This would occur in response to the
expected increases of both upstream water temperature and turbidity during non-impounding
conditions. Low reductions in dissolved oxygen concentrations upstream of the FRE facility would also
occur during the fall when the FRE facility is impounding water.
Other upstream water quality impacts in the Chehalis River from FRE facility operation include a low
increase in chlorophyll a when the FRE facility is not impounding water.
Operation of the FRE facility would affect water temperature in the Chehalis River, downstream of the
FRE facility. The significant increases in water temperature predicted upstream of the FRE facility when
the FRE facility is not impounding water would migrate downstream. This would cause a high water
quality impact in the Chehalis River from increased water temperatures. This impact would extend from
below the FRE facility to Elk Creek. When the FRE facility is impounding water in the fall, downstream
water temperature impacts on the water quality of the same section of river would be low.
Operation of the FRE facility would cause a low increase in turbidity in the downstream Chehalis River
when it is not impounding water. This would be caused by the resuspension of sediments deposited
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during a preceding impounded flood. During periods when the FRE facility is releasing impounded
water, this impact would be medium.
When the FRE facility is not impounding water, there could be a low potential for a decrease in dissolved
oxygen below the applicable regulatory criteria downstream of the FRE structure during the spring and
summer. This is because of predicted increases in water temperature from the removal of riparian
shading in the temporary reservoir. When the FRE facility is impounding water, there could also be a
low, short-term decrease in dissolved oxygen in the area immediately downstream if the impoundment
occurs in the early fall. Such impacts would be infrequent and are not likely to cause a water quality
exceedance. Such decreases in dissolved oxygen are not expected if impoundment occurs in the spring.
Operation of the Airport Levee Improvements project is not expected to have any impact on surface
water quality.

Groundwater
Construction of the FRE facility would cause low temporary and permanent changes to groundwater
flow and storage. This would result from placing structures below ground, compacting soils, and
creating impervious surfaces in the project FRE facility project area. Groundwater recharge would not
be affected. There would also be a low increase in the potential for groundwater quality degradation
from accidental spills or leaks of fuel or other fluids from construction equipment. The potential for
such impacts could be reduced by the implementation of standard construction BMPs.
Construction of the FRE facility would result in both long-term and permanent loss of portions of the
hyporheic zone in the Chehalis River channel and its adjacent floodplain. Long-term loss would be
caused by removing flow from the work area during the construction period. Permanent loss would be
from the placement of the FRE structure in the channel and floodplain.
Construction of the Airport Levee improvements would result in a low increase in the potential for
groundwater quality degradation from accidental spills or leaks of fuel or other fluids from construction
equipment. The potential for such impacts could be reduced by the implementation of standard
construction BMPs.
Operation of the FRE facility would result in low impacts on both upstream and downstream
groundwater resources. Upstream, there would be a low temporary degradation of the hyporheic zone
in the river channel from sediment accumulation during impounding events. No other upstream
impacts are expected. Downstream, there would be a low reduction in groundwater levels in the
surficial aquifer from decreased peak streamflows when the facility is impounding water. There would
also be a low reduction in overbank flood recharge from the decreased extent of the area of flood
inundation during major and larger floods.
Operation of the Airport Levee Improvements project is expected to have no impact on groundwater
resources.
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Water Use and Water Rights
Construction of the FRE facility is expected to have a low impact on water availability for downstream
junior water rights holders from the diversions or Chehalis River water for construction uses. Such
impacts would be temporary and would occur during the summer months during the construction
period.
Operation of the FRE facility construction would have high impact on water use and water rights as Pe
Ell’s existing raw water intake pipeline would need to be modified or relocated. The current pipeline
extends under a portion of the temporary reservoir footprint and is attached to one of the bridges that
crosses over the Chehalis River. Because of its location, the pipeline could be adversely affected during
impoundment events in the reservoir.
No impacts on water use and water rights are expected during construction of the Airport Levee
Improvements.
Operation of the FRE facility and the Airport Levee improvements are not expected to have any impacts
on water use or water rights.
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Table ES-1
Water Quantity and Quality Potential Impacts
ALTERNATIVE 1 (PROPOSED PROJECT): FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS
RESOURCE AREA
CONSTRUCTION
OPERATIONS
Surface Water
FRE Facility
Upstream of the FRE Facility (RM 108 to RM 114)
Hydrology and
• Low temporary reduction of downstream flows in the
• Medium changes in upstream surface water flow when the FRE
Floodplains
Chehalis River as a result of water withdrawals for
facility is impounding water, during which surface water
construction uses at the FRE facility.
hydrology would change from free-flowing streamflow in a
channel
to a pool of water in the channel and adjacent
• Low temporary reduction of downstream flows during
floodplain.
storms greater than the diversion tunnel design storm
• Low changes in upstream surface water flow conditions when
(2.8-year), due to flows exceeding the tunnel capacity and
the FRE facility is not impounding water and flows exceed the
causing a pond to form upstream.
conveyance capacity of the FRE facility gated outlets, resulting
• Low impact on surface water hydrology from localized
in a change from free-flowing water to a mix of flowing and
increases in surface water runoff to the Chehalis River as a
pooled water.
result of large-scale tree removal in the temporary reservoir
area.
Downstream of the FRE Facility
• Medium temporary local disturbance of the Chehalis River
• Medium reduction in maximum flood inundation depth and
floodplain and its associated functions from construction
durations downstream of the FRE facility during major and
activities and tree removal in the floodplain.
larger floods.
• Medium permanent local loss of the Chehalis River
• Low reduction in downstream flows in the Chehalis River when
floodplain and its associated functions from construction of
the FRE facility is not impounding water and flows exceed the
the FRE facility.
conveyance capacity of the FRE facility gated outlets, resulting
in temporary pooling above the FRE facility.
Airport Levee Improvements

Airport Levee Improvements
• Low temporary local disturbance of the Chehalis River

Water Quality

floodplain and its associated functions from construction
activities.
FRE Facility
• Low increase (after the implementation of standard

construction BMPs) in the potential for temporary water
quality impacts from turbidity generated during in-water
work in the Chehalis River channel.
• Low increase (after the implementation of standard
construction BMPs) in the potential for temporary water

Chehalis River Basin Flood Damage Reduction Project

ES-7

• None.

Upstream of the FRE Facility
• High impact from increases in upstream water temperatures

likely to exceed water quality criteria when the FRE facility is
not impounding water during the spring and summer months.
• Medium increase in Chehalis River water temperature
upstream of the FRE facility when it is impounding water during
the fall.
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ALTERNATIVE 1 (PROPOSED PROJECT): FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS
RESOURCE AREA
CONSTRUCTION
OPERATIONS
quality impacts from accidental spills or leaks of fuel or other
• Low increases in turbidity upstream of the FRE facility when it
fluids during in-water work in the Chehalis River channel.
is not impounding water.
• Low potential (after implementation of standard
• Medium increases in turbidity likely to exceed water quality
construction BMPs) for downstream water quality impacts
criteria upstream of the FRE facility when it is impounding
during FRE facility construction from sediments and
water.
pollutants carried into surface waters by surface runoff,
• Medium reduction in dissolved oxygen concentration upstream
wind, high flows, or blasting activities.
of the FRE facility when it is not impounding water during the
spring and summer months.
• Low increase (after the implementation of standard
construction BMPs) in the potential for the pH of surface
• Low reduction in dissolved oxygen concentration upstream of
runoff to be altered from contact with uncured and new
the FRE facility when it is impounding water during the fall.
concrete.
• Low increase in chlorophyll a upstream of the FRE facility when
• Low increase (after the implementation of standard
it is not impounding water.
construction BMPs) for temporary water quality impacts
Downstream of the FRE Facility
including increased turbidity and contamination during high
• High impact from increases in Chehalis River water
flow events that overtop the upstream cofferdam and flood
temperature downstream of the FRE facility to around the
the work area.
confluence with Elk Creek when the FRE facility is not
• High impact from increases in Chehalis River water
impounding water.
temperatures during the spring and summer as the result of
• Low increase in Chehalis River water temperature downstream
decreased shading from pre-construction vegetation removal
of the FRE facility to around the confluence with Elk Creek
in the temporary reservoir. For a description of this impact
when the FRE facility is impounding water in the fall.
over time, refer to the Operations column.
• Low predicted increases in turbidity downstream of the
FRE facility when it is not impounding water.
• Medium increases in turbidity likely to exceed water quality
criteria downstream of the FRE facility during a portion of the
time when the facility releases water from the temporary
reservoir.
• Low decreases in dissolved oxygen downstream of the FRE
facility when it is not impounding water during the spring and
summer months.
• Low decreases in dissolved oxygen downstream of the FRE
facility when it is impounding water during the fall.
Airport Levee Improvements
Airport Levee Improvements
• None.

Chehalis River Basin Flood Damage Reduction Project

ES-8

NEPA Discipline Report for Water Quantity and Quality

Executive Summary
ALTERNATIVE 1 (PROPOSED PROJECT): FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS
RESOURCE AREA
CONSTRUCTION
OPERATIONS
• Low increase (after the implementation of standard
construction BMPs) in the potential for temporary water
quality impacts from turbidity generated during in-water
work in drainage ditches.
• Low increase (after the implementation of standard
construction BMPs) in the potential for temporary water
quality impacts from accidental spills or leaks of fuel or other
fluids from construction equipment during in-water work in
drainage ditches.
• Low increase (after the implementation of standard
construction BMPs) for downstream water quality impacts
from sediments and pollutants carried into surface waters by
surface runoff, wind, high flows, and other processes.
Groundwater
FRE Facility
Upstream of the FRE Facility (RM 108 to RM 114)
• Low temporary and permanent changes to groundwater flow

and storage from placing structures below ground,
compacting soils, and creating impervious surfaces.
• Low increase (after the implementation of standard
construction BMPs) of groundwater quality degradation from
accidental spills or leaks of fuel or other fluids from
construction equipment.
• Low temporary and permanent loss of hyporheic zone in the
Chehalis River channel from water diversion and placement
of the FRE structure.
Airport Levee Improvements
• Low increase (after the implementation of standard

construction BMPs) of groundwater quality degradation from
accidental spills or leaks of fuel or other fluids from
construction equipment.

Chehalis River Basin Flood Damage Reduction Project
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• Low temporary degradation of the hyporheic zone

(groundwater/surface water interface) upstream of the
FRE facility caused by sediment accumulation.

Downstream of the FRE Facility
• Low reduction in groundwater levels in the surficial aquifer
from decreased peak streamflow when the temporary
reservoir is impounding water.
• Low reduction in overbank flood recharge from decreases in
the inundation area extent and overall reduction of the
duration of major and catastrophic floods when the temporary
reservoir is impounding water.
Airport Levee Improvements
• None.
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Executive Summary
ALTERNATIVE 1 (PROPOSED PROJECT): FLOOD RETENTION EXPANDABLE (FRE) FACILITY AND AIRPORT LEVEE IMPROVEMENTS
RESOURCE AREA
CONSTRUCTION
OPERATIONS
Water Use and
FRE Facility
FRE Facility
Water Rights
• Low impact on water availability for junior water right
• High impact on City of Pe Ell’s raw water supply pipeline in
holders downstream of the FRE facility construction site from
areas where their raw water pipeline crosses through the
diversion of water for construction uses.
temporary reservoir footprint.
Airport Levee Improvements
Airport Levee Improvements
• None.

Chehalis River Basin Flood Damage Reduction Project
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1 INTRODUCTION
The Chehalis River Basin Flood Control Zone District (Applicant) is proposing to construct the Chehalis
River Basin Flood Damage Reduction Project (proposed project) in Lewis County, Washington
(Figure 1-1). Project construction would require a Department of the Army (DA) Permit (proposed
action) under Section 404 of the Clean Water Act (CWA). On January 31, 2018, the Seattle District of the
U.S. Army Corps of Engineers (Corps) determined that the proposed action had the potential to result in
significant impacts on the environment, requiring the preparation of an environmental impact
statement (EIS) to meet the requirements of the National Environmental Policy Act (NEPA).
The purpose of this discipline report is to describe the existing conditions and potential impacts of the
NEPA EIS alternatives on water quantity and quality resources in the upper Chehalis River Basin. These
resources include surface water hydrology and floodplains, surface water quality, groundwater, and
water use and water rights.
Potential impacts on wetlands and the spatial extent and type of non-wetland waters (e.g., rivers,
streams, lakes, ponds) are addressed in the discipline report for wetlands and other waters
(Corps 2020b). Potential impacts on aquatic species and habitats are addressed in a separate discipline
report that focuses on those resources (Corps 2020a). Past and future damage to residential and
commercial structures are evaluated in the Land Use and Public Services and Utilities sections of the
NEPA EIS.

Chehalis River Basin Flood Damage Reduction Project
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Introduction
Figure 1-1
Project Vicinity Map
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2 PROPOSED ACTION AND ALTERNATIVES
Three alternatives are evaluated in this report: two action alternatives and a No Action Alternative.
Additional details about these alternatives are documented in a memorandum on NEPA EIS alternatives
(Anchor QEA 2019a). The alternatives include the following:

•

No Action Alternative: This represents the conditions anticipated without the proposed flood
retention facility or Airport Levee Improvements over the course of the analysis period from
2025 through 2080.

•

Alternative 1 (Proposed Project): Flood Retention Expandable (FRE) Facility and Airport Levee
Improvements. Alternative 1 is the Applicant’s proposed project and includes the FRE facility
and Airport Levee Improvements. The FRE facility would include a foundation that allows for
the future expansion of the flood retention structure to increase the storage capacity of the
temporary reservoir.

•

Alternative 2: Flood Retention Only (FRO) Facility and Airport Levee Improvements.
Alternative 2 would be the same as Alternative 1 except that the flood retention facility would
be built on a smaller foundation. The Alternative 2 facility, called the FRO facility, would not
allow for potential future expansion of flood storage capacity.

Chehalis River Basin Flood Damage Reduction Project
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3 REGULATORY CONTEXT AND
DEFINITIONS
3.1

Regulatory Context

Table 3.1-1 provides the regulations, statutes, and guidelines that apply to water quantity and quality.
Table 3.1-1
Regulations, Statutes, and Guidelines
REGULATION, STATUTE, OR GUIDELINE
FEDERAL
Clean Water Act (33 USC 1251 et seq.)

National Flood Insurance Act of 1968

Flood Plain Management Criteria for
Flood-prone Areas (44 CFR 60.3[d][3])

Executive Order 11988/13690,
Floodplain Management

Chehalis River Basin Flood Damage Reduction Project

DESCRIPTION
The CWA establishes the basic structure for USEPA to regulate
discharges of pollutants into the waters of the United States and
regulates water quality standards for surface waters. Section 303
addresses the development of water quality standards and
implementation plans for interstate waters by individual states;
Section 303(d) includes requirement for states to identify and list
waters where current water pollution control regulations and
controls alone cannot meet the water quality standards set for
those waters. Section 401 requires Water Quality Certification from
the state for activities requiring a federal permit or license to
discharge pollutants into a water of the United States. Certification
attests the state has reasonable assurance the proposed activity will
meet state water quality standards. Section 402 establishes the
National Pollutant Discharge Elimination System program, under
which certain discharges of pollutants into waters of the
United States are regulated. Section 404 regulates the discharge of
dredged or fill material into waters of the United States, including
jurisdictional wetlands.
Established NFIP, a federal floodplain management program
designed to reduce future flood losses nationwide through the
implementation of community-enforced building and zoning
ordinances in return for the provision of affordable, federally
backed flood insurance to property owners. The NFIP is a program
in which counties and cities can voluntarily participate. FEMA is the
agency responsible for enforcing the NFIP. The program is
implemented at the city and county level.
FEMA must review any construction within a mapped floodway to
ensure that the work will not increase flood levels. Any actions
taken within a designated floodway area require a “rise analysis,”
with review and approval by FEMA.
Requires federal agencies to avoid, to the extent possible, the longand short-term adverse impacts associated with the occupancy and
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Regulatory Context and Definitions
REGULATION, STATUTE, OR GUIDELINE

STATE
Washington State Water Code
(RCW 90.03)

Washington State Flood Control Code
(RCW 86)
Washington State Hydraulic Code
(RCW 77.55; WAC 220-660)

Washington State Water Pollution
Control Law (RCW 90.48)
Water Resources Act of 1971 (RCW
90.54)
Washington State Growth
Management Act (RCW 36.70A)

Shoreline Management Act (RCW
90.58)

Washington Department of Ecology
Code (WAC 173)

Chehalis River Basin Flood Damage Reduction Project

DESCRIPTION
modification of floodplains and to avoid direct and indirect support
of floodplain development wherever there is a practicable
alternative (42 Fed. Reg. 26951). FEMA is the agency responsible for
enforcing this EO.
Establishes water policy for the state of Washington, which is
administered by Ecology. This regulation addresses projects that
require a water right or require a legal authorization to use a
predefined quantity of public water for a designated purpose that
qualifies as a beneficial use. This regulation also addresses
construction and safety of dams and permitting of reservoirs that
will impound 10 acre-feet or more of water.
Covers laws relating to floodplain management, flood control by
counties, flood control by state in cooperation with federal
agencies, and flood control zone districts.
Issued by WDFW for projects with elements that may affect the bed,
bank, or flow of a water of the state or productive capacity of fish
habitat. Considers effects on riparian and shoreline/bank
vegetation in issuance and conditions of the permit, including for
the installation of piers, docks, pilings and bank armoring and
crossings of streams and rivers (including culverts).
Grants Ecology the jurisdiction to control and prevent the pollution
of waters of the state.
Sets forth fundamental policies for the state to ensure that waters
of the state are protected and fully utilized for the greatest benefit.
Defines a variety of critical areas, which are designated and
regulated at the local level under city and county critical areas
ordinances. These critical areas may include shorelines or portions
of fish habitat.
Regulates and manages the use, environmental protection, and
public access of the state’s shorelines. The Shoreline Management
Act was passed by the Washington State Legislature in 1971 and
adopted in 1972. Ecology is the agency responsible for enforcing
the Shoreline Management Act.
Chapter 201A: Establishes water quality standards for surface
waters, implementing RCW 90.48, Water Pollution Control Act.
Freshwater designated uses and associated criteria are specifically
identified in WAC 173-201A-200.
Chapter 200: Establishes water quality standards for groundwaters,
implementing RCW 90 laws, including RCW 90.48, Water Pollution
Control Act, and RCW 90.54, Water Resources Act of 1971.
Chapter 158: Implements RCW 86.16, Floodplain Management,
establishing regulations for floodplain management to ensure local
government compliance with the NFIP.
Chapter 152: Establishes the framework for Ecology’s performance
of basin assessments and processing of water rights applications,
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Regulatory Context and Definitions
REGULATION, STATUTE, OR GUIDELINE

Administration of Surface and
Groundwater Codes (WAC 508-12)

LOCAL
Lewis County Shoreline Permit and
Shoreline Master Program

Lewis County Flood Damage Prevention
Ordinance (LCC 15.35)

Lewis County Stormwater Management
(LCC 15.45)

Lewis County Critical Areas Ordinance,
Article IV(B), Aquatic Habitat,
Standards for Docks, Launch Ramps,
and Instream Structures
(LCC 17.35A.685[3])

Lewis County Critical Areas Ordinance,
Article IV(D), Aquifer Recharge Areas
(LCC 17.35A.840 to 17.35A.900)

Lewis County Critical Areas Ordinance,
Article IV(F), Frequently Flooded Areas
(LCC 17.35A.980 to 17.35A.1010)

Chehalis River Basin Flood Damage Reduction Project

DESCRIPTION
implementing RCW 90 laws, including RCW 90.03, Water Code, and
RCW 90.82, Watershed Planning.
Chapter 522: Implements RCW 90.54, Water Resources Act of 1971,
and establishes regulations for Ecology’s water resources program in
the Chehalis Basin (WRIAs 22 and 23), including minimum instream
flows, allocation and prioritization of surface water for beneficial
uses, and streams closed to further consumptive appropriations.
Establishes regulations for Ecology’s administration of surface and
groundwater codes, including regulation of water right diversions,
surface water and groundwater appropriation procedures, and
reservoir permits.
The Lewis County Shoreline Permit is issued in compliance with the
Lewis County Shoreline Master Program and covers all work that
occurs landward within 200 feet of the ordinary high water mark of
waters of the state and the wetlands associated with these stream
segments.
Establishes regulations to promote public safety and minimize losses
due to flood conditions. It regulates development in areas subject
to a base flood (defined as the 100-year flood) and/or designated as
an area of special flood hazard as identified in the Flood Insurance
Study for Lewis County and the accompanying FIRMs (1981 and as
amended).
Provides requirements for including adequate stormwater quantity
and quality controls for construction and development activities and
outlines associated Lewis County review/permitting procedures.
Ecology’s Stormwater Management Manual is referenced in this
chapter for use as a guide in selecting appropriate stormwater
BMPs.
Provides standards for instream structures, including dams other
than those regulated exclusively by the Federal Energy Regulatory
Commission. Such structures shall be permitted only when multiple
public benefits are provided and ecological impacts are fully
mitigated, and instream structures on shorelines of the state shall
be regulated in accordance with the Lewis County Shoreline Master
Program.
Provides standards for the development of projects in aquifer
recharge areas to protect groundwater quality. Describes system
for identifying and rating aquifer recharge areas and the activities
that are allowed and prohibited to occur in such areas. Provides
mitigation conditions that can be imposed on projects by Lewis
County.
Provides standards for development of projects in frequently
flooded areas. Describes the classification and designation of
frequently flooded areas and refers to the Lewis County Flood
Damage Prevention Ordinance (LCC 15.35).
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Regulatory Context and Definitions
REGULATION, STATUTE, OR GUIDELINE
City of Chehalis Critical Areas
Ordinance (Ordinance 849-B, Section 2,
CMC 17.21)

City of Chehalis Frequently Flooded
Areas (Ordinance 849-B, Section 3,
CMC 17.22)

City of Chehalis Critical Aquifer
Recharge Areas (Ordinance 849-B,
Section 7, CMC 17.26)
City of Chehalis Stormwater and
Stormwater Runoff (CMC 15.30)

3.2

DESCRIPTION
Provides development standards and requirements for projects that
occur in critical areas including frequently flooded areas and critical
aquifer recharge areas. Describes allowed and prohibited uses in
such areas and provides the permitting process and mitigation
requirements for projects in such areas.
Establishes regulations to promote public safety and minimize losses
due to flood conditions. It regulates development in areas subject
to a base flood and/or designated as an area of special flood hazard
as identified in the Flood Insurance Study for Chehalis and the
accompanying FIRMs (1981 and as amended). This chapter also
empowers the City of Chehalis to create special flood hazard zones
based on best available information including elevation data,
topographic information, and flood-of-record data. The flood-ofrecord is generally the highest flood level recorded at a particular
location.
Regulates development and the use of land in critical aquifer
recharge areas to ensure long-term protection of the water supply
resources under the City of Chehalis’s jurisdiction. This chapter
implements Washington’s Growth Management Act (RCW 36.70A).
Provides requirements for including adequate stormwater quantity
and quality controls for construction and development activities and
outlines the associated City of Chehalis review/permitting
procedures.

Definitions and Model Descriptions

Definitions of the flood types considered in this report are provided in Section 3.2.1. Descriptions of the
quantitative models used to evaluate the affected environment and analyze the potential environmental
consequences of the proposed alternatives on water quantity and quality are provided in Section 3.2.2.

3.2.1

Flood Types

For the purposes of analyzing the potential impacts of the alternatives over time, this report considers
the effects in the context of two floods: a major flood and a catastrophic flood. Table 3.2-1 defines
Chehalis River flows associated with the floods considered in this report. Although a “major” flood is
defined as the 7-year recurrence interval flood, the 10-year flood was used as a substitute for the 7-year
flood during the analysis because their inundation areas are similar. The 10-year is also a more
commonly modeled flood. For the purposes of this report, a major flood is represented by the 10-year
flood.

Chehalis River Basin Flood Damage Reduction Project
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Regulatory Context and Definitions
Table 3.2-1
Definition of Chehalis River Floods
FLOOD
Major

FLOOD OCCURRENCE INTERVAL
7-year (modeled 10-year)

Catastrophic

100-year

PEAK FLOW MEASUREMENT
38,800 cubic feet per second at Grand
Mound
75,100 cubic feet per second at Grand
Mound

Source: Anchor QEA 2017a

3.2.2

Quantitative Models

The following quantitative models were used to analyze the affected environment and potential
environmental consequences of the proposed project on surface water hydrology and floodplains and
surface water quality:

•

RiverFlow2D – RiverFlow2D is a two-dimensional combined hydraulic and hydrologic model for
rivers, floodplains, and estuaries (Hydronia 2019). Model results available from RiverFlow2D
include water surface elevations, flow depths, and flow velocities. For this project, RiverFlow2D
was used to predict these parameters downstream of the proposed flood retention facility.

•

HEC-ResSim – HEC-ResSim is a Corps-supported computer model used to model reservoir
operations for flood management, low flow augmentation and water supply for planning
studies, detailed reservoir regulation plan investigations, and real-time decision support
(Corps 2019b). For this project, a HEC-ResSim model was developed to depict the structure
(e.g., spillway elevation, low-level outlet [LLO] dimensions) and operation of the proposed flood
retention facility. The model incorporated this information with inflows from the upstream
watershed to predict water surface elevations in the temporary reservoir and outflows from the
flood retention facility when the facility is impounding water.

•

HEC-RAS – HEC-RAS is a Corps-supported computer model for modeling water flowing through
systems of open channels and floodplains. It can be used for a variety of analyses including
sediment transport, bed mobility, and water temperature/water quality studies (Corps 2019a).
HEC-RAS can represent the waterbody of interest using one or two dimensions for flow direction
under both steady and unsteady flow conditions. The dimensions used in river modeling include
parallel to flow direction (1D) and perpendicular to flow direction along the ground surface (2D).
Model outputs available from HEC-RAS include water surface elevations, flow depths, flow
velocities, and suspended sediment concentrations. HEC-RAS is generally the model of choice
for floodplain mapping studies conducted by the Federal Emergency Management Agency
(FEMA). For this project, HEC-RAS was used to estimate suspended sediment concentrations in
the Chehalis River under both existing conditions and with a flood retention reservoir in place.

Chehalis River Basin Flood Damage Reduction Project
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Regulatory Context and Definitions

•

CE-QUAL-W2 – CE-QUAL-W2 is a Corps-supported computer model for predicting water flow
and quality in rivers, estuaries, lakes, reservoirs and river basin systems (PSU 2019). In recent
years, the model has been maintained and updated by researchers at Portland State University.
The model operates in two dimensions and includes a complex suite of chemical and biological
reactions that describe several regulated water quality constituents. For this project,
CE-QUAL-W2 was used to predict water quality in the temporary reservoir when it is
impounding water, in the footprint of the temporary reservoir when the facility is not
impounding water, and in the river downstream of the proposed FRE facility.

•

WEPP – The Water Erosion Prediction Project (WEPP) model is an inter-agency model that was
originally developed by the U.S. Department of Agriculture, Agriculture Research Service to
calculate surface erosion from agricultural lands (Flanagan et al. 2007). It was modified by the
U.S. Forest Service to accommodate forested hillslopes that are either disturbed or undisturbed
by timber harvest. For this project, WEPP was used to predict erosion of previously deposited
sediments from the valley walls within the area of the temporary reservoir.

Chehalis River Basin Flood Damage Reduction Project
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4 INFORMATION SOURCES
This section provides the sources used to describe existing conditions and expected future conditions
within the study area to support the impact analysis.

4.1

Surface Water Hydrology and Floodplains

The following reports were used to inform the analysis of surface water hydrology and floodplains. This
includes information about precipitation, evaporation, infiltration, surface runoff, streamflow, water
levels, and flooding:

•
•
•

Chehalis Basin Watershed Management Plan (CBP 2004) and related assessment reports

•
•

Comprehensive Flood Hazard Management Plan (CRBFA 2010)

Assessment of the December 2007 Flood Event in the Upper Chehalis Basin (Entrix 2009)
Comprehensive Flood Hazard Management Plan for the Confederated Tribes of the Chehalis
Reservation (GeoEngineers and Herrera 2009)
Chehalis Basin Watershed Assessment: Description of Methods, Model and Analysis for Water
Flow Processes (Ecology 2010a)

•
•

Chehalis Basin Flood Hazard Mitigation Alternatives Report (Ruckelshaus 2012)

•
•
•

Draft Report – Chehalis River Hydraulic Model Development Project (WSE and WEST 2012)

•

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species – Peer Review
of December 2007 Peak and Hydrograph at Doty Gaging Station (WSE 2014a)

•

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species – Reevaluation of Statistical Hydrology and Design Storm Selection for the Chehalis River Basin (WSE
2014b)

•

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species – Development
and Calibration of Hydraulic Model (WSE 2014c)

•
•
•
•
•

Quinault Indian Nation State of the Watersheds Report (Quinault Indian Nation 2016)

Response to Ecology 8/14/2012 comments on draft Chehalis Basin Flood Mitigation Alternatives
Report (WSE 2012a)
Governor’s Chehalis Basin Work Group 2014 Recommendations Report (Ruckelshaus 2014)
Chehalis Basin Ecosystem Restoration General Investigation Study Baseline Hydrology and
Hydraulics Modeling (WEST 2014)

Operations Plan for Flood Retention Facilities (Anchor QEA 2017a)
Chehalis Basin Strategy Final Programmatic EIS (Ecology 2017a)
Upper Chehalis Basin HEC-HMS Model Development (WSE 2017)
Water Budget of the Upper Chehalis River Basin, Southwestern Washington (Gendaszek and
Welch 2018)

Chehalis River Basin Flood Damage Reduction Project
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Information Sources

•
•
•
•
•

4.2

Combined Dam and Fish Passage Supplemental Design Report (HDR 2018)
Newaukum River Existing Conditions Riverflow2D Hydraulic Model Development – FINAL
(WSE 2018)
Chehalis River Basin Hydrologic Modeling (WSE 2019a)
Chehalis River Existing Conditions Riverflow2D Model Development and Calibration (WSE 2019b)
USGS Stream Gage Data (USGS 2019c, 2019d, 2019e)

Surface Water Quality

The following reports were used to inform the analysis of surface water quality. This includes
information about temperature, dissolved oxygen, turbidity, fecal coliform, algae, and nutrients:

•
•
•
•
•
•
•
•

Upper Chehalis River Dry Season TMDL (Ecology 1994)

•
•

Reservoir Water Quality Model (Anchor QEA 2017b)

•
•
•
•

Chehalis Basin Strategy Final Programmatic EIS (Ecology 2017a)

4.3

Revised Upper Chehalis River Basin Dissolved Oxygen TMDL – Submittal Report (Ecology 2000)
Upper Chehalis River Basin Temperature Total Maximum Daily Load (Ecology 2001)
Upper Chehalis River Fecal Coliform TMDL Recommendations (Ecology 2004)
Upper Chehalis River Watershed Multi-Parameter TMDL (Ecology 2010b)
Chehalis Flood Authority Fish Study: Appendix C Water Quality Evaluations (Anchor QEA 2012)
Water Quality Studies Final Report (Anchor QEA 2014)
Technical Memorandum: Chehalis Water Quality and Hydrodynamic Modeling Model Setup,
Calibration and Scenario Analysis (PSU 2017)
Summary of Upper Chehalis River and Select Tributary Water Quality Data collected on February
9, 2017, and March 29, 2017 (Anchor QEA 2017c)
Reservoir Water Quality Report (Anchor QEA 2019b)
Ecology Water Quality Assessment and 303(d) list (Ecology 2019a)
Ecology Water Quality Monitoring Data (Ecology 2019b)

Groundwater

The following reports were used to inform analysis of groundwater quantity and quality:

•
•
•

Chehalis River Watershed Surficial Aquifer Characterization (Garrigues et al. 1998)
Hydrology and Quality of Groundwater in the Centralia-Chehalis Area Surficial Aquifer (Pitz 2005)
Seepage Investigation for Selected River Reaches in the Chehalis River Basin, Washington (Ely et
al. 2008)

•

Hydrogeologic Framework and Groundwater/Surface-Water Interactions of the Chehalis River
Basin, Southwestern Washington (Gendaszek 2011)

•

Water Budget of the Upper Chehalis River Basin, Southwestern Washington (Gendaszek and
Welch 2018)

Chehalis River Basin Flood Damage Reduction Project
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Information Sources

•
•

Chehalis Basin Strategy Final Programmatic EIS (Ecology 2017a)

•

Washington Department of Ecology’s Toxics Cleanup Program What’s in My Neighborhood
online mapping tool (Ecology 2019c)

4.4

Technical Memorandum: Chehalis River Basin Flood Damage Reduction Proposed Project:
Potential Groundwater Level Effects Analysis (Anchor QEA 2019c)

Water Use and Water Rights

The following sources were used to inform the analysis of water use and water rights:

•
•
•
•

Chehalis Basin Watershed Management Plan (CBP 2004) and related assessment reports
Alternatives for water right application processing (Ecology 2011a)
Chehalis Basin Strategy Final Programmatic EIS (Ecology 2017a)
Ecology Water Resources Explorer database (Ecology 2019d)

Chehalis River Basin Flood Damage Reduction Project
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5 AFFECTED ENVIRONMENT
5.1

Study Area

The study area for water quantity and quality is the Chehalis River and the 100-year floodplain from
river mile (RM) 114 to approximately RM 33, near Porter, and the areas that could be affected by
construction and operation of the proposed action alternatives (Figure 5.1-1). Porter is approximately
42 miles downstream from the city of Chehalis, which is near RM 75. Beyond RM 33, river flows are
more greatly influenced by inflows from tributaries, tides, and a channel constriction in the floodplain at
that location. These factors make it difficult to determine what factors are influencing flood elevations
beyond this location.
The study area includes the following three areas:

•

The flood retention facility project area, including the temporary reservoir, quarries, and access
roads (Figure 5.1-2)

•
•

The Airport Levee Improvements project area
The Chehalis River 100-year floodplain area that would experience reduced flooding as a result
of the Proposed Action

Within the Chehalis River 100-year floodplain, the study area also includes the lower ends of several
tributaries whose confluences occur within the 100-year floodplain of the mainstem Chehalis River.
Such tributaries include the South Fork Chehalis River, Newaukum River, Skookumchuck River, Black
River, Stearns Creek, Dillenbaugh Creek, Salzer Creek, Lincoln Creek, Independence Creek, Garrard
Creek, Cedar Creek, and Porter Creek (Figure 5.1-1).

