Green-Duwamish River Watershed

Compendium of Existing Environmental
Information

Prepared for

=
==

DEPARTMENT OF

ECOLOGY

State of Washington

Toxics Cleanup Program
Northwest Regional Office
Washington State Department of Ecology
Bellevue, Washington

Prepared by

» leidos

Leidos (formerly SAIC)
18912 North Creek Parkway, Suite 101
Bothell, WA 98011

October 2014






Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Table of Contents

Page
0T 1 oo [ Tox £ o] SRR PRSP 1
IO A O o] 1= od (YRS SPSSTRRTROSN 2
1.2 RepOrt OrganiZatiON...........cceieieieieieite sttt sttt e et bbbt be e 3
1.3 TeIMINOIOQY ... cciiieiiitieite ettt et et et e s te e teeseesbaeste e s e staenteenbeaneesreas 3
2.0 Description 0f the STUAY AFEa........ccceciiiiiiie et 5
N R O 100 LRSS PRSP 7
2.2 Geology and GeOmMOIPNOIOGY .......ccviiiieiiiiiiiteite e 7
2.3 FIOOU CONLIOL ...ttt bbb sbesreeneas 9
A I 0o U L OSSR 13
2.5 Aguatic Resources and Water QUality ..........cccooveiieiiiiie i 14
2.6 Compendium STUAY UNITS.......cciviiriieieiiesiesie e sae e see e sre e sreesaeenee e 16
3.0 Relevant Environmental Studies and ProjectsS..........cccovveiiiiiininiesieeese e 31
3.1 Duwamish River Sediment Sampling and Analysis, RM 4.91t0 7.4.......ccccccccoevvvernnnnnn. 32
3.2 Green River Suspended Sediment Contaminant Loading Study ..........c.cccecvevevverinennenn. 33
3.3 Stream Sediment Monitoring in the Green RiVer Basin ..........cccoceveiiineeieniennceiesen 35
3.4 Green River Study: SUIfAace WALET .........cccoveiiiiieiierie e 37
3.5 Green River Study: Suspended Solids Characterization............c.cccoevvveeveeiieeiiesiieeiinns 39
3.6 Assessing Sediment and Toxic Chemical Loads from the Green River to the Lower
DUWAMISN WELEIWAY ......oveeiieiieiie sttt sbe e sreenbe e e 40
3.7 Screening Investigation of Creeks in Mining DiStriCtS.........cccovvivevieeiesiene e 42
3.8 Green-Duwamish Water Quality Data Report, Year 2003 ..........ccccoceeviiinnienenienieennn, 43
3.9 Screening-Level Risk Assessment of the Green River Watershed.............cccccceevvvveenenn. 49
3.10 Water Quality Statistical and Pollutant Loadings Analysis.........cccoceveiieninininenennnn 51
3.11 Bulk Atmospheric DepoSition StUAY ........ccceiviieiiereee e 56
3.12 Air Deposition SCOPING STUAY ......covveiiiiiiiiieiiesie et 58
4.0 Mapping and Data COMPIATION .........cccueiiiiiiieiieie e e 61
Ot Y =T o] o1 3T RSP ORTTROPRPN 61
4.2 Chemical Data COMPIALION..........c.coiiiiiieicee e 63
5.0 Potential Contaminant SOUICES .........cceiueiiirieiiiiiisesiee bbb 71
5.1 Potential Pathways t0 SEAIMENT..........ccooviiiieiiie e 72
5.2 Criteria for Evaluating Potential Site IMPactS .........cccoveriiiiinie i 73
5.3  Summary of POENTIAl SITES........ccviiiiiiiie e 82
6.0 Data Gaps and ReCOMMENTALIONS ........cccveiiiiriieiesiese e sae e saee e 85
6.1 Data Gaps and Recommendations for Digital Mapping of Stormwater Systems........... 85

6.2 Data Gaps and Recommendations for Sediment and Surface Water Characterization ..87
6.3 Data Gaps and Recommendations for Identification of Potential Contaminant Sources87

7.0 DOCUMENTS REVIEBWEA ... 89

October 2014 Page i



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Figures

Figure 1-1 Lower Duwamish Waterway Site

Figure 2-1 Green River and Major Tributaries

Figure 2-2 Land Use in the Green/Duwamish Watershed

Figure 2-3 ~ Green Duwamish Watershed Study Units

Figure 2-4 Duwamish River Study Unit

Figure 2-5 Lower Green River West Study Unit

Figure 2-6 Black River Study Unit

Figure 2-7 Mill Creek (Auburn) Study Unit

Figure 2-8 Lower Green River East Study Unit

Figure 2-9 Middle Green River Study Unit

Figure 2-10  Soos Creek Study Unit

Figure 2-11  Jenkins Creek Study Unit

Figure 2-12  Covington Creek Study Unit

Figure 2-13  Newaukum Creek Study Unit

Figure 2-14  Coal Creek Study Unit

Figure 2-15  Deep Creek Study Unit

Figure 2-16  Sugarloaf Mountain Study Unit

Figure 2-17  Upper Green River Study Unit

Figure 3-1 Duwamish River Sediment Sampling Locations (E&E 2009)

Figure 3-2 King County Sediment Sampling Locations (King County 2014b)

Figure 4-1  Arsenic Concentrations in Surface Sediment

Figure 4-2  Cadmium Concentrations in Surface Sediment

Figure 4-3  Zinc Concentrations in Surface Sediment

Figure 4-4  PCB Concentrations in Surface Sediment

Figure 4-5 Dioxin/Furan Concentrations in Surface Sediment

Figure 4-6 Carcinogenic PAH Concentrations in Surface Sediment

Figure 4-7 Benzo(a)pyrene Concentrations in Surface Sediment

Figure 4-8 Benzo(g,h,i)perylene Concentrations in Surface Sediment

Figure 4-9 Indeno(1,2,3-cd)pyrene Concentrations in Surface Sediment

Figure 4-10  Bis(2-ethylhexyl)phthalate Concentrations in Surface Sediment

Figure 4-11  Di-n-octyl Phthalate Concentrations in Surface Sediment

Figure 4-12  Benzoic Acid Concentrations in Surface Sediment

Figure 5-1  Sites of Potential Concern on the CSCSL — Duwamish Estuary Subwatershed

Figure 5-2  Sites of Potential Concern on the CSCSL and Federal Cleanup Sites — Lower
Green River Subwatershed

Figure 5-3  Sites of Potential Concern on the CSCSL — Middle Green River Subwatershed

Figure 5-4 LUST Sites of Potential Concern — Duwamish Estuary Subwatershed

Page ii October 2014



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Figure 5-5
Figure 5-6
Figure 5-7

Figure 5-8
Figure 5-9

Figure 5-10
Figure 5-11
Figure 5-12
Figure 5-13
Figure 5-14
Figure 5-15

Tables

Table 4-1
Table 5-1
Table 5-2

Table 5-3
Table 5-4
Table 5-5

Table 5-6
Table 5-7
Table 5-8
Table 5-9
Table 5-10

Table 5-11
Table 5-12
Table 5-13

Table 5-14
Table 5-15
Table 5-16

Table 5-17

LUST Sites of Potential Concern — Lower Green River Subwatershed
LUST Sites of Potential Concern — Middle Green River Subwatershed