Chehalis River Basin Flood Damage Reduction Project
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Affected Environment
Figure 5.1-1
Study Area
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Affected Environment
Figure 5.1-2
Flood Retention Facility Project Area
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Affected Environment

5.2

Surface Water Hydrology and Floodplains

Surface water hydrology is a component of the natural water cycle, which is the continuous movement
of water on, above, and below the Earth’s surface (USGS 2019a). Surface processes in the water cycle
include precipitation, evaporation and evapotranspiration, snow melt, surface runoff, streamflow,
flooding, and infiltration. This section describes the surface water system of the study area and focuses
on precipitation, evaporation, and streamflow and the effect that those processes have on flooding
under existing conditions. It also discusses the floodplain, which represents the location on the
landscape where flooding and flood damage occur.

5.2.1

Surface Water System

The study area is located within Water Resource Inventory Area [WRIA] 23, the Upper Chehalis Watershed,
which is also generally called the upper Chehalis River Basin (Figure 5.1-3). WRIA 23 covers approximately
1,293 square miles and extends across large portions of Lewis and Thurston counties, as well as smaller
segments of Grays Harbor, Pacific, and Cowlitz counties. It generally extends south of Olympia from the
Black Hills to the Willapa Hills and eastwards into the foothills of the Southern Cascades.
The Chehalis River is the primary drainage feature in WRIA 23 and passes through the two largest cities
in the basin, Centralia and Chehalis. Other major tributaries include the South Fork Chehalis River,
Newaukum River, Skookumchuck River, and Black River, which also pass through multiple cities, towns,
and other developed areas. The headwaters of the South Fork Chehalis River originate in the
Willapa Hills. The headwaters of the Newaukum and Skookumchuck Rivers originate in the Bald Hills, a
western spur of the Cascade mountain range. The Black River drains from the Black Hills
(Wildrick et al. 1995). Multiple smaller tributaries are also present throughout the watershed.
The upper Chehalis River Basin includes all lands draining to the U.S. Geological Survey (USGS) stream
gage near Porter (Porter Gage, USGS Gage 12031000). Because that gage lies within a narrow valley
with well-defined bedrock walls, it measures most of the annual runoff from the watershed (Wildrick et
al. 1995). Downstream of the Porter Gage, the Chehalis River flows through WRIA 22, the Lower
Chehalis Watershed, which extends to Grays Harbor and the Pacific Ocean.

5.2.2

Precipitation

Precipitation is water released from clouds in the form of rain, freezing rain, sleet, snow or hail and is
the primary pathway between the atmosphere and Earth in the water cycle (USGS 2019a). It is also the
primary driver of flooding in the upper Chehalis River Basin. Precipitation in the upper Chehalis River
Basin largely occurs as rainfall, with some snow-dominated regions occurring in higher-elevation
headwater areas of the Cascade Foothills (Newaukum and Skookumchuck River sub-basins) and a small
area of the southern Willapa Hills (Stillman Creek Drainage). Snow primarily accumulates at elevations
above 1,000 feet mean sea level (MSL) and is transitional with rain between elevations of approximately
1,000 and 3,000 feet MSL (Perry et al. 2016). Rain-snow transitional areas are areas where the
dominant winter precipitation varies between rain and snow depending on the air temperature.
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Within the upper Chehalis River Basin, annual precipitation ranges from an average of 47 inches in the
valley surrounding Centralia to an average of more than 120 inches in the Willapa Hills (Western
Regional Climate Center 2010; WSE 2014a). Heavy precipitation typically occurs between November
and February. During the summer dry season, monthly average precipitation measured at the Centralia
weather station decreases to less than 1 inch (Western Regional Climate Center 2010).
Significant rainfall events in the Chehalis Basin are largely driven by a phenomenon known as “Pineapple
Express” weather systems. These are atmospheric rivers where moisture from the tropics is directed to
and falls as rain in western Washington. These atmospheric rivers are the main contributor to peak
precipitation events that have caused major and catastrophic flooding in the upper Chehalis River Basin.
The amount of rain that falls depends on where the atmospheric river enters into Washington. When
these types of events happen in the upper Chehalis Basin, the greatest potential for high rainfall is
centered on the Willapa Hills or the Cascade Range foothills (CRBFA 2010).
Projected changes in annual and seasonal precipitation patterns and the occurrence of atmospheric
river events due to climate variability are discussed in Section 5.6.
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Figure 5.1-3
Upper Chehalis River Basin
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5.2.3

Evaporation

Evaporation is the process through which water changes from a liquid to a gas or vapor and is the
primary pathway through which water moves from the Earth’s surface back into the atmosphere in the
water cycle (USGS 2019a). In regard to the water cycle, evaporation usually refers to the evaporation
from surface-water bodies (e.g., ocean, lakes, rivers). Evapotranspiration refers to the process of
vegetation absorbing water through tree roots and then transpiring (i.e., evaporating) the water from
the foliage into the air. It also includes evaporation of water from the soil.
Heat is necessary for both evaporation and evapotranspiration to occur, with the rates of each
increasing with increasing temperature. Changes in temperature and precipitation patterns influence
evaporation and evapotranspiration rates and can affect the water cycle over time. Land cover type can
also influence evaporation and evapotranspiration rates, as can large-scale activities that modify
vegetation (e.g., timber harvesting, crop establishment).
The specific evaporation and evapotranspiration rates for the study area are not readily available.
However, a recent water budget study for the portion of WRIA 23 above Grand Mound estimated the
combined evaporation and evapotranspiration rate to be about 25.6 inches per year (Gendaszek and
Welch 2018). That study identified evaporation/evapotranspiration and surface water outflow as the
two primary ways that water leaves the basin. While evaporation and evapotranspiration can be
important components of a long-term water budget, they are generally assumed to have a negligible
influence on water levels during floods (WSE 2014a).
Potential future changes in evaporation and evapotranspiration rates in the Chehalis Basin in response
to climate variability are discussed in Section 5.6.

5.2.4

Streamflow

Streamflow is the flow of water in streams, rivers, and other channels (USGS 2019a). It is generated by
multiple sources, including water from headwater streams and tributaries, precipitation, land surface
runoff, outflow from ponds and lakes, and groundwater discharge, among others. Streamflow is
constantly changing but typically varies the most due to seasonal changes in temperature and
precipitation.
In measuring streamflow, two parameters are typically discussed: 1) discharge or flow; and 2) stage or
water surface elevation. Flow is the volume of water moving down a stream or river per unit of time. It
is determined by multiplying the area of water in a channel cross-section by the average velocity of the
water in that cross-section. Flow is most often expressed as cubic feet per second (cfs). Water surface
elevation is the height of the water surface above an established elevation, often at or close to the
streambed, where the stage is determined to be zero. Water surface elevation is typically expressed in
feet. Flow and water surface elevation are related to one another; as the flow in a channel increases,
the water surface elevation rises. By measuring both of these parameters at various points along a river
or stream over time, a relationship or rating curve can be developed for that location that describes how
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high the water surface elevation would rise under a given flow. When combined with an elevation
model of the channel, this information can then be used to determine the flood stage of a river or
stream. The flood stage is the elevation where water that overflows the natural banks of a river or
stream begins to cause damage in the local area (USGS 2019a).
There are nine active USGS gages and one National Weather Service (NWS) gage that provide flow rates
and water surface elevations for the upper Chehalis River. Additional active USGS and Ecology stream
gages are located on tributaries including Elk Creek, South Fork Chehalis River, Newaukum River, and
Skookumchuck River. There are also multiple gages throughout the Chehalis Basin that collected
streamflow data in the past and provide useful historical data. Due to the length and continuity of their
records (over 60 years of continuous daily streamflow and river stage measurements) and their
distribution across the upper, middle, and lower portions of the study area, the following three Chehalis
River mainstem gages are typically used to define and characterize the flow of the upper Chehalis River
Basin:

•
•
•

Doty (USGS Gage 12020000)
Grand Mound (USGS Gage 12027500)
Porter (USGS Gage 12031000)

Generally, flow in the Chehalis River is highest from November to March, and lowest during the summer
dry season from July to September. Average monthly flows for the Chehalis River at the three key gages
are shown in Table 5.2-1.
Table 5.2-1
Average Monthly Flow at USGS Gage Locations
GAGE
Doty
Grand
Mound
Porter

JAN
(CFS)
1,230

FEB
(CFS)
1,110

MAR
(CFS)
920

APR
(CFS)
585

MAY
(CFS)
275

JUNE
(CFS)
145

JULY
(CFS)
68

AUG
(CFS)
45

SEPT
(CFS)
77

OCT
(CFS)
285

NOV
(CFS)
956

DEC
(CFS)
1,260

6,380

5,690

4,650

3,060

1,440

835

384

243

348

962

3,950

6,270

9,320

8,120

6,800

4,620

2,240

1,250

619

414

540

1,330

5,470

8,780

Notes:
Monthly data at Doty were available from 1939 to January 2019, at Grand Mound from 1928 to January 2019, and at Porter from 1952 to
January 2019.
Sources: USGS 2019c, 2019d, 2019e

Potential changes in annual and seasonal flow in the Chehalis River in response to projected
temperature and precipitation changes caused by future climate variability are discussed in Section 5.6.

5.2.5

Flooding

As defined by NWS, flooding occurs when rising water from an existing waterway (e.g., river, stream,
drainage ditch) inundates land that is normally dry (NWS 2019a). As flow in a river or stream increase
above average conditions, mainly as the result of storm events, the water surface elevation of the water in
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the river or stream rises. Flooding occurs when the water surface elevation in a river or stream gets high
enough that water leaves the confines of the channel and flows out into the surrounding floodplain. As
flows in the channel increase, the extent of the flooding increases.
To describe the relative sizes of potential floods, the flood recurrence interval is used. The recurrence
interval (which is sometimes referred to as the return period) is the average number of years between
floods of a certain size (USGS 2019f). For example, a catastrophic flood equal to or larger than the
100-year flood has a 1% chance of occurring in any year. A major flood equal to or larger than the
10-year flood has a 10% chance of occurring in any year.
Larger floods have longer recurrence intervals. The predicted 100-year flood at a location will always be
larger than the predicted 10-year flood at the same location. Because weather is variable, the actual
number of years between these floods may be more or less than the statistical average. As a result, it is
possible to have more than one 100-year flood within a 100-year window.
Based on daily mean flow data collected since October 1928, there have been nine major or greater
floods in the last 90 or so years. Table 5.2-2 shows the dates the daily mean flow exceeded the
estimated peak flow of a major flood (38,800 cfs) at Grand Mound. Those events occurred in 1933,
1937, 1972, 1975, 1986, 1990, 1996, 2007, and 2009. Four (44%) of those nine events occurred in
December, three (33%) occurred in January, and one (11%) in each of February and November
(Table 5.2-3). Note that date ranges shown in Table 5.2-2 do not necessarily indicate the duration of
flooding. Ponded areas in the floodplain can take days or even greater than a week to recede back into
the main channel after the peak flow has dropped.
Table 5.2-2
Events When the Daily Mean Flow at Grand Mound has Exceeded the Major Flood Peak Flow of 38,800 cfs
EVENT
#1
#2
#3
#4
#5
#6
#7
#8
#9

START MONTH AND YEAR
December 1933
December 1937
January 1972
December 1975
November 1986
January 1990
February 1996
December 2007
January 2009
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START DATE
12/19/1933
12/29/1937
1/21/1972
12/5/1975
11/25/1986
1/10/1990
2/8/1996
12/4/2007
1/8/2009
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END DATE
12/22/1933
12/29/1937
1/22/1972
12/5/1975
11/25/1986
1/11/1990
2/9/1996
12/4/2007
1/9/2009
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Table 5.2-3
Frequency of Major Flood Peak Flow Exceedances at Grand Mound by Month
MONTH
January
February
March
April
May
June
July
August
September
October
November
December
Total

NUMBER OF PEAK FLOW EXEEDANCES
3
1
0
0
0
0
0
0
0
0
1
4
9

PEAK FLOW EXCEEDANCE YEAR
1972, 1990, 2009
1996
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
1986
1993, 1937, 1975, 2007

FREQUENCY
33%
11%
0%
0%
0%
0%
0%
0%
0%
0%
11%
44%
100%

Flooding in the Chehalis Basin is typically triggered by heavy rainfall, with the largest floods caused by
the intense rainfall associated with atmospheric river events (Ruckelshaus 2012). Flooding can also be
triggered by rain-on-snow events. Rain-on-snow events occur when intense or prolonged rainfall causes
accumulated snowpack to melt, generating surface runoff that contributes to flow in downslope rivers
and streams. Such events often occur in the fall and winter and can result in a considerably higher
volume of runoff than rainfall or springtime snowmelt processes alone. In the Chehalis Basin, rain-onsnow events are most common in both snow-dominated headwaters and rain-snow transitional areas
(Perry et al. 2016). Because those areas comprise a relatively small proportion of the Chehalis Basin, the
risk of rain-on-snow events causing major flooding on a regular basis is considered to be fairly low
(Perry et al. 2006). However, rain-on-snow events can also occur in lowland areas when snow
accumulation is present, resulting in increased runoff from a considerably larger area of the basin.
Although such occurrences are relatively infrequent, rain-on-snow events in lowland areas of the
Chehalis Basin are thought to have contributed to historical major floods in both February 1996
(Ruckelshaus 2012) and January 2009 (CRBFA 2010, Perry et al. 2016).
Potential changes in flooding frequency in the Chehalis Basin in response to projected temperature and
precipitation changes caused by future climate variability are discussed in Section 5.6.

5.2.5.1

Historical Floods

Large floods have occurred multiple times in the upper Chehalis River Basin over the past several
decades. At Grand Mound, the five largest floods recorded over the past 90 years have all happened
since 1986. Those floods occurred in November 1986, January 1990, February 1996, December 2007,
and January 2009 and all exceeded flows of 50,000 cubic feet per second (cfs) at that location
(USGS 2019d; WSE 2014b; CRBFA 2010). Over the last 47 years, the annual peak flow record at the
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Chehalis River gage near Doty indicates that the seven largest floods, all of which exceeded 20,000 cfs at
Doty, occurred in January 1972, January 1990, November 1990, February 1996, December 2007,
January 2009, and November 2012 (USGS 2019c).
Table 5.2-4 lists the estimated peak flows associated with 10-year and 100-year floods at the three key
Chehalis River USGS gages. The three most significant recent floods are also provided for context.
Table 5.2-4
Peak Flows at USGS Gage Locations During Key Floods
FLOOD
10-year
100-year
1996
2007
2009

DOTY (CFS)
18,760
37,000
28,900
52,6001
20,100

GRAND MOUND (CFS)
45,350
75,000
74,800
79,100
50,700

PORTER (CFS)
51,680
89,500
80,700
86,500
58,700

Notes:
Sources: WSE 2014a; Corps 2003; USGS 2019c, 2019d, 2019e
1. The value provided is from WSE 2014a, which differs from the USGS estimate. See WSE 2014a for details.

Table 5.2-5 shows the peak flows measured in the Chehalis River at Grand Mound along with the
corresponding peak flow contributions from each of the major gaged tributaries of the Chehalis River for
the top 20 Chehalis River floods in the historical record. The three largest of these floods (February
1996, December 2007, and January 2009) and the precipitation events that produced them are
described as follows:

•

February 1996 Flood – The February 1996 flood was caused by a large frontal storm, with the
advancing edge of an air mass resulting in very broad rainfall distribution throughout the
Chehalis Basin (WSE 2014b). The 24-hour rainfall totals during this storm ranged from greater
than 10-year to greater than 100-year amounts, depending on location in the Chehalis Basin. .
Maximum daily precipitation during the flood was 3.3 inches at Centralia and 3.9 inches at Doty
(both on February 8; NOAA 2019). It was also extremely cold in the month prior to the storm
and snow accumulations in low elevations may have been present, leading to rain-on-snow
runoff (Ruckelshaus 2012).
The resulting flood from the February 1996 precipitation event was the second largest in the
historic record at many streamflow gages, including Doty, Grand Mound, and Porter, and the
fourth largest on the South Fork Chehalis River (WSE 2014b). It is still the largest flood on record
for the Skookumchuck River and Newaukum River. Interstate 5 (I-5) was flooded and closed for
several days, as was U.S. Highway 12, which provides access to many secondary roads
(CRBFA 2010).

•

December 2007 Flood – The December 2007 flood was a classic atmospheric river event with a
relatively narrow path of extreme rainfall (WSE 2014b). The highest rainfall was concentrated in
the Willapa Hills in the upper Chehalis Basin (mainstem and South Fork). Between December 1
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and December 4, 2007, the average rainfall over the portion of the Chehalis Basin upstream
from Doty was 16 inches, ranging from approximately 12 inches at lower elevations to
approximately 26 inches in the highest elevations (WSE 2014a). Prior to the event, low-level
snow was insubstantial. The 2007 storm set records for 24-hour precipitation in the upper
basin, with the heaviest precipitation limited to 12 hours or less at many locations (WSE 2014a).
The December 2007 flood is the most significant recent flood in the Chehalis Basin.
Precipitation leading to flooding was the largest in the historic record at Doty, Grand Mound,
Porter, and the South Fork Chehalis River (WSE 2014b). The peak discharge on the Chehalis
River at Doty was estimated at 52,600 cfs, which is almost double the next highest flood in the
74-year record (28,900 cfs in 1996) and approximately 50% greater than the current estimate of
the 100-year flood (WSE 2014b). The December 2007 flood resulted in substantial flooding
throughout the basin, including a 4-day closure of a 20-mile section of I-5 at Chehalis (CRBFA
2010).

•

January 2009 Flood – The January 2009 event was focused primarily in the eastern and northern
portions of the Chehalis Basin, although significant rain also fell in the upper watershed
(WSE 2014b). The 2009 event was likely a result of more evenly-distributed precipitation,
compared to the 2007 event, and was generated by significant rainfall (6 to 15 inches over the
preceding week) over snow at low elevations (CRBFA 2010).
The January 2009 flood was the second largest flood on the South Fork Chehalis and Newaukum
rivers, and the third largest on the Skookumchuck River (WSE 2014b). At Porter on the Chehalis
River, the 2009 flood was the fourth largest in the record (USGS 2019e). Considering the flow at
Porter and on the lower basin tributaries, the January 2009 flood is estimated to be the second
largest flood in the historic record downstream of Montesano (WSE 2014b). Water storage
capacity behind the Skookumchuck Dam allowed for some floodwaters to be captured and may
have played a role in reducing the downstream flood peak (CRBFA 2010). The flood resulted in a
2-day closure of I-5 through the Chehalis-Centralia area (CRBFA 2010).

Despite the unique storm characteristics associated with each of these events, there are many
similarities between them. Each of the events was basin-wide, resulted in high flows on the mainstem
Chehalis River (as measured at Grand Mound), and had contributions from most major tributaries in the
upper Chehalis River Basin. For all three events, the highest contributions to flow came from the
portion of the basin that is upstream of Doty, which includes the Willapa Hills. As shown in Table 5.2-5,
substantial flow contributions from upstream of Doty appear to be characteristic of nearly all of the
historical large floods on the mainstem Chehalis River. This was found to be true for events greater than
about a 10-year recurrence interval (WSE 2014b). Based on this information, upstream of Doty is a
reasonable location to construct a flood retention facility to reduce downstream flows during major and
larger floods.
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Table 5.2-5
Historical Peak Flows Measured at Grand Mound and Other Upstream Locations in the Upper Chehalis River Basin
CHEHALIS RIVER NEAR
GRAND MOUND, WA (12027500)
PEAK
FLOW
DATE
(CFS)
RANK
December 4, 2007
79,100
1
February 9, 1996
74,800
2
January 10, 1990
68,700
3
November 25, 1986 51,600
4
January 8, 2009
50,700
5
January 21, 1972
49,200
6
December 29, 1937 48,400
7
November 25, 1990 48,000
8
December 21, 1933 45,700
9
December 5, 1975
44,800
10
January 26, 1971
40,800
11
December 30, 1996 38,700
12
January 23, 1935
38,000
13
February 10, 1951
38,000
14
January 31, 2006
37,900
15
January 17, 1974
37,400
16
February 18, 1949
36,500
17
December 3, 1977
36,500
18
November 26, 1998 36,500
19
January 15, 1936
36,300
20

CHEHALIS RIVER NEAR
DOTY, WA (12020000)
PEAK
FLOW
DATE
(CFS)
December 3, 2007
52,600
February 8, 1996
28,900
January 9, 1990
27,500
November 24, 1986 17,900
January 8, 2009
20,100
January 20, 1972
22,800
--November 24, 1990 20,600
--December 4, 1975
17,400
January 26, 1971
9,612
December 30, 1996
9,964
--February 9, 1951
15,700
January 30, 2006
16,000
January 15, 1974
8,230
February 22, 1949
12,800
December 2, 1977
8,130
November 25, 1998 14,726
---

RANK
1
2
3
9
7
4
-6
-10
28
26
-13
12
47
21
50
17
--

SOUTH FORK CHEHALIS RIVER AT
BOISTFORT, WA (12021000)
PEAK
FLOW
DATE
(CFS)
RANK
December 3, 2007
20,713
1
February 8, 1996
9,542
3
------January 8, 2009
11,664
2
January 20, 1972
6,540
8
---------December 4, 1975
6,593
7
January 26, 1971
3,526
21
------February 9, 1951
3,690
19
January 30, 2006
7,080
6
January 15, 1974
3,339
25
February 17, 1949
4,920
12
December 2, 1977
2,782
35
November 25, 1998 7,419
5
----

NEWAUKUM RIVER NEAR
CHEHALIS, WA (12025000)
PEAK
FLOW
DATE
(CFS)
December 3, 2007
12,900
February 8, 1996
13,300
January 9, 1990
10,400
November 24, 1986 10,700
January 7, 2009
13,000
January 21, 1972
9,770
--November 24, 1990 10,300
--December 4, 1975
8,020
January 26, 1971
8,390
December 29, 1996
9,700
--February 9, 1951
5,240
January 30, 2006
8,720
January 15, 1974
8,440
February 17, 1949
6,950
December 2, 1977
10,300
November 26, 1998 10,000
---

RANK
3
1
6
5
2
10
-7
-17
15
11
-49
13
14
26
7
9
--

SKOOKUMCHUCK RIVER NEAR
BUCODA, WA (12026400)
PEAK
FLOW
DATE
(CFS)
RANK
December 3, 2007
3,600
24
February 8, 1996
11,300
1
January 10, 1990
8,540
3
November 24, 1986
3,379
25
January 8, 2009
10,500
2
January 21, 1972
8,190
6
---November 25, 1990
8,400
4
---December 4, 1975
6,110
10
January 26, 1971
6,630
9
December 30, 1996
8,380
5
------January 30, 2006
6,640
8
January 16, 1974
5,950
13
---December 2, 1977
7,170
7
November 26, 1998
3,328
29
----

Notes:
--: No data available
Source: WSE 2014b.
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5.2.5.2

Flood Classification

Much of the damage from past flooding in the Chehalis Basin has occurred in the 100-year floodplain
along the section of the Chehalis River located between the USGS stream gages at Adna (USGS Gage
12021800) and Grand Mound (USGS Gage 12027500). This area includes the cities of Chehalis and
Centralia and is the most densely populated portion of the upper Chehalis River Basin. It also has the
highest concentration of built resources in the upper Chehalis River Basin and contains multiple
important transportation corridors and facilities including I-5, SR-6, several regional and local roads, and
the Chehalis-Centralia Airport. Past flooding has caused extensive damage in that area including the loss
of structures, prolonged closure of major roadways including I-5, and increased risks to public health
and safety. Accordingly, that area is the Applicant’s target area for flood damage reduction (Anchor QEA
2019a).
The extent, depth, and duration of the flooding typically determines the risk and level of flood damage.
Both the NWS and Lewis County characterize floods based on the extent of damage that they typically
cause and their expected frequency of occurrence. NWS uses the following terminology when
describing flood levels (NWS 2019a):

•

Minor Flooding: Minimal or no property damage, but possibly some public threat or
inconvenience. In remote areas with few specific impacts, NWS assumes that floods with 5-to10-year recurrence intervals would cause minor flooding of streams.

•

Moderate Flooding: Some inundation of structures and roads near the stream. Some
evacuations of people and/or transfer of property to higher elevations is necessary. In remote
areas with few specific impacts, NWS assumes that floods with 15-to-40-year recurrence interval
would cause moderate flooding of streams.

•

Major Flooding: Extensive inundation of structures and roads. Significant evacuations of people
and/or transfer of property to higher elevations. In remote areas with few specific impacts,
NWS assumes that floods with 50-to-100-year recurrence interval would cause major flooding of
streams.

Similarly, Lewis County characterizes floods based on its effects on roads and residential areas using the
following four flood phases (Lewis County 2019):

•
•
•
•

Phase 1: Generally, no road closures or residential flooding
Phase 2: Some road closures, but no major flooding
Phase 3: Some road closures and minor residential flooding
Phase 4: Major road closures and residential flooding

The following stream gages have been found to correlate well with flooding in the area targeted for
flood damage reduction by the Applicant and WSE:

•

Chehalis River at Centralia (NWS Gage CENW1/USGS Gage 12025500; this gage is referred to in
this report as the Mellen Street gage)

•

Adna (USGS Gage 12021800)
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•
•

Chehalis Wastewater Treatment Plant (USGS Gage 12025100)
Grand Mound (USGS Gage 12027500)

These four gages are located on the mainstem of the Chehalis River. The Mellen Street gage was
selected by the Applicant because it is located near the center of the flood damage reduction target
area. The other gages were selected to capture flows influenced by tributaries in the upper Chehalis
Basin and provide additional information for this discipline report. The Adna gage is located on the
Chehalis River downstream from the South Fork Chehalis River confluence, the Chehalis Wastewater
Treatment Plant gage is located on the Chehalis River just downstream of the Newaukum River
confluence, and the Grand Mound gage is located just downstream from the Skookumchuck River
confluence. The Mellen Street and Chehalis Wastewater Treatment Plant gages only measure river
stage; they do not measure river discharge (flow). Both the Adna and Grand Mound gages measure
both parameters.
Of those four gages, only the Mellen Street and Grand Mound gages have designated NWS and Lewis
County flood levels (Table 5.2-6). Such designations have not been assigned to the Adna and Chehalis
Wastewater Treatment Plant gages. Accordingly, the Mellen Street and Grand Mound gages are more
useful in evaluating potential flood damage reduction from the project alternatives than the Adna and
Chehalis Wastewater Treatment Plant gages. Additional information on potential flood damage
reduction can also be obtained from the Doty and Porter gages, which also have designated NWS and
Lewis County flood levels (Table 5.2-6). Both the Mellen Street and Grand Mound gages occur in highly
developed areas in the middle of the upper Chehalis River Basin whereas the Doty and Porter gage occur
in less developed areas at the upper and lower ends of the basin, respectively.
Table 5.2-6
National Weather Service and Lewis County Designated Flood Levels at Selected Chehalis River Stream Gages

DESIGNATED FLOOD LEVEL
NWS
Minor Flooding
Moderate
Flooding
Major Flooding
Lewis
Phase 1
County
Phase 2
Phase 3
Phase 4

CHEHALIS
RIVER NEAR
DOTY
318
323.5

WATER SURFACE ELEVATION (FEET)
CHEHALIS
CHEHALIS
RIVER NEAR
CHEHALIS
RIVER AT
GRAND
RIVER AT
MELLEN STREET
MOUND
PORTER
168.5
141
48
172
142.5
50

324.5
316.5
319
323.3
324.7

175.5
168.32
171.82
175.32
176.72

144
141
142.5
144
--

52
48
50
52
--

Notes:
--: No flood phase available.
Sources:
NWS flood levels: NWS 2019b (Doty), 2019c (Mellen Street), 2019d (Grand Mound), and 2019e (Porter)
Lewis County flood levels: Lewis County 2019
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5.2.5.3

Floodplain Characteristics

In addition to the processes that drive flooding, the condition and characteristics of the floodplain also
influence the extent of flooding and the damage that it can cause. Floodplains are the relatively flat
lands adjacent to rivers and streams that receive water from those waterbodies during flooding.
Floodplains provide a number of important functions including flood storage, erosion control, water
quality maintenance, groundwater recharge, and habitat provision, among others. Of these, flood
storage is one of the primary functions provided by floodplains. Flood storage occurs when floodwater
in the floodplain is held back from entering the channel. This can reduce the amount of water and
flooding downstream. When floodwater spreads out in the floodplain, the speed that the water is
flowing slows down. This allows for particles in the water to settle out into the floodplain, which can
benefit water quality. Spreading floodwater out over a larger area also increases the potential for
groundwater recharge because ponded water can infiltrate into the soil and underlying aquifer. In
addition to these functions, floodplains can also provide habitat for a variety of plant and animal
species. The ability of a floodplain to provide these functions is typically determined by such factors as
their width, land uses, vegetation types, and the presence of flood control structures (e.g., levees,
floodwalls).
The floodplain in the study area includes urbanized areas such as Chehalis, Centralia, and several other
towns, unincorporated areas, and tribal communities within the Chehalis Basin. The Chehalis-Centralia
area includes the most populated and developed land within the Chehalis River floodplain in the upper
Chehalis Basin.
The width of the floodplain varies across the study area. In the upper part of the study area, the
floodplain is generally narrow where gradients are steeper, and the river channel is more incised. In the
low-lying Chehalis River valley, which includes the Applicant’s target area for flood damage reduction,
floodplains are much wider, allowing a major flood to spread out, resulting in water storage in the
floodplain and reduced peak flow (WSE 2014a).
Figure 5.2-1 illustrates the extent and estimated depth zones of a 10-year major flood within and
adjacent to the Chehalis River and major tributaries under existing conditions based on RiverFlow2D
model outputs. The 10-year flood covers approximately 28,445 acres. Generally, flood depths range
from less than 1 foot to 5 feet, with limited areas experiencing flood depths up to approximately 20 feet.
Such areas primarily occur between the town of Bunker and city of Centralia.
Figure 5.2-2 illustrates the extent and estimated depth zones of a 100-year catastrophic flood within and
adjacent to the Chehalis River and major tributaries under existing conditions based on RiverFlow2D
model outputs. The inundated area during a 100-year flood is 8,641 acres larger than during the 10-year
flood and the areas flooded generally have greater inundation depths. Between Bunker and Centralia,
the majority of flood depths during a 100-year flood range from less than 1 foot to 5 feet to 11 to 20
feet, with a few areas where flood depths exceed 21 feet with a potential maximum depth of 30 feet.
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Figure 5.2-1
10-year Major Flood Depth Zones Under Existing Conditions
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Figure 5.2-2
100-year Catastrophic Flood Depth Zones Under Existing Conditions
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5.3

Surface Water Quality

This section describes the regulation of water quality and existing surface water quality conditions with
the potential to be affected by the Proposed Action. Specific water quality parameters addressed
include temperature, turbidity, dissolved oxygen, nutrients, fecal coliform bacteria, chlorophyll a, pH,
and toxics. Of these, fecal coliform bacteria, pH, and toxics are unlikely to be affected by the proposed
project alternatives. Other water quality parameters and conditions that are unlikely to be affected by
the proposed project alternatives include mercury, harmful algal blooms, methane and other
greenhouse gases, and hydrogen sulfide. Water quality parameters and conditions that are unlikely to
be affected by the proposed project alternatives are discussed in Section 6.2.2.2.3.