Sites of Potential Concern with Active Discharge Permits — Duwamish Estuary
Subwatershed

Sites of Potential Concern with Active Discharge Permits — Lower Green River
Subwatershed

Sites of Potential Concern with Active Discharge Permits — Middle Green River
Subwatershed

Active Hazardous Waste Generator Sites — Duwamish Estuary Subwatershed

Active Hazardous Waste Generator Sites — Lower Green River Subwatershed
Active Hazardous Waste Generator Sites — Middle Green River Subwatershed
PSCAA Registered Sites — Duwamish Estuary Subwatershed

PSCAA Registered Sites — Lower Green River Subwatershed

PSCAA Registered Sites — Middle Green River Subwatershed

Summary of Chemical Data Sources
Confirmed and Suspected Contaminated Sites List - Duwamish River Study Unit

Confirmed and Suspected Contaminated Sites List - Lower Green River West
Study Unit

Confirmed and Suspected Contaminated Sites List - Black River Study Unit
Confirmed and Suspected Contaminated Sites List - Mill Creek Study Unit
Confirmed and Suspected Contaminated Sites List - Middle Green River Study
Unit

Confirmed and Suspected Contaminated Sites List - Soos Creek Study Unit
Confirmed and Suspected Contaminated Sites List - Jenkins Study Unit
Confirmed and Suspected Contaminated Sites List - Covington Study Unit
Confirmed and Suspected Contaminated Sites List - Newaukum Creek Study Unit
Confirmed and Suspected Contaminated Sites List - Sugarloaf Mountain Study
Unit

NFA Sites by Study Unit

Leaking Underground Storage Tank Sites List - Duwamish River Study Unit
Leaking Underground Storage Tank Sites List - Lower Green River West Study
Unit

Leaking Underground Storage Tank Sites List - Black River Study Unit
Leaking Underground Storage Tank Sites List - Mill Creek Study Unit

Leaking Underground Storage Tank Sites List - Lower Green River East Study
Unit

Leaking Underground Storage Tank Sites List - Middle Green River Study Unit

October 2014

Page iii



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Table 5-18
Table 5-19
Table 5-20
Table 5-21
Table 5-22
Table 5-23
Table 5-24
Table 5-25

Table 5-26

Table 5-27

Table 5-28

Table 5-29

Table 5-30

Table 5-31

Table 5-32

Table 5-33

Table 5-34

Table 5-35

Table 5-36

Table 5-37
Table 5-38
Table 5-39
Table 5-40
Table 5-41
Table 5-42
Table 5-43
Table 5-44
Table 5-45

Leaking Underground Storage Tank Sites List - Soos Creek Study Unit
Leaking Underground Storage Tank Sites List - Jenkins Study Unit

Leaking Underground Storage Tank Sites List - Covington Study Unit
Leaking Underground Storage Tank Sites List - Newaukum Creek Study Unit
Sites with Active Discharge Permits - Duwamish Estuary Subwatershed

Sites with Active Discharge Permits - Lower Green River Subwatershed
Sites with Active Discharge Permits - Middle Green River Subwatershed

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Duwamish
River Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Lower
Green River West Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Black
River Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Mill Creek
Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Lower
Green River East Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Middle
Green River Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Soos Creek
Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Jenkins
Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Covington
Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Newaukum
Creek Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Coal Creek
Study Unit

Sites with Active Hazardous Waste & Toxics Reduction Interactions - Upper
Green River Study Unit

Underground Storage Tank Sites - Duwamish River Study Unit
Underground Storage Tank Sites- Lower Green River West Study Unit
Underground Storage Tank Sites - Black River Study Unit
Underground Storage Tank Sites - Mill Creek Study Unit
Underground Storage Tank Sites - Lower Green River East Study Unit
Underground Storage Tank Sites - Middle Green River Study Unit
Underground Storage Tank Sites - Soos Creek Study Unit
Underground Storage Tank Sites - Jenkins Study Unit

Underground Storage Tank Sites - Covington Study Unit

Page iv

October 2014



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Table 5-46  Underground Storage Tank Sites - Newaukum Creek Study Unit
Table 5-47  Underground Storage Tank Sites - Upper Green River Study Unit
Table 5-48  PSCAA Registered Sites - Duwamish Estuary Subwatershed
Table 5-49  PSCAA Registered Sites - Lower Green River Subwatershed
Table 5-50  PSCAA Registered Sites - Middle Green River Subwatershed
Table 5-51  Sites of Potential Concern by Study Unit

Table 5-52  Sites of Potential Concern by Overall Rank

Appendices

Appendix A Summary of Other Studies Reviewed
Appendix B Green-Duwamish River Data Compilation
Appendix C Facility Tables

Appendix D GIS Mapping of Storm Drain Systems
Appendix E  Green River Atlas

October 2014 Page v



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Page vi October 2014



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

BHC
B-IBI
CAV
CEl
Cfs
CFU
CERCLA
CMP
CNE
cocC
cPAH
CSCSL
CSL
CSO
DDD
DDE
DDT
DNR
DOC
DW
E&E
Ecology
EIM
EPA
ESA
FEMA
FS

GIS
HPAH
HQ
HWTR
IP
ISGP
ISIS
LDW
LDWG
LPAH
LQG
LSC
LUST

ng/kg
ng/L
mg/kg
magy
MOU
MQG
MS4

Acronyms and Abbreviations

benzene hexachloride

Benthic Index of Biotic Integrity

Compliance Assistance Visit

Compliance Evaluation Inspection

cubic feet per second

colony-forming unit

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
corrugated metal pipe

Certificate of No Exposure

chemical of concern

carcinogenic polycyclic aromatic hydrocarbon
Confirmed and Suspected Contaminated Sites List
Cleanup Screening Level

combined sewer overflow
dichlorodiphenyldichloroethane
dichlorodiphenyldichloroethylene
dichlorodiphenyltrichloroethane

Department of Natural Resources

dissolved organic carbon

dry weight

Ecology & Environment, Inc.

Washington State Department of Ecology
Environmental Information Management

U.S. Environmental Protection Agency
Endangered Species Act

Federal Emergency Management Agency
Feasibility Study

Geographic Information Systems

high molecular weight polycyclic aromatic hydrocarbon
hazard quotient

Hazardous Waste & Toxics Reduction
Individual Permit

Industrial Stormwater General Permit
Integrated Site Information System

Lower Duwamish Waterway

Lower Duwamish Waterway Group

low molecular weight polycyclic aromatic hydrocarbon
large quantity generator

Local Source Control

leaking underground storage tank

micrograms per kilogram

micrograms per liter

milligrams per kilogram

million gallons per year

Memorandum of Understanding

medium quantity generator

municipal separate storm sewer system

October 2014

Page vii



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

Acronyms and Abbreviations (Continued)

NA not applicable

NAICS North American Industry Classification System
NFA No Further Action

ng/kg nanograms per kilogram

NOAA National Oceanic and Atmospheric Administration
NOV Notice of Violation

NPDES National Pollutant Discharge Elimination System
NTU nephelometric turbidity unit

PAH polycyclic aromatic hydrocarbon

PARIS Permitting and Reporting Information System
PCB polychlorinated biphenyl

PSCAA Puget Sound Clean Air Agency

RAL remedial action level

RCRA Resource Conservation and Recovery Act

RI Remedial Investigation

RI/FS Remedial Investigation/Feasibility Study

RM River Mile

RSVP Revised Site Visit Program

SEM/AVS simultaneously extractable metals/acid volatile sulfides
SIC Standard Industrial Classification

SLRA screening level risk assessment

SMS Sediment Management Standards

SQG small quantity generator

SQS Sediment Quality Standard

SR State Route

SSC suspended sediment concentration

SVOC semivolatile organic compound

SWIF System-Wide Improvement Framework

TEQ toxic equivalency

TMDL total maximum daily load

TOC total organic carbon

TSS total suspended solids

USACE U.S. Army Corps of Engineers

USEPA U.S. Environmental Protection Agency

USGS U.S. Geological Survey

UST underground storage tank

VOC volatile organic compound

WAC Washington Administrative Code

WAU Washington Administrative Unit

WDFW Washington Department of Fish and Wildlife
WDNR Washington Department of Natural Resources
WQA Water Quality Assessment

WQl water quality index

WRIA Water Resource Inventory Area

WSDOT Washington State Department of Transportation
WQA Water Quality Assessment

WTD King County Wastewater Treatment Division

Page viii October 2014



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

1.0 Introduction

The Lower Duwamish Waterway (LDW) Site consists of 5 miles of the Duwamish Waterway as
measured from the southern tip of Harbor Island to just south of the Norfolk Combined Sewer
Overflow/Storm Drain (CSO/SD) (Figure 1-1). The LDW flows into Elliott Bay in Seattle,
Washington. The LDW was added to the U.S. Environmental Protection Agency (EPA) National
Priorities List in September 2001 due to the presence of chemical contaminants in sediment. The
key parties involved in the LDW site are EPA, the Washington State Department of Ecology
(Ecology), and the Lower Duwamish Waterway Group (LDWG), which is composed of the City
of Seattle, King County, the Port of Seattle, and The Boeing Company (Boeing). In December
2000, EPA and Ecology signed an agreement with the LDWG to conduct a Remedial
Investigation/Feasibility Study (RI/FS) for the LDW site. The Remedial Investigation (RI) was
completed in July 2010 (Windward 2010). The Feasibility Study (FS) was completed in October
2012 (AECOM 2012).

Polychlorinated biphenyls (PCBs), arsenic, carcinogenic polycyclic aromatic hydrocarbons
(cPAHS), and dioxins/furans have been identified as the contaminants of concern (COCs) for
human health in LDW sediments. In addition, 41 COCs have been found to pose risks to bottom-
dwelling organisms in the LDW (USEPA 2013). EPA has been leading the effort to determine
the most effective cleanup strategies for the LDW through the RI/FS process. EPA selected a
preferred cleanup alternative and published a Proposed Plan in 2013. EPA expects to publish the
final cleanup plan in a Record of Decision in late 2014. Ecology is leading the effort to
investigate adjacent and upland sources of contamination and to develop plans to reduce
contaminant migration to waterway sediments.*

Releases of contaminants from various human activities within the combined Green and
Duwamish watersheds have resulted in contaminated sediments in the 5-mile long LDW, as well
as in the East and West waterways. Studies of sediments in the LDW began in the 1980s and
intensified in the 1990s. In 2001, the EPA placed the LDW site on the National Priorities List
and, with Ecology, signed a joint agreed order with liable parties to conduct remedial
investigation and feasibility studies leading to cleanup actions (Ecology 2008a).

Since 2001, studies of the LDW have measured contaminant levels, mapped distribution of
sediment contaminants, estimated risks associated with exposures to contaminated sediments,
modeled movements and fate of sediments, and evaluated options for cleanup. The contaminants
found to represent the greatest risk to humans are, in order, PCBs, chlorinated dioxins and
furans, arsenic, and cPAHs (Ecology 2008a). River otters were also found to be at risk from
exposure to PCBs, and benthic (sediment-dwelling) organisms were found to be at potential risk
from 41 contaminants that were present in one or more LDW sediment samples at a
concentration above the Washington marine sediment quality standards (Washington
Administrative Code [WAC] Chapter 173-204).

L EPA and Ecology signed an interagency Memorandum of Understanding (MOU) in April 2002 and updated the
MOU in April 2004. The MOU divides responsibilities for the site. EPA is the lead agency for the sediment RI/FS,
while Ecology is the lead agency for source control issues (EPA and Ecology 2002, 2004).
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Modeling conducted as part of the LDW RI (Windward 2010) concluded that approximately 99
percent of the sediment load to the LDW comes from the upstream Green-Duwamish River. An
analysis of suspended solids collected upstream of the LDW site indicated that this sediment
loading is a possible source of recontamination to the LDW sediments (Ecology 2009Db).

The Green-Duwamish River watershed is in Water Resource Inventory Area 9 (WRIA 9), which
is located within King County, Washington. The watershed comprises a drainage area of
approximately 470 square miles of varied terrain and land use, from forested headwater areas at
the crest of the Cascade Mountains to industrial and port facilities of the Duwamish estuary
(King County 2002a). The Green River flows more than 90 miles from its headwaters near
Stampede Pass on the Cascade Range crest to Elliott Bay in the City of Seattle.

The Upper Green River is located above the Howard Hanson Dam; this area is protected
forestland and provides drinking water to the city of Tacoma. The Middle Green River extends
from the dam to the Auburn Narrows (River Mile [RM] 32), with a tributary area of nearly 180
square miles of residential, forest, and agricultural land uses. The Lower Green River, from the
Auburn Narrows to Tukwila (RM 11), has a tributary area of approximately 64 square miles of
residential, industrial, and commercial land uses. The Duwamish River begins at the confluence
of the Green and Black Rivers, at approximately RM 11. The watershed as a whole is therefore
referred to as the Green-Duwamish River watershed.

This Compendium of Existing Environmental Information (Compendium) was prepared to help
Ecology understand existing conditions and potential sources and pathways of pollution in the
Green-Duwamish River watershed, upstream of the LDW Superfund Site.

1.1 Objectives
The objectives of this report include the following:

e Provide an overview of the Green-Duwamish River watershed upstream of the LDW
Site.

e Summarize relevant studies that have been performed to characterize sediments and
surface water in the Green-Duwamish River and its tributaries.

e Compile and map chemical data available as of February 2014 for sediment, suspended
solids, and whole water upstream of the LDW Site.

e |dentify and map locations of potential sources of LDW COCs to the Green-Duwamish
River, including contaminated sites, facilities with National Pollutant Discharge
Elimination System (NPDES) permits, fully-regulated hazardous waste generators, and
facilities registered with the Puget Sound Clean Air Agency (PSCAA).

¢ Identify data gaps and provide recommendations for further source control activities.