5.3.1

Applicable Water Quality Standards

Water quality protections are provided by various federal, state, and local regulations. With respect to
the study area, specific surface water quality standards are contained in Chapter 173-201A of the
Washington Administrative Code (WAC). Those standards include numeric and narrative criteria for
various water quality parameters that are applicable to all surface waters in the state (WAC 173-201A010). Water quality criteria are established to protect the existing and potential uses of a surface
waterbody. Such uses are referred to as designated uses and include four general categories: aquatic
life, recreation, drinking water supply, and miscellaneous (WAC 173-201A-200). Designated uses are
determined for a waterbody or segment of a waterbody based on its natural water quality potential and
its limitations. Use designations are assigned regardless of whether or not the use is currently being
attained in a waterbody.
Designated uses in the Chehalis River in the study area include the following (WAC 173-201A-200;
WAC 173-201A-602; Ecology 2011b):

•

Freshwater aquatic life uses including Core Summer Salmonid Habitat (CSSH), Salmonid
Spawning, Rearing, and Migration (SRM), and Supplemental Spawning and Incubation Criterion
(SSIC)

•
•

Recreational uses including primary contact recreational uses (e.g., swimming)

•

All water supply uses, including domestic water supply, industrial water supply, agricultural
water supply, and stock watering
All miscellaneous uses, including wildlife habitat, fish harvesting, commerce and navigation,
boating, and aesthetic values

In addition to the general water quality standards for the state, Ecology has also promulgated rules that
include specific water quality criteria that must be met to protect the designated uses of key waters of
the state. Standards that apply to surface waters in the study area are summarized in Table 5.3-1.
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Table 5.3-1
Selected Washington State Surface Water Quality Standards in the Study Area1
PARAMETER

Temperature
(7-DADMax2)

DESIGNATED USE

WATER QUALITY CRITERIA

Core Summer Salmonid Habitat3

Not to exceed 16°C due to
human activities

When background
conditions exceed the
specified criteria, the
maximum temperature
increases due to
human activities should
not exceed 0.3°C.

When background
conditions are cooler
than the specified
criteria, the maximum
temperature increases
due to human activities
should not exceed
Not to exceed 13°C due to 28/(T+7)°C, where “T”
human activities
represents the
background
temperature.
When background turbidity is 50 NTU or less, the
turbidity increase due to human activities should not
exceed 5 NTU.

Salmonid Spawning, Rearing,
and Migration4

Not to exceed 17.5°C due
to human activities

Supplemental Spawning and
Incubation Criterion5

Core Summer Salmonid Habitat3
Turbidity

When background turbidity is more than 50 NTU, the
turbidity increase due to human activities should not
exceed 10% of background.
When background
conditions are lower
Not to drop below
than the specified
9.5 mg/L
criteria, the dissolved
oxygen concentration
decrease due to human
Not to drop below
activities should not
8.0 mg/L
exceed 0.2 mg/L.
Fecal Coliform: Must not exceed a geometric mean
value of 100 colonies per 100 mL, with not more
than 10% of all samples (or any single sample when
less than ten sample points exist) obtained within an
averaging period exceeding 200 colonies per 100 mL.
E. coli: Must not exceed a geometric mean value of
100 colonies per 100 mL, with not more than 10% of
all samples (or any single sample when less than ten
sample points exist) obtained within an averaging
period exceeding 320 colonies per 100 mL.

Salmonid Spawning, Rearing,
and Migration4

Core Summer Salmonid Habitat3
Dissolved Oxygen
(1-day Minimum)
Salmonid Spawning, Rearing,
and Migration4

Fecal Coliform
and E. coli

Primary Contact Recreation
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PARAMETER

DESIGNATED USE

WATER QUALITY CRITERIA
pH shall be within the range of 6.5 to 8.5, with a
human-caused variation within the above range of
less than 0.2 units.
pH shall be within the range of 6.5 to 8.5 with a
human-caused variation within the above range of
less than 0.5 units.
Toxic substances shall not be introduced above
natural background levels in waters of the state
which have the potential either singularly or
cumulatively to adversely affect characteristic water
uses, cause acute or chronic toxicity to the most
sensitive biota dependent upon those waters, or
adversely affect public health.

Core Summer Salmonid Habitat3
pH
Salmonid Spawning, Rearing,
and Migration4

Toxics

All

Notes:
Sources: WAC 173-201A-200; WAC 173-201A-260, WAC 173-201A-602; WAC 173-201A-320; and Ecology 2011b
1. This table includes selected water quality parameters that have direct water quality criteria in Washington and may be affected by the
Proposed Action.
2. 7-DADMax: 7-day average of daily maximum temperatures
3. Core Summer Salmonid Habitat applies to the Chehalis River upstream of a location near the Ceres Hill Road bridge (which is a short
distance upstream of the confluence with South Fork Chehalis River).
4. Salmonid Spawning, Rearing, and Migration applies to the Chehalis River downstream of Ceres Hill Road bridge (WAC 173-201A-602).
5. Supplemental Spawning and Incubation Criterion applies for targeted time periods (generally non-summer months) at specific river
segments (Ecology 2011b), in the order from upstream to downstream as follows:
i. For the section of the mainstem Chehalis River between the upstream end of the study areas and the confluence with the South Fork
Chehalis River, the applicable time period is September 15 to July 1.
ii. For the section of the mainstem Chehalis River between the confluences with the South Fork Chehalis River and the Newaukum River,
the applicable time period is October 1 to May 15.
iii. For the section of the mainstem Chehalis River between the confluences with the Newaukum River and the Skookumchuck River, SSIC
does not apply.
iv. For the section of the mainstem Chehalis River between the confluence with the Skookumchuck River and the downstream end of the
study area, the applicable time period is October 1 to May 15.

Every few years, Ecology performs water quality assessments and identifies polluted waters in the state
pursuant to CWA sections 303(d) and 305(b). Section 303(d) requires states to develop lists of impaired
waters within their boundaries. As defined by USEPA, impaired waters are those for which technologybased regulations and other required controls are insufficient to meet the water quality standards set by
the state (USEPA 2019).
Section 305(b) of the CWA requires states to submit a report, referred to as a Section 303(d)/305(b)
Integrated Report, on the overall quality of waters in their jurisdiction to USEPA for review and approval
every 2 years. The Section 303(d)/305(b) Integrated Report lists all the assessed waters in the state and
identifies the water quality status of each using one of five categories as follows (Ecology 2019e):

•
•
•
•

Category 1: Meets tested standards for clean waters
Category 2: Waters of concern that show no persistent impairment but are monitored.
Category 3: Insufficient data
Category 4: Impaired waters that meet the following criteria:
‒
Category 4a: Has an established total maximum daily load (TMDL) plan
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‒
‒

•

Category 4b: Has a pollution control program
Category 4c: Is impaired by a non-pollutant

Category 5: Polluted waters included on the 303(d) list that require a water quality
improvement project such as a TMDL or a pollution control program

Once complied, the Section 303(d)/305(b) Integrated Report is submitted to EPA for review and
approval. Washington’s current water quality assessment, which was prepared in 2012, was approved
by EPA on July 22, 2016 (Ecology 2019h). Identified waters of concern and impaired waters for the
section of the mainstem Chehalis River in the study area are shown in Figures 5.3-1 through 5.3-4.
Category 3 (insufficient data) river segments are not shown or discussed in this report due to
uncertainty in water quality assessments in those waters.
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Figure 5.3-1
Category 2 Waters on the Mainstem Chehalis River within the Study Area
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Figure 5.3-2
Category 4a Waters on the Mainstem Chehalis River within the Study Area
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Figure 5.3-3
Category 4c Waters on the Mainstem Chehalis River within the Study Area
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Figure 5.3-4
Category 5 Waters on the Mainstem Chehalis River within the Study Area
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For waters whose designated uses are impaired by pollutants (i.e., Category 4 or 5 waters), a water
cleanup plan, which may include a TMDL or a pollution control program, may be required. A TMDL
identifies the maximum amount of a pollutant that a body of water can receive while still meeting water
quality criteria for that pollutant. It also sets a pollution reduction target and allocates reductions on
each source of the pollutant. TMDLs are developed by Ecology and approved by USEPA prior to
implementation. Once implemented, Ecology continues to monitor the water quality in the areas
affected by the TMDL for compliance with water quality criteria. Once a waterbody meets water quality
standards, its status is changed to Category 1.
Due to water quality impairments, several TMDLs and associated reports have been developed for the
study area. These reports are listed below along with the specific water quality parameters that were
evaluated:

•

Upper Chehalis River Dry Season TMDL (Ecology 1994): carbonaceous biochemical oxygen
demand and ammonia were evaluated to address dissolved oxygen impairments

•

Revised Upper Chehalis River Basin Dissolved Oxygen TMDL – Submittal Report (Ecology 2000):
biochemical oxygen demand and ammonia were evaluated to address dissolved oxygen
impairments

•

Upper Chehalis River Basin Temperature Total Maximum Daily Load (Ecology 2001): riparian
shade level was evaluated to address temperature impairments

•

Upper Chehalis River Watershed Multi-Parameter TMDL (Ecology 2010b):
‒
Fecal coliform bacteria were evaluated to address fecal coliform impairments
‒
Ammonia was evaluated to address dissolved oxygen impairments
‒
Temperature was evaluated to address temperature impairments

These reports, in conjunction with Washington’s current water quality assessment (2019a), were used to
identify categorized segments in the mainstem Chehalis River within the study area, as shown in
Figures 5.3-1 through 5.3-4. Ecology (2010b) also performed trend analyses on upper Chehalis Basin
water quality data to assess temporal trends for temperature, turbidity, dissolved oxygen, and fecal
coliform bacteria. Linear regression and nonparametric trend tests were used as a diagnostic tool for
assessing water quality trends (Helsel and Hirsch 2002). Trends analysis for all parameters was
conducted using the Seasonal Kendall test (Helsel and Hirsch 2002). In addition, ordinary least squares
regression was used to test for trends in fecal coliform and dissolved oxygen data. For both tests,
P values of <0.05 indicate a significant relationship between the variables (parameter and year). Data
used in these trend analyses for each parameter and the corresponding results are described in the
following sections.

5.3.2

Temperature

As noted in Table 5.3-1, temperature is an important parameter to maintain designated freshwater
aquatic life uses. Within the study area, there are three temperature criteria assigned for the protection
of Core Summer Salmonid Habitat (CSSH), Salmonid Spawning, Rearing, and Migration (SRM), and
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Supplemental Spawning and Incubation Criterion (SSIC). During the summer months, two of these
criteria apply:

•

CSSH: The temperature criterion is 16°C for the Chehalis River upstream of the Ceres Hill Road
Bridge (near the confluence with the South Fork Chehalis River).

•

SRM: The temperature criterion is 17.5°C downstream of the Ceres Hill Road Bridge.

Based on data collected by Ecology (Ecology 2001, 2019b) and other state-funded studies (e.g.,
Anchor QEA 2012, 2014), summertime Chehalis River temperatures frequently exceed those water
quality criteria.
During the fall-to-spring period, the 13oC threshold for SSIC applies for the Chehalis River upstream of
the South Fork Chehalis River between September 15 and July 1. In that portion of the river, Ecology
long-term temperature data are available for the Chehalis River at Dryad (Ecology 2019b). Downstream
of the South Fork Chehalis River, the 13oC threshold is applicable for the period between October 1 and
May 15, except for the section of river between the Newaukum River and Skookumchuck River
confluences where SSIC does not apply (Ecology 2011b). In that portion of the river, Ecology long-term
temperature data are available for the Chehalis River at Porter (Ecology 2019b). In the study area,
temperatures during this fall-to-spring period are cooler than the summer but still show some
exceedances (4% to 23% of samples exceeded 13°C at Chehalis River stations from 2006 to 2009;
Green et al. 2009). More specifically, on a month-by-month basis, the data indicate the following:

•

Chehalis River at Dryad (July 1959 to May 2019, station ID 23A160, Ecology 2019b)
‒
SSIC temperature criteria were exceeded in 66% of samples in late September
‒
SSIC temperature criteria were exceeded in 6% of samples in October
‒
No samples exceeded the SSIC temperature criteria in the months of November to March
‒
SSIC temperature criteria were exceeded in 4% of samples in April
‒
SSIC temperature criteria were exceeded in 31% of samples in May
‒
SSIC temperature criteria were exceeded in 83% of samples in June

•

Chehalis River at Porter (October 1960 to May 2019, station ID 23A070, Ecology 2019b)
‒
SSIC temperature criteria were exceeded in 23% of samples in October
‒
No samples exceeded the SSIC temperature criteria in the months of November to March
‒
SSIC temperature criteria were exceeded in 3% of samples in April
‒
SSIC temperature criteria were exceeded in 61% of samples in early May

Based on these results, temperature appears unlikely to exceed applicable criteria during winter months
(November to March). However, it is likely to result in some exceedances of applicable criteria during
spring or fall months.
To assess whether water quality is impaired, the average of the maximum temperatures for each of the
previous 7 days (7-DADmax) is compared to the applicable temperature criteria. Exceeding the
temperature criteria means that the water is impaired for the applicable aquatic life uses. When the
background temperature exceeds the specified criteria, the maximum temperature increases due to
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human activities should not exceed 0.3°C. When the background temperature is cooler than the
specified criteria above, the maximum temperature increases due to human activities should not exceed
28/(T+7)°C, where “T” represents the background temperature (Table 5.3-1).
To address the high temperature problem in summer and potentially spring and fall, a temperature
TMDL for the upper Chehalis River was developed and approved by Ecology in 2001 (Ecology 2001).
Currently, 16 segments of the mainstem Chehalis River in the study area are identified in Ecology’s
Water Quality Assessment as Category 4a due to high temperature (waters that have pollution problems
and have a TMDL in place; Ecology 2019a) (Figure 5.3-3). Those river segments are all located
downstream of the proposed flood retention facility, near Pe Ell, the confluences with Elk Creek,
Newaukum River, and Lincoln Creek, and Porter. Five of those river segments are near the ChehalisCentralia Airport.
Ecology (2010b) also performed trend analyses on upper Chehalis Basin temperature data.
Temperature data from 2000 to 2008 during critical months (July-September) from Ecology long-term
monitoring stations at Porter and Dryad were used. Results suggest that while water temperatures
during July and August may be increasing over time, such increases are not statistically significant.

5.3.3

Turbidity

Turbidity refers to the relative clarity of a water sample. Materials that cause water to be turbid include
fine sediments such as clay and silt; algae and other fine organic matter; and colored dissolved organic
compounds. Turbidity depends most often on the amount of suspended sediment in the water. The
higher the amount of sediment, the less clear the water sample is, resulting in a high turbidity
measurement. Depending on the level of turbidity, light penetration in water can be reduced and cause
negative impacts on aquatic life.
As noted in Section 5.3.1, designated uses in the study area include freshwater aquatic life uses,
specifically CSSH and SRM (Table 5.3-1). Although a TMDL is not in place within the study area for
turbidity, elevated turbidity has the potential to occur (Green 2009; Ecology 2010b) (Figure 5.3-1). One
segment of the Chehalis River downstream of the confluence with Lincoln Creek is identified as having
potential turbidity problems and is assigned to Category 2 (waters of concern; Ecology 2019a) (Figure
5.3-1). Another segment of the Chehalis River upstream of the confluence with Newaukum River is
identified as being impaired turbidity and is on the 303(d) list as a Category 5 water (polluted waters
that require a water quality improvement project; Ecology 2019a) (Figure 5.3-4).
Turbidity in the Chehalis River is mainly controlled by instream flow and surface runoff events but is also
influenced by adjacent land use. The capacity of flowing water to carry suspended solids increases as
the water velocity increases (Shen and Julien 1993). A rainstorm can also increase turbidity by
mobilizing solids from surrounding land into the river, increasing river velocity, and eroding and
resuspending in-channel sediments (Anchor QEA 2019b). Land use in the Upper Chehalis basin is
dominated by forested areas (83%), followed by agricultural lands (14%), and urban areas (2%) (Ecology
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2010). A rainstorm is likely to mobilize more solids from disturbed sites (e.g., logged areas) than
undisturbed sites (e.g., forested areas).
Ecology (2010b) performed trend analyses on upper Chehalis Basin turbidity data. Year-round turbidity
data from 1960 to 2009 from Ecology long-term monitoring stations at Porter and Dryad were used. In
addition, data from 296 stations in upper Chehalis River Basin (WRIA23) from 1961 to 2010 were pooled
to provide a larger dataset for a separate trend analysis. Results suggest that there is not a statistically
significant trend in turbidity over time.

5.3.4

Dissolved Oxygen

Dissolved oxygen is the amount of oxygen available to aerobic aquatic organisms. Low dissolved oxygen
concentrations can result in adverse effects on aquatic life. Dissolved oxygen is primarily influenced by
two factors: 1) the temperature of the water; and 2) the balance of dissolved oxygen sources and sinks.
Dissolved oxygen sources include oxygen transferred from the atmosphere to the water surface and
oxygen produced by aquatic plants through photosynthesis. Dissolved oxygen sinks are processes that
consume dissolved oxygen such as the respiration of aquatic organisms and the use of dissolved oxygen
by bacteria that decompose organic matter. Dissolved oxygen concentrations decrease with increased
water temperature, higher aquatic species respiration (such as algae and fish), and higher
concentrations of degradable organic matter from such sources as wastewater treatment plant effluent,
leaves, and other organic debris.
Historically, probable causes of low dissolved oxygen in the Chehalis River have been attributed to the
following (Pickett 1992):

•
•
•

Elevated temperature in the summer from the removal of riparian shading by logging activities
Algal growth, death, and decay as a result of excessive nutrients discharged from the Chehalis
wastewater treatment plant and spills of food processing water into Salzer Creek
Excessive organic material loading from Chehalis wastewater treatment plant discharge and
other sources that have resulted in increased oxygen demand

Based on data collected by Ecology (Ecology 2000, 2010b, 2019b) and other state-funded studies (e.g.,
Anchor QEA 2012, 2014), Chehalis River dissolved oxygen concentrations frequently drop below the
applicable water quality criteria (Table 5.3-1).
To address the low dissolved oxygen problem, a dissolved oxygen TMDL was developed and approved in
2000 (Ecology 2000). Currently, two segments, near the upstream end of Lincoln Creek and near Porter,
are identified as having potential dissolved oxygen problems and are assigned to Category 2 (waters of
concern; Ecology 2019a) (Figure 5.3-1). Twelve segments of the Chehalis River in the study area are
identified as being impaired for dissolved oxygen and are assigned to Category 4a (waters that have
pollution problems and have a TMDL in place). As shown in Figure 5.3-2, those river segments are all
located downstream of the proposed flood retention facility, near Pe Ell, and around the river’s
confluences with Elk Creek, Newaukum River, and Lincoln Creek. Five of those river segments are
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located near the airport. One segment of the Chehalis River near Dryad is identified as being impaired
for dissolved oxygen and is on the 303(d) list as a Category 5 water (polluted waters that require a water
improvement project; Ecology 2019a) (Figure 5.3-4).
Ecology (2010b) performed trend analyses on upper Chehalis Basin dissolved oxygen data. Year-round
dissolved oxygen data from 1960 to 2009 from Ecology long-term monitoring stations at Porter and
Dryad were used. Results suggest that there is not a statistically significant trend in dissolved oxygen
over time.

5.3.5

Nutrients

Nutrients in water, primarily nitrogen and phosphorus, contribute to algal growth and subsequent
death. Eutrophication occurs when excessive concentrations of nutrients lead to high algal growth. This
can have negative environmental impacts because algal blooms block sunlight, reduce dissolved oxygen
when dead algae are decomposed by bacteria, and, in some cases, release toxins. Nutrients occur
naturally, but many of the nutrients in waterbodies come from human activities such as discharge from
wastewater treatment plants, agricultural fertilizer use, and stormwater release.
Elevated nutrient concentrations are an indicator of poor water quality and are often inversely
associated with dissolved oxygen concentrations. Previous studies showed elevated nutrient
concentrations in the Chehalis River below the Chehalis and Darigold wastewater treatment plant
outfalls (Figures 5.3-1 through 5.3-4) due to wastewater treatment plant discharges and industrial point
sources (Ecology 1994). TMDLs were developed to address the problem by limiting nutrient loads to the
river as part of the effort to improve dissolved oxygen concentrations (Ecology 1994, 2000). Recent data
show that nutrient concentrations throughout the study area are generally low (Anchor QEA 2014).
In Washington, there are no direct water quality standards for phosphorus in rivers. Ammonia, which is
a highly bioavailable form of nitrogen and considered a nutrient, is toxic to fish when present at high
concentrations. Toxicity criteria for ammonia are applicable in Washington for freshwater uses
(WAC 173-201A-240). Salmonid habitat is a designated freshwater use in the study area. Four segments
of the Chehalis River are currently assessed as Category 1 waters (waters that meet tested standards for
clean waters) for ammonia toxicity (Ecology 2000, 2019a). These river segments are located from
upstream of the confluence with Elk Creek to near Porter.

5.3.6

Chlorophyll a

Chlorophyll a is the primary photosynthetic pigment found in most plants and freshwater phytoplankton
species, including green algae. It is relatively easy to measure and hence is commonly used as an
indicator of algal biomass. Elevated chlorophyll a concentration indicates high algal biomass and are
generally associated with degraded water quality due to reduced aesthetics, decreases in dissolved
oxygen concentration under some circumstances, and potential for harmful algal blooms.
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In Washington, there are no direct water quality criteria for chlorophyll a concentrations. Anchor QEA
measured chlorophyll a concentration in the Chehalis River water column at multiple locations
throughout the study area in the summers of 2013 and 2014. Results show that chlorophyll a
concentrations are generally low and seldom exceed 5 µg/L, suggesting that algal production is limited
in the study area (Anchor QEA 2014).

5.3.7

Fecal Coliform

Fecal coliform bacteria are an indicator of fecal contamination by warm-blooded animals from sources
such as livestock operations and industrial and municipal stormwater. Human contact with water
contaminated with elevated fecal coliform concentrations can cause a variety of illnesses.
A designated use of the Chehalis River in the study area is primary contact recreation, which includes
such activities as swimming. Water quality criteria for fecal coliform are specified in Table 5.3-1.
Previous studies showed elevated fecal coliform concentrations in the Chehalis River (Ecology 2004).
A TMDL was developed to address the problem by limiting bacterial loads to the river (Ecology 2004).
Recent data show that fecal coliform concentrations in the upper Chehalis River have decreased since
implementation of the 2004 TMDL (Ecology 2010b, 2019a). Currently multiple segments of the upper
Chehalis River are identified as Category 1 (waters that meet tested standards for clean waters), two
segments are identified as having potential fecal coliform problems and are assigned to Category 2
(waters of concern) (Figure 5.3-1), and two segments are identified as being impaired for fecal coliforms
and are assigned to Category 4a (waters that have pollution problems and have a TMDL in place;
Ecology 2004, 2019a) (Figure 5.3-2).
Ecology (2010b) performed trend analyses on upper Chehalis Basin fecal coliform bacteria data.
Year-round fecal coliform bacteria data from 1975 to 2009 from Ecology long-term monitoring stations
at Porter and Dryad were used. In addition, data from 327 stations in upper Chehalis River Basin
(WRIA23) from 1971 to 2010 were pooled to provide a larger dataset for a separate trend analysis.
Results suggest that fecal coliform bacteria concentrations have decreased since the 1970s.

5.3.8

pH

pH measures the acidity or alkalinity of water. Changes in pH can be an indicator of pollution problems
such as eutrophication (Pickett 1992). Applicable aquatic life uses in the study area include CSSH and
SRM (Table 5.3-1). The Chehalis River in the study area is not on the 303(d) list for pH, and there is no
TMDL in place for pH for that section of the river. As shown in Figure 5.3-1, two segments of the river
near Doty and Dryad are identified as having potential pH problems and are assigned to Category 2
(waters of concern) based on pH exceedances in 2005 and 2009 (Ecology 2019a). More recent data
show that nearly all pH data throughout the upper Chehalis River meet the applicable water quality
criteria (Anchor QEA 2014; Green et al. 2009).
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5.3.9

Toxics

Toxic contaminants in the Chehalis River have not been identified as a significant concern. Only two
segments of the Chehalis River in the study area are included in the water quality assessment 305(b) list
(Ecology 2019a). Both are based on data from the 1990s, are listed as Category 5 (polluted waters that
require a water quality improvement project) and are for fish tissue (one for polychlorinated biphenyls
[PCBs] and the other for dioxin; Figure 5.3-4). There is no toxic contaminants information related to
surface water in the 305(b) list (Ecology 2019a).

5.4

Groundwater

5.4.1

Chehalis Basin Aquifer System

Groundwater in the Chehalis Basin occurs in both confined and unconfined aquifers. Aquifers are
saturated and permeable subsurface layers or geologic units that yield groundwater in recoverable
quantities via wells or springs (Heath 1983; Gendaszek 2011). Confined aquifers are those that are
overlain by impermeable (confining) layers that prevent groundwater from equilibrating with
atmospheric pressure; these confining layers also inhibit water exchange between the confined aquifer
and any overlying aquifers. Unconfined aquifers are not restricted by confining layers, allowing
groundwater to equilibrate to atmospheric pressure. Unconfined aquifers rise and fall in response to
groundwater recharge and discharge and are more readily recharged by surface waters and
precipitation that infiltrates through the overlying soil.
During a 2011 groundwater and surface water interaction study for USGS, Gendaszek (2011) defined
multiple hydrogeologic units that characterize the aquifers of the Chehalis Basin. Five primary
hydrogeologic units were identified above a low-permeability basal bedrock unit (Figure 5.4-1). These
units included four different aquifers (A aquifer, C aquifer, D undifferentiated aquifers and confining
units, and E aquifer) and a confining unit that occurs in unconsolidated (loose) and consolidated (solid)
material of glacial and alluvial origin (B confining unit; Gendaszek 2011). Of these aquifers, the
uppermost is designated the A aquifer. The A aquifer is a surficial aquifer that occurs in the
unconsolidated sand and gravel alluvium that extends throughout the major river valleys and lowland
prairies of the Chehalis River and its tributaries. The approximate boundaries of the A aquifer are similar
to the Chehalis River watershed surficial aquifer previously delineated by Ecology (Garrigues et al. 1998).
Because of the relatively high permeability of unconsolidated material, the A aquifer may be more
affected by precipitation, evapotranspiration, and surface water levels than other more confined
aquifers. In the Chehalis Basin, the thickness of the A aquifer is estimated to range between 4 and
150 feet with an average thickness of 20 feet (Gendaszek 2011). The depth to the water table of the
A aquifer generally varies from less than 10 to 30 feet below the ground surface (Garrigues et al. 1998).
The A aquifer comprises the most extensive shallow aquifer in the Chehalis Basin in terms of area and is
the primary aquifer in the portions of the study area downstream from the proposed flood retention
facility location (Gendaszek 2011). Groundwater in the A aquifer interacts readily with surface waters in
the Chehalis Basin, including the Chehalis River and its tributaries (Pitz et al. 2005; Gendaszek 2011).
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Accordingly, the A aquifer could be affected by projects that impact surface water. Although deeper
aquifers are present, those aquifers are separated from surface waters by multiple confining layers.
Accordingly, they do not interact readily with surface waters in the Chehalis Basin.
Based on hydrogeological mapping, the extent of the Chehalis Basin surficial aquifer in the location of
the proposed flood retention facility and its associated temporary reservoir is either largely absent
(see Plate 1 of Gendaszek 2011) or limited in extent to areas immediately adjacent to the river and its
tributaries (see Figure 7 in Garrigues 1998). The primary hydrologic unit underlying the proposed flood
retention facility and its associated temporary reservoir is the basal bedrock unit. Because of the low
permeability of the bedrock, interaction between the bedrock unit and surface water in this vicinity is
presumed to be minimal.
In the location of the proposed Airport Levee Improvements site, the A aquifer is much more extensive
and extends across the width of the 100-year floodplain (Figure 5.4-1). More permeable alluvial
deposits predominate in that area and groundwater and surface water interact more readily.
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Figure 5.4-1
Hydrogeologic Map of the Chehalis River Basin
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5.4.2

Groundwater Recharge

Groundwater recharge typically happens on a regional scale and can occur through multiple means
including both natural sources (e.g., precipitation, discharge from surface waters) and human-induced
sources (e.g., irrigation runoff infiltration, injection wells). In the study area, groundwater is primarily
recharged by precipitation (Gendaszek and Welch 2018). In general, precipitation that reaches the land
surface either flows to nearby rivers and streams as surface or subsurface runoff or infiltrates into the
ground. A portion of the precipitation that infiltrates into the ground moves into underlying aquifers,
providing recharge. Most groundwater recharge of the A aquifer in the upper Chehalis Basin occurs in
the highlands (Willapa Hills, Cascade Range foothills), where precipitation rates are the highest, and
along the banks and adjacent floodplains of the river and tributaries (Gendaszek and Welch 2018).
Recharge rates in those areas are typically limited by soil properties, especially infiltration capacity and
overland flow potential. Higher groundwater recharge rates tend to occur in soils with high infiltration
capacity and low overland flow potential.
High flows in rivers and streams also provide localized recharge to the A aquifer in the Chehalis Basin.
When a rapid rise in water elevation in a stream or river occurs due to heavy rainfall, snowmelt, or the
release of water from a reservoir, water within the stream or river channel moves into the banks where
it is stored until the water elevation in the channel drops below the top of the adjacent banks (Winter
et al. 1999). At that point, the water stored in the banks returns to the channel over a period of days or
weeks. This process is known as bank storage and tends to reduce flood peaks and later supplement
streamflow. In losing stream segments (streams that flow into groundwater are called losing streams
while streams fed by groundwater discharges are referred to as gaining streams), water that moves into
the stream banks during high-flow conditions can contribute to more sustained groundwater recharge
because the water does not flow back into the stream, but infiltrates into the ground, ultimately
percolating to the aquifer below.
If the rise in water is sufficient to cause overbank flooding, inundating the land in the surrounding
floodplain, widespread recharge of the water table can occur across the flooded area (Winter et al.
1999). This process is known as overbank flood recharge and differs from bank storage in that the
direction of infiltration into the ground is vertical rather than horizontal (Doble et al. 2012). The volume
of recharge that occurs during overbank flood recharge is highly variable between sites and can depend
on multiple factors including the extent, depth, and duration of inundation; the soil types and
topography of the floodplain; and the depth and characteristics of the underlying groundwater system.
For the Chehalis Basin, overbank flood recharge is a relatively minor contributor to total groundwater
recharge in the Chehalis Basin surficial aquifer because recharge rates in the floodplains are estimated
to be relatively low during a major flood (Anchor QEA 2019c). Soils in the floodplain have an estimated
maximum recharge rate of between 0.6 to 2 inches per day (Gendaszek and Welch 2018). The depth
and duration of flooding varies throughout the floodplain, but generally lasts for a period of 1 to 3 days
during a major flood, during which, recharge of between 0.6 to 6 inches to the surficial aquifer could
occur via overbank flood recharge (Anchor QEA 2019c). Because major floods occur with a frequency of
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approximately 1 in 7 years, the average annual amount of recharge from such floods is estimated to be
approximately 0.1 to 0.8 inch per year. This recharge rate would apply to the flooded area.
Precipitation is a much greater source of groundwater recharge to the surficial aquifer with an
estimated average annual recharge contribution of 22 inches per year that applies to the entire area of
the aquifer (Gendaszek and Welch 2018).

5.4.3

Groundwater Movement and Connectivity

Groundwater flows in the A aquifer typically move through unconsolidated sediments on the hilltops
and in the valley bottom, with the older, basal bedrock forming the lower boundary of the aquifer. Flow
direction is primarily toward the larger surface water drainages such as the Chehalis River and its
tributaries (Drost et al. 1998). However, surface waters can also flow into groundwater under certain
conditions. The direction of flow between a stream and groundwater is determined by the elevation of
the water table relative to the stream channel (Winter et al. 1999). If the groundwater table is higher
than the stream surface water elevation, then groundwater will discharge to the stream; if it is lower,
then the stream will flow into the groundwater system. Many stream and river systems include a
combination of both gaining and losing reaches. In some situations, the direction of flow between
groundwater and a surface water can vary seasonally or even over short timeframes depending upon
the amount of flow being carried by a river or stream (Winter et al. 1999).
In a USGS surface water seepage study conducted by Ely et al. (2008), an alternating pattern of gaining
and losing reaches was identified in the Chehalis Basin under low flow conditions (Ely et al. 2008). That
study extended along the mainstem Chehalis River between Doty and the Chehalis River’s confluence
with the Satsop River. It included the portion of the study area located downstream from the proposed
location of the flood retention facility. For the upstream portion of the study area, including the
proposed location of the flood retention facility and its temporary reservoir, it is presumed that
groundwater flows primarily occur as lateral subsurface flow through the overlying soil (and not aquifer
discharge) toward the Chehalis River and its tributaries under both low- and high-flow conditions.
Lateral subsurface flow is the horizontal movement of water in the unsaturated zone (i.e., above the
water table) that travels to a stream channel rather than into an underlying aquifer. This presumption is
based on the presence of moderate to moderately steep slopes adjacent to the channel, the incised
condition of the channel, and proximity of low-permeability bedrock to the soil surface in this section of
the Chehalis River.
The interface between groundwater and flowing surface water in a river or stream is known as the
hyporheic zone. The hyporheic zone is generally defined as the subsurface area where surface water in
a river or stream flows through short segments of its adjacent bed and banks (Winter et al. 1999). It is
essentially the location where surface and groundwater interact and primarily consists of the saturated
open spaces between soil or sediment particles below the channel bed and along the adjacent banks
(Boulton et al. 2010). Such areas are transitional areas where the exchange of water, nutrients, and
organic matter occur as a result of various factors including hydraulic and chemical gradients,
topography, and sediment type (Environment Agency 2005; Bouton et al. 2010). Biologically, the
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hyporheic zone represents a transition zone between different habitat types that encompasses water
flow and both living and non-living components of surface water and groundwater interactions
(Gardner 1999). The hyporheic zone provides a number of important ecological, biological, and
biogeochemical functions including habitat and refuge for a variety of freshwater microorganisms and
macroinvertebrates and parts of some fish life stages (Hancock 2002; Environment Agency 2005; Bouton
et al. 2010; Marzadri et al. 2012).
In the upper portion of the study area, including the area where the proposed flood retention facility
and associated temporary reservoir would be located, the depth and lateral extent of the hyporheic
zone is likely limited. In that area, the river is bordered by moderate to moderately steep slopes and
depth to bedrock is shallow. Due to the higher energy flows in that portion of the river, channel
substrates are typically dominated by gravel and cobbles with a limited amount of finer sediment. Such
conditions constrain the hyporheic zone especially at the proposed flood retention facility location.
In the downstream portions of the Chehalis River, the hyporheic zone is likely more extensive. This is
because the surficial aquifer is much wider in those locations and there is more sediment in the channel
substrate. In those locations, it is possible that the hyporheic zone may extend laterally into portions of
the floodplain, across meanders, and into segments of former river channels and oxbow lakes
(see Figures 1 and 3 of Magliozzi et al. 2018). Because of the immediate proximity of the hyporheic zone
to the surface water in the river channel, any project that impacts surface water could impact the
hyporheic zone.

5.4.4

Groundwater Quality

The water quality of groundwater can be affected by a variety of activities, including both natural
sources and human actions. Naturally occurring substances found in soil and rocks, such as iron,
manganese, arsenic, chlorides, fluorides, and sulfates, among others, can become dissolved in
groundwater, increasing concentrations beyond the limits set by federal or state water quality standards
for groundwater (USEPA 1993).
For human actions, any activity where chemicals or wastes could be intentionally or accidentally
released into the environment has the potential to pollute groundwater (USEPA 1993). Examples of
potential pollution sources include septic systems, landfills, pesticide and fertilizer use, land application
of animal wastes, chemical and petroleum storage facilities, construction equipment, hazardous waste
disposal sites, and industrial and municipal surface impoundments. Releases of chemicals or wastes
from such sources can move through the soil column and areas of fractured rock into underlying
aquifers. Soils with high porosity or permeability can readily facilitate the transfer of such contaminants.
The subsequent transfer of pollutants between groundwater and surface water can occur via many
pathways. Polluted groundwater sources can carry contaminants into the surface waters that they
discharge into and, under certain conditions (e.g., losing streams), polluted surface waters can carry
contaminants into groundwater. During overbank flooding, contaminants carried by surface waters can
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also be carried out into the floodplain where they can infiltrate into the groundwater system as
floodwaters recede.

5.4.4.1

Groundwater Quality in the Chehalis Basin

5.4.4.1.1

Previous Studies

Multiple groundwater studies have been performed in the surficial aquifer of the Chehalis Basin to
characterize groundwater quality. A summary of some of these studies and their findings is provided in
the following sections.
1993 Chehalis River TMDL, Groundwater Reconnaissance and Estimated Inflow Study (Erickson 1993)
In 1993, Ecology conducted a groundwater reconnaissance study for the Chehalis River TMDL to assess
the general quality of groundwater of the surficial aquifer from six contributing subaquifers that
discharge to the river between RM 86 and RM 60 (Erickson 1993). The results of that study indicated
groundwater quality in that location of the river was highly variable. Chloride, total organic carbon,
biochemical oxygen demand, and ammonia-N concentrations were found to be highest in the ClaquatoGolf Course subaquifer between RM 72 and RM 77.5. The study also noted that nitrate plus nitrite
nitrogen concentrations were generally higher in the downstream subaquifers, while phosphorus
concentrations were generally higher in the upstream subaquifers in this portion of the river.
1998 Chehalis River Watershed Surficial Aquifer Characterization (Garrigues et al. 1998)
In 1998, Ecology conducted a study to characterize and document the distribution of surficial aquifers
within the entire Chehalis River watershed (Garrigues et al. 1998). As part of that study, the
susceptibility of the identified surficial aquifers to contamination from surface activities was also
assessed. That assessment focused on various hydrogeologic variables that are known to influence
contamination susceptibility. Variables considered included depth to groundwater, soil permeability,
presence or absence of near-surface clay layers, and the nature and rate of contaminant loading. Based
on those criteria, the study determined that the surficial aquifers in the Chehalis River watershed are
highly susceptible to contamination because the water table of these surficial aquifers is generally
within 20 feet of the land surface, laterally-extensive near surface clay layers are scarce, and soil
permeability is often high. The study cited the presence of multiple dairy farms in the vicinity of the
Scatter Creek-Black River aquifer system as a potential source of the elevated nitrate concentrations in
downgradient groundwater.
2005 Hydrology and Quality of Groundwater in the Centralia-Chehalis Area Surficial Aquifer
(Pitz et al. 2005)
Between 2003 and 2005, Ecology conducted a hydrogeological assessment of the shallow CentraliaChehalis surficial aquifer to pilot test a standardized technical approach for Washington’s groundwater
assessment program (Pitz et al. 2005). The study area for this assessment centered on the cities of
Centralia and Chehalis and generally included the portion of the surficial aquifer located along the
Chehalis River between Littell and Grand Mound. A section of the surficial aquifer along Dillenbaugh
Creek and the Newaukum River was also included. The purposes of the study were to characterize the
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hydrogeological setting of the aquifer, monitor and describe local ground and surface water
interactions, and monitor and describe the current ambient groundwater quality and water levels. In
general, the study found that the aquifer system was in close hydraulic connection to the Chehalis River
and its tributaries. Water quality sampling results indicated that the temperature of groundwater in the
middle Chehalis Basin is generally cool and that water quality is generally good. All wells tested were
below the state’s public drinking water criterion for nitrate (10 mg/L; WAC 173-201A). Elevated nitrate
plus nitrite nitrogen concentrations between 5 and 10 mg/L were recorded northwest of Centralia in the
Ford’s Prairie area, which was consistent with past studies. Approximately 33% of the wells sampled
exceeded the secondary (aesthetic) drinking water standards for iron and manganese (0.3 and
0.05 mg/L, respectively) and 20% exceeded the secondary criterion for sodium. No significant
concentrations of volatile organic compounds or dissolved lead were identified in any of the wells
sampled. The study also noted that dissolved arsenic occurs naturally the groundwater within the
Chehalis Basin at background concentrations of up to 1 microgram per liter (µg/L). The Washington
state water quality criterion for arsenic in groundwater is 0.05 µg/L (WAC 173-200-040).
2014 Anchor QEA Groundwater Temperature Study (Anchor QEA 2014)
In 2014, Anchor QEA completed a water quality characterization study to support the fish impact
analysis for the Chehalis Basin Strategy (Anchor QEA 2014). As part of that effort, groundwater
temperatures were measured at nine existing domestic wells previously used by USGS to monitor
groundwater levels. The sampled wells were located in gaining river reaches identified by Ely et al.
(2008) as providing the greatest contributions to surface water flow. Temperature measurements were
conducted in September 2013, October 2013, and July 2014. In general, the results indicated that
groundwater temperatures in September 2013 and July 2014 were significantly cooler than surface
water (by up to 6°C), whereas in October 2013, 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.
Overall, groundwater in the Chehalis Basin surficial aquifer was found to be of good quality. Areas with
elevated concentrations of contaminants (primarily nitrate plus nitrite nitrogen) do occur in the
downstream portion of the study area and appear to be associated with agricultural and other types of
developed land uses.

5.4.4.2

Known Groundwater Contamination Sites

Online records obtained from Ecology’s Toxics Cleanup Program indicate that there are numerous sites
throughout the study area where groundwater in the surficial aquifer has been or is suspected to be
contaminated by toxic substances (Ecology 2019c). The majority of this contamination is localized and
associated with commercial or industrial businesses. The most common groundwater contaminants
recorded are petroleum-based compounds, including gasoline, diesel fuel, and unspecified petroleum
products. Other known or suspected toxic contaminants in groundwater include polychlorinated
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biphenyls, benzene, lead, metal priority pollutants, other metals, mercury, arsenic, tributyltin,
halogenated organics and solvents, non-halogenated organics and solvents, basic/neutral/acidic
organics, phenolic compounds, polycyclic aromatic hydrocarbons, pesticides, methyl tertiary-butyl
ether, dioxin/dibenzofuran compounds, corrosive wastes, and conventional organic and inorganic
contaminants. The most common source of these pollutants is from leaking underground storage tanks
(e.g., fuel storage, heating oil, chemicals).
Most of the sites identified by Ecology have either been cleaned up and remediated, are in the cleanup
process, or have planned cleanup actions. Most cleanup activities have or are being performed under
independent actions or through Ecology’s Voluntary Clean-up Program. A few sites are under an
Ecology- or federal-supervised or conducted cleanup process.

5.5

Water Use and Water Rights

The Chehalis Basin has more than 2,500 water rights (permits and certificates, including both surface
water and groundwater; these are typically grouped together because most groundwater is in close
connection with surface water in this basin [CBP 2004]). The total authorized withdrawal in the basin is
about 3,000 cfs (Ecology 2017a; CBP 2004), which includes multiple municipal and commercial water
purveyors (Table 1 of CBP 2004, Supplement Section IV). This authorized withdrawal also includes a
significant, nonconsumptive water right for hydroelectric power generation on the Wynoochee River
and another water right for the Centralia Big Hanaford coal and natural gas power plant from the
Skookumchuck River (Ecology 2017a; CBP 2004).
Actual water use in the Chehalis Basin is highly uncertain, due to few measurements and thousands of
unvalidated water rights claims, an unknown portion of which may be diverting water for use (Ecology
2017a; CBP 2004). An estimate of domestic, irrigation, and livestock water usage was developed for
CBP (2004, Figures ES-2 and ES-3 in Supplement Section III), resulting in 113 cfs for the upper Chehalis
Basin (WRIA 23) and 42 cfs for the lower Chehalis Basin (WRIA 22). These estimates are simplified, in
that they represent the long-term, steady average usage for these three categories of use, whereas
actual usage will show distinct peaks and valleys over the course of each day and over the seasons. For
example, water usage is highest in the summer, when precipitation and river flows are generally the
lowest, and demands, particularly irrigation demands, are the highest (CBP 2004). Furthermore, these
2004 water use estimates likely underestimate current and future usage. Future water usage may
expand but would be limited by the availability of water rights. Most of the Chehalis Basin is closed to
new water rights, due to difficulty in meeting the required minimum instream flows.
In addition to water rights for human uses, minimum instream flows have been established by Ecology
to protect instream resources such as fish and wildlife, aesthetics, water quality, navigation, livestock
watering, and recreation (Ecology 2017b). Such instream flow requirements, set as streamflows in cfs,
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have been established at the following five locations on the mainstem of the Chehalis River
(WAC 173-522-020):

•

Upper Chehalis Basin
‒
Chehalis River upstream of Elk Creek
‒
Chehalis River from Elk Creek to Newaukum River
‒
Chehalis River from Newaukum River to Prairie Creek (including Grand Mound)
‒
Chehalis River from Prairie Creek to Porter Creek (including Porter)

•

Lower Chehalis Basin
‒
Chehalis River from Porter Creek to just below the confluence with Satsop River

Minimum instream flows are not always met under current conditions. For example, at Grand Mound,
minimum instream flows range from 165 cfs in August and September to 1,300 cfs from December to
April (WAC 173-522-020[2]). An analysis of flow from water years 1929 to 2015 indicated that only
8 years had no days below the minimum instream flow, and the maximum number of days below the
minimum instream flows was 154 (42%; Anchor QEA 2016). Minimum instream flows have also been
less likely to be met from May through August. 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 (WAC 173-522-020).
A fundamental characteristic of the proposed project is that it would only affect water flows during
major floods. Accordingly, water use and water rights during lower flows are not critical to evaluating
the proposed project and are not described in detail.

5.6

Climate Variability

This section provides a discussion of the historical and current climate of the study area, including an
analysis of how it could potentially change under future climate variability scenarios. The analysis
focuses on the potential changes in the climate of the Chehalis Basin as a result of modeled climate
variability in the 21st century (2000 to 2099) relative to historical conditions.
The climate variability analysis is based on established, peer-reviewed and state-of-the-art climate
projections and historical observations to determine potential trends for a range of relevant climate
variables including temperature, precipitation, and snowfall. The analysis also evaluated how changes in
those variables could affect the frequency of drought, flooding, and wildfires, as well as sea level and
river temperatures. The analysis considered both long-term (chronic) and short-term, extreme (acute)
climate variables to fully understand climate variability and potential impacts in the study area. The
analysis did not address how the proposed project itself might contribute to or affect climate variability
by changing the production or sequestration of carbon.
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5.6.1

Temperature and Temperature Extremes

The Chehalis Basin is typically characterized as having relatively cool winters and moderately warm
summers. Historically, average temperatures have ranged from approximately 41°F in January and 75°F
in August (USGS 2019g). Over the last century (1901 to 2000), both annual average maximum (i.e.,
daytime high) and the annual average minimum (i.e., nighttime low) temperatures in the Pacific
Northwest have increased by approximately 1.5°F (Vose et al. 2017). Temperature extremes (e.g., cold
snaps, heat waves) occur in the Chehalis Basin, with the occurrence of cold extremes typically occurring
less frequently than warm extremes (Vose et al. 2017; Peterson et al. 2013; Bumbaco 2013). Over the
last century (1901 to 2000) the occurrence of cold extremes has decreased over time while warm
extremes, especially nighttime heat waves, have increased in frequency.
Future climate variability is expected to result in an increase in air temperature across the United States
with warming expected to be slightly greater in summer months and amplified in the northern parts of
the United States (Vose et al. 2017). In the Pacific Northwest, potential increases in annual average air
temperatures are projected to be between 3.7 and 4.7°F by mid-century (2036 to 2065) and 5.0 and
8.5°F by late-century (2071 to 2100) (Vose et al. 2017). In the counties that contain the Chehalis Basin,
projected average changes in temperature include an increase in the annual mean minimum (winter) air
temperatures in the Chehalis Basin area of 2.2 to 2.8°F by 2040 and 4.1 to 6.8°F by 2080 (USGS 2019g).
Average potential increase in the annual mean maximum (summer) air temperature in the Chehalis
Basin area is projected to be between 2.2 to 2.9°F by 2040 and 4.2 to 7.0°F by 2080 (USGS 2019g).
Overall, climate variability is expected to result in warmer winters and hotter summers.
Climate variability is also projected to result in more extreme heat events in the summer and fewer
extreme cold events in the winter. Historically rare extreme high temperatures are projected to become
more common, with the Chehalis Basin potentially experiencing up to 10 additional days of
temperatures above 90°F in the summer (Vose et al. 2017).
Projected increases in both minimum and maximum temperatures and extreme heat events in the
Chehalis Basin would increase evapotranspiration during the spring and summer. Such conditions would
reduce soil moisture and increase the likelihood of droughts and wildfires. Hotter summer conditions
would also lead to higher water temperatures in rivers and streams. With warmer temperatures during
the winter, wintertime precipitation would shift from snow to rain in the higher elevation portions of
the basin. This shift could increase winter streamflow and contribute to higher downstream flows and
increased flooding potential. Such occurrences could in turn increase slope instability, resulting in
increased potential for debris flows, mudflows, and landslides in the steeper portions of the Chehalis
Basin.

5.6.2

Precipitation and Precipitation Extremes

In the Chehalis Basin, precipitation varies considerably between seasons as evidenced by the occurrence
of very wet winters and dry summers. In Lewis County, monthly average precipitation ranges from
approximately 1.1 inches in July to 10.9 inches in January (USGS 2019g). Although annual precipitation
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has not changed significantly over the last century, the amount of precipitation that falls in the winter
and summer has slightly declined while spring precipitation amounts have slightly increased(Easterling
et al. 2017). Atmospheric river events have historically caused abnormally high (extreme) rainfall in the
Chehalis Basin, but the frequency and intensity of such events has not changed much over the last
century.
As a result of future climate variability, annual precipitation amounts in the Pacific Northwest are
projected to increase by 5 to 8% by latter part of 21st century relative to 1979-1990 baseline
(May et al. 2018). The largest precipitation increases in the Chehalis Basin are projected to occur during
the winter months with potential increases of up to 10% more than baseline amounts by the latter half
of the century (2070 to 2099) (Easterling et al. 2017). During this same period, summer precipitation is
projected to decrease by 10 to 20% (Easterling et al. 2017). Climate models have less confidence in
predicting changes in precipitation than changes in temperature, especially with the confounding
influence of natural climate variability caused by such events as El Niño and La Niña, which strongly
influence precipitation over seasonal and interannual time periods in the region.
The frequency of extreme precipitation events is also projected to increase in the future. This is due to
both projected increases in atmospheric water vapor and convective energy resulting from higher
temperatures, and projected increases in the frequency and intensity of atmospheric river events along
the west coast. Such events are also expected to become more intense.
The projected increases in winter precipitation and the frequency and intensity of atmospheric river
events would both contribute to an increased risk of winter and spring flooding in the Chehalis Basin.
Such conditions could also increase slope instability, resulting in a higher potential for debris flows,
mudflows, and landslides. Decreased summer precipitation coupled with higher summer temperatures
would reduce flow in rivers and streams and likely increase instream water temperatures.

5.6.3

Snowfall

The Chehalis Basin is “rain-dominated” (i.e., rain produces more runoff than snow), in part because most
of the basin is low-lying and maintains relatively warm temperatures due to the moderating influence of
the Pacific Ocean. However, the Chehalis Basin does have a few areas that accumulate snowpack during
the fall, winter, and early spring. Those areas occur at higher elevations in headwater streams of the
southern Olympic Mountains, Cascade foothills, and a very small portion of the Willapa Hills (Perry et al.
2016). Historically, snowfall in those portions of the Chehalis Basin typically begins in November, with
peak snowfall amounts occurring between February and late March (USGS 2019g). Snowfall then tapers
off until June.
Projected changes in snowfall due to climate variability include decreases in annual snowpack, and
future snow water equivalent, number of extreme snowfall events, and number of snowfall
days(Georgakakos et al. 2014; Easterling et al. 2017). In the counties that contain the Chehalis Basin,
projected decreases in snowfall range from an average of 1.9 to 2.4 inches by mid-century (2025 to
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2049) to 2.8 to 3.3 inches by late-century (2050 to 2074) (USGS 2019g). It is expected that there will be
a shift from snow to rainfall in the Chehalis Basin over time, reducing the amount of water retained in
snow from fall and winter storms.
As a result of these projected changes in snowfall, winter flows in headwater streams in portions of the
Chehalis Basin that currently support snowpack accumulation would be expected to increase as
precipitation contributes directly to runoff instead of being retained as snowpack. When coupled with
increased winter precipitation through the rest of the basin, this could in turn lead to an increased
potential for winter flooding and landslides in downstream portions of the basin. In addition, the
reduction in snowpack may also lead to increased drought risk due to less water availability from snow
melt in the spring and summer.
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6 ENVIRONMENTAL CONSEQUENCES
This section describes the environmental consequences of the No Action Alternative, Alternative 1, and
Alternative 2.

6.1

Assumptions

The assumptions listed in this section were used in the analysis of impacts on water quantity and quality.

6.1.1

Surface Water Hydrology and Floodplains

•

Potential impacts caused by climate variability (e.g., changes in flows or temperature) that is
different from the current condition are addressed qualitatively where relevant under the No
Action Alternative and Alternatives 1 and 2.

•

Within the study area, potential surface water hydrology and floodplain effects are quantified to
Grand Mound (near RM 60). Potential impacts from Grand Mound downstream to RM 33 are
addressed quantitatively where possible. In areas where this is not possible, such impacts are
evaluated qualitatively because of the diminishing effects of the project downstream of
Grand Mound and increasing hydrologic complexity in the vicinity of the Black River.

•

Hydrologic impacts from the operation of the Airport Levee Improvements would be negligible.
The primary function of the existing Airport Levee Improvements is to keep water out of the
airport area during floods of up to a 500-year recurrence interval. The increased footprint of the
Airport Levee Improvements relative to the existing levee is too small to appreciably affect
infiltration and runoff to the river. When the Airport Levee Improvements keep water out of the
airport area (e.g., during a flood), there would be a temporary increase in water in the channel;
the resulting increase in water levels is predicted by the hydraulic model.

•

The flood retention facility is expected to temporarily retain water during a major flood, which is
defined as a 7-year or larger flood (38,800 cfs at Grand Mound). However, in this report,
quantitative analyses are focused on the 10-year flood (45,350 cfs), and the 10-year flood is
referred to as a major flood. The 10-year flood is used because historical analyses, evaluations,
and modeling tools are based on this flood and it is similar to the 7-year flood.

•

The 10-year and 100-year floods provide reasonable bounds on the impacts of the alternatives
on flood levels.
‒
Floods smaller than the 10-year flood do not need to be examined because the flood
retention facility would only operate during a 7-year flood or larger (and the 7-year flood is
similar to the 10-year flood) and the Airport Levee Improvements would have the same
effect on smaller floods as they have on the 10-year flood.
‒
Floods larger than the 100-year flood do not need to be examined, because of an
expectation that, at least qualitatively, the impact of the flood retention facility and Airport
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Levee Improvements would be similar for larger floods as for the 100-year flood. It is
recognized that floods larger than the 100-year flood would cause more flooding than the
100-year flood. However, the flood retention facility and Airport Levee Improvements
would still provide benefits under such events. In such larger floods, the quantity of water
held back by the proposed flood retention facility could be larger than that held back during
a 100-year flood, because the flood retention facility capacity is not exhausted in the 100year flood.

•

The following list of assumptions pertain to proposed pre-construction vegetation management
activities in the footprint of the temporary reservoir of the flood retention facility:
‒
The total proposed area of tree removal is approximately 485 acres.
‒
The total proposed area of tree retention is approximately 226 acres.
‒
Following initial tree removal, replanting of flood‐tolerant native shrubs and trees would be
performed in areas susceptible to increased risk of landslides and erosion.
‒
For impact assessment purposes, it is assumed that no invasive species control would occur
in the temporary reservoir footprint and that invasive species control would be
implemented as a mitigation measure.

•

The following list of assumptions pertain to post-construction vegetation management activities
in the footprint of the temporary reservoir of the flood retention facility:
‒
Tree removal from riparian areas would result in substantial removal of shade‐providing
vegetation from along the Chehalis River mainstem and all tributaries within the portion of
the temporary reservoir footprint below 584 feet North American Vertical Datum of 1988
(NAVD88). Trees and shrubs that remain would never be able to provide an equivalent level
of shading compared to current conditions.
‒
Although shrubs and small trees would remain in the cleared portions of the temporary
reservoir footprint following initial tree removal, they would be subject to occasional
flooding during retention events and many would be expected to die during prolonged
inundation.
‒
Inundation associated with each retention event would essentially result in the resetting of
the vegetation communities present in the temporary reservoir area.
‒
For these reasons, in the modeling described below, all riparian vegetation is assumed to be
removed, resulting in no vegetative shading.

6.1.2
•

Surface Water Quality
Trend analyses completed for the various Chehalis River TMDLs (Section 5.3.1) indicate that
there are no significant long-term trends in surface water quality. As discussed in Section 5.3,
the trend analyses were performed based on data up until 2010 for various water quality
parameters, including temperature, dissolved oxygen, turbidity, and fecal coliform. Due to the
lack of any significant long-term trends, the current modeled water quality is assumed to
represent future water quality under the No Action Alternative and serves as the baseline for
assessing potential impacts of the Alternatives 1 and 2.
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•

For the footprint of the flood retention facility temporary reservoir, the footprint model
(PSU 2017) assumes no vegetative shading (i.e., complete removal of riparian vegetation) over
the course of operating the facility. This is a conservative assumption because some regrowth
and subsequent shading is expected between periodic maintenance.

6.1.3

Water Use and Water Rights

•

Over the duration of the construction period, water use is estimated to be between 75 and
150 million gallons, with up to 80% of this occurring during a 10- to 20-month period
(Anchor QEA 2019a).

•

Water use for activities related to dust control and truck washing during site preparation,
construction of the diversion tunnel, and project completion is estimated to be between
100 and 750 gallons per minute during work hours throughout the duration of the 5-year
construction period (Martin 2019).

•

Water use needed for aggregate and roller-compacted concrete production for flood retention
facility construction is estimated to be 200 to 400 gallons per minute during work hours for
approximately 3 years and 9 months (Martin 2019). Note that work hours during the concrete
placement portion of the project would be longer than those during other phases of the project.

•

To provide for these water needs during construction of the flood retention facility, the
Applicant would need to either: 1) purchase water from another entity that holds a water right
in this portion of the Chehalis Basin (e.g., the Town of Pe Ell); 2) lease or transfer an existing
water right from an existing user downstream of the facility; or 3) obtain a new temporary water
right permit from Ecology.

6.2

Methods and Approach

This section describes the methods used to assess impacts during both construction and operation of
the flood retention facility and Airport Levee Improvements.

6.2.1
6.2.1.1

Impact Types
Direct and Indirect Impacts

Direct impacts are those that would occur as the result of and at the same time and place as the
activities authorized by the DA permit (40 Code of Federal Regulations [CFR] 1508.8). This would include
activities related to the diversion of the Chehalis River into the diversion tunnel and the discharge of fill
material into surface waters from constructing the proposed flood retention facility and Airport Levee
Improvements. Indirect impacts are those that would occur later in time or farther in distance but that
are attributable to the authorization of a proposed project by the DA permit (40 CFR 1508.8). Indirect
impacts would include effects that would occur as the result of operating the proposed project over
time (e.g., changes in flooding inundation area and depth).
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6.2.1.2

Permanent and Temporary Impacts

Permanent impacts would remove or impair water quantity or quality to such a degree that they would
not return to their preconstruction state during the EIS analysis period (2025 to 2080). Temporary
impacts would result in short-term disturbance of water quantity or quality but would not prevent the
re-establishment of conditions similar to those associated with the No Action Alternative in the affected
areas.

6.2.2

Impact Analysis Methods

Over time, Chehalis River flows within the study area will vary due to a variety of factors, primarily
driven by the amount of precipitation that occurs. The potential impacts of the proposed project on
river flows and related hydraulic processes may differ depending on the level of flooding. To provide for
a range of possible outcomes, the analysis of impacts considers the following two scenarios related to
potential changes in river flows and elevations during flooding:

•
•

10-year flood

100-year flood
These two flood scenarios are treated as independent events for all of the subject areas considered in
this report (surface water hydrology, surface water quality, groundwater, and water use and water
rights).
This assessment is based on the understanding that while a flood can change the local shape of a river
channel and associated floodplain, a flood rarely changes the channel and floodplain in a manner that is
meaningful to large-scale floodplain modeling. Therefore, the RiverFlow2D modeling performed for this
study did not consider changes to channel conditions as a result of floods. Although water quality can
be temporarily affected by a flood, those effects would reset over the course of the summer dry period.
Similarly, for groundwater, any increase in groundwater elevations due to a flood would largely reset
over the summer dry period. Water use and water rights are generally unaffected by floods and the
operations of a flood retention facility.
The impact analysis for these flood scenarios also addresses the potential for impacts on water quantity
and quality to be altered as the result of increased variability in climatic conditions that may be
anticipated to occur during the analysis period.

6.2.2.1

Surface Water Hydrology and Floodplains

The analysis of direct impacts from construction addresses the potential for the alternatives to alter
surface water hydrology, namely instream flows and runoff, and floodplain function. The analysis of
potential flow changes as a result of construction is based on a qualitative evaluation. For floodplain
impacts, the amount of temporary and permanent floodplain fill is quantified and the potential changes
to floodplain functions are qualitatively assessed.
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The discussion of indirect impacts on surface water hydrology and floodplains addresses changes in
flows and flooding from operations of the flood retention facility and Airport Levee Improvements.

6.2.2.1.1

Upstream of the Flood Retention Facility

Upstream of the flood retention facility, the floodplain corresponds to the maximum extent of
temporary reservoir inundation. The extent of temporary reservoir inundation was analyzed using the
Corps’ HEC-ResSim model. HEC-ResSim was used to predict the water surface elevation, volume, areal
extent of inundation, and duration of inundation for the 10-year and 100-year floods. During periods
when the flood retention facility is not impounding water, the gated outlets would be fully open,
allowing water to pass unimpeded. At flows above 8,000 cfs, the capacity of the gated outlets may be
exceeded and some upstream ponding may occur. HEC-ResSim was used to predict the duration and
maximum storage, elevation, and length of ponding for several historic high-flow, but non-impounded,
floods.
Because the proposed flood retention facility does not exist, the HEC-ResSim model has not been
calibrated or validated. However, the model is essentially a water accounting tool and is therefore
subject to less uncertainty than models that predict more complicated physical, chemical, and biological
processes.

6.2.2.1.2

Downstream of the Flood Retention Facility

Downstream of the flood retention facility, a two-dimensional (2D) numerical model of the
Chehalis River and floodplain was developed using RiverFlow2D (WSE 2019a, 2019b). This model was
used to simulate water surface elevations, and corresponding flood inundation depths, during the
10-year and 100-year floods. The model extends from the proposed flood retention facility located
upstream from Pe Ell in Lewis County to the Porter Bridge in Grays Harbor County, encompassing
approximately 75 miles of the Chehalis River and floodplain. The model also includes significant
portions of major tributaries including the South Fork Chehalis, Newaukum, Skookumchuck, and Black
Rivers. All inflows to the hydraulic model were derived from a HEC-RAS model previously used to model
one-dimensional river reaches encompassing a similar geographic area (WSE 2019b). The exception to
this is of outflow from the flood retention facility, which was analyzed using the HEC-ResSim model.
The RiverFlow2D model was calibrated and verified by comparing model outputs to a set of high-water
marks from the December 2007 and January 2009 floods, as well as other measured stage and discharge
data (WSE 2019b). The December 2007 flood is the current flood of record for the entire Chehalis River
mainstem including most tributaries west of the Centralia and Chehalis. The flood-of-record is generally
the highest flood level recorded at a particular location. The January 2009 flood was a more intense
storm in the Cascade foothills, producing higher flows along the Newaukum and Skookumchuck Rivers.
Prior to 2007, the flood of record on the mainstem Chehalis River was the February 1996 flood. This
modeled flood was also checked against measured data to verify the model calibration.
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The analysis using RiverFlow2D is based on the previous one-dimensional HEC-RAS model (WSE 2019b).
Subsequent modifications to the model were performed (WSE 2019c) to better analyze flood conditions
within the area protected by the airport levee. The modifications relate to accurately representing
hydraulic structures, including culverts. To prevent backflow from the Chehalis River into the airport
area and to drain the area behind the airport levee, two large 7-foot culverts at the north end of the
Chehalis-Centralia Airport levee are equipped with flap gates. Because flap gates cannot be represented
in RiverFlow2D, these culverts were not included in the 2D model (WSE 2019b). This omission did not
affect the rise in flood stage or the peak of the flood simulations but affected drainage from this area
after the flood peak. A modeling solution to this limitation was developed by WSE (2019c). Under this
solution, the model was stopped at the flood peak (or when the water surface elevation inside and
outside the levee were equal if the area behind the levee did not fill completely). The model was then
restarted with the addition of normal open culverts (i.e., no flap gates). This allowed the model to
represent the one-way flap-gated culverts accurately (i.e., no flow into the leveed area as the flood
builds but flow out of the leveed area as the flood recedes). This solution did not address all the
complications within the airport levee, such as additional inflow from local storm drainage and seepage
that may extend the duration of flooding within the levee, but these results are improvements over
previous model results.
The 10-year and 100-year floods were used to evaluate project impacts. The hydrologic inflows to the
model for these floods used the shape of hydrographs from representative historical floods but were
scaled to match the magnitude of the statistically-predicted 10-year and 100-year peak flows
(WEST 2014). Using the 10-year flood as an example, at each location that requires an inflow to the
model, the top 10 floods over the 15 to 20 years prior to model development (2014) at that location
were evaluated, and the flood that had the closest recurrence interval to 10 years (the target recurrence
interval) was chosen as the representative historical flood. The 10-year flood, at that location, was then
composed by mimicking the shape of this representative historical flood while adjusting the flow
magnitude to achieve the target 10-year flood peak and 1-, 3-, 7-, and 15-day volumes (WEST 2014).
The downstream analysis addressed the following considerations under the No Action Alternative and
Alternatives 1 and 2:

•
•
•

Water surface elevation during 10-year and 100-year floods at 21 selected locations

•

Duration of inundation at low-elevation roadway locations

Acres of land inundated under each flood
Water surface elevation and duration of inundation during 10-year and 100-year floods at
selected locations

6.2.2.2

Surface Water Quality

Direct impacts on water quality are those that would occur as the direct result of construction activities,
such as from work occurring within and adjacent to the Chehalis River or other regulated waterbodies.
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Indirect water quality impacts from construction would be those that would occur farther in space or
time, such as the downstream impacts of runoff from construction activities.
Indirect impacts on water quality could also occur from operations. The discussion of operational
impacts on water quality focuses on changes in water temperature and other water quality constituents
due to clearing of vegetation and changes in water flows.
The impacts analysis focused on the following surface water quality constituents using model outputs
compared to applicable water quality criteria (Additional constituents that are not anticipated to be
affected by the Proposed Action are addressed in Section 6.2.2.2.3.):

•
•
•
•
•

Temperature
Turbidity
Dissolved oxygen
Nutrients (total phosphorus and total nitrogen)
Chlorophyll a

The flood retention facility is expected to be impounding water, on average, once every 7 years during a
major flood. The temporary reservoir is estimated to take up to approximately 1 month to release the
floodwater. For periods when the flood retention facility is not impounding water, which is more than
98% of the time, the temporary reservoir would not retain floodwater and water would flow unimpeded
through the active river channel. Separate models were developed to assess surface water quality
upstream and downstream of the flood retention facility, and during periods when the flood retention
facility is impounding or not impounding water.