As part of this effort, Leidos collected and compiled municipal stormwater system maps for each
of the jurisdictions in the Green-Duwamish River watershed; this activity is described in Section
4, with additional detail provided in Appendix D, GIS Mapping of Storm Drain Systems.
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1.2 Report Organization

Section 1 of this report provides background information on the project, summarizes the
objectives, and defines some of the terminology used in the report.

Section 2 provides general information about the Green-Duwamish watershed area, including
location, physical characteristics, drainage sub-basins, and relevant municipal storm drain
systems.

Section 3 briefly summarizes past and ongoing environmental studies and projects in the Green-
Duwamish River basin, and describes the relevance of these studies and projects to the control of
LDW sediment COCs. Additional summaries of reports that were reviewed during preparation of
this Compendium but were considered of secondary relevance are presented in Appendix A.

Section 4 summarizes the GIS mapping process and the compilation of available chemical data.
Detailed information on chemical data included in this report is discussed in Appendix B.

Section 5 discusses potential contaminant sources identified based on a review of Ecology’s
Facility/Site and other relevant databases. Comprehensive tables listing facilities and relevant
regulatory interactions, are presented in Appendix C, organized by sub-basin.

Section 6 provides a summary of data gaps and recommendations for source control activities,
and Section 7 lists documents that were reviewed during preparation of this report.

The compilation of GIS mapping data is described in Appendix D; a map atlas for the Green-
Duwamish River watershed is provided as Appendix E.

1.3 Terminology

The following terminology is used in this report, for consistency with other LDW source control
documents and studies performed by Ecology:

e Sediment refers to bed solid material in a river or stream.
e |f the solid material is in a storm drain, it is referred to as storm drain solids.
e Suspended material in river water or stormwater is referred to as suspended solids.

e River miles (RMs) as used in this report correspond to those used in most of the
available reports and information about the Green-Duwamish River watershed. RM 0.0 is
approximately at the West Seattle Bridge, near Harbor Island. This differs by about 0.4
mile from RMs as used in LDW reports, which define RM 0.0 as the southern tip of
Harbor Island. In this report, “RM?” refers to river miles in the Green-Duwamish River;
“LDW RM?” refers to LDW-specific river miles.
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2.0 Description of the Study Area

This Compendium is focused on those areas of the Green-Duwamish River watershed that are
upstream of the LDW Site (Figure 2-1). The LDW RI indicates that more than 99% of the new
sediment deposited in the LDW each year originates upstream of the LDW in the Green-
Duwamish River basin. Because of this, LDW surface sediment quality will be closely tied to the
quality of incoming sediment from the Green-Duwamish River. The Green-Duwamish watershed
is in WRIA 9, which is located within King County, Washington. The watershed comprises a
drainage area of approximately 470 square miles of varied terrain and land use, from forested
headwater areas at the crest of the Cascade Mountains to industrial and port facilities of the
Duwamish estuary (King County 2002a). The Green River flows more than 90 miles from its
headwaters near Stampede Pass on the Cascade Range crest, at an elevation of 4,500 feet, to
Elliott Bay via the Lower Duwamish Waterway.

Howard Hanson Dam, located at RM 64.5, was built in 1962; the dam has disrupted the sediment
transport and flow regime in the Green River. Flows are manipulated to reduce large floods,
which results in an increase in medium-sized gravel scouring events; the gravel that has moved
downstream cannot be replaced due to the capture of gravel at the dam. The result is a sediment
void moving downstream at the rate of 700 to 900 feet per year (King County 2000).

The watershed includes the cities of Auburn, Covington, Maple Valley, Kent, Black Diamond,
Renton, Tukwila, SeaTac, Federal Way, Enumclaw, Algona, and Seattle.

Major tributaries include Soos, Newaukum, Mill Creek (Auburn), and the Black River. The basin
is divided into four subwatersheds (Figure 2-1):

e Green-Duwamish Estuary subwatershed, covering 22.2 square miles from Tukwila to
Elliott Bay. The 6.5 square mile Green River portion of this subwatershed (upstream of
LDW RM 5.5) is included in the current study area.

e Lower Green River subwatershed, covering 62.4 square miles from the Auburn Narrows
to the Black River confluence in Tukwila.

e Middle Green River subwatershed, covering 179 square miles from the Howard Hanson
Dam to the Auburn Narrows.

e Upper Green River subwatershed, covering 222 square miles above the Howard Hanson
Dam.

The Duwamish River is the tidally-influenced portion of the Green River, below RM 11.
Historically, the Duwamish River consisted of three major tributaries: the Green, White, and
Black Rivers. In the early 1900s, the White River was diverted south into the Stuck River, which
joins the Puyallup River. The Cedar River was diverted from the Black River, a tributary to the
Duwamish River, to Lake Washington. These changes reduced the flow out of the Duwamish
River by two-thirds of its historical discharges, permanently affecting flood characteristics in the
Lower Green and Duwamish Rivers (King County 2007e).

Major flood control features along the Green River include Howard Hanson Dam, which is in the
Upper Green River subwatershed, and a levee and revetment system that lines portions of the
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riverbanks of the Lower Green and Duwamish Rivers. Howard Hanson Dam and the levee
system combine to reduce flooding in the lower river to a fraction of its historical magnitudes.
With major historical flooding largely controlled by the dam and levees, commercial and
industrial land use in the largely flat and generally accessible Lower Green and Duwamish River
valleys has proliferated in what were formerly less populated rural and agricultural communities
(King County 2007e). There are 9,446 acres within the Green River 100-year floodplain. This
includes 1,175 exposed structures, valued at almost $7.3 billion, including structure and content
value (King County 2007e).

Some of the major historical changes in the Green River watershed are summarized below
(Ecology 2011b, Tacoma Water 2008, Ott 2012, King County 2014).

1851 European development begins in the Duwamish River basin.

1880 to 1910 Logging occurs across much of the watershed and in the lower river valley; agricultural land
use expands.

1906 The White River is diverted into the Puyallup River for flood control, reducing the Green
River basin above the confluence of the Black River by about 50 percent. This also
significantly reduced the input of sediment to the Lower Green and Duwamish Rivers.

1911 After a flood on the Cedar River (then a tributary to the Black River at the southern end of
Lake Washington), the city of Renton diverts the Cedar River to Lake Washington. Lake
Washington flows to the Green/Duwamish via the Black River.

1913 The City of Tacoma begins diverting water from the Green River near the town of Palmer to
provide water for homes and industry. Anadromous salmonids are blocked from the Upper
Green River sub-watershed with the start of construction in 1911.

1916 Construction of the Lake Washington Ship Canal connects Lake Washington and Lake
Union, resulting in an 8.8-foot drop in water level in Lake Washington. As a result, the Black
River dries up, and no longer carries flow from Lake Washington or the Cedar River to the
Green/Duwamish Rivers. The diversion of the White River (1906) and Cedar River (1916)
effectively reduces the original drainage basin to the Duwamish River to about a third of its
historical extent.

1900 to 1940 The Duwamish Estuary tidelands are filled, drained, and dredged to support growing
industrial and port activities.