6.2.2.2.1

Upstream of the Flood Retention Facility

During Periods When the Flood Retention Facility Is Not Impounding Water
During periods when the flood retention facility is not impounding water and the river is free flowing,
the main difference between Alternatives 1 and 2 and the No Action Alternative is riparian shading.
Alternatives 1 and 2 would have less riparian shading upstream of the flood retention facility than the
No Action Alternative because of large-scale tree removal in approximately 485 acres of the temporary
reservoir footprint.
Water quality upstream of the flood retention facility in the Chehalis River during periods when it is not
impounding water was simulated using the CE-QUAL-W2 model (PSU 2017), which is also referred to as
the footprint model. The footprint model simulated the uninundated stream network in the temporary
reservoir footprint (i.e., the area that would be inundated when the FRE facility is impounding water).
Simulated water quality parameters include temperature, dissolved oxygen, nutrients, and chlorophyll a.
The footprint model domain included the mainstem Chehalis River, Crim Creek, Lester Creek, Big Creek,
and Roger Creek (Figure 5.1-2). The model simulated a 2-year period from 2013 to 2014. It was
calibrated to observed flow in 2013 and 2014 at a USGS flow gage near Pe Ell (12029300), immediately
downstream of the proposed flood retention facility. The observed flows in the 2-year simulation period
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range from 15 to 8,170 cfs. The model-data comparison on flow resulted in a root mean square error of
304 cfs. The model was also calibrated to observed temperature in 2014 at multiple locations upstream
of the proposed flood retention facility in the existing river channel. The average (over multiple
locations) root mean square error of daily maximum temperatures was 1.3°C. For the other water
quality parameters (i.e., dissolved oxygen, nutrients, and chlorophyll a), calibration data were not
available in the domain of the footprint model and the footprint model was not calibrated for those
water quality parameters. Instead, data measured just upstream of the Pe Ell wastewater treatment
plant, which is approximately 5 km downstream of the downstream end of the model, were used to
assess model performance. Model-simulated water quality values were found to be consistent with
those data (PSU 2017, Figures 165 to 169).
After calibrating to flow and temperature, the footprint model outputs represent water quality under
the No Action Alternative. Alternatives 1 and 2 were simulated by reducing the model input for riparian
shading. The differences in model outcomes between Alternatives 1 and 2 and the No Action
Alternative were used to evaluate the impact of less riparian shading on water quality in the Chehalis
River upstream of the flood retention facility.
During Periods When the Flood Retention Facility Is Impounding Water
Water quality upstream of the flood retention facility during impoundment periods (i.e., within the
temporary reservoir) was simulated using another CE-QUAL-W2 model (Anchor QEA 2017b), referred to
as the temporary reservoir model. The reservoir extents used for this model are shown in Figure 5.1-2.
The temporary reservoir model evaluated the effects of temporary storage on water temperature.
Other water quality parameters, including dissolved oxygen, nutrients, and chlorophyll a, were not
simulated in the temporary reservoir model. This was because of the assumption that impacts of the
temporary reservoir on these other water quality parameters would be short lived (on average
approximately 1 month out of every 7 years). Instead, dissolved oxygen was semi-quantitatively
assessed based on temperature predictions, and nutrients and chlorophyll a were assessed qualitatively
in Section 6.4.2.2. The model domain includes the temporary reservoir pool upstream of the flood
retention facility that would occur during an impoundment flow event. Because the temporary
reservoir does not currently exist, calibration of the reservoir model parameters was not possible.
Model-predicted temperatures were consistent with temperatures observed in another reservoir (Lake
Cushman in Mason County, Washington) which has a comparable meteorological and hydrological
setting (Anchor QEA 2017b).
Floods which would be impounded by the temporary reservoir are expected to occur during the wet
season (Anchor QEA 2017a, Table 5.2-5). Simulations were performed at the beginning and end of the
wet season, when air temperatures are generally warmer, and the temporary reservoir is more prone to
heating compared to the middle of the wet season. Therefore, two 1-month simulations were set up
using meteorological conditions for October and March as representative of fall and spring conditions.
The historical record (Table 5.2-5) shows that major floods have occurred in the months of November to
February. While October and March have not experienced major floods in the historical record, these
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two months are warmer than, and adjacent to, the months in which such floods have occurred.
Accordingly, October and March were selected as conservatively warm months for purposes of this
evaluation. Two representative floods were simulated for each of the two meteorological conditions:

•

The January 2009 flood (approximately a 10-year recurrence event) representing a typical
impounded flood

•

The December 2007 flood (approximately a 200- to 500-year recurrence event) representing an
extreme condition

This resulted in a total of four simulations of potential flood and meteorological scenarios. The
temporary reservoir model inflow water temperatures represent the temperature upstream of the flood
retention facility under the No Action Alternative. They were developed based on combined
measurements from three stations: continuous temperature probe data at a Washington Department
of Fish and Wildlife (WDFW) station upstream of the temporary reservoir footprint (10-UCH), a station
near Pe Ell, and Ecology’s Dryad station. The model simulated temperatures in the outflow water
released from the temporary reservoir under Alternatives 1 and 2. The difference between the model
inflow and outflow temperatures were used to evaluate the impact of a temporary reservoir on water
quality in the Chehalis River upstream of the flood retention facility.
Turbidity
Impacts of the flood retention facility on turbidity levels were assessed by Anchor QEA using a
combination of the CE-QUAL-W2 temporary reservoir model described above (Anchor QEA 2017b), and
the HEC-RAS and WEPP models (Anchor QEA 2019b). CE-QUAL-W2 was used to predict initial deposition
of suspended sediments in the temporary reservoir. HEC-RAS was used to predict subsequent erosion
and deposition of sediments in the river channel as the temporary reservoir was drawn down and in a
subsequent, non-impounded, flood. WEPP was used to predict rainfall-induced erosion from hillsides
after the temporary reservoir was drained. Combined, these models provide an estimate of sediment
settling and resuspension within the footprint of the temporary reservoir. Because the temporary
reservoir does not currently exist, these models could not be calibrated. However, they are common
computational approaches for this type of analysis and were parameterized using values that are
representative of similar systems.
Modeling approaches to predict the resuspension of sediments due to wave action as a temporary
reservoir is drawn down are not available (Watershed GeoDynamics 2019). For that analysis, it was
assumed that all silts and clays that enter the temporary reservoir would be resuspended because of
wave action as the temporary reservoir is drawn down. This provides an upper-bound estimate of
suspended sediments. Outside of impoundment periods, the HEC-RAS model was used to predict
resuspension and downstream transport of previously deposited sediments (Watershed GeoDynamics
2019).
Water quality criteria for suspended sediments are based on turbidity. However, turbidity is difficult to
model directly, because it represents the ability of water to transmit light and can have multiple causes.
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TSS contributes to turbidity and is a direct measurement of the quantity of a substance (i.e., particles).
This aspect of TSS makes it easier to model; therefore, TSS was the focus of the modeling work. TSS and
turbidity are well correlated (Anchor QEA 2019b), allowing TSS model results to inform an
understanding of turbidity. For these reasons, turbidity is the focus of this report, recognizing that the
underlying model uses TSS.

6.2.2.2.2

Downstream of the Flood Retention Facility

During Periods When the Flood Retention Facility Is Not Impounding Water
Water quality downstream of the flood retention facility in the Chehalis River during periods when it is
not impounding water was simulated using another CE-QUAL-W2 model (PSU 2017), referred to as the
downstream river model. The downstream river model simulated the mainstem Chehalis River from the
proposed flood retention facility to Porter (Figure 5.1-1). Simulated water quality parameters include
temperature, dissolved oxygen, nutrients, and chlorophyll a. TSS was not simulated in the downstream
river model. Many tributaries and five wastewater treatment plants discharge to the mainstem Chehalis
River and they were represented as inputs to the model. The model simulated a 2-year period from
2013 to 2014. It was calibrated to observed flows in 2013 and 2014 at three USGS flow gages: Doty
(USGS Gage 12020000), Grand Mound (USGS Gage 12027500), and Porter (USGS Gage 12031000). The
observed flows in the 2-year simulation period range from 24 to 9,350 cfs at Doty, 171 to 27,800 cfs at
Grand Mound, and 333 to 29,800 cfs at Porter. The model reproduced the hydrographs at these gage
locations with typical root mean square errors in flow of 84 cfs at Doty, 576 cfs at Grand Mound, and
777 cfs at Porter. The model was also calibrated to observed water surface elevations in 2013 and 2014
at seven USGS gages: Doty, Adna (USGS Gage 12021800), Chehalis Wastewater Treatment Plant (USGS
Gage 12025100), Centralia (USGS Gage 12025500), Grand Mound, Rochester (USGS Gage 12028060),
and Porter. The root mean square errors for water surface elevations were from 1.25 to 3.77 feet.
Model performances on water quality parameters were also calibrated. Model-data comparisons on
temperature were evaluated at 27 locations in 2013 and 2014, and the root mean square errors were
from 0.45°C to 1.52°C, with an average of 0.84°C. For the other water quality parameters (i.e., dissolved
oxygen, nutrients, and chlorophyll a), calibration was made more difficult due to limited field data for
the Chehalis River. The number of stations varies with specific water quality parameters. A good
agreement was identified by the model authors between model predictions and field data for several
parameters, including dissolved oxygen, nitrates, and nutrients (PSU 2017).. Additional details can be
found in PSU (2017).
The calibrated downstream river model outputs represent water quality under the No Action
Alternative. Water quality under Alternatives 1 and 2 was simulated by using outputs from the footprint
model at the proposed flood retention facility, as the upstream boundary inputs for the downstream
river model. The difference in the downstream river model outputs between Alternatives 1 and 2 and
the No Action Alternative reflects the impact of less riparian shading upstream of the flood retention
facility to water quality in the downstream Chehalis River.
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During Periods When the Flood Retention Facility Is Impounding Water
Water quality downstream of the flood retention facility in the Chehalis River during periods when it is
impounding water was simulated using the same downstream river model as described in the previous
section (PSU 2017). The calibrated downstream river model represents the No Action Alternative during
the temporary reservoir draining period after the peak flow has passed.
For Alternatives 1 and 2, outputs from the temporary reservoir model (Anchor QEA 2017b) were used as
the upstream boundary inputs for the downstream river model. The difference in the downstream river
model outputs between Alternatives 1 and 2 and the No Action Alternative was used to evaluate the
impact of a temporary reservoir on water quality in the Chehalis River downstream of the flood
retention facility.
The same four simulations of potential flood and meteorological scenarios that were simulated in the
temporary reservoir model were modeled in the downstream river model. Simulated water quality
parameters were limited to temperature. Dissolved oxygen, nutrients, and chlorophyll a were not
simulated in the downstream river model for Alternatives 1 and 2 because they were not simulated in
the temporary reservoir model, which served as the inputs to the downstream river model. Instead,
dissolved oxygen was semi-quantitatively assessed based on temperature predictions, and nutrients and
chlorophyll a were qualitatively assessed in Section 6.4.2.2.

6.2.2.2.3

Water Quality Parameters Not Likely Affected by the Proposed Action

The following water quality parameters and conditions were determined to be unaffected by the
Proposed Action for the reasons discussed below. Because there is not a potential for effects, these
parameters are not discussed further in this report.
Fecal Coliform Bacteria
Portions of the Chehalis River are impaired because of fecal coliform bacteria and have an established
TMDL (Section 5.3.5). The main anthropogenic sources of fecal coliform bacteria include septic tanks,
agricultural and livestock wastes, and point-source discharges from National Pollutant Discharge
Elimination System permittees (Ecology 2004). Populations of geese could also result in increased
loading of fecal coliform bacteria because they prefer open water adjacent to open land for grazing
(Cornell 2019).
The operation of the flood retention facility and Airport Levee Improvements are unlikely to exacerbate
fecal coliform bacteria concerns. The operations are not expected to affect the main anthropogenic
sources of fecal coliform bacteria. The infrequent and transient inundation and the steep side slopes of
the flood retention facility make it unlikely to become a favored habitat for geese.
pH
pH is not expected to be very affected by the proposed project alternatives. pH is sometimes affected
by algal photosynthesis and respiration. Photosynthesis consumes carbon dioxide, which is a weak acid
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in water, thereby increasing pH. Conversely, respiration produces carbon dioxide, thereby decreasing
pH. In waterbodies with high chlorophyll a concentrations, this can result in varying pH over the course
of a day. In the Chehalis River, chlorophyll a concentrations are generally low and are not expected to
be very affected by the proposed project alternatives (Section 6.4.2). As a result, pH should not change
appreciably due to the proposed project. One exception to this is the possibility of stormwater runoff
coming into contact with uncured and new concrete (new concrete is concrete that has cured but has
not been rinsed or washed) during construction of the flood retention facility. That possibility is
addressed in Section 6.4.2.1.1.
Toxics
Toxic chemicals are not expected to be very affected by the proposed flood retention facility or Airport
Levee Improvements. The changes in water flows and elevations that would occur, on average, once
every 7 years are unlikely to affect the fate and transport of chemicals that already exist in the
environment. Those changes are also unlikely to introduce new chemicals into the environment. One
exception to this is the possibility of fuel or other chemical spills during construction. That possibility is
addressed in Section 6.4.2.1.1.
Due to the reduction in flood inundation depths, the proposed project may somewhat reduce the
likelihood of toxic chemicals entering the Chehalis River. This is because lower flood elevations and
extents may cause less damage and disrupt fewer chemical sources that exist in the floodplain.
Mercury
Mercury is ubiquitous in the environment, with a key source being emissions from coal-fired power
plants. Mercury in these emissions is conveyed to the land surface through atmospheric deposition.
Although the Centralia Big Hanaford coal-fired power plant is near the proposed flood retention facility
site, wind typically carries emissions away from the flood retention facility site. Also, that plant is
expected to close in the next several years (Maupin and Pickett 2017).
The form of mercury that is the most toxic and bioaccumulative, and therefore of greatest concern, is
methylmercury. Methylmercury is often created from the more common form of mercury (inorganic
mercury) by bacteria in anaerobic (i.e., lacking oxygen) sediments (Maupin and Pickett 2017; Hsu-Kim et
al. 2018). Mercury methylation rates increase with temperature (Ullrich et al. 2001). Mercury
bioaccumulation in fish occurs over the course of years (Paranjape and Hall 2017; Hsu-Kim et al. 2018).
Transient spikes in mercury concentrations in water have little impact on fish concentrations.
The construction and operation of the flood retention facility and Airport Levee Improvements are
unlikely to meaningfully impact mercury methylation or methylmercury bioaccumulation in aquatic life.
While anaerobic conditions in the sediment bed that are conducive to mercury methylation may occur
during inundation, those periods would be short-lived (on average approximately 1 month out of every
7 years) and would occur under sub-optimal temperatures (fall to spring inundation). Therefore,
mercury methylation would be limited and too intermittent to result in meaningful bioaccumulation.
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Harmful Algal Blooms
Cyanobacteria can produce toxins when present at high concentrations and are a concern in several
waterbodies in western Washington (King County 2019). Several factors that can lead to a
cyanobacterial bloom include the following:

•
•

Enriched phosphorus and nitrogen (O’Neil et al. 2012; Beaulieu et al. 2013)
High concentrations of ferrous iron (Fe2+), which requires anaerobic conditions (e.g., in the
sediment bed) (Verschoor et al. 2017)

•

Warm temperatures (maximum growth rates often occur above 25oC) (Beaulieu et al. 2013;
Paerl et al. 2011; Paerl 2018)

•

Stable water column (Ibelings et al. 2016)

The construction and operation of the flood retention facility and Airport Levee Improvements are
unlikely to promote cyanobacterial blooms. Even though nutrient concentrations during high-flow
events are elevated relative to lower flows (Anchor QEA 2017c), the hydraulic properties of the
temporary reservoir (high turbulence and short residence time) and relatively low temperatures (fall to
spring inundation) would preclude the establishment of cyanobacterial blooms.
Methane and Other Greenhouse Gases
Studies show that GHG emissions from reservoirs could contribute to global anthropogenic emissions.
Methane from reservoirs has been shown to contribute more GHG emissions on a carbon dioxide
equivalent basis than carbon dioxide and nitrous oxide (Teodoru et al. 2012; de Faria et al. 2015;
Deemer et al. 2016). Methane can be generated in inundated reservoirs as a product of the microbial
decomposition of organic matter under anaerobic conditions. Methane can then be released from
anerobic sediments to the water column and then to the air through diffusion or as methane bubbles
(referred to as ebullition; Deemer et al. 2016). Methane production increases with the following:

•
•

•

High algal carbon (West et al. 2012; Deemer et al. 2016)
Higher temperatures, which can promote microbial activity (and thus increase methane
production) and reduce methane solubility (and thus increase methane ebullition) (DelSontro et
al. 2010)
Longer periods of anaerobic conditions (due to the slow growth of methane-producing bacteria)
(Segers 1998)

The operation of the flood retention facility and Airport Levee Improvements are unlikely to generate
meaningful methane emissions. Even though the flooded organic matter and anaerobic sediment
conditions may make it possible for methane to be generated, the infrequent and short inundation
periods coupled with relatively low temperatures would preclude the proliferation of methanogens and
limit methane generation and emissions.
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Hydrogen Sulfide
Hydrogen sulfide is generated in anaerobic conditions but is only generated in appreciable quantities
where the loading of organic carbon is high, such as in eutrophic lakes (Sakai et al. 2013). Upon
exposure to oxygen, hydrogen sulfide rapidly transforms to odorless sulfate (Wilmot et al. 1988).
The operation of the flood retention facility and Airport Levee Improvements are unlikely to generate
hydrogen sulfide.
The flood retention facility would operate infrequently and transiently, typically during colder months,
and would drain a forested watershed. As such, it is not expected to have high nutrient loads and
become eutrophic or generate significant hydrogen sulfide.

6.2.2.3

Groundwater

Potential impacts on groundwater quantity and quality by the project alternatives are addressed
qualitatively. The analysis focuses on the following groundwater aspects:

•
•
•
•

Groundwater recharge
Surface and groundwater connectivity
Groundwater quality
Hyporheic zone condition

6.2.2.3.1

Groundwater Recharge

The analysis of potential impacts of the project alternatives on groundwater recharge focuses on the
expected changes in the extent and duration of downstream flood inundation areas for the 10-year and
100-year recurrence interval floods. A reduction in the duration and extent of flooding downstream of
the proposed flood retention facility could reduce opportunities for instream recharge and overbank
flood recharge in the floodplain. This analysis is largely based on the 2019 groundwater level effects
analysis prepared by Anchor QEA (Anchor QEA 2019c). That analysis examined the relationship between
water levels in the Chehalis River and groundwaters in the adjacent surficial aquifer and how flood
retention facility operations could change groundwater levels or groundwater recharge downstream of
the facility.
An evaluation of impacts on groundwater recharge in the immediate vicinity of the temporary reservoir
was not performed because this area is largely underlain by bedrock without a surficial aquifer
(Figure 5.4-1).

6.2.2.3.2

Groundwater Movement and Connectivity

The analysis of potential project impacts on groundwater movement and connectivity focuses on
potential effects of the project alternatives on groundwater flow in the Chehalis Basin unconfined
surficial aquifer (i.e., Aquifer A) and its connectivity with surface waters. Potential project effects on
groundwater movement and connectivity in the underlying confined aquifers are also considered. The

Chehalis River Basin Flood Damage Reduction Project

71

NEPA Discipline Report for Water Quantity and Quality

Environmental Consequences

analysis is qualitative and considers how the construction and operation of the flood retention facility
structure and the improved airport levee could impede or change groundwater flow patterns in the
study area.

6.2.2.3.3

Groundwater Quality

Potential impacts on groundwater quality from the project alternatives are assessed qualitatively.
Impact analysis focuses on identifying potential contaminants that could be generated by the
construction and operation of the project alternatives and the pathways through which those
contaminants could be introduced into the surficial aquifer. The analysis considers the potential for
contamination in light of the water quality contamination prevention measures and best management
practices (BMPs) that would likely be required for the project by federal, state, and local permits and
authorizations.

6.2.2.3.4

Hyporheic Zone

Impacts on the hyporheic zone by the project alternatives are assessed qualitatively and focus on the
two commonly recognized mechanisms for human-related impacts on the hyporheic zone identified by
Hancock (2002): 1) impairment of water exchange; and 2) impairment of biological activity through the
poisoning of invertebrate fauna.
The first of these mechanisms includes actions that change the way water flows through the stream or
river system and its associated hyporheic zone. The second impact mechanism occurs largely via surface
and groundwater pollution but can also result from disruptions related to flow alteration. For example,
extended periods of low flow in a stream or river can cause colmation, which is the blocking of the
interstitial spaces of the sediment with silts and fine sediments, microbial biofilms, surface algae, or
chemical precipitates. Under such conditions, the surface sediment can become anoxic (lacking oxygen)
leading to the death of oxygen-dependent hyporheic organisms or the decline of faunal and aerobic
microbial activity.
According to Hancock (2002), the construction of impoundment structures in rivers and streams has
been shown to impact the hyporheic zone in the following ways:

•

Placement of impoundment structures within a river or stream channel and across the
associated floodplain can sever the connectivity of the hyporheic zone corridor in alluvial
aquifers.

•

River or stream impoundments can act as barriers for the downstream transport of sediment
and debris, reducing the frequency, location, and extent of downstream geomorphic changes,
which are considered essential for maintaining a healthy and dynamic hyporheic zone.

•

Regulation of surface flow in a river or stream can affect how water moves through the
hyporheic zone. If surface flows are too high, there will be little time for biological and chemical
filtration to take place; if flows are too low, silt and fine particulates can collect in the sediment
interstices, causing colmation.
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•

Operational practices such as the routine release of accumulated sediment from behind
permanent impoundments can affect the hyporheic zone through deposition of quantities of
coarse or fine material. Release of too little sediment can lead to downstream sediment
starvation in the hyporheic zone; release of too much sediment can lead to colmation and the
smothering of hyporheic fauna.

6.2.2.4

Water Use and Water Rights

The analysis of impacts on water use and rights focuses on potential downstream impacts during
construction and operations. Impacts are qualitatively assessed through a review of existing water
rights, estimated downstream existing water use, estimated project water use during construction, and
historical low flows in the Chehalis River.

6.3

No Action Alternative

The potential effects of the No Action Alternative on surface water hydrology and floodplains, surface
water quality, groundwater, and water use and water rights in the upper part of the upper Chehalis
River Basin are described in the following subsections.

6.3.1

Surface Water Hydrology and Floodplains

Some of the No Action Alternative projects and programs would provide local relief from flooding
(e.g., elevating structures). However, none of these projects and programs are expected to significantly
affect regional flood levels. This is because the scale of each project is small relative to the overall river
floodplain. Therefore, the analysis of potential impacts affecting water quantity under the No Action
Alternative is based on RiverFlow2D modeling (WSE 2019a, 2019b) that depicts existing topography and
significant infrastructure.
The maximum modeled water surface elevations at key locations for the 10-year and 100-year floods
are listed in Table 6.3-1. These values are based on the RiverFlow2D model and these locations were
previously identified as “representative locations distributed throughout the basin” (WSE 2012b).
Table 6.3-1
Maximum Modeled Water Surface Elevations at Various Locations under the No Action Alternative
LOCATION
Near Doty
Curtis Store (on South Fork
Chehalis River)
Downstream of South Fork
Chehalis River
Near Adna
Labree Road Bridge (on
Newaukum River)

10-YEAR MAX WATER
SURFACE ELEVATION
(FEET NAVD88)
311.9
229.5

100-YEAR MAX WATER
SURFACE ELEVATION
(FEET NAVD88)
319.5
231.9

214.3

220.1

195.3
205.5

198.1
206.2
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LOCATION
Newaukum River Confluence
Dillenbaugh Creek at I-5
South End of Airport riverward
of levee
South End of Airport landward
of levee
North End of Airport riverward
of levee
North End of Airport landward
of levee
Mellen St Bridge
Mellen St just east of I-5
Skookumchuck River
Confluence
Upstream of Galvin Road
Grand Mound (Prather Road
Bridge)
Near Rochester
Anderson Road
Black River Confluence
Sickman Ford Bridge
Porter Creek Road Bridge

10-YEAR MAX WATER
SURFACE ELEVATION
(FEET NAVD88)
182.8
181.6
177.9

100-YEAR MAX WATER
SURFACE ELEVATION
(FEET NAVD88)
185.9
186.0
181.8

Dry

179.9

174.5

179.4

Dry

179.5

171.5
Dry
170.0

176.7
176.1
174.9

163.2
144.1

167.2
146.3

121.3
108.5
91.0
79.2
50.8

124.1
110.6
94.2
82.5
53.2

Note:
Source: WSE 2019b

Maps of modeled maximum inundation areas and maximum flood depths for the 10-year and 100-year
floods under the No Action Alternative are shown in Figures 5.2-1 and 5.2-2. As illustrated in these
figures and demonstrated by recent floods, widespread flooding occurs in the upper Chehalis Basin
during large rainstorms. Additional details on these events are provided in Section 6.4.1 through
comparisons of the No Action Alternative to Alternative 1.

6.3.1.1

Climate Variability

These model results use statistically-derived expectations of the 10-year and 100-year floods based on
historical hydrology. However, the quantity and rate of precipitation and runoff during such large floods
may change in the future, for example, as a result of climate variability. The climate variability analysis
(Section 5.6) projects increases in winter precipitation and extreme precipitation events driven by
atmospheric river events. If these increases were to occur to the extent that the 10-year and 100-year
floods become larger in the future, increased impacts from floods (e.g., damage to property and closure
of roads) would be expected.
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6.3.2

Surface Water Quality

Most of the projects and programs currently planned for the study area for the period between 2025
and 2080 would not be expected to cause high impacts on water quality. Two exceptions include
implementation of Forest Practice Rules and early action reaches associated with the Aquatic Species
Restoration plan, which may result in lower water temperatures. This is because these efforts would
promote maturation of riparian areas in managed forest pursuant to current Forest Practice Rules and
increased riparian cover in early action reaches. These lower temperatures would propagate
downstream but would dissipate with distance from the areas of increased vegetation.
Ecology (2010b) performed trend analyses on upper Chehalis Basin water quality data, including
temperature, turbidity, dissolved oxygen, and fecal coliform bacteria (Section 5.3). A more recent data
analysis has not been performed. Based on these observations, it is not anticipated that water quality
would become worse under the No Action Alternative than it is under current (2019) conditions.
Existing water quality impacts that are anticipated to remain under the No Action Alternative include
those discussed in Section 5.3. Specific characteristics of the Chehalis River under the No Action
Alternative are provided in Section 6.4.2 through comparisons of the No Action Alternative to
Alternative 1. Significant water quality concerns that would be ongoing under the No Action Alternative
and that have the potential be affected by Alternatives 1 and 2 are summarized as follows:

•

Temperature: Regular exceedance of applicable water quality criteria in place for the protection
of aquatic uses during the summer months at various Chehalis River segments from Pe Ell to
Porter (Figures 5.3-1 and 5.3-2), with some exceedances occurring in the fall to spring.

•

Dissolved Oxygen: Regular exceedance of applicable water quality criteria in the Chehalis River
at various Chehalis River segments from Pe Ell to downstream of the confluence with Lincoln
Creek (Figures 5.3-1 and 5.3-2).

•

Turbidity: One segment is identified as impaired for turbidity and needing a water quality
improvement project (Chehalis River upstream of the confluence with Newaukum River), and
another segment is identified as having potential turbidity problems (Chehalis River
downstream of the confluence with Lincoln Creek) (Figures 5.3-1 and 5.3-2).

6.3.2.1

Climate Variability

As described in the climate variability analysis performed for the Chehalis Basin (Section 5.6), winter and
summer air temperatures and extreme summer heat events are expected to increase by mid- to latecentury. Winter precipitation and extreme precipitation events driven by atmospheric river events are
also expected to increase over the same periods. Such variations in the climate could contribute to
increased deterioration of water quality under the No Action Alternative.

6.3.3

Groundwater

None of the projects or programs currently planned for the study area for the period between 2025 and
2080 would be expected to have any high impacts on groundwater. This includes no high effects to the
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structure or composition of the surficial aquifer or the movement of groundwater between it and
surface waters. Between 2025 and 2080, groundwater withdrawals and use by existing domestic, public
water supply, irrigation, and commercial-industrial wells would continue. New development requiring
drinking and process water from groundwater sources would also occur. New groundwater wells would
also be developed in the Chehalis Basin surficial aquifer. Such actions would require additional
withdrawals from the surficial aquifer, which could have a low- impact on groundwater quantity given
that groundwater availability is often limited in the study area. Additional management of groundwater
resources by Ecology would be required to avoid overuse of the resource.
Under the No Action Alternative, groundwater in the Chehalis Basin surficial aquifer would continue to
be susceptible to contamination, primarily in those areas of the Chehalis Basin that are developed or
used for agricultural purposes. Future projects and programs focused on groundwater resource
protection would provide some reduction in groundwater contamination potential.
The hyporheic zones of the Chehalis River and its tributaries would also continue to be susceptible to
impacts from surface water pollutants and flow changes under the No Action Alternative. Future
projects that would alter the riverbed or adjacent floodplain could also adversely affect the hyporheic
zone.

6.3.3.1

Climate Variability

In the future, groundwater recharge in the upper Chehalis River Basin would continue to be primarily
dependent on precipitation, which could be affected by future climate variability. As discussed in
Section 5.6, precipitation and extreme precipitation events are projected to increase in the winter and
decrease in the summer. If such changes occur, the potential for groundwater recharge by precipitation
may increase in the winter and decrease in the summer. When coupled with projected increased
temperatures during both seasons and higher heat extremes in the summer, changes in precipitation
patterns could also result in higher winter streamflows and flooding and decreased summer
streamflows. Since groundwater is also recharged from the stream channel in losing reaches, such
changes could also affect recharge. Winter groundwater recharge could increase in response to the
predicted increases in winter precipitation and the frequency of extreme precipitation events. Summer
groundwater recharge could decrease in response to the predicted decrease in summer precipitation
amounts and the increase in summer temperatures and extreme heat events. Overall, the net change in
groundwater recharge would likely be minimal. Such changes would not be linear; therefore, it is
unlikely that the net change would be zero. However, overall changes would likely be low.

6.3.4

Water Use and Water Rights

Under the No Action Alternative, existing water uses would likely expand under existing permits as a
result of population growth. This would lead to reduced streamflows. New permits may also be
granted, leading to additional water use and reduced streamflows. However, new water rights may be
difficult to obtain because 2019 was the fifth year in a row that Ecology curtailed water use in the
Chehalis Basin (Ecology 2019f).
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In the Chehalis Basin, there are thousands of water rights and also thousands of unvalidated water right
claims (CBP 2004). Such claims can be evaluated and determined valid, or not, through a process called
adjudication. However, the Chehalis Basin has not yet been adjudicated (Ecology 2019g). If Ecology
moves forward with adjudication in the Chehalis Basin, this may change the quantity and timing of
water use.

6.3.4.1

Climate Variability

Due to potential future climate variability (Section 5.6), periods of low streamflows may become more
common during the summer due to projected increases in summer air temperature (leading to
increased evaporation) and decreases in the frequency of summer precipitation events. This may result
in increased impacts to water use and water rights if less water is available for use by water right
holders throughout the Chehalis Basin during the summer.

6.4

Alternative 1 (Proposed Project): Flood Retention
Expandable (FRE) Facility and Airport Levee
Improvements

This section describes the potential for impacts to occur under Alternative 1 relative to the No Action
Alternative.

6.4.1
6.4.1.1
6.4.1.1.1

Surface Water Hydrology and Floodplains
Construction
Direct Impacts

Direct impacts on surface water hydrology and floodplains from the construction of Alternative 1 include
a low temporary reduction of summer instream flows in the river and medium temporary and
permanent alteration of the Chehalis River floodplain and its associated functions. Instream flow
impacts would primarily occur as a result of water withdrawals for construction uses at the FRE facility,
with some low impacts from flow diversion around the worksite through the diversion tunnel.
Floodplain impacts would occur at both the FRE facility and Airport Levee Improvements sites and would
result from construction activities in the floodplain.
Instream Flow Impacts
During construction of the FRE facility, water would be needed for various uses including dust control,
truck washing, aggregate washing, and concrete production. It is assumed the water would be diverted
from the Chehalis River near the construction site. Over the duration of the construction period, water
use is estimated to be between 75 and 150 million gallons, with up to 80% of this use occurring during a
10-month to 20-month period (Anchor QEA 2019a). To be conservative, the analysis assumes the
maximum volume of river water would be needed over the minimum estimated construction duration.
In other words, it is assumed that 80% of up to 150 million gallons would be used over 10 months. This
equates to an average diversion of 0.6 cfs, or 400,000 gallons per day, from the river during that period.
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Removal of water from the Chehalis River for construction uses could result in a low reduction in
instream flow downstream from the FRE facility construction site. The greatest potential for adverse
effects on surface flows would be during the summer months when streamflows are already low. As
shown in Table 5.2-1, the lowest average flows at the Doty gage (the closest gage to the proposed
FRE facility) during August is 45 cfs. The 7Q10, which is the 7-day low flow that occurs, on average, once
every 10 years, is 21 cfs (Table 1 of Pickett 1992). Using the 7Q10 low flow, an average diversion of
0.6 cfs would represent less than 3% of the total river flows. Similarly, the maximum expected water
use rate of 750 gpm (Section 6.1.4) equals 1.7 cfs, which is 8% of the 7Q10 flow. Therefore, even under
this conservative scenario, the average water use and the maximum expected water use would
represent a small fraction of the overall streamflow during the lowest flow period. This would be a
low impact on surface water hydrology. The potential impacts of such diversions on water use and
water rights are addressed in Section 6.4.4.
The diversion of flow around the FRE facility worksite via the diversion tunnel could also cause some low
instream flow reductions under certain conditions. The diversion tunnel is designed to fully convey up
to a 2.8-year flood, which is equivalent to a flow of approximately 7,000 cfs (CBS 2017a). During larger
floods, some amount of flow that would otherwise have been passed downstream by the river channel
under the No Action Alternative would pool behind the diversion tunnel inlet and upstream cofferdam.
This pool could eventually overtop the upstream cofferdam and spill into the FRE facility worksite,
where it would remain until the site is dewatered after flood conditions have passed. Because of the
probability of a 2.8-year or greater flood occurring over the 5-year construction period, such incidents
are expected to be infrequent. If they were to occur, impacts on instream flow would be low because
flow would continue to be conveyed through the diversion tunnel. Additional information on potential
water quality impacts from such occurrences is provided in Section 6.4.2.1.1.
Instream flow could also be affected by the proposed removal of trees from approximately 485 acres of
existing forested lands in the temporary reservoir footprint. Removal of those trees would initially
increase soil moisture as less water would be taken up and stored in the vegetation. Tree removal
would also reduce the area of forest canopy available to intercept precipitation, resulting in more
precipitation reaching the ground. Together, these conditions could lead to increased surface water
runoff in the temporary reservoir area, which could increase flow in the river. These increases would
most likely occur during the wet season (late fall to early spring) and would be most apparent
immediately after tree removal when much of the ground surface would be exposed. Over time,
increases in surface runoff would likely decrease over time as the cleared areas revegetated. Because
these potential changes in surface runoff would affect a relatively small portion of the overall
watershed, they were determined to be low impacts.
Construction of the Airport Levee Improvements project would not require any in-channel work or the
diversion of water directly from the Chehalis River or its tributaries. It is assumed that some amount of
water would be needed during construction for such activities as dust control and vehicle washing.
Given the limited scope and scale of that project and the fact that it would not require any on-site
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aggregate or concrete production during construction, water use is expected to be minimal when
compared with that needed for the FRE facility. It is assumed that the quantity of water used for
construction processes would be minimal and would be supplied by existing municipal sources. As such,
the Airport Levee Improvements component of Alternative 1 is not expected to have any impacts on
instream flows.
Floodplain Impacts
Construction of the FRE facility and Airport Levee Improvements would result in impacts on the
Chehalis River floodplain and its associated functions. Impacts would range from temporary disturbance
of the floodplain soils, vegetation, and microtopography to permanent reductions in local flood storage
and other floodplain functions. Although the levels of these impacts would be medium at the local
scale, they would likely be relatively low at the basin scale.
Approximately 2.9 acres of existing floodplain at the FRE facility construction site and 139 acres of the
temporary reservoir area would be temporarily affected by the construction of the FRE facility.
Temporary disturbance of floodplain soils, vegetation, and topography would occur in these areas as the
result of construction equipment operation, construction material staging and storage, temporary
structure (e.g., cofferdams) placement, and tree removal activities. Such actions would remove
floodplain vegetation, compact floodplain soils, and alter floodplain microtopography. Floodplain
functions that would be adversely affected by these activities include flood storage, erosion control,
water quality maintenance, groundwater recharge, and habitat provision. Because these areas would
not be replaced with some type of structure or undergo major topographic alterations, they would likely
continue to function as floodplains. Over time, once construction activities are complete and all
equipment, materials, and temporary structures are removed from the floodplain and river channel, the
ability to provide floodplain functions would return. Such areas are likely to continue to provide a
similar level of flood storage as they did under pre-project conditions. However, other floodplain
functions, such as erosion control and habitat provision, would likely be reduced as a result of tree
removal and subsequent changes in the composition of the floodplain vegetation community.
Approximately 11.4 acres of existing floodplain would be permanently affected by construction of the
FRE facility. Permanent impacts on floodplains and floodplain functions would occur in those areas
where the existing floodplain would be replaced by permanent features. This includes the FRE facility
and its associated features, spoil disposal areas from FRE facility construction, and the new section of
the airport levee. Such replacement would remove any floodplain functions provided by those areas
including flood storage, habitat, erosion control, and water quality maintenance. Structures like the
FRE facility, which would span the width of the floodplain, would also remove floodplain connectivity
between the upstream and downstream sections of the Chehalis River. Because these structures would
be permanent, those functions would not return once construction is completed.
Construction of the FRE facility would result in a structure that would span the river channel and extend
up the valley walls to the dam crest at a height of 254 feet, which corresponds to an elevation of
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approximately 651 feet (HDR 2018). At the location of the proposed FRE facility, the riverbanks are
relatively steep, and the width of the floodplain is narrow. Based on a GIS analysis of the intersection of
the FRE facility, its associated structures (CHTR, diversion tunnel inlet and outlet), and the proposed
spoil placement areas with the modeled and FEMA 100-year floodplains, approximately 11.4 acres of
floodplain would be permanently lost at the FRE facility construction site. Compared to the total area of
the Chehalis River 100-year floodplain in the study area (44,155 acres), this area is relatively small and
equates to approximately 0.03% of the total floodplain. As such, elimination of this area of the
floodplain would have a medium impact on the local floodplain but only a low impact on the overall
floodplain of the Chehalis River.
Construction of the Airport Levee Improvements would involve widening the base and raising portions
of the existing levee to prevent catastrophic flooding at the Chehalis-Centralia Airport. This would
require the placement of fill in the floodplain, although the fill would only be needed to improve the
function of the existing levee. Therefore, impacts of the Airport Levee Improvements on floodplain
function would be low. Temporary impacts to floodplain functions may occur from construction
equipment use and material storage, but such impacts would be low and floodplain function would
return once equipment and stored materials are removed.

6.4.1.1.2

Indirect Impacts

Indirect impacts on surface water hydrology and floodplains are not expected to occur as a result of
construction of the FRE facility or the Airport Levee Improvements project. All construction-related
impacts are considered to be direct impacts.

6.4.1.2

Operations

This section focuses on the flood retention operations of the FRE facility and the potential effects that
those activities would have on surface water hydrology and floodplains both upstream and downstream
of the facility location under both flow-through and impounding conditions. It also addresses the effects
that FRE facility operation would have on the extent, depth, and duration of downstream flooding when
the facility is actively impounding water. The operations parameters used in this analysis are provided
in the Operations Plan for Flood Retention Facilities (Anchor QEA 2017a) and the follow-up Chehalis
River Basin Operations Modeling for Current Conditions and the Flood Retention Expandable Facility
(Anchor QEA 2019e).
Operation of the Airport Levee Improvements would not impact surface water hydrology or floodplains
compared to existing conditions. With the FRE facility in place, the existing (unmodified) airport levee is
sufficient to prevent floodwater from entering the airport operations areas under both the 10-year and
100-year flood scenarios. Accordingly, the combination of the FRE facility and Airport Levee
Improvements would not change or redirect flood flows in this location under those flood scenarios.
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6.4.1.2.1

Upstream of the FRE Facility

Operation of the FRE facility would result in high changes to upstream surface water flow conditions
when the facility is impounding water and low changes to surface water flow conditions during freeflowing conditions.
When the FRE facility is impounding water, the surface water condition upstream of the FRE facility
would change from free-flowing streamflow in a channel to a pool of water. Some amount of water
would continue to be discharged downstream under such conditions. With this change in upstream flow
conditions, there would be a substantial increase in water surface elevation, depth, and surface water
area in the temporary reservoir footprint. The expected conditions of this pool as determined using the
HEC-ResSim model for both the 10-year and 100-year floods are summarized in Table 6.4-1. The results
of these conditions are depicted on Figure 14 of the EIS Alternatives memorandum (Anchor QEA 2019a).
Based on the model outputs, upstream inundation would extend beyond the limits of the existing
10-year and 100-year floodplains and into areas that would not otherwise flood under the No Action
Alternative.
Table 6.4-1
FRE Facility Temporary Reservoir Conditions
ELEMENT
Flood probability
Duration of temporary reservoir
Temporary reservoir maximum
length
Temporary reservoir maximum
elevation1
Temporary reservoir maximum
storage
Temporary reservoir maximum
depth
Temporary reservoir maximum
inundation area

10-YEAR FLOOD CONDITIONS
10% annual chance
27 days
5.6 miles

100-YEAR FLOOD CONDITIONS
1% annual chance
32 days
6.1 miles

568 feet

604 feet

25,580 acre-feet

48,150 acre-feet

143 feet

179 feet

518 acres

709 acres

Notes:
Source: Anchor QEA 2019e
1. Elevation of the riverbed at the proposed FRE facility site is 425 feet.

During periods when the FRE facility is not impounding water, the gated outlets would be open. The
gated outlets are designed to allow the river to flow freely up to approximately 8,000 cfs (Anchor QEA
2019a). At flows above 8,000 cfs, the free-flowing capacity of the gated outlets is exceeded by inflows,
resulting in some pooling upstream of the FRE facility. Over the 30-year period of record from 1989
through 2018, 13 flows had peak discharges greater than 8,000 cfs but less than the level of flow that
would have triggered impoundment if the FRE facility had existed (Anchor QEA 2019e). The duration
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and extent of upstream pooling that would have occurred under those flows if the FRE facility were in
place were modeled using HEC-ResSim and are shown in Table 6.4-2.
Table 6.4-2
Modeled Duration and Extent of Upstream Ponding During Periods When the FRE Facility is Not Impounding
Water

EVENT
MONTH
Dec 1994
Apr 1996
Dec 1996
Nov 1998
Dec 1998
Feb 1999
Nov 2001
Dec 2001
Jan 2006
Nov 2006
Nov 2012
Nov 2015
Feb 2017
Maximum

DURATION
OF POOLING
ABOVE
CROWN OF
HIGHEST
OUTLET1
(HOURS)
12
11
3
2
2
13
7
9
10
25
10
4
7
25

MAXIMUM
POOL
STORAGE
(ACRE-FEET)
6
15
5
5
5
9
6
8
7
5
14
5
6
15

MAXIMUM
POOL
ELEVATION
(FEET)
429.9
436.7
428.8
428.7
428.8
432.4
429.4
431.2
430.6
429.3
436.1
429.2
429.8
436.7

APPROXIMA
TE
MAXIMUM
POOL
LENGTH2
(FEET)
50
700
50
50
50
50
50
50
50
50
700
50
50
700

CHEHALIS
RIVER
MAXIMUM
INFLOW
(CFS)
10,098
15,510
7,986
8,844
9,240
10,758
9,570
10,956
10,560
9,570
14,718
9,240
9,966

MAXIMUM
OUTFLOW
FROM FRE
(CFS)
10,097
15,510
7,986
8,834
9,234
10,704
9,570
10,950
10,560
9,570
14,718
9,240
9,966

Note:
1. Crown of highest outlet is at elevation 428 feet
2. The pool length analysis was performed using 5-foot vertical contour steps; accordingly, the approximate length reflects step changes in
length, based on the step changes in vertical contours.

As shown in Table 6.4-2, the maximum predicted size of the pool would have an elevation of 436.7 feet
(which is approximately 12 feet above the riverbed elevation of 425 feet). Depending on the nature of
the storm event, the pool could be up to 700 feet long and could last for about 1 day. Because all these
events exhibit upstream pooling, they all have a period of time when inflows exceed outflows.
However, this difference is generally minor. For example, the decrease in maximum flow rate, between
inflow and outflow, is a fraction of the inflow (less than 1%). Based on the low frequency of occurrence
(13 events in 30 years), and limited pool size, pool duration, and effect on flow rate, ponding during
non-impounded floods is anticipated to have a low impact on surface water hydrology and floodplains.
Climate Variability
Climate variability projections predict that both winter precipitation and extreme precipitation events
driven by atmospheric river storm systems will increase in the future (Section 5.6). If such changes
occur, the frequency of high flows, including those that could cause flooding in the upper Chehalis River
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Basin, are also likely to increase. Consequently, changes to surface water hydrology upstream of the
FRE facility from both flows that exceed the conveyance capacity of the gated outlets and flows that
trigger temporary water impoundment at the FRE facility are also likely to occur more frequently. The
duration and extent of upstream ponding could also increase under either condition.

6.4.1.2.2

Downstream of the FRE Facility

Downstream of the FRE facility, operation of Alternative 1 would result in a medium reduction in the
degree of flooding in certain areas during the 10-year and 100-year. More specifically, Alternative 1 was
predicted to reduce flood depth and area without redirecting floodwater, reduce flood durations for
almost all combinations of locations and designated flood levels examined, and reduce or eliminate
flooding at all low-elevation roadway locations examined. The analyses of the beneficial impacts on the
built environment are presented in those sections of the NEPA EIS. Related ecosystem impacts from
changes to floodplain function are addressed in the discipline report for Aquatics Species and Habitat
(Corps 2020a).
The downstream effects of the FRE facility on the 10-year and 100-year flood inundation areas were
simulated using the RiverFlow2D model described in Sections 3.2.2 and 6.2.2.1. The modeled reduction
during these flood scenarios is shown in Figures 6.4-1 and 6.4-2, respectively. When compared to the
No Action Alternative (Figures 5.2-1 and 5.2-2), the area of downstream flooding with the FRE facility in
operation would decrease by 2,842 acres (or 10%) for the 10-year flood and 4,083 acres (or 11%) for the
100-year flood (Table 6.4-3). These potential changes in flood depths are shown in Figures 6.4-3 and
6.4-4.
Table 6.4-3
Area of Land Inundated Under Each Flood Under the No Action Alternative and Alternative 1

10-year flood
100-year flood

AREA OF FLOOD
INUNDATION – NO
ACTION (ACRES)
28,445
37,086

AREA OF FLOOD
INUNDATION –
PROPOSED ACTION
(ACRES)
25,603
33,003

DIFFERENCE FROM
NO ACTION TO
PROPOSED ACTION
(ACRES)
2,842
4,083

RELATIVE
DIFFERENCE
FROM NO
ACTION TO
PROPOSED
ACTION
10%
11%

For areas that are flooded in a 10-year flood under Alternative 1 (Figure 6.4-1), the maximum inundation
depth is reduced compared to the No Action Alternative (Table 6.4-4). In a 10-year flood, approximately
23,682 acres (83.3%) of the flood inundation area would experience a reduction in flood inundation
depth of up to 1.9 feet. Approximately 4,763 acres (16.7%) of the flood inundation area would
experience a reduction of more than 1.9 feet, with some areas experiencing up to 14 feet of reduced
flood depth. No area would experience an increase of flood depth under Alternative 1 compared to the
No Action Alternative.
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For areas that are flooded in a 100-year flood under Alternative 1 (Figure 6.4-2), the maximum
inundation depth would also be reduced compared to the No Action Alternative (Table 6.4-5). During a
100-year flood, approximately 29,686 acres (80%) of the flood inundation area would experience a
reduction of flood inundation depth of up to 1.9 feet. Approximately 7,400 acres (20%) of the flood
inundation area would experience a reduction of more than 1.9 feet, with some areas experiencing up
to 22 feet of reduced flood depth. No area would experience an increase of flood depth under
Alternative 1 as compared to the No Action Alternative.
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Figure 6.4-1
10-year Flood Depth Zones Under Alternative 1
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Figure 6.4-2
100-year Flood Depth Zones Under Alternative 1
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Figure 6.4-3
Potential Changes in 10-Year Flood Depth Between No Action Alternative and Alternative 1
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Figure 6.4-4
Potential Changes in 100-Year Flood Depth Between No Action Alternative and Alternative 1
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Table 6.4-4
Area of Flood Change from the No Action Alternative to Alternative 1 (10-Year Flood)
FLOOD DEPTH
CHANGE (FEET)
-13.9 to -12
-11.9 to -10
-9.9 to -8
-7.9 to -6
-5.9 to -4
-3.9 to -2
-1.9 to -0

AREA (ACRES)
0.3
2
21
232
365
4,143
23,682

AREA (%)
<0.1
<0.1
0.1
0.8
1.3
14.6
83.3

Notes:
1. This table shows the inundation areas corresponding to various changes in maximum flood depths from the No Action to Alternative 1.
2. A negative flood depth change occurs where the Alternative 1 maximum flood depths are improved (i.e., shallower) than the No Action
Alternative maximum flood depths.

Table 6.4-5
Area of Flood Change from the No Action Alternative to Alternative 1 (100-year Flood)
FLOOD DEPTH
CHANGE (FEET)
-22 to -16
-15.9 to -14
-13.9 to -12
-11.9 to -10
-9.9 to -8
-7.9 to -6
-5.9 to -4
-3.9 to -2
-1.9 to -0

AREA (ACRES)
17
8
25
203
307
244
911
5,686
29,686

AREA (%)
<0.1
<0.1
0.1
0.5
0.8
0.7
2.5
15.3
80.0

Notes:
1. This table shows the inundation areas corresponding to various changes in maximum flood depths from the No Action to Alternative 1.
2. A negative flood depth change occurs where the Alternative 1 maximum flood depths are improved (i.e., shallower) than the No Action
Alternative maximum flood depths.

Discharge comparison plots are provided in Figure 6.4-5 for the three USGS gages on the Chehalis River
that were used to define and characterize the flow of the upper Chehalis River Basin (Doty, Grand
Mound, and Porter). These plots include the No Action Alternative and Alternative 1 for 10-year and
100-year floods. The plots focus on the relatively short time period during which flooding could occur.
The full duration of regulated flows (i.e., flows controlled, in part, by releases from the temporary
reservoir) would be approximately 40 days. This is because the temporary reservoir would release
stored water for approximately 1 month (Table 6.4-1) and it would take several days of travel time for
the final water releases to pass Porter. During that time, flows in the river are augmented by releases
from the temporary reservoir and therefore would be higher than natural flows.

Chehalis River Basin Flood Damage Reduction Project

89

NEPA Discipline Report for Water Quantity and Quality

Environmental Consequences
Figure 6.4-5
Modeled Chehalis River Flood Flows within the Study Area

Note: The hours shown on the X axis represent time since the beginning of the RiverFlow2D model simulation.
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Relative to the No Action Alternative, the maximum discharge with implementation of Alternative 1
would be reduced for both the 10-year and 100-year floods. During the 100-year flood under
Alternative 1, a secondary peak discharge is shown in the hydrograph for Doty (Figure 6.4-5) after the
maximum discharge is observed. The secondary, and much lower, peak discharge appears at
approximately 135 hours. This secondary peak is related to FRE facility operation. As the No Action
Alternative river flow diminishes after the peak of the flood, the Applicant’s proposed operations would
provide for an increase in the Alternative 1 outflow from the FRE facility to drain the temporary
reservoir in preparation for a possible subsequent flood. This increase caused the secondary peak,
which becomes less pronounced moving downstream as the water spreads out. The secondary lower
peak discharge becomes barely visible at Grand Mound (at approximately 148 hours) and is not visible at
Porter.
Using the RiverFlow2D model, the durations over which the river stage exceeds a designated flood
elevation (i.e., flood durations), were estimated for the No Action Alternative and Alternative 1 under
the 10-year and 100-year floods. The model-predicted flood levels were compared with designated
flood levels or phases that have been identified by the NWS and Lewis County, respectively
(Section 5.2.5.2; Figure 6.4-6).
As shown in Figure 6.4-6, flood durations with Alternative 1 at all sites and all flood levels would be
reduced compared to the No Action Alternative in a 10-year flood. For example, the NWS minor flood
duration would be reduced from 12 hours under the No Action Alternative to 0 hours (i.e., no flooding)
under Alternative 1 at Doty, from 40 to 27 hours at Mellen Street, from 85 to 72 hours at Grand Mound,
and from 76 to 67 hours at Porter (Tables 6.4-6 and 6.4-7).
In a 100-year flood, the flood durations for an NWS minor flood would be reduced under Alternative 1
compared to the No Action Alternative at Doty and Mellen Street (Tables 6.4-6 and 6.4-7). However,
flood duration would be increased slightly at Grand Mound (from 116 hours to 122 hours) and Porter
(from 107 hours to 109 hours). At all four gages, the river elevations with Alternative 1 become higher
than the river elevations under the No Action Alternative at some time after the peak flow. This is
because the FRE facility operations plan specifies increases in release rate after the peak flow to drain
the temporary reservoir in preparation for a possible subsequent flood while the No Action Alternative
flow in the river has already diminished.
In a 100-year flood, using all other designated flood levels including NWS moderate and major floods
and all Lewis County flood phases, peak flood elevations and durations are reduced at all four gages
under Alternative 1. For example, the NWS major flood duration at Grand Mound would be reduced
from 41 hours under the No Action Alternative to 35 hours under Alternative 1. At Porter, the NWS
major flood duration would be reduced from 30 hours under the No Action Alternative to 22 hours
under Alternative 1 (Tables 6.4-6 and 6.4-7). Similar reductions would occur at the Doty and Mellen
Street locations.
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Figure 6.4-6
Modeled Chehalis River Flood Elevations Relative to Lewis County Flood Phases and NWS Flood Stages

Note: The hours shown on the X axis represent time since the beginning of the RiverFlow2D model simulation
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Table 6.4-6
Duration in Hours of Flooding at Key Locations – No Action Alternative
NWS MINOR
FLOODING

Doty
Mellen Street
Grand Mound
Porter

10Year
12
40
85
76

100Year
20
65
116
107

NWS
MODERATE
FLOODING
10100Year
Year
0
9
0
40
52
78
32
62

NWS MAJOR
FLOODING

LEWIS PHASE 1

LEWIS PHASE
2

LEWIS PHASE 3

LEWIS PHASE 4

10Year
0
0
0
0

10Year
16
42
85
76

10Year
10
0
52
32

10Year
0
0
0
0

10Year
0
0
---

100Year
6
19
41
30

100Year
22
67
116
107

100Year
18
42
78
62

100Year
9
20
41
30

100Year
6
0
---

Note:
--: No designated flood level has been assigned at this location.

Table 6.4-7
Duration in Hours of Flooding at Key Locations – Alternative 1
NWS MINOR
FLOODING

Doty
Mellen Street
Grand Mound
Porter

10Year
0
27
72
67

100Year
1
57
122
109

NWS
MODERATE
FLOODING
10100Year
Year
0
0
0
34
40
68
19
57

NWS MAJOR
FLOODING

LEWIS PHASE 1

LEWIS PHASE 2

LEWIS PHASE 3

LEWIS PHASE 4

10Year
0
0
0
0

10Year
0
0
72
67

10Year
0
0
40
19

10Year
0
0
0
0

10Year
0
0
---

100Year
0
0
35
22

100Year
7
42
122
109

100Year
0
34
68
57

100Year
0
0
35
22

100Year
0
0
---

Note:
--: No designated flood level has been assigned at this location.
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During the 10-year and 100-year floods under Alternative 1, a smaller secondary peak is observed after
the peak flood in the stage hydrographs (Figure 6.4-6), similar to what is shown in the discharge
hydrographs (Figure 6.4-5). The timing of this secondary peak for stage is the same as that for the
secondary peak for discharge (e.g., hour 135 at Doty for both stage and discharge secondary peaks).
This secondary peak becomes less pronounced moving downstream and, as discussed previously, is
related to temporary reservoir operation.
Flood duration was also evaluated at ten low-elevation roadway locations at sites surrounding the
Chehalis-Centralia Airport and I-5 (Figure 6.4-7), due to the potential for roadway flooding to interrupt
traffic, including emergency services. As shown in Table 6.4-8, modeling shows that none of the ten
selected low-elevation roadway locations would flood during a major flood under the No Action
Alternative. Due to model constraints, any depth of inundation above 3 inches predicted by the model
at the location of interest is considered flooding. Under Alternative 1, in a 10-year flood, it is estimated
that none of the ten selected low-elevation locations in the Chehalis-Centralia Airport/commercial area
would flood.
Table 6.4-8
Duration of Flooding at Low-Elevation Roadway Locations in Hours

SITE
I-5 at NW Chamber of Commerce
I-5 north of 13th Street
I-5 at SR-6
I-5 1,000 feet south of SR-6 crossing
I-5 at Salzer Creek
Mellen Street 100 feet east of I-5
SR-6 at Heden Road
SR-6 at Donahoe Road
Commercial area, east of the
Chehalis-Centralia Airport
(Walmart)
Louisiana Avenue

NO ACTION ALTERNATIVE
CATASTROPHIC
MAJOR FLOOD
FLOOD
0
46
0
12
0
3
0
9
0
0
0
0
0
28
0
0
0
0

ALTERNATIVE 1
CATASTROPHIC
MAJOR FLOOD
FLOOD
0
0
0
0
0
0
0
0
0
0
0
0
0
18
0
0
0
0

0

0

48

0

Note:
Model constraints means that a depth of zero feet could range from zero to 3 inches
Source: WSE 2019c
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Figure 6.4-7
Locator Map for Model Predictions of Roadway Flooding
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In a catastrophic flood, modeling shows six locations would experience flooding under the No Action
Alternative, with flood durations between 3 and 48 hours. Among the six flooded locations, Louisiana
Avenue has the lowest elevation (173.3 feet) in the Chehalis-Centralia Airport/commercial area and had
the longest flood duration (48 hours) during a catastrophic flood. In some of these low elevation areas,
the model likely overpredicts the duration of ponding due to the model not being capable of
representing existing small drainage structures (e.g., culverts). Because these areas are challenging to
model, the results are subject to additional uncertainty (Section 6.2.2.1.2; WSE 2019c). Under
Alternative 1, flooding would be reduced compared to the No Action Alternative at all six locations.
Only one location (SR-6 at Heden Road) is predicted to flood under Alternative 1. Modeling shows the
duration of catastrophic flooding at the SR-6 at Heden Road location, would be reduced from 28 to
18 hours, a 36% reduction.
Based on these results, Alternative 1 would result in reduced duration of I-5 closure and would not
increase any roadway flooding. Therefore, it would have a positive effect on roadway flooding.
As discussed in Section 6.4.1.2.1, there would be a low impact on surface water and floodplains
upstream of the FRE facility during non-impounded floods, due to pooling when the conveyance
capacity of the gated outlets is exceeded. This small decrease in maximum flows (less than 1%; Table
6.4-2 and Section 6.4.1.2.1) would result in a temporary and similarly small decrease in downstream
flows. That effect would diminish with distance downstream as tributaries contribute inflows.
Therefore, the FRE facility is anticipated to have a low impact on surface water hydrology downstream
of the FRE facility during periods when it is not impounding water.
Operation of the FRE facility would not substantially affect floodplain functions because it would not
directly modify the existing floodplain. However, by reducing flooding in certain portions of the
floodplain during major or catastrophic floods, there would be a reduction in the opportunity for those
portions of the floodplain to perform certain functions. Those areas would likely retain the ability to
provide floodplain functions but would not be flooded as frequently as they would under the No Action
Alternative. Because of this, the impact of operation of the FRE facility on floodplains and floodplain
function was determined to be low.
Climate Variability
As a result of increased winter precipitation and the increased frequency of extreme precipitation
events predicted by the climate variability analysis (Section 5.6), the frequency and magnitude of floods
that would trigger temporary impoundment at the FRE facility could also increase. To the extent that
the 10-year and 100-year floods become larger in the future, the FRE facility may impound water more
often, and may impound more water per event (up to the spillway level), upstream of the FRE facility.
This could lead to increases in the temporary reservoir inundation duration, maximum storage,
maximum elevation, maximum length, and maximum area. For the river downstream of the FRE facility,
Alternative 1 would continue to provide flood damage reduction benefits under climate variability
projections relative to the No Action Alternative.