1890s to 1961 Extensive flooding occurs in the Lower Green River valley. The flood of record occurred in
1959.
1965 South Plant in Renton begins discharging secondary wastewater treatment effluent to the
Green/Duwamish River.
1895 to 1980 The Green-Duwamish River is channelized and diked for navigation and flood control.
1962 Howard Hanson Dam is completed above Tacoma’s water diversion structure for flood

control and summer flow augmentation purposes. The Dam also reduced the input of coarse
sediment to the river.

1965 The levee system in Kent is breached.
1945 to 2000 Residential, commercial, and industrial land uses expand, largely replacing farmlands and
forests in the western half of WRIA 9.
1986 South Plant effluent discharge is moved to a deep-water outfall in Puget Sound, eliminating

discharges to the Green/Duwamish River.

2001 Howard Hanson Dam Additional Water Storage Project construction plan is approved
(USACE 1998, USACE 2001).
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2.1 Climate

The climate of the watershed is generally wet, with temperatures ranging from temperate to cold.
A prevailing onshore movement of wet air from the Pacific Ocean is cooled as it pushes up
against the Cascade Range. As it begins to rise over the Cascades, the air mass reaches its
condensation point and rain or snow begins to fall. In general, temperature decreases and
precipitation increases from the Puget Sound eastward to the Cascade Mountain crest.

Annual precipitation ranges from about 40 inches in the Lower Green River to over 90 inches at
the headwaters near Stampede Pass (Ecology 2011b). About three-quarters of the precipitation
falls between October and March. At higher elevations, much of the precipitation falls in the
form of snow during winter months. Due to the relatively lower elevations of the Upper Green
River, winter rain-on-snow runoff caused by plumes of subtropical moisture called atmospheric
rivers (USACE 2014) typically generates the highest flows, although melting snow from the
higher elevations generates secondary peaks in the spring (Ecology 2011b). The driest months
are typically June, July, and August. Temperatures in the Green River watershed are generally
cool, with mild summers. Maximum water temperatures are generally observed in late July/early
August.

2.2 Geology and Geomorphology

The Green River watershed is within the area affected by the continental glacial advances that
have shaped much of the topography of the Puget Sound Lowland (King County 2007e).

The Green River watershed occupies a structural downwarp in the Cascade mountain range; it
occupies a low point, or synclinal trough, between parallel ridges, which is called the Green
River Syncline (Tacoma Water 2008).

The Green River Gorge, a steep-walled canyon with a bed of boulders and rock, is a unique
feature. The gorge is a relatively recent (post-glacial) feature approximately 13 miles long; it cuts
a steep, 300-foot deep, sinuous and narrow path through glacial and bedrock deposits (Ecology
2011b). Coal seams extend from both sides of the gorge in some places, and cinnabar was mined
historically at two locations in the Gorge, one on the east wall and another on the south wall
(Dunne and Dietrich, 1979).

The Middle Green River basin is a moderate-gradient, post-glacial valley incised by the river
into glacial and non-glacial sediments after glacial retreat (King County 2007e). Since glacial
retreat, the Middle Green River has meandered across its valley, depositing and reworking
alluvial sediment on its floodplain. Movement of the river back and forth episodically undercuts
steep valley walls, causing landslides that line the valley walls in many places. The Middle
Green River now flows through an alluvial floodplain with valley walls composed mostly of
glacial and non-glacial sediments and landslides, with some bedrock exposures near Flaming
Geyser State Park. In this post-glacial valley, the flood hazards from inundation and channel
migration pose a threat to much of the valley bottom. The Middle Green is a migrating river, in
some places exhibiting very rapid rates of lateral channel migration and avulsion (King County
2007e). Downstream of State Highway 18 near Auburn Narrows at RM 33, an avulsion occurred
in 1995 as a meander cut-off chute incised a new path through the neck of a wooded meander
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bend, abandoning over a half mile of the previous channel. By contrast, there are also portions of
the channel through the Middle Green that have shown little movement historically or currently.

Several tributaries and springs enter the Middle Green River between the Tacoma Public Utilities
diversion and the downstream end of the gorge. It is suspected that the recharge areas for some
of these springs are the Deep and Coal Creek basins, which have no surface outlet (Ecology
2011b). Below the gorge, beginning at Flaming Geyser State Park, the river again becomes a
coarse gravel-bedded meandering and braided channel with limited flood and bank protection.
The channel actively shifts across the floodplain. The river then descends a rapidly-decreasing
gradient and emerges at the city of Auburn on the broad and low gradient Lower Green River
valley (formerly called the White River valley); this area is extensively developed and protected
by riprap and raised levees.

Between Flaming Geyser State Park and Auburn, the two major tributaries to the Middle Green
(Newaukum and Soos Creek) enter the river. Several smaller tributaries enter the river along this
reach, including Crisp Creek, which is largely spring fed and provides water for the Keta Creek
Hatchery run by the Muckleshoot Indian Tribe. A Washington State Department of Fish and
Wildlife hatchery, constructed in 1901, is located near the mouth of Soos Creek.

The broad and flat Lower Green/Duwamish River basin is a glacial trough, eroded by subglacial
meltwater and scour of the glacier itself (King County 2007¢). At the City of Auburn, the Green
River opens to the much wider and flatter Green River and Duwamish River valleys. Following
glacial retreat, the glacial trough that formed the present Lower Green and Duwamish valley was
a shallow embayment of Puget Sound. Some 5,700 years ago, the Osceola Mudflow, a lahar
originating on the slopes of Mount Rainier, made major changes to the White River drainage,
pushing it north into the Green, and deposited sediments in the Lower Green as far as Auburn.
Erosion and deposition of sediments from the Osceola and subsequent lahars eventually filled the
previously marine Lower Green and Duwamish River valley to form the broad low-gradient
alluvial valley of today. More recent deposition of alluvial formed the White River alluvial fan, a
fan-shaped depositional feature composed of coarser sediments emanating from the White River
basin north into the Lower Green near Auburn (King County 2007e). Prior to levee and dam
construction, even relatively common flood events inundated the entire valley bottom. Although
the Lower Green is sinuous, there is little evidence of channel movement since the late 1800s.

Below Auburn, the river meanders across the floodplain through the city of Kent until it reaches
the Duwamish River at the confluence with the Black River in Tukwila at RM 11. Bed material
becomes increasingly dominated by sand. Below Auburn, the width of the river decreases and
channel migration becomes almost non-existent, following the diversion of the White River and
construction of bank protection measures. The largest tributaries are Mill Creek (Auburn) and
Mullen Slough; these drain most of the remaining agricultural areas in the Lower Green River
basin (Ecology 2011b).
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2.3 Flood Control

The main period of runoff and major flood events on the Green River is from November through
February. The primary control on flooding is Howard Hanson Dam, located at approximately
RM 64. Howard Hanson Dam was completed in 1962 and is operated by the U.S. Army Corps of
Engineers (USACE), with a primary purpose of flood control and secondary purpose of water
conservation and municipal water supply for the City of Tacoma.