Chehalis River Basin Flood Damage Reduction Project

96

NEPA Discipline Report for Water Quantity and Quality

Environmental Consequences

6.4.2
6.4.2.1
6.4.2.1.1

Surface Water Quality
Construction
Direct Impacts

Construction of Alternative 1 would cause low to high water quality degradation in the immediate
project area from in-water work in the Chehalis River channel. Implementation of standard construction
BMPs, as required by many of the permits that the Applicant would need to obtain prior to construction,
would minimize the potential occurrence of these impacts.
Low direct water quality impacts from construction would occur from increased sedimentation and
turbidity generated during in-water work to construct the cofferdams and diversion tunnel to route
Chehalis River flows around the FRE facility construction site. Such activities would occur in the
presence of active flow, as opposed to work on the foundation and structure of the FRE facility, which
would occur in a dewatered work area. Cofferdam and diversion tunnel construction would require
excavation and fill placement in the river channel, which would disturb the riverbed and suspend
sediment in the water column, increasing turbidity. Implementation of in-water work BMPs would
reduce the generation and movement of turbidity and its potential impact on water quality.
Low direct water quality impacts from construction could also occur as the result of accidental spills or
leaks of fuel or other equipment fluids from equipment used for in-water construction. This risk to
water quality would be greatest when equipment is operated directly in the river channel. However,
leaks or spills that occur in adjacent areas could also drain directly into the channel. It is expected that
the Applicant would be required to implement a Spill Prevention, Control, and Countermeasure Plan,
among other measures, to reduce the potential for water quality impacts associated with accidental
leaks and spills.
Low direct water quality impacts could also occur from pollutants carried into surface waters by wind,
stormwater runoff, high flows, or in some circumstances from ground shaking from blasting activities.
Potential pollutant sources include exposed bare soils, material stockpiles, and spilled or leaked fuel or
other equipment fluids. As noted in Section 6.4.2.1.1, it is expected that the Applicant would implement
various construction BMPs consistent with required permits or approvals. Through compliance with
those requirements, it is expected that the potential occurrence of these types of impacts would be
minimized.
Construction of the FRE facility would result in high direct impacts on water quality between May and
September due to the removal of riparian vegetation from the Chehalis River and other streams in the
footprint of the temporary reservoir. Such actions would substantially reduce shading along the river
and its tributaries, resulting in in an increase in water temperature within the river from RM 108 to RM
114. The effect of this change during construction is similar to that over the long term, which is
addressed in Section 6.4.2.2, Operations.
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Direct water quality impacts could also occur from the placement of uncured and new concrete in the
river channel to construct the FRE facility structure. Uncured and new concrete can raise the pH of
water that comes into contact with it. Water quality criteria near the FRE construction site specify that
the Chehalis River have a pH between 6.5 and 8.5, with human-caused variation within this range of less
than 0.2 units (Table 5.3-1). Exposure of uncured concrete and new concrete to water
(e.g., precipitation) can be minimized by keeping the worksite dewatered and by using tarps and other
protective covers. For water that comes into contact with uncured or new concrete, BMPs can be
implemented to prevent that water from moving off the construction site and to reduce the potentially
elevated pH (Ecology 2019i). It is expected that the Applicant would be required to implement BMPs to
reduce the potential for high pH water runoff and to conform with the water quality criteria.
If the upstream cofferdam were to be overtopped during a 7,000 cfs flow event, the FRE facility worksite
and any equipment or material in that area would be inundated and floodwaters could become
contaminated with suspended sediments, uncured concrete, and leaking fluids from damaged
construction equipment. Contaminated water could then enter the river during worksite dewatering.
Potential impacts from such occurrences could be reduced by the removal of equipment and
preparation of the site for potential flooding prior to larger storms. Depending on the extent of advance
notice and the severity of the storm, there would remain some potential for increased water quality
impacts. Also, implementation of required treatment of dewatering discharges would reduce the
potential for water contamination.
The Applicant is also proposing to conduct pre-vegetation management activities within the footprint of
the temporary reservoir. Such activities would include the clearing of all trees greater than 6 inches in
diameter at breast height from a 485-acre area in the lower portions of the temporary reservoir. The
riparian zone and floodplain of the Chehalis River and multiple tributaries would be affected by this
work. To conduct this clearing work, construction equipment would operate adjacent to the Chehalis
River and adjacent to and in many of its associated tributaries and wetlands. Such work would increase
the potential for direct water quality degradation through the same mechanisms as those that would
occur during in-water construction work.
Construction of the Airport Levee Improvements would have more limited potential to result in water
quality impacts. The proposed work would occur in the floodplain, but not in or within 700 feet of the
Chehalis River channel. However, some construction work would occur in or adjacent to wetlands and
drainage ditches that eventually drain to the river or other waterbodies. Those activities could disturb
the beds and banks of ditches and wetlands, leading to increased suspended sediments in those areas
that contain standing water. Construction of the Airport Levee Improvements could also result in
accidental spills or leaks of fluids in ditches, wetlands, and the floodplain. Similar to construction of the
FRE facility, it is expected that the Applicant would be required at a minimum to implement specific
BMPs to minimize the potential impacts of in-water work and construction equipment use on water
quality.
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6.4.2.2

Operations

This section focuses on the FRE facility because water quality is not expected to be affected by the
operation of the Airport Levee Improvements project. This is because the Airport Levee Improvements
would be located away from the river channel and would not have a long-term effect on any process
that would impact water quality (e.g., no change in riparian shading, no change in erosion, no change in
nutrient supply).

6.4.2.2.1

Upstream of the FRE Facility

This section describes the potential water quality impacts that are anticipated to occur upstream of the
FRE facility within the Chehalis River. The area evaluated extends from RM 108, where the FRE facility
would be located, to RM 114, where the maximum extent of the temporary reservoir would occur. The
analysis focuses on anticipated changes in temperature, turbidity, dissolved oxygen, nutrients, and
chlorophyll a.
Temperature
Alternative 1 would result in a high impact on water quality from substantial increases in temperature
upstream of the FRE facility during the spring and summer months (May through October) when the
facility is not impounding water. The main reason for this impact is because it is assumed that there
would be less riparian vegetation for shading as the result of the land clearing that would have been
completed in the temporary reservoir footprint during FRE facility construction. When the temporary
reservoir impounds water, the potential impact on water temperature was found most likely to be low if
the impoundment occurring during the spring (March) and medium if it occurred during the fall
(October).
Temperature During Periods When the Flood Retention Facility is Not Impounding Water
As shown in Figure 6.4-8, the water temperature under the No Action Alternative already exceeds the
CSSH threshold during the warmer months of the year. As noted in Section 5.3.2, this means that
Alternative 1 would be considered to cause an exceedance of the water quality criteria if it results in a
temperature increase of 0.3°C or more, relative to the No Action Alternative temperatures. As shown in
Figure 6.4-8, under Alternative 1, temperature is predicted to substantially increase above the No Action
Alternative during the summer months (July through September). The model predicts an increase of as
much as 2°C (Anchor QEA 2017b).
As shown in Figure 6.4-8, the water temperature under the No Action Alternative is also above the SSIC
threshold in the spring (May through June) and late September. This means that any increase attributed
to Alternative 1 of 0.3°C or more would cause an exceedance of the water quality criteria. The model
predicts an increase of as much as 1°C (Anchor QEA 2017b).
During the rest of the year, the difference between Alternative 1 and the No Action Alternative is less
pronounced and both alternatives are generally below the applicable regulatory thresholds.
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Figure 6.4-8
Modeled Water Temperature Upstream of the FRE Facility Under Free-Flow Conditions

Note: This figure is adapted from PSU (2017). Temperatures are predicted using the CE-QUAL-W2 footprint model and shown as 7-DADMax.

Temperature During Periods When the Flood Retention Facility is Impounding Water
When the FRE facility is impounding water, Chehalis River water would be released more slowly
compared to the flood flows that would otherwise occur under the No Action Alternative. Depending
on when the impoundment occurred, FRE facility operations would have differing effects on
temperature. The effect would last while the temporary reservoir was filling and emptying, after which
water in the channel would return to the temperatures predicted by the footprint model (Figure 6.4-8).
An impounded flood is expected to occur during the wet season from fall to spring, and most likely in
winter months. At the beginning and end of the wet season (i.e., in fall and spring months), air
temperatures are generally warmer than winter months and the temporary reservoir would be more
prone to heating. Therefore, fall and spring temporary reservoirs were simulated to evaluate the
potential impact on water temperature. A winter temporary reservoir is expected to have less impact
on water temperature than fall and spring temporary reservoirs. During impoundment, the potential
impact on water temperatures was found to most likely be low (or even beneficial to water
temperatures) if the impoundment occurred during the spring (March) and most likely medium if it
occurred during the fall (October; Figure 6.4-9). However, as explained further below, it is possible that
the outcomes could differ.
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The model simulated temperature from two months, March and October, for two flow regimes. These
months were chosen because they represent the warmest months when the FRE facility would be
expected to operate (that is, they are adjacent to months that have had major floods in the historical
record [Table 5.2-5] and hence could potentially have a major flood in the future). The flows modeled
included the 2009 flood, which is similar to a 10-year flood, and the 2007 flood, which is larger than but
reasonably representative of a 100-year flood. The results from March 2009 were similar to
March 2007, and the results from October 2009 were similar to October 2007. This is because the
operational impacts of the temporary reservoir on temperature are relatively insensitive to flow.
To assess whether operations of Alternative 1 would adversely affect water temperature, the outflow
temperature was compared to the background temperature. The background temperature refers to the
water temperature of the free-flowing river over the course of the month, in other words, the No Action
Alternative. The outflow temperature refers to the temperature of water that would be released under
Alternative 1.
For the spring condition (March), the outflow temperature under Alternative 1 is predicted to generally
be colder than the No Action Alternative (Figure 6.4-9). This phenomenon occurs because relatively cool
water initially flows into the bottom depths of the temporary reservoir. As the temporary reservoir fills
and air temperatures increase over the course of the impoundment period, the background
temperature of the river also increases. In spring, the temporary reservoir was predicted to show little
stratification and the water surface was less than 1°C warmer than the water temperature at the
subsurface gated outlets (Figure 41 in Anchor QEA 2017b). Because water would flow out from the
bottom of the temporary reservoir, the outflow initially consists of the colder water that initially filled
the temporary reservoir. Over the course of the temporary reservoir draining, the outflow temperature
would gradually become closer to the background.
This March simulation is based on one set of temperature data and hence does not reflect all possible
outcomes. Due to variations in weather patterns, it is possible that the temporary reservoir could fill
during a relatively warm spell and drain during a cold spell. Under this scenario, outflow temperatures
could be slightly warmer than background temperature (while this scenario was not modeled for the
spring condition, it was modeled for the fall condition, as described in subsequent paragraphs).
However, in most cases, spring air temperatures would increase over the course of the impoundment
period, similar to Figure 6.4-9, resulting in no exceedance of the temperature criteria. Overall, the
model results suggest that temperatures in a spring temporary reservoir would generally be similar to,
or somewhat less than, temperatures in the No Action Alternative.
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An impounding event in the fall, compared to an impounding event in the spring, would have a greater
potential to raise temperatures relative to the No Action Alternative. Initially, both the No Action
Alternative and Alternative 1 may exceed the applicable SSIC threshold of 13°C for 5 days in the October
simulation. However, while the background temperature would likely decline to acceptable levels over
the course of October, outflow temperatures under Alternative 1 could slightly increase before
beginning to decline (Figure 6.4-9). The increase in temperature over background (i.e., inflow) in the
fall condition simulations in Figure 6.4-9 is as much as 1.5°C, which is greater than that allowed by the
water quality criteria (0.3°C). Accordingly, the model indicates that Alternative 1 could lead to an
exceedance of the water quality criteria.
In the fall, relatively warm water would fill the temporary reservoir. As the temporary reservoir drained
over an approximately 30-day period, the background temperature would become increasingly colder as
the ambient air temperature drops. Because the temporary reservoir would have less heat exchange
with the atmosphere, it would cool more slowly than the river. This surface water would discharge from
the gated outlets at the bottom of the temporary reservoir near the end of the inundation period. As a
result, the temporary reservoir outflow may be warmer than the background condition.
This October simulation is based on one set of temperature data and does not reflect all possible
outcomes. It is possible that the temporary reservoir could fill during a relatively cold spell and drain
during a warm spell, resulting in outflow temperatures that are slightly cooler than background.
Figure 6.4-9
Modeled Water Temperature in the Temporary Reservoir Pool When the FRE Facility is Impounding Water
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Note: This figure is adapted from Anchor QEA (2017b). Temperatures are predicted using the CE-QUAL-W2 temporary reservoir model.

The temporary reservoir is predicted to operate once in 7 years. However, as shown in the historical
flow analysis presented in Section 5.2.4, the likelihood that it would operate in October is much less.
Because water temperatures under Alternative 1 would likely fluctuate within about 1°C of the No
Action Alternative condition and an increase in temperature relative to the No Action Alternative would
occur much less frequently than once in 7 years, the potential impact is considered to be low.
Turbidity
Over the course of the 50-year analysis period, it is expected that Alternative 1 would result in a low
long-term impact on water quality due to predicted increases in turbidity upstream of the FRE facility
when the FRE facility is not impounding water, as compared to the No Action Alternative. During
periods when the FRE facility is releasing impounded water, this impact would be medium.
Turbidity During Periods When the FRE Facility is Not Impounding Water
When the FRE facility is not impounding water, increases in turbidity under Alternative 1, relative to the
No Action Alternative, might occur during high-flow, but non-impounded, floods. There are two
mechanisms that may contribute to this increase in turbidity, as follows:

•

Sediments deposited during a previous impounding event may be resuspended during highflow, but non-impounded, floods.

•

Increased erosion may occur during rainfall events from surrounding hillsides because of
reduced vegetation as a result of periodic inundation and vegetation removal.
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The first mechanism was predicted using a combination of the CE-QUAL-W2, HEC-RAS, and WEPP
models (Anchor QEA 2019b). The second mechanism was not quantified but is captured qualitatively.
These models illustrate that the increase in turbidity is dependent on the quantity of sediment
deposited during the previous impounded flood, estimated erosion rates, and the size of the subsequent
non-impounded flood. Two values for each of these characteristics were evaluated as follows:

•

Quantity of sediment deposited
‒
2009 Flood: similar to a typical flood expected to be impounded by the FRE facility
‒
2007 Flood: an extreme condition that provides an upper bound estimate of the sediment
load that could occur

•

Erosion rates
‒
Lower bound (constant 5% slope within the FRE facility footprint)
‒
Upper bound (constant 60% slope within the FRE facility footprint)

•

Size of non-impounded flood
‒
1-year storm
‒
10-year storm. The 10-year storm was used as an upper bound on the quantity of water
that might erode sediments and carry them downstream.
•

It is recognized that, in many cases, a 10-year storm at the FRE facility site would
coincide with a major flood at Grand Mound and would consequently be impounded.

Using different combinations of these characteristics, eight distinct scenarios were evaluated. Five of
these scenarios predicted an increase in turbidity in excess of water quality criteria (Table 7.3 of
Anchor QEA 2019b; water quality criteria, which are expressed as an increase over background, are
shown in Table 5.3-1 of this report). Four of the scenarios that predicted a turbidity exceedance were
based on the smaller non-impounded flood (1-year storm). This occurs because the smaller event
carries less water to dilute the resuspended sediments, resulting in a higher likelihood of turbidity
exceedance. The fifth scenario that predicted a turbidity exceedance included the 10-year storm in
conjunction with the higher estimate of deposited sediment (2007 flood) and the upper bound estimate
of erosion rates (60% slope).
Based on these results, turbidity in the vicinity of the FRE facility could exceed criteria in the first storm
following an impounded flood. Erosion of previously deposited sediment is not expected to exceed
criteria in subsequent storms, because most of the sediments deposited during an impounded flood
would be resuspended in the first non-impounded flood. Reduced vegetation may lead to increased
erosion in all rainfall events, depending on the ability of the remaining canopy to reduce rainfall impact
energy and the integrity of the root systems to hold soil together. With an average of 7 years between
impoundment events, it is expected that some vegetation would exist most of the time, lessening the
erosion of soils. Based on this information, impacts due to increased turbidity upstream of the
FRE facility when it is not impounding water would be low.
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Turbidity During Periods When the FRE Facility is Impounding Water
When the FRE facility is impounding water, there is the potential for a substantial but temporary
localized impact on water quality from increased turbidity. Potential turbidity levels in a temporary
reservoir were predicted based on suspended sediment simulations from a combination of the
CE-QUAL-W2 and HEC-RAS models (Anchor QEA 2019b).
During an impoundment event, the modeling predicted that turbidity levels would initially increase as
the temporary reservoir filled due to the inflow of floodwater, then decrease as flows subsided and
some of the suspended sediments settled to the sediment bed. Turbidity would then increase again as
the temporary reservoir water surface elevation dropped and sediments were resuspended. These
results were similar for both the 2009 and 2007 floods (Figures 7.6 and 7.10 of Anchor QEA 2019b).
During the beginning of the impoundment period, when inflows are highest and consequently inflowing
turbidity levels are highest, the modeling showed that peak outflow turbidity concentrations were
reduced by more than 50% compared to the No Action Alternative.
TSS in the upper Chehalis River can be categorized into sand, silt, and clay sized particles. Most sand
was predicted to deposit and remain in the temporary reservoir during drawdown. Silt and clay
deposition were also modeled, but unlike sand, these particles were subsequently assumed to
resuspend due to wave energy as the temporary reservoir was drawn down. Because most of the sand
was predicted to remain in the temporary reservoir, the overall mass of TSS exiting the FRE facility
would be lower than the No Action Alternative.
However, the estimated outflow turbidity was also predicted to be higher than the No Action Alternative
during the latter stages of drawdown. This is because the silt and clay that had settled out were
assumed to be resuspended as the temporary reservoir continued to drain. Concurrently, the inflows to
the temporary reservoir (which represent the No Action Alternative, or background, condition) were low
and predicted to have low turbidity. Based on the modeling, turbidity levels were predicted to exceed
the applicable water quality criteria (Table 5.3-1) for up to 28 days during temporary reservoir
drawdown (Anchor QEA 2019b). The maximum increase in turbidity over background was as high as
250 nephelometric turbidity units (NTU). Based on this information, water quality impacts due to
increased turbidity upstream of the FRE facility when it is releasing impounded water were considered
to be medium.
Dissolved Oxygen
Over the course of the analysis period, Alternative 1 would be expected to result in a medium long-term
reduction in dissolved oxygen concentration upstream of the FRE facility during the late spring and
summer months when the FRE facility is not impounding water. During impoundment periods,
Alternative 1 could also result in a low reduction in dissolved oxygen concentration upstream of the
facility during the fall. However, the slightly reduced dissolved oxygen concentration is still expected to
be higher than the applicable criterion (CSSH) of 9.5 mg/L and thus will not trigger an exceedance of the
water quality criteria.
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Based on data collected by Ecology (Ecology 2000, 2010b, 2019b) and other state-funded studies
(e.g., Anchor QEA 2012, 2014), Chehalis River dissolved oxygen concentrations frequently drop below
the applicable water quality criteria. This is expected to continue under the No Action Alternative.
Because the background dissolved oxygen concentrations are frequently lower than the applicable
criterion (CSSH) of 9.5 mg/L for CSSH in the summer, any decrease in dissolved oxygen more than
0.2 mg/L would trigger an exceedance of the water quality criteria.
Dissolved Oxygen During Periods When the FRE Facility is Not Impounding Water
Under Alternative 1, dissolved oxygen concentrations upstream of the FRE facility are predicted to be
lower than the No Action Alternative over the long-term. This is mostly due to warmer river
temperatures in the summer that would be caused by the removal of riparian vegetation (Figure 203 of
PSU 2017). The estimated decrease in dissolved oxygen concentrations was predicted to be up to
0.2 mg/L and greatest in the summer (based on the difference between the “Baseline” line and
“FRO with no riparian shading” line in Figure 203 of PSU 2017). This decrease in dissolved oxygen is
likely to be less than the allowed decrease of 0.2 mg/L (WAC 173-201A-200), but because of the
uncertainty and limitations of the models, it could be equal to or greater than the allowed decrease.
Accordingly, this is considered to be a medium water quality impact.
Dissolved Oxygen During Periods When the FRE Facility is Impounding Water
When the temporary reservoir is impounding water, Alternative 1 could also result in changes in the
concentration of dissolved oxygen. Dissolved oxygen concentrations in the temporary reservoir were
not simulated using the temporary reservoir model (Anchor QEA 2017b) and were evaluated
qualitatively.
Because dissolved oxygen concentrations are inversely related to temperature, dissolved oxygen
concentrations would be expected to be slightly higher in the spring, relative to No Action, and lower in
the fall, again relative to No Action. This is because water quality modeling showed that if the
impoundment occurred in the spring, Alternative 1 would most likely result in a relative decrease in
temperature and if the impoundment occurred in the fall, it would most likely result in an increase.
Based on Figure 6.4-9, the greatest difference in temperature in the fall condition between inflow
(background) and outflow is approximately 1.5°C (14°C in the outflow, versus 12.5°C in the inflow). At
these temperatures, the difference in dissolved oxygen saturation concentrations is 0.3 mg/L
(Chapra 1997). However, there are more factors besides the theoretical relationship between
temperature and dissolved oxygen saturation concentration that would impact the actual dissolved
oxygen concentration such as aquatic species respiration and concentrations of degradable organic
matter. Therefore, a more accurate estimate of the impact of the FRE facility on dissolved oxygen would
require enhanced modeling. In addition, during periods when the FRE facility is impounding water
(typically fall to spring), the dissolved oxygen concentrations under the No Action alternative are well
above the water quality criterion of 9.5 mg/L (the “Baseline” line in Figure 203 of PSU 2017). When the
background dissolved oxygen concentrations do not violate the water quality criteria, there is no
regulation on the amount of decrease in dissolved oxygen concentrations due to human activities. And
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because the background dissolved oxygen concentrations are above 10.5 mg/L (the “Baseline” line in
Figure 203 of PSU 2017) from fall to spring, even with a theoretical decrease in dissolved oxygen
saturation concentrations is 0.3 mg/L (recognizing the uncertainty), the dissolved oxygen concentrations
under Alternative 1 are likely to be above the water quality criterion of 9.5 mg/L. In summary, the
decrease in dissolved oxygen concentrations is not expected to cause a water quality exceedance, and
this decrease would occur infrequently (on average once every 7 years). Therefore, the reduction in
dissolved oxygen concentration upstream of the FRE facility when the facility is impounding water
during the fall would be low.
Nutrients (Total Phosphorus and Total Nitrogen)
Upstream of the FRE facility, Alternative 1 would not be expected to have an effect on nutrient loading.
Periodic operation of the FRE facility may result in some increases in debris loading when the
temporary reservoir is filling. However, those materials would be removed to ensure safe drawdown
conditions and would not be expected to result in a notable change in nutrient loads.
Nutrients During Periods When the FRE Facility is Not Impounding Water
Nutrient concentrations in the river in the footprint of the temporary reservoir when it is not inundated
are predicted to be unchanged from the background (Figures 205 and 207 of PSU 2017). This is because
operation of the FRE facility is not expected to result in an increase in nutrient loadings or a meaningful
change in nutrient reactions within the river. Most notably, the adjacent land use is not expected to
substantially change. Most would remain in timber production, while a portion of the footprint of the
temporary reservoir would be converted from timber to predominantly grasses and shrubs, as per the
vegetation management plan. The area that would be converted to grasses and shrubs is a small
fraction of the overall watershed area.
Nutrients During Periods When the FRE Facility is Impounding Water
Periods when the FRE facility is impounding water are expected to be short, infrequent, and coupled
with relatively low temperatures. During this time, biological activities that may contribute to the
decomposition of organic matter and associated increase in dissolved nutrient concentrations, including
ammonia, are also expected to be low. Washington does not have water quality criteria for phosphorus
in rivers. Washington does have toxicity criteria for ammonia and all assessed waters meet the criteria
(Section 5.3.5). Also, nutrients are sometimes included in water quality evaluations of other
constituents (e.g., dissolved oxygen; Section 5.3.4).
Based on this information, the FRE facility is not expected to have any adverse impacts on water quality
as the result of increased nutrients upstream of the FRE facility.
Chlorophyll a
Upstream of the FRE facility, Alternative 1 may result in a low water quality impact from slight increased
concentrations of chlorophyll a over time. However, periodic operation of the FRE facility is not
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anticipated to result in any substantive changes to background chlorophyll a concentrations during the
time the temporary reservoir is impounding water.
Washington does not have water quality criteria for chlorophyll a, although chlorophyll a, or more
generally, algal productivity, is sometimes included in water quality evaluations of other constituents
(e.g., dissolved oxygen).
Chlorophyll a During Periods When the FRE Facility is Not Impounding Water
Chlorophyll a concentrations in the river in the footprint of the temporary reservoir are predicted to be
slightly higher than the No Action Alternative due to increased productivity of algae associated with
warmer water (Figure 209 of PSU 2017). Chlorophyll a concentrations under the No Action Alternative
range from 0.6 to 1.1 µg/L. The increase in chlorophyll a concentration due to Alternative 1 is less than
0.2 µg/L. These chlorophyll a concentrations are very low and would not cause water quality concerns.
However, because the concentrations are not zero, these slightly higher chlorophyll a concentrations
due to the FRE facility were considered to be a potential low water quality impact.
Chlorophyll a During Periods When the FRE Facility is Impounding Water
Chlorophyll a concentrations in the temporary reservoir were not simulated using the temporary
reservoir model (Anchor QEA 2017b) and are evaluated qualitatively. A meaningful increase of
chlorophyll a is typically expected to occur with algal blooms, which are unlikely to occur in the
temporary reservoir during impoundment periods. This is because the duration of an impoundment
event is anticipated to be relatively short, infrequent, and mostly likely to occur when water
temperatures are relatively low. Based on this information, the FRE facility is expected to have no
adverse impact on chlorophyll a upstream of the FRE facility during impoundment.

6.4.2.2.2

Downstream of the FRE Facility

Modeling of downstream water quality impacts was only completed for constituents that were found to
be affected by the FRE facility, as discussed in the previous section. This includes temperature and
dissolved oxygen. Otherwise, the potential for downstream impacts is qualitatively addressed.
Temperature
As discussed previously, over the long-term, Alternative 1 would result in a high impact from increased
water temperature upstream of the FRE facility due to the loss of riparian shading within the footprint of
the temporary reservoir. As warmer water moved downstream, there would also be a high water
quality impact from increased temperature below the FRE facility to around the confluence with
Elk Creek.
Temperature During Periods When the FRE Facility is Not Impounding Water
Temperatures were modeled in the river downstream of the FRE facility when the temporary reservoir
was not impounding water. The results are shown in Figure 6.4-10. A time series of these same model
results at the Chehalis River upstream of Elk Creek location is provided in Figure 173 of PSU 2017.
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The summer condition from mid-July was selected because this is a critical time of year when
temperature in the upper Chehalis Basin regularly exceeds the applicable criteria for the protection of
aquatic life uses for both CSSH and SRM (Ecology 2001). Accordingly, any increase above the
background temperature of 0.3°C or more as a result of Alternative 1 would trigger an exceedance of
the water quality criteria.
The difference in water temperature between Alternative 1 and the No Action Alternative is greatest
immediately downstream of the FRE facility where temperatures would be expected to increase by
approximately 2°C in mid-July. These findings are consistent with the upstream effects as shown in
Figure 6.4-8. Based on the downstream modeling, the temperature difference reduces to less than 1°C
near Pe Ell, to less than 0.3°C shortly downstream of the Elk Creek confluence, and almost completely
disappears further downstream. The modeling also found that there was much less of a difference
between Alternative 1 and the No Action Alternative during the fall, winter, and spring seasons (relative
to July) because the effect of the loss in riparian shading becomes less pronounced (Figure 6-4.7).
Because the difference in temperature between Alternative 1 and the No Action Alternative in the
temporary reservoir outflow is small in these other seasons (Figure 6-4.7), the difference in temperature
in the downstream river is equally small (model outputs not shown).
Figure 6.4-10
Modeled Water Temperature Downstream of the FRE Facility when the FRE Facility is Not Impounding Water

Note: This figure is adapted from PSU (2017). Temperatures shown are 7-DADMax.
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Temperature During Periods When the FRE Facility is Impounding Water
When the FRE facility is impounding water, the corresponding alteration in downstream flows could
result in differing effects on temperature. The impact would depend on when the impoundment and
drawdown occurred. If impoundment occurred in the fall, the most likely scenario is that the
impounded and released water would be warmer than background at the end of the drawdown period,
resulting in a potential increase in temperature compared to the No Action Alternative. In the spring,
the most likely scenario is that the impounded and released water would be colder than background,
resulting in a potential decrease in temperature. Overall, Alternative 1 would most likely result in a low
potential for increased temperature compared to the No Action Alternative.
The downstream river temperatures were also predicted during temporary reservoir impoundment.
Two conditions, spring and fall, were evaluated. Predicted water temperatures a few days after the
flood peak flow are presented in Figure 6.4-11. At this time, the No Action river flow had reduced to the
baseflow level. 1 In the spring condition, the downstream river temperatures with the FRE facility under
Alternative 1 were found to be cooler than the No Action Alternative.

1 Regarding the downstream river model’s upstream-most boundary condition flow (i.e., the location of the proposed FRE facility), the baseline
scenario (which is equivalent to the No Action Alternative) used non-flood typical flows (based on data from the spring and fall of 2014), while
the FRE facility alternative used temporary reservoir outflows (PSU 2017). A better comparison between the baseline and the FRE facility
scenarios would be if the baseline scenario used the flood flows without FRE facility retention. However, Figure 6.4-11 shows the downstream
river model results approximately 6 days after the peak flood flow by which time the flow has reduced to baseflow level. In addition, the travel
time between the FRE facility location and Porter is generally less than 6 days (PSU 2017) and thus any temperature differences between the
flood flow and non-flood flow during peak flow is estimated to be insubstantial 6 days after the peak flow. Therefore, even though the
simulated baseline scenario used non-flood flows, the resulting temperatures on the date presented in Figure 6.4-11 are considered similar to
what a baseline scenario would be if flood flow were used.
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Figure 6.4-11
Modeled Downstream Water Temperature When FRE Facility is Impounding Water

Note: This figure is adapted from PSU (2017). Temperatures shown are 7-DADMax.

Under the fall condition, the downstream river temperatures under Alternative 1 were predicted to be
warmer than the No Action Alternative in certain parts of the river. 2 At the upstream end of the
downstream river model, the Alternative 1 temperatures are higher than the No Action Alternative
temperatures, because the FRE facility discharges warmer water than the background condition
(Figure 6.4-9. Moving downstream, the No Action Alternative temperatures (blue line in Figure 6.4-11)
The blue line in the Fall panel in Figure 6.4-11 was adjusted for this figure from the model outputs provided in PSU (2017). Under the fall
condition, based on the outflow temperature leaving the FRE facility (Figure 6.4-8), at the time for Figure 6.4-11 (i.e., a few days after the peak
flow), the Alternative 1 temperature is approximately 14°C and the No Action Alternative temperature is approximately 13°C, which
corresponds to a temperature increase over background of approximately 1°C. However, the PSU model did not incorporate this difference.
This was caused by inconsistent boundary conditions between the Alternative 1 and No Action Alternative simulations in PSU (2017). The
upstream boundary condition for Alternative 1 in the downstream river model (i.e., the green and orange lines in Figure 6.4-11) was specified
using the Alternative 1 temperature output from the temporary reservoir model (i.e., the orange outflow line in Figure 6.4-9). The upstream
boundary condition for temperature for the No Action Alternative in the downstream river model used by PSU (2017), however, was set using a
different temperature than the No Action Alternative temperature specified in the temporary reservoir model (i.e., the blue line in
Figure 6.4-8). Figure 6.4-8 No Action temperature was specified based on data measured at the temporary reservoir model upstream
boundary, i.e., immediately upstream of the temporary reservoir footprint (Anchor QEA 2017b). The PSU (2017) No Action temperature was
specified based on data measured at the upstream boundary of the downstream river model, that is, immediately downstream of the FRE
facility, and is slightly higher than that used in Figure 6.4-8. Therefore, in Figure 6.4-11, the No Action Alternative temperature (i.e., the blue
line) was adjusted down from the PSU No Action Alternative temperature outputs by 1°C such that the temperature immediately downstream
of the FRE facility is consistent with the No Action Alternative temperature leaving the FRE facility in Figure 6.4-8, both at approximately 13°C.
2
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fluctuate somewhat because the relatively low baseflow at this time is subject to heating and cooling
based on solar radiation (e.g., warming in slow and shallow river segments) and tributary inflows. The
Alternative 1 temperatures (orange and dashed green lines in Figure 6.4-11) do not fluctuate as much
while traveling downstream. This is because these lines represent relatively high flows (releases from
the FRE facility) and are therefore less subject to heating and cooling by solar radiation and tributary
inflows.
Based on these results for the fall condition, the downstream river temperatures under Alternative 1 are
expected to be warmer than the No Action Alternative by approximately 1oC immediately downstream
of the FRE facility (Figure 6.4-9), and warmer by lesser amounts farther downstream. This increase is
higher than the allowed 0.3°C and would trigger an exceedance of the water quality criteria. This
temperature increase diminishes farther downstream, and the Alternative 1 temperature becomes
similar to the No Action Alternative towards the downstream portions of the Study Area. In addition,
temperatures in the Chehalis River under the No Action Alternative becomes cooler than 13°C in late
October (the baseline line in Figures 173, 175, and 177 in PSU 2017), and thus the allowed increase of
temperature due to human activities becomes 28/(T+7) (WAC 173-201A-200). The predicted increase of
temperature from the No Action Alternative to Alternative 1 in late October is expected to be less than
the temperature increase in early October (at most approximately 1°C immediately downstream of the
FRE facility). The allowed temperature increase (28/[T+7], where T is the No Action Alternative
temperature in °C) in late October is higher than 1°C. Therefore, the predicted increase of temperature
from the No Action Alternative to Alternative 1 in late October is lower than the allowed 28/(T+7) and
does not cause a water quality exceedance. Lastly, this scenario of impounding water in the fall would
occur infrequently. Therefore, the impacts of Alternative 1 on temperature when the FRE facility is
impounding water would be low.
Turbidity
As discussed in Section 6.4.2.2.1, some exceedances of turbidity at the location of the FRE facility could
occur. Over the course of the 50-year analysis period, it is expected that Alternative 1 would result in a
low long-term impact on water quality due to predicted increases in turbidity downstream of the
FRE facility when the FRE facility is not impounding water, as compared to the No Action Alternative.
During periods when the FRE facility is releasing impounded water, this impact would be medium.
Turbidity During Periods When the FRE Facility is Not Impounding Water
As noted in Section 6.4.2.2.1, when the FRE facility is not impounding water, there is potential for a
turbidity exceedance during a non-impounded flood due to resuspension of sediments deposited during
a preceding impounded flood. Such an exceedance would only be expected to occur during the first
storm following an impounded flood. Turbid water would transport downstream and mix with tributary
inflows. Because of the low frequency of such possible exceedances (see Section 6.4.2.2.1), this impact
was determined to be low.
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Turbidity During Periods When the FRE Facility is Impounding Water
As noted in Section 6.4.2.2.1, there is a potential for a water quality impact when the FRE facility is
releasing stored water. This would occur because of an increase in turbidity during temporary reservoir
drawdown that could result in an exceedance of the applicable water quality criteria for up to 28 days.
Turbid water would transport downstream and mix with tributary inflows. Because of the low
frequency of such possible exceedances (see Section 6.4.2.2.1), this impact was determined to be
medium.
Dissolved Oxygen
Downstream of the FRE facility, where the facility is not impounding water, there could be a low impact
on water quality due to a decrease in dissolved oxygen below the applicable regulatory criteria during
the spring and summer months. Similarly, during the period when the FRE facility is impounding water,
there could also be the potential for low water quality impact related to the potential for a short-term
decrease in dissolved oxygen in the area immediately downstream of the FRE facility if the
impoundment occurred in the early fall.
Dissolved Oxygen During Periods When the FRE Facility is Not Impounding Water
The summer temperature immediately downstream of the FRE facility was predicted to be
approximately 2°C warmer in mid-July under Alternative 1 compared to the No Action Alternative
(Figure 6.4-10). Based on similar results in the outflow of the temporary reservoir footprint model, the
summer dissolved oxygen concentration immediately downstream of the FRE facility would be
estimated to be up to 0.2 mg/L lower in the summer under Alternative 1 compared to the No Action
Alternative. This decrease in dissolved oxygen is likely to be less than the allowed decrease of 0.2 mg/L
(WAC 173-201A-200), but because of the uncertainty and limitations of the models, it could be equal to,
or greater than, the allowed decrease.
For the Chehalis River further downstream, the dissolved oxygen concentrations when the FRE facility is
not inundated were predicted to be similar to the No Action Alternative (based on comparisons
between the “FRO with no riparian shading” line and the “baseline” line in Figures 183 [Chehalis River at
confluence with the South Fork Chehalis River] and 187 [Chehalis River upstream of confluence with
Skookumchuck River] of PSU 2017). Therefore, the FRE facility is estimated to have a low adverse
impact on dissolved oxygen water quality in the Chehalis River downstream of the confluence with the
South Fork Chehalis River.
Dissolved Oxygen During Periods When the FRE Facility is Impounding Water
When the temporary reservoir is impounding water, Alternative 1 could also result in changes in the
concentration of dissolved oxygen in the downstream river. Dissolved oxygen concentrations in the
downstream river were not simulated using the downstream river model (PSU 2017) and were
evaluated qualitatively.
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The difference in dissolved oxygen concentrations in the river immediately downstream of the
FRE facility between Alternative 1 and the No Action Alternative is estimated to be similar to the
difference in the temporary reservoir. As discussed in Section 6.4.2.2.1, the Alternative 1 dissolved
oxygen concentrations would be expected to be slightly higher than the No Action alternative if the
impoundment occurred in the spring, and slightly lower in the fall impoundment. This slight decrease of
dissolved oxygens in the fall impoundment is not expected to cause a water quality exceedance in the
temporary reservoir (Section 6.4.2.2.1), and similarly a water quality exceedance is not expected to
occur immediately downstream of the FRE facility. The impact of the FRE facility on dissolved oxygen
concentrations would further diminish downstream in the Chehalis River, and thus would not be
expected to cause a water quality exceedance. Lastly, such a decrease in dissolved oxygen
concentrations would occur infrequently (on average once every 7 years). Therefore, the impact of the
FRE facility on dissolved oxygen concentrations in the downstream river during impoundments would be
low.
Nutrients (Total Phosphorus and Total Nitrogen)
Operation of the FRE facility is not expected to have any long-term water quality impacts on nutrient
concentration downstream of the facility under either free-flowing or impounding conditions.
Nutrients During Periods When the FRE Facility is Not Impounding Water
Nutrient concentrations in the river downstream of the FRE facility when the FRE facility is not
impounding water are estimated to be similar to the background (Figure 191 for total phosphorus and
Figure 195 for total nitrogen, both for the Chehalis River at the confluence with the South Fork Chehalis
River, in PSU 2017). Additionally, the FRE facility is expected to have no adverse impact on nutrients
upstream of the FRE facility (section above). Therefore, the FRE facility is also not expected to have any
adverse water quality impacts from nutrient concentrations downstream of the FRE facility.
Nutrients During Periods When the FRE Facility is Impounding Water
Nutrient concentrations in the downstream river model during periods when the FRE facility is
impounding water were not simulated in the downstream river model and were evaluated qualitatively
by PSU (2017). Nutrients in the river would be influenced by ongoing sources and sinks as the water is
carried downstream. There would be no impacts on nutrients in the downstream river because the
FRE facility was determined to have no impacts on nutrients in the temporary reservoir and the adjacent
land use is not expected to change. With no change in adjacent land uses, increase of nutrient loadings
due to human activities is not expected to occur.
Chlorophyll a
Operation of the FRE facility is not expected to have any long-term water quality impacts on
chlorophyll a concentrations downstream of the facility under either free-flowing or impounding
conditions.
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Chlorophyll a During Periods When the FRE Facility is Not Impounding Water
Minor changes in summertime chlorophyll a concentrations upstream of the FRE facility would similarly
be expected to result in low downstream impacts over the course of the analysis period. The extent of
any changes in concentrations would be expected to quickly diminish and have no impact farther
downstream (Figure 199 of PSU 2017, for the Chehalis River at the confluence with the South Fork
Chehalis River).
Chlorophyll a During Periods When the FRE Facility is Impounding Water
For the reasons discussed in Section 6.4.2.2.1, periodic operation of the FRE facility would not be
expected to result in notable changes in chlorophyll a concentrations downstream of the FRE facility.

6.4.2.2.3

Climate Variability

As discussed in the climate variability analysis (Section 5.6), both winter and summer air temperatures
and summer heat extremes are predicted to increase by mid- to late-century. Winter precipitation and
extreme precipitation events are also predicted to increase over the same time period. These projected
changes would likely result in slightly greater deterioration of water quality under Alternative 1 than
outlined in the above impact analysis. For example, if the air temperature increases in the future, the
water temperatures shown in the Alternative 1 modeling may be higher than those predicted under
existing conditions. Similarly, as a result of higher water temperatures, the dissolved oxygen
concentrations may be lower than shown in the Alternative 1 modeling above. Increased precipitation
may result in increased turbidity in the river when the facility is not impounding water. Increased
precipitation extremes could generate more major and catastrophic floods and more frequent use of the
FRE facility, which could increase the water quality impacts that would occur when the facility is
impounding water (upstream temperature, turbidity, and dissolved oxygen; downstream temperature,
turbidity, dissolved oxygen).

6.4.3
6.4.3.1
6.4.3.1.1

Groundwater
Construction
Groundwater Recharge, Movement, and Connectivity

Direct impacts on groundwater recharge, movement, and connectivity from the construction of
Alternative 1 would be minimal and likely limited to some negligible alterations of shallow groundwater
flow pathways. Impacts on groundwater from Alternative 1 would be greatest in the surficial aquifer.
The deeper confined aquifers in the Chehalis Basin and the groundwater resources present in portions
of the underlying bedrock would be less affected because of their depth and separation from the
surface by multiple confining layers. Reduction of groundwater recharge of the surficial aquifer is not
expected to occur because the surficial aquifer is largely absent in this portion of the Chehalis Basin
(Figure 5.4-1). Construction of the FRE facility and its associated structures and construction areas could
change some of the shallow groundwater flow pathways in those locations, especially where structures
extend below the ground surface.
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Groundwater resources at the proposed site of the FRE facility are limited by exposed bedrock, a thin
layer of alluvial material, and the narrow steep-sided valley. Accordingly, the surficial aquifer is largely
absent in that location and shallow groundwater flow is minimal. Groundwater resources in the
footprint of the temporary reservoir are also limited by the surrounding moderate to moderately steep
slopes and the presence of relatively thin alluvial soils overlying low-permeability bedrock. Most
groundwater flow in those areas likely occurs as shallow interflow along the soil-bedrock interface and
moves fairly rapidly downslope to the Chehalis River and its associated tributaries. Such conditions limit
groundwater recharge and storage capacity at the FRE facility and temporary reservoir project site.
Although construction of the FRE facility and the associated establishment of construction staging and
material storage areas would disrupt some shallow groundwater flow patterns, groundwater flow in the
majority of the project area would continue to move downslope toward the Chehalis River and its
tributaries and recharge would continue to occur on the adjacent slopes. Groundwater flow would
likely increase as trees are cleared from the temporary reservoir footprint. Trees take up large amounts
of water from the soil and transfer it back to the atmosphere via evapotranspiration. They also
intercept precipitation. Accordingly, removal of trees from 485 acres in the temporary reservoir
footprint would result in increased soil moisture that would contribute to groundwater flow.
Groundwater storage, which is already limited in the project area under existing conditions, may be
further reduced in those areas disturbed by construction activities. Based on the size of the areas where
these potential effects on groundwater movement and storage would occur relative to the extent of the
Chehalis Basin surficial aquifer, impacts on groundwater recharge, movement, and connectivity from the
construction of the FRE facility are expected to be low.
As shown in Figure 5.4-1, the Chehalis Basin surficial aquifer underlies the entire Airport Levee
Improvements project site (Garrigues et al. 1998; Gendaszek 2011) with the water table occurring
between 10 to 20 feet below ground surface (Garrigues et al. 1998). Accordingly, groundwater recharge
and storage at that site are likely to be more extensive than at the proposed FRE facility and temporary
reservoir project sites. Construction of the proposed Airport Levee Improvements would occur in the
footprint of an existing structure. Water that falls on the improved levee would continue to run off on
one side or the other and either infiltrate to groundwater near the levee base or flow into the adjacent
drainage ditch where it would infiltrate through the bottom and side of the ditch. A portion of this
water might eventually be pumped out to the Chehalis River. Because there would be no net change in
infiltration amounts, the Airport Levee Improvements are not expected to have an impact on
groundwater recharge, movement, or connectivity.

6.4.3.1.2

Groundwater Quality

Construction of Alternative 1 would cause a low increase in the potential for groundwater to become
contaminated by accidental releases or spills of fuel or vehicle fluids or liquid construction materials
(e.g., paint, solvents). If such materials are spilled on the ground, they could potentially infiltrate
through the soil column and enter underlying groundwater. Groundwater flow could then transport the
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contamination into downslope surface waters or underlying aquifers. Rapid transport of contaminated
groundwater to surface waters is a bigger concern at the FRE facility construction site where the soils
are thinner and the slopes steeper. Contamination of the underlying aquifer would more of an issue at
the Airport Levee Improvements site, where the surficial aquifer is more extensive.
Standard BMPs for construction vehicle usage would reduce the potential for groundwater quality
impacts at both construction sites. Examples of such BMPs include using dedicated fueling areas with
containment around fuel storage tanks and impervious fueling areas; regularly inspecting vehicles to
identify and repair potential fluid leaks; preparing and maintaining required spill prevention, control,
and countermeasures plans; and regularly washing vehicles in dedicated wash areas where the wash
water is collected for reuse and eventual transport to off-site disposal areas. With the implementation
of such BMPs, construction impacts on groundwater quality are expected to be low for both the
FRE facility and Airport Levee Improvements projects.

6.4.3.1.3

Hyporheic Zone Condition

Construction of Alternative 1 would result in both long-term and permanent elimination of portions of
the hyporheic zone in the Chehalis River channel and its adjacent floodplain. Hyporheic zone
connectivity would also be severed in one location of the upper Chehalis River Basin. Both of these
impacts would occur with the FRE facility construction. Construction of the Airport Levee Improvements
project would not result in adverse impacts on the hyporheic zone.
To facilitate FRE facility construction, an approximately 1,350-linear-foot section of the Chehalis River
channel (CBS 2017b) would need to be dewatered for the duration of the construction period
(24 months to up to 5 years). Channel dewatering would be accomplished by diverting the river into a
1,635-foot-long rock tunnel that would convey flow around the proposed work area and back into the
river downstream of the construction site. Temporary cofferdams constructed of roller-compacted
concrete would be placed at the upstream and downstream ends of this tunnel to isolate the channel
through the work area. Removal of flowing surface water from that section of channel, placement of
the cofferdams, and construction of the FRE facility would completely eliminate the hyporheic zone in
those locations. However, due to the limited amount of sediment overlying the bedrock, the hyporheic
zone in these portions of the channel is presumed to be limited. Although flow would be diverted
through a tunnel, the location of the tunnel in low-permeability bedrock would likely preclude the
development of a hyporheic zone. Once the cofferdams are removed and the river is returned to its
natural course, the hyporheic zone would re-establish in those locations of the channel over time.
Because of the relatively short length of the channel that would be affected by dewatering and the
limited extent of the hyporheic zone in that location, impacts on the hyporheic zone from channel
dewatering are expected to be low.
Construction of the FRE facility in the Chehalis River channel and across the floodplain would both
eliminate the hyporheic zone in those locations and sever downstream connectivity through the
adjacent hyporheic zone corridor. As with the section of channel that would be dewatered, the
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hyporheic zone is presumed to be absent or minimally developed in the proposed location of the
FRE facility because of the presence of bedrock and limited overlying sediment. In addition, the
floodplain in that location is also highly constrained by the adjacent slopes. Because of these conditions,
potential impacts on hyporheic zone and hyporheic zone corridor connectivity from construction of the
FRE facility are expected to be low.
Construction of the Airport Levee Improvements would occur outside of the active river channel and
would not impact the sections of remnant stream channel or oxbow lakes located to the west and
northwest of the project area. As such, Alternative 1 is unlikely to affect the hyporheic zone or
hyporheic zone exchange flows in the floodplain.

6.4.3.2

Operations

6.4.3.2.1

Groundwater Recharge, Movement, and Connectivity

Operation of the FRE facility has the potential to affect downstream groundwater resources in the
adjacent Chehalis Basin surficial aquifer. Potential groundwater recharge, movement, and connectivity
impacts that could occur from FRE facility operation include: 1) reduction in groundwater levels in the
surficial aquifer in response to decreased peak streamflow downstream of the FRE facility; and
2) reduction in overbank flood recharge from decreases in the inundation area extent and overall
reduction of the duration of NWS designated floods. Operation of the Airport Levee Improvements
would not be expected to cause any adverse impacts on groundwater recharge movement or
connectivity.
When the FRE facility is impounding water, outflows from the facility would be reduced to 300 cfs for
48 to 72 hours, potentially affecting groundwater levels in the adjacent surficial aquifer (Anchor QEA
2019c). Such effects would primarily be limited to a relatively short section of river immediately
downstream of the FRE facility. Along that section of river, the river’s influence on groundwater levels in
the surficial aquifer is limited by the narrow valley walls and underlying bedrock. As such, the reduced
flow would cause little to no changes in groundwater levels. Starting at a relatively short distance
downstream of the FRE facility, tributary inflow generated by the same storm event that triggers facility
impoundment would flow into the river from multiple streams, augmenting the reduced flow volume.
This would occur before the river enters areas where the surficial aquifer is much wider and more
influenced by river levels. Additional flow from major tributaries downstream of Doty (e.g., Elk Creek,
South Fork Chehalis River, Newaukum River, and Skookumchuck River) would also contribute to Chehalis
River flow. After the 48-hour to 72-hour period has passed, the FRE facility gated outlets would open
and outflow would increase to approximately 5,000 to 6,500 cfs. This discharge would decrease over
approximately a 7-day period to a flow of approximately 1,000 cfs, unless higher flows occur when the
temporary reservoir is emptying. The outflow would then gradually decrease over an additional
21 to 28 days until the temporary reservoir pool is emptied and outflow from the temporary reservoir
equals inflow.
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Major floods are only expected to occur once every 7 years (15% probability of occurring in any given
year). Accordingly, the change in flow patterns from FRE facility impoundment would occur
infrequently. More than 98% of the time, Chehalis River flows would not appreciably change as the
result of FRE facility operations (Anchor QEA 2019c). Based on these considerations, the impact of
FRE facility-induced flow reduction on groundwater levels in the adjacent surficial aquifer is expected to
be relatively low. Major floods of 7-year occurrence interval and greater do not occur frequently
enough to be a significant source of groundwater recharge (Anchor QEA 2019c). Although groundwater
levels would rise temporarily following a major flood, they typically return to pre-flood levels in an
estimated 1-week to 2-week period (Anchor QEA 2019c).
Operation of the FRE facility would reduce the duration and extent of downstream flooding from 7-year
recurrence interval and greater floods. Such reductions would decrease the overbank flood recharge
potential of the surficial aquifer. As previously stated in Section 5.4.2, overbank flood recharge is a
relatively minor contributor to total groundwater recharge in the Chehalis Basin surficial aquifer because
recharge rates in the floodplains are estimated to be relatively low during a major flood (Anchor QEA
2019c). The soils in the floodplain have an estimated maximum recharge rate of between 0.6 and
2 inches per day (Gendaszek and Welch 2018). In the event of a major flood, floodplain inundation may
occur for 3 to 5 days, or possibly more, depending on the location. Accordingly, in these locations, total
recharge of between 1.8 and 10 inches could occur. Because major floods occur with a frequency of
approximately one in 7 years, the average annual amount of recharge from such floods is estimated to
be only about 0.3 to 1.4 inches per year. Based on this, impacts on groundwater recharge from the
reduction of overbank flood recharge are expected to be low.
In the upper Chehalis River Basin, the majority of the groundwater recharge from surface water occurs
through the riverbanks along losing reaches of the mainstem Chehalis River. This bank recharge may
increase slightly as a result of water impoundment in the FRE facility, because the duration of elevated
flow would be longer during periods of temporary reservoir drawdown (Anchor QEA 2019c). Without
operation of the FRE facility, the typical flood inundation period for a major flood lasts for 3 to 5 days
and provides limited recharge to the surficial aquifer. When the FRE facility is releasing stored water,
average flow carried by the Chehalis River would be increased for a 28- to 34-day period. After the
initial 48 to 72 hours that the FRE facility gated outlets are closed, outflow from the FRE facility would
generally be greater than the inflow, resulting in slightly higher river surface elevations and increased
potential bank recharge along the entire length of the river (including both losing and gaining reaches).
The proposed Airport Levee Improvements would affect the footprint of an existing structure.
Precipitation that falls on the improved levee would either run off into the adjacent areas where
groundwater recharge could occur or gradually infiltrate through levee soils. The Airport Levee
Improvements would prevent the flooding of the airport during major floods, potentially reducing the
area of overbank flood recharge in that location. However, heavy precipitation would still collect behind
the levee, and either infiltrate or be routed to the airport’s drainage system. Accordingly, any potential
impacts on groundwater recharge would be low.
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6.4.3.2.2

Groundwater Quality

Operation of the FRE facility and Airport Levee Improvements are not expected to have any impacts on
groundwater quality. The reduced extent and duration of inundation from major floods and the
reduction of flooding within the airport’s operation area could reduce the potential for contaminants to
be picked up and carried by floodwater where they could enter groundwater via infiltration.

6.4.3.2.3

Hyporheic Zone

Operation of the FRE facility would have low indirect impacts on the hyporheic zone both upstream and
downstream of the FRE structure. Impacts upstream of the FRE facility would be primarily caused by
sediment accumulation in the section of river channel in the temporary reservoir. Downstream impacts
would result from restrictions on the amount of sediment and large woody material that would pass
through the flood retention structure and the reduction in the number of larger-scale fluvial events that
re-orient or modify downstream hyporheic habitats. Additional information on these types of changes
can be found in the Geomorphology Discipline Report (Corps 2020c). Operation of the Airport Levee
Improvements would not result in any adverse indirect impacts on the hyporheic zone.
When the FRE facility is operating and retaining water in the temporary reservoir, some portion of the
sediment carried by water flowing into the temporary reservoir would settle out and collect in the
upstream river channel and its surrounding floodplain. Sediment that accumulates in the channel could
potentially block the interstitial spaces in the substrate with silts and fine sediments, causing anoxic
conditions to develop and potential killing off aquatic biota in the hyporheic zone. Such impacts would
mostly likely occur just upstream from the LLO inlets where slower water velocities would occur. High
flows associated with smaller floods that would not trigger FRE facility operation would also likely scour
these areas of the channel more frequently than retention events. Such flows would help flush the
accumulated sediments from the hyporheic zone and reduce the potential for the development of
anoxic conditions. Because the temporary reservoir would operate infrequently and for relatively short
periods of time (32 days or less), and because accumulated sediment would be flushed out during
smaller floods, such impacts are expected to be low.
The FRE facility is designed to pass sediment and debris including bedload sediments (cobble, gravel,
sand), finer silt and clay-sized particles, and large woody material up to 3 feet in diameter and 15 feet in
length (Watershed GeoDynamics and Anchor QEA 2017). As such, during periods when the FRE facility is
not impounding water, fresh sediments and debris would still pass into downstream areas where it
could be used to support hyporheic zone functions and maintain ecosystem dynamics.
During flood impoundment, some sediment may be retained on the slopes of the temporary reservoir
and may be eroded during subsequent, non-impounded floods (see turbidity section above and
Anchor QEA 2019b). Additionally, much of the wood debris captured during flood operations would be
removed as part of the debris management plan, if deemed to be a hazard to FRE facility operations. As
a result of water, bedload, suspended sediment, and debris retention by the FRE facility during major

Chehalis River Basin Flood Damage Reduction Project

120

NEPA Discipline Report for Water Quantity and Quality

Environmental Consequences

floods, there could be a reduction in the number of larger-scale fluvial events that re-orient or modify
downstream hyporheic habitats. Modification of the hyporheic zone by fluvial processes would still
occur during smaller floods; however, the occurrence of major changes (e.g., large channel avulsions,
flood-induced landslides) would be reduced. Based on this information, the FRE facility would have a
low impact on the hyporheic zone.
Operation of the Airport Levee Improvements project is expected to have no impact on the hyporheic
zone. The improved levee would be located outside of the active Chehalis River channel and the
sections of remnant stream channel and oxbow lakes located to the west and northwest of the project
area.

6.4.3.3

Climate Variability

Climate variability projections predict that both winter precipitation and extreme precipitation events
driven by atmospheric river storm systems will increase in the future (Section 5.6). Such changes could
result in higher winter flows in the Chehalis River and more frequent use of the FRE facility. As a result,
the potential impacts from floodwater impoundment on groundwater recharge, movement,
connectivity, and the hyporheic zone described in the preceding sections could increase. However, such
impacts would likely remain low because of the relative infrequency of FRE operation.

6.4.4
6.4.4.1

Water Use and Water Rights
Construction

Construction of the FRE facility is expected to have a low impact on water use and water rights from the
water diversions that would be needed to support various processes throughout the construction
period. Water use and water rights are not expected to be impacted by the Airport Levee
Improvements because no water from the river is needed to construct that portion of Alternative 1.
Throughout construction of the FRE facility, waters diversions from the Chehalis River would be needed
to support various construction processes, including dust control, truck washing, aggregation washing,
and concrete production. Assuming the maximum estimated water use during construction over the
minimum estimated construction duration, an average of 0.6 cfs of water would need to be diverted
from the Chehalis River during the construction period (see details in Section 6.4.1). Because of the type
and size of this diversion, the Applicant would require some type of water right. To divert this water,
the Applicant would need to do one of the following:

•

Purchase water from another entity that holds a water right in this portion of the Chehalis Basin
(e.g., Town of Pe Ell)

•

Lease or transfer an existing water right from an existing user downstream of the facility, in
which case Ecology may apply restrictions to ensure that intervening water right holders and the
environment are not adversely impacted
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•

Obtain a new temporary water right permit from Ecology, in which case all water usage would
be junior to existing water rights and minimum instream flows, thereby providing some
protection to downstream water users and the environment

In the first two cases, the rights of water users downstream that are senior to the permit that is
purchased, leased, or transferred would be protected and would not be adversely impacted by the
proposed diversion. However, downstream water users whose water rights are junior to the permit that
is purchased, leased, or transferred could have water that they would otherwise use diverted for the
FRE facility project.

6.4.4.2

Operations

Operation of the flood retention facility may also impact water use and water rights. As discussed in
Section 5.5, water rights (permits and certificates) in the Chehalis Basin are known, but there are
thousands of unvalidated water rights claims and the actual water usage in the Chehalis Basin is highly
uncertain. Still, several conclusions can be reached, including the following:

•

Water usage in the Chehalis Basin (estimated to be approximately 150 cfs) is well below the
authorized total withdrawal (3,000 cfs; CBP 2004).

•

Water usage in the Chehalis Basin is several times lower in the winter than in the summer
(CBP 2004).

•

The FRE facility would only impound water during major floods and larger events. Historically,
these have occurred in the winter.

•

The authorized total withdrawal in the basin (3,000 cfs) is well below the threshold for
impoundment of water in the FRE facility (38,800 cfs at Grand Mound).

Accordingly, the FRE facility would only decrease river flows when flows substantially exceed the
authorized total withdrawal and water usage rates.
Pe Ell’s water intake structure is on Lester Creek, which is a tributary to Crim Creek, which is itself a
tributary to the Chehalis River just upstream of the FRE facility (Gray & Osborne 2015). The elevation of
the Pe Ell intake on Lester Creek is approximately 640 feet (Gray & Osborne 2015). This is well above
the maximum elevation of the temporary reservoir; therefore, impoundment of water would not affect
the intake. As a result, it is not expected that the intake would need to be moved or modified.
However, the raw water pipeline from the intake to Pe Ell’s water treatment plant goes under the
footprint of the temporary reservoir and is attached to one of the bridges that crosses over the Chehalis
River. In order to avoid potential damage to the pipeline during impoundment event, it would need to
be relocated or modified. Modifications to this water pipeline could result in a high impact on the Town
of Pe Ell’s water system.
Pe Ell uses the Chehalis River as a backup water source (Gray & Osborne 2015). This backup intake is
located downstream of the FRE facility and, like other water rights, would not be disadvantaged by
operation of the FRE facility during floods. This backup pump station has been damaged by past floods
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(Gray & Osborne 2015) and a reduction in flood levels caused by the FRE facility could provide
protection for the pump station during future floods.
The Airport Levee Improvements would have no impact on water use and water rights because they do
not decrease flows or otherwise affect users’ ability to divert water.

6.4.4.3

Climate Variability

Under climate variability, projected increases in summer temperatures coupled with projected
decreases in summer precipitation may lead to reduced water availability for water right holders during
the summer when water use is typically at its peak. Increased summertime temperatures would also
increase evapotranspiration, which could increase the need for water for plant growth and human uses
such as irrigation and water supply. Because the FRE facility is unlikely to be used during the summer, it
is not expected to contribute to downstream water supply restrictions or increased water demand.

6.5

Alternative 2: Flood Retention Only (FRO) Facility and
Airport Levee Improvements

This section describes the potential for impacts to occur under Alternative 2 relative to Alternative 1.
Impacts are described by their likelihood and magnitude. The FRO facility is identical to the FRE facility
except that the FRO facility would have a smaller foundation than the FRE facility, resulting in possible
differences in impacts related to construction. The operation of the two flood retention facilities would
be identical. The Airport Levee Improvements for Alternative 2 would be identical to those for
Alternative 1. Therefore, no difference in impacts is expected relative to the Airport Levee
Improvements.

6.5.1
6.5.1.1

Surface Water Hydrology and Floodplains
Construction

Similar to Alternative 1, the construction-related impacts of Alternative 2 on surface water hydrology
and floodplains would be low to medium but would result in slightly less direct impacts because of the
reduced size of the flood retention facility foundation. Although the foundation of the FRO facility
would be smaller than the foundation of the FRE facility, nearly the same level of disturbance would be
required to build the structure.
Because less roller-compacted concrete would be needed for the structure and the duration of
construction is expected to be approximately 9 months less than construction of the FRE facility, the
Applicant would also need to divert less water from the Chehalis River for the project.

6.5.1.2

Operations

The operational impacts of Alternative 2 on surface water hydrology and floodplains would be the same
as Alternative 1.
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6.5.2
6.5.2.1

Water Quality
Construction

Similar to Alternative 1, the direct construction-related impacts of Alternative 2 on surface water quality
would range from low to high. However, there would be slightly lower direct impacts because of the
reduced size, and likely reduced construction duration, of the flood retention facility. Tree removal
efforts in the temporary reservoir area are assumed to be the same as Alternative 1. This would result
in a high impact on Chehalis River water quality from water temperature increases in the temporary
reservoir footprint in the spring and summer.

6.5.2.2

Operations

The operational impacts of Alternative 2 on surface water quality would be the same as Alternative 1.

6.5.3
6.5.3.1

Groundwater
Construction

The construction-related impacts of Alternative 2 on groundwater would be similar to Alternative 1 but
would result in slightly less direct impacts because of the reduced size of the flood retention facility and
likely reduced construction duration.

6.5.3.2

Operations

The operational impacts of Alternative 2 on groundwater would be the same as Alternative 1.

6.5.4
6.5.4.1

Water Use and Rights
Construction

The construction-related impacts of Alternative 2 on water use and rights would be similar to
Alternative 1 but would result in slightly less direct impacts because of the reduced size of the flood
retention facility and reduced construction duration.

6.5.4.2

Operations

The operational impacts of Alternative 2 on water use and rights would be the same as Alternative 1.
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7 REQUIRED PERMITS AND APPROVALS
This section provides a list of anticipated permits and approvals specific to the protection of water
quantity and quality. The permits and approvals listed in this section are generally associated with the
impacts identified in Chapter 6. Relevant BMPs, development standards, or other actions that would be
required by these regulations and/or permits are also provided.

7.1

Federal

•

CWA Section 404 Permit (Corps). Construction of the proposed project would affect wetlands
and other waters. A DA authorization under Section 404 would be required. This permit
requires demonstration of avoidance and minimization, an alternatives analysis and selection of
the least environmentally damaging practicable alternative, and compensatory mitigation for
unavoidable impacts.

•

CWA Section 401 Water Quality Certification (Ecology). This certification would be required to
ensure that the proposed project would not violate state water quality standards.

•

CWA Section 402 National Pollutant Discharge Elimination System, Construction Stormwater
General Permit (Ecology). Construction of the proposed project would disturb 1 acre or more of
land through clearing, grading, excavating, or stockpiling fill material. This action requires a
Construction Stormwater General Permit. This permit requires the preparation of a Stormwater
Pollution Prevention Plan and temporary erosion and sediment control plan to identify BMPs to
reduce impacts from construction stormwater.

7.2

State

•

Hydraulic Project Approval (WDFW). Construction of the proposed project would occur in or
near the Chehalis River, a water of the state, which requires a hydraulic project approval. This
permit would specify conditions of construction, such as timing of in-water work and monitoring
requirements.

•

Sand and Gravel General Permit (Ecology). This permit is required for the discharge of
pollutants from sand and gravel mining operations and related facilities into waters of the state.
The permit regulates discharges of process water, stormwater, and mine dewatering water
associated with sand and gravel operations, rock quarries, and similar mining operations,
including stockpiles of mined materials. It also covers concrete batch operations and hot mix
asphalt operations. It requires the development of a stormwater pollution prevention plan.

•

Water Use Permit (Ecology). Approval and oversight by Ecology is required for projects that
need a water right.

•

Dam Safety Construction Permit (Ecology). Ecology provides oversight and approval for the
construction or modification of a dam with a reservoir with 10 acre-feet or more of water

Chehalis River Basin Flood Damage Reduction Project

125

NEPA Discipline Report for Water Quantity and Quality

Required Permits and Approvals

storage (the proposed flood retention facility would provide up to 65,000 acre-feet of
temporary water storage).

•

7.3

Aquatic Use Authorization (Washington State Department of Natural Resources [DNR]). This
permit is required for activities taking place on state-owned aquatic lands. DNR requires the
applicant to lease that land.

Local

•

Shoreline Substantial Development Permit (Lewis County). The proposed project would involve
new development in the shoreline area of the Chehalis River that is regulated by the
Washington State Shoreline Management Act and the Lewis County Shoreline Master Program.
This action would require a Shoreline Substantial Development Permit.

•

Land Use Permit (Lewis County). This permit is required for land development actions or
changes in land use in Lewis County.

•

Fill and Grade Permit (Lewis County). This permit is required for construction projects that
require movement of earth in Lewis County. The permit requires consideration of erosion and
sedimentation to surface waters in the vicinity of the project.

•

Floodplain Development Permit (Lewis County). Lewis County requires this permit for
development within the 100-year floodplain. The applicant must evaluate whether the
proposed project would affect the flood elevation associated with the 100-year floodplain.

•

Earthmoving Permit (City of Chehalis). This permit is required of construction projects that
require movement of earth or clearing in the City of Chehalis. The permit requires consideration
of erosion and sedimentation to surface waters in the vicinity of the project.

•

Land Use Permit (City of Chehalis). This permit is required for land development actions or
changes in land use in the City of Chehalis.

•

Flood Permit (City of Chehalis). The City of Chehalis requires this permit for development within
the 100-year floodplain. The applicant must evaluate whether the proposed project would
affect the flood elevation associated with the 100-year floodplain.
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