Between November 20 and 23, 1959, almost 7 inches of
rain fell on the headwaters of the Green River in the
Cascade Mountains. The rain was augmented by another
6 inches of runoff from melting snow. By 7:30 am on
November 23, the Green River was spilling over its
banks and water was in the streets of first Auburn and
then Kent. Unlike earlier flows which were marked by
backed-up or slow-moving water, the 1959 flood was a
turbulent and raging torrent. It broke through the Russell
Road levee, 1.5 miles west of Kent’s city center, causing
water to flow through the breach at a high rate. Water
rose to the second story of houses, and the Auburn
airport flooded. Floodwaters swept away topsoil to a
depth of 10 feet, leaving only clay, rocks and hardpan
covered with a thin layer of mud and silt. More than
1,000 people were evacuated from their homes. The
Renton Junction-Tukwila area, at the end of the Green
River flood, took on 2 feet of water; more than 100
homes were affected.

During the summer, low flows are augmented through release of waters stored in a conservation
pool in the reservoir behind Howard Hanson Dam. Additional flows are stored and released to
supply summer withdrawal needs a the Tacoma Water diversion structure downstream (King
County 2007e). The target flood control parameter for Howard Hanson Dam is a
Congressionally-authorized flow of 12,000 cubic feet per second (cfs) at the Green River near
Auburn gage (USGS #12113000), at about RM 31 in Auburn. This cap has reduced all larger
flood events to what would be the pre-dam equivalent of a 2-year event at Auburn. Major
historical floods on the mainstem Green River produced flows at Auburn of 28,100 cfs in 19509.
The 1959 storm is the flood of record for the Green River (King County 2007e).

Dam operations in combination with levees contain most flood events from Auburn downstream
to the mouth (King County 2007¢). The Green-Duwamish River contains 56 levees? (along 20.2
miles of the river’s length) and 80 revetments® (16.0 miles of the river’s length) (King County

20139):

e Duwamish River: 3 levees (0.6 miles) and 22 revetments (3.3 miles).
e Lower Green River: 41 levees (17.7 miles) and 45 revetments (9.8 miles).
e Middle Green River: 12 levees (1.9 miles) and 13 revetments (2.9 miles)

2 A levee protects overbank areas from inundation by flood waters.

% A biostabilized revetment reduces erosion by protecting fine soils from high velocity stream flows.
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Levees are raised embankments built parallel to rivers to contain or direct flood flows even when
river water surface elevations are greater than the elevation of the surrounding floodplain.
Revetments are riverbank flood protection facilities that are designed to prevent bank erosion
and lateral migration of the river channel. Unlike levees, revetments are not designed to contain
floodwaters, but rather to maintain the course of the river. Pump stations, floodgates, and
culverts protect areas behind levees from ponding due to local drainage. They are conduits for
draining local runoff landward of the levee into the river. In addition, they prevent river flows
from backing up into protected floodplain areas when the river stage is high (King County
2007e).

The aging system of levees was not built to protect current land use densities, types, and the
extensive regional economic assets. The level of protection from flooding provided by the
current levees is variable. Inconsistent federal mandates guiding management of vegetation
between the USACE (under the Public Law 1984-99 Program) and the Endangered Species Act
(ESA) place future levee repair funding and habitat at risk. A Green River System-Wide
Improvement Framework (SWIF) is being implemented to reconcile some of these issues (King
County 2013g).

While dam operations and levees contain floods on the mainstem Green River, free-flowing
tributaries may still back up under elevated river conditions during 12,000 cfs flows, inundating
lands along the valley floor even during controlled releases from Howard Hanson Dam. To
address this backwater flooding condition, pump stations have been constructed over the years
on various tributaries. The Black River Pump Station (P-1) was built in 1972 by the Natural
Resources Conservation Service, formerly the Soil Conservation Service, just upstream from the
confluence of the Black and Duwamish Rivers. Similar pump systems have been installed at
other locations along the Lower Green River, such as the P-17 Pump Station at the easterly
terminus of Minkler Street in Tukwila, which serves the Southcenter area near RM 13.9, and
other pumps near RM 24 and RM 26 in Kent. Smaller local pump systems continue to be built,
such as a recently-constructed system serving Strander Boulevard near RM 13.2 in Tukwila
(King County 2007e).

In addition to pumped tributary outlets to the river, many other drainage systems are connected
to the river by passive “flap gate” style flood closure devices. Examples of these structures are a
the Gilliam Creek outfall near RM 12.6 in Tukwila, at the mouth of Johnson Creek near RM 17.3
near Tukwila, at the confluence of the Northeast Auburn Tributary near RM 25.4, and at the
Cooter Pond tributary outfall near RM 27.4 (King County 2007e).

These flood protection facilities remain subject to damage and even failure. Lower Green and
Duwamish River levees and revetments form a nearly continuous bank protection and flood
containment system from the city of Auburn to the mouth of the Duwamish, however little of
this system meets current engineering and construction standards. They typically have over-
steepened banks, areas with inadequate or deteriorating rock buttressing at the embankment toe,
and incrementally slumping or sloughing riverbank slopes supporting constructed earthen levee
berms (King County 2013j). Nearly all of the flood management structures in this area have been
identified for needed rehabilitation and reconstruction to structural design standards better suited
to present flood levels.
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Biostabilized
Revetment

High Flow Level

BIOSTABILIZED REVETMENTS
reduce erosion by protecting fine soils
from high velocity stream flows.

LEVEES protect overbank areas from
inundation by flood waters.

Fl
Gate
Closed

High Flow Level

FLAP GATES close during high river

stage to prevent backward flow in culverts. i
During lower river stages, the flap gate is PUMP PLANTS lift water into rivers from

open to pass surface runoff through the the low ground behind levee systems.
levee and into the river.

Source: 2006 King County Flood Hazard Management Plan (King County 2007¢)

Levees and revetments along the Middle Green River are scattered, discontinuous, and largely
deteriorating (King County 2013j). They are not intended to contain flood flows or prevent
inundation, but rather to direct high flows and inhibit bank erosion and channel migration.

In the 2006 Flood Hazard Management Plan, an updated hazard management approach is to
direct new development away from channel migration hazard areas, and to allow natural river
processes to create and reshape fish and wildlife habitat. King County has studied and mapped
channel migration zones in the Middle Green River from RM 25 to RM 46. Flood hazard

October 2014 Page 11



Green-Duwamish River Watershed: Compendium of Existing Environmental Information

management corridor working maps, which include floodplain and channel migration zones,
were developed.

Flooding in King County poses significant threats to public safety and regional economic
viability; funding constraints have compromised the County’s ability to maintain, repair, and
retrofit hundreds of aging levees, revetments, and flood protection facilities. King County
developed a Flood Hazard Management Plan in 2006 that provides a 10-year strategy to prepare
for, respond to, and minimize the impacts of future floods (King County 2007¢). The plan
includes a set of priorities; general policies for river and floodplain management, floodplain land
use, structural and non-structural projects, river channel maintenance, flood warning and
emergency response, and funding; cost estimates and funding mechanisms; and an adaptive
management implementation strategy.

The 2006 Plan, and a 2013 update (King County 2013 j) describe King County’s five basic flood
risk reduction efforts:

e Updating, collecting, and managing of flood hazard information that is used to direct
flood mitigation actions;

e Management of land uses to prevent the creation of new flood risks and the promotion of
flood-tolerant land uses in flood hazard areas;

e Maintenance of river channels;

e Management of flood protection facilities, including levees, revetments, pump stations,
and appurtenances; and

e Providing flood hazard education, promoting flood preparedness, and improving flood
warning and emergency response.

King County experiences two major types of hazards associated with flooding: inundation and
channel migration. Floodplain maps show inundation areas, but these do not necessarily
correspond to areas at risk due to channel migration. King County’s historical response to
channel migration was construction and maintenance of levees and revetments to fortify banks
and prevent migration (King County 2007e).

The Flood Hazard Management Plan provides the following information specific to the Green
River watershed (King County 2007e):

e On portions of the Green River, survey data are over 30 years old, cross-sections are
spaced over a mile apart and the contour interval of the topographic maps is up to 5 feet.
In some reaches of the river, the channel has laterally migrated since the data for existing
flood studies was collected. Major commercial, industrial, and residential developments,
situated behind levee systems in the lower reach, have occurred throughout the basin
since the floodplain maps were produced. A new flood study for the Green River from
RM 3.85 to RM 33.25 was completed in 2008 (NHC 2008), partially funded with a grant
from Ecology. The Plan recommended that this study be used to update Federal
Emergency Management Agency (FEMA) flood insurance studies and rate maps.

e A flood hazard corridor working map has been developed for the Green River from the
Duwamish River near the Boeing Access Road to Flaming Geyser State Park (RM 5.5 to
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RM 44.7), including floodplain maps, FEMA floodway data, and channel migration zone
maps for RM 25.5 to RM 45.2.

The U.S. Geological Survey (USGS) operates five stream gages on the Green River: at the
Howard Hanson Dam (12105900), at the purification plant near Palmer (12106700), near Auburn
(12113000), near Kent (12113344), and at Tukwila (12113350). King County does not maintain
stream gages on the mainstem of the Green River.

In 2012, King County asked an Independent Expert Review Panel, consisting of river and
floodplain management professionals selected for their expertise in relevant policy areas, to
evaluate how well capital project scoping and implementation addressed four established policy
objectives: protecting public safety, preventing property damage, recovering salmon, and
providing recreation (Tetra Tech 2010). The panel recommended that King County develop
strategic river management plans for each major river, including the Green.

Based on input from the expert panel and feedback from citizens and other government agencies,
King County updated its Flood Hazard Management Plan in 2013 (King County 2013j). The
update addresses required planning elements and proposes an enhanced river corridor planning
approach. A subsequent phase of work will develop river corridor plans for each of the major
river systems; these river corridor plans will inform flood-risk reduction strategies based on
current conditions, determine desired outcomes and levels of service, and offer alternative
project approaches to achieve desired outcomes. The corridor plans will be combined into the
2018 King County Flood Hazard Management Plan. The Green River SWIF, scheduled for
completion in February 2015, will be the corridor plan for the Lower Green River from an area
just below its confluence with Soos Creek to approximately the confluence with the Black River.

2.4 Land Use

Timber harvest, land clearing for agriculture, urban and suburban development, major water
diversions, consumptive water withdrawals, and flood control activities have significantly
affected the Green River watershed in the last 150 years. The lowlands were initially cleared of
timber for agricultural use. Upland areas were the focus of timber operations and mining
activities, primarily coal but also cinnabar, a source of mercury. Flooding of agricultural lands
was a chronic problem in the lowland areas; initial efforts to protect farmland focused on
removal of wood debris and channeling and diking the Green River mainstem. During the middle
of the 20™ century, economic development resulted in construction of additional levees and dams
for flood control, construction of roads and other transportation infrastructure, and industrial,
commercial, and residential development (Ecology 2011b).

The Habitat Limiting Factors and Reconnaissance Assessment Report (King County 2000)
provides detailed information about land use in the Green-Duwamish Watershed. Current
designated land use by subwatershed is summarized below.
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Percent of Green- Percent of Percent of Percent of
Duwamish Lower Green Middle Green Upper Green
Estuary River River River

Land Use Designation Subwatershed Subwatershed Subwatershed Subwatershed
Agriculture -- 5 11 --
Commercial 1 10 1 --

Commercial Forestry -- -- 26 100

Industrial 44 17 1 --
Mixed Use 2 5 1 --
Residential 39 50 50 --
Mineral Resources -- -- 2 --
Parks & Open Space 4 6 5 --
Other 10 7 3 --
% of Sug\/rv(;avt:trhsrffe ;n Urban 100 100 29 0

Figure 2-2 shows current land use in the Green River watershed.

2.5 Aquatic Resources and Water Quality

Historically, runs of Chinook (spring and summer/fall stocks), pink, coho, chum salmon, winter
steelhead, and cutthroat trout were present in the Green River; summer steelhead was also likely
present in low numbers (Ecology 2011b). The 2002 Salmon Stock Inventory (SaSl) provides the
following information (WDFW 2002):

1992 Status 2002 Status
Green River (Duwamish) Chinook Healthy Healthy
Crisp Creek Fall Chum Healthy Unknown
Duwamish/Green Fall Chum Unknown Unknown
Green River/Soos Creek Coho Healthy Healthy
Green River (Duwamish) Summer Steelhead Healthy Depressed
Green River (Duwamish) Winter Steelhead Healthy Healthy

Source: http://wdfw.wa.gov/fish/sasi/

By 2005, the updated stock status for west coast salmonids determined the spring run of Chinook
to be extinct (Good et al., 2005). There is limited evidence of sockeye spawning and rearing, and
native char have been reported below the Tacoma Water diversion (Ecology 2011b).

Puget Sound Chinook salmon (including the Green River population) are listed as Threatened by
National Oceanic and Atmospheric Administration (NOAA) Fisheries under the federal ESA.
Although the early-run (spring) population of Green River Chinook is considered extinct (Good
et al. 2005), the status of the late-run (summer/fall) population was characterized as healthy in
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2002, with further resolution of the naturally-spawning Chinook of this stock still ongoing. The

Puget Sound bull trout and steelhead have also been listed as ESA Threatened species.

The federal Clean Water Act requires states to prepare a list of water bodies that do not meet
state water quality standards. This list is known as the 303(d) list. Several water bodies in the
Green-Duwamish River watershed are included on Ecology’s current (2012) 303(d) list.

Category 5 water bodies” are listed below:

Subwatershed Water Body Listed Parameter(s)® Medium
Temperature, pH Water
Arsenic (inorganic), PCBs, dioxin,
Green-Duwamish o benzo(a)anthracene, benzo(a)pyrene,

Duwamish River benzo(b)fluoranthene, benzo(k)fluoranthene, .

Estuary . Tissue
bis(2-ethylhexyl)phthalate, chrysene,
dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene,
DDD/DDE/DDT, alpha-BHC
Angle Lake Bacteria Water
Fenwick Lake Total phosphorus Water
Black River Bacteria, dissolved oxygen Water
Lower Green Springbrook (Mill)
River Creek (Mill Creek Bacteria, dissolved oxygen Water
[Kent])
Hill (Mill) Creek (Mill .
Creek [Auburn]) Copper, bacteria, dissolved oxygen, temperature Water
Mullen Slough Bacteria, dissolved oxygen, temperature Water
Middle Green River Dissolved oxygen, bacteria Water
Crisp Creek Bacteria Water
Big Soos Creek Bacteria, dissolved oxygen, temperature Water
Little Soos Creek Bacteria, dissolved oxygen, temperature Water
Soosette Creek Bacteria Water
. Little Soosette Creek Dissolved oxygen, bacteria Water
Middle Green -

River Total phosphorus, bacteria Water

Meridian Lake PCBs, dioxin, hexachlorobenzene, dieldrin, total .
Tissue

chlordane, toxaphene

Jenkins Creek Bacteria Water
Covington Creek Bacteria, dissolved oxygen Water
Sawyer Lake PCBs, dioxin Tissue
Ravensdale Creek Temperature Water

* http://www.ecy.wa.gov/programs/wq/303d/currentassessmt.html
® A Category 5 water body represents polluted waters that require a Total Maximum Daily Load (TMDL) or other
Water Quality Index (WQI) project; this is the list of impaired water bodies traditionally known as the 303(d) list.
Placement in this category means that Ecology has data showing that the water quality standards have been violated
for one or more pollutants, and there is no TMDL or pollution control plan (http://www.ecy.wa.gov/programs/,

w(q/303d/WQAssessmentCats.html).
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Subwatershed Water Body Listed Parameter(s)® Medium

Newaukum Creek Copper, bacteria, dissolved oxygen Water

Unnamed Creek (Trib.

To Newaukum Creek) Bacteria, dissolved oxygen, temperature Water
Upper Green Gale Creek Temperature Water
River Smay Creek Temperature Water
PCB = polychlorinated biphenyl DDT = dichlorodiphenyltrichloroethane
DDD = dichlorodiphenyldichloroethane BHC = benzene hexachloride

DDE = dichlorodiphenyldichloroethylene
2.6 Compendium Study Units

As established by WAC 222-22-020, the state is divided into areas known as watershed
administrative units (WAUs). WAU boundaries are defined by the Washington Department of
Natural Resources (WDNR) in cooperation with Ecology, the Washington Department of Fish
and Wildlife, affected Indian tribes, local governments, forest land owners, and the public.
WAUSs are generally between 10,000 and 50,000 acres in size and are discrete hydrologic units,
with boundaries mainly along drainage divides (ridges), with some along rivers and other
WDNR management boundaries.

In this report, “study units” loosely based on the WAU boundaries are used as a convenient
means to subdivide the larger Green River drainage basin into smaller areas. Compilation of
information by study units facilitates the evaluation and interpretation of data for specific areas
of the basin that may represent different environmental and land use conditions.

There are some discrepancies between WAU boundaries, the WRIA 9 boundary, and the Green
River watershed boundary. In some areas, a small part of a WAU may overlap with the Green
River watershed boundary; these small areas have been combined with larger Green River
watershed subbasins. Compendium study units are shown in Figure 2-3; in general, study unit
names are the WAU names assigned by WDNR.

Subwatershed Study Unit ArrT?ialle(ss)q. Area (acres)
Duwamish Estuary Duwamish River 6.5 4,132
Lower Green River Lower Green River — West 15.3 9,778

Black River 215 17,616
Mill Creek (Auburn) 13.7 8,793
Lower Green River — East 5.9 3,767
Middle Green River Middle Green River 57.9 37,076
Soos Creek 30.1 19,278
Jenkins Creek 16.3 10,445
Covington Creek 22.2 14,189
Newaukum Creek 28.6 18,275
Coal Creek (Green) 13.8 8,830
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Subwatershed Study Unit Arr:\izile(ss)q. Area (acres)
Deep Creek 4.2 2,692
Sugarloaf Mountain 5.9 3,805
Upper Green River Upper Green River 221.7 141,909
TOTAL 470 300,585

Stream degradation is commonly measured using the benthic index of biotic integrity, or B-1BI.
High scores indicate a low level of human disturbance; low scores indicate a high level of human
disturbance. B-1BI was adopted by the Puget Sound Partnership as one of its Ecosystem
Recovery Targets. B-IBI scores in the Green River watershed range from very poor to poor in
the Duwamish River, Lower Green River West, and Black River study areas, to excellent in the
Coal Creek, Deep Creek, and Newaukum Creek study areas®. B-1BI scores by study unit are
identified below, where available; these are based on data collected between 2010 and 2014, as
listed at http://pugetsoundstreambenthos.org.

Additional information for each subwatershed and study unit is presented below. Please note that
the level of detail varies by study unit; the descriptions below are based on information that was
readily available at the time this Compendium was prepared.

2.6.1 Duwamish Estuary Subwatershed

The Duwamish Estuary subwatershed is an area of intense current and historical anthropogenic
influence, including industrial development (43 percent) and residential development (39
percent). The cities of Seattle and Tukwila, operations of the Port of Seattle, and the region’s
largest industrial complexes are in this subwatershed. Industrial and commercial land uses
include marinas, boat manufacturing, concrete manufacturing, food processing, airplane
manufacturing, and rights-of-way. Ninety seven percent of the estuary has been filled; the once-
extensive 3,850 acres of tidal mudflats, marshes, and swamps have been reduced to only 45 acres
(King County 2000). Common shoreline features include constructed bulkheads, piers, wharves,
sheet piling walls, buildings that extend over water, and steeply-sloped banks armored with
riprap or other fill material (Weston 1999). The entire subwatershed is in the Urban Growth
Area. The subwatershed includes the LDW and the Duwamish River upstream of the LDW.

Duwamish River Study Unit

The Duwamish River study unit (Figure 2-4) includes portions of Tukwila, Burien, SeaTac, and
Seattle. It extends from the confluence of the Black River and Green Rivers at the upstream end
of the Duwamish River (approximately RM 11), to the Lower Duwamish Waterway at
approximately RM 5.5. The Duwamish River has a B-IBI rating of very poor to poor.

There are no major tributaries to the Duwamish River in this area. Tributary 0003 flows for
about 4,000 feet in Burien before it empties into the Duwamish River (Appendix E, Map A02).
Its upper reaches flow below the surface, draining stormwater from streets and residential land.

® http://pugetsoundstreambenthos.org
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Tributary 0003 daylights into a steep ravine as it crosses South 166™ Street, until its last 450 feet
where it passes through a series of culverts and concrete channels before it empties into the
Duwamish River at about RM 6.0 (King County 2012b). A smaller tributary enters the
Duwamish River at Tukwila International Boulevard.

Foster Links Golf Course (RM 10) is located near the upstream end of this study unit; Section 3
discusses surface water and sediment samples collected at this location.

2.6.2 Lower Green River Subwatershed

The Lower Green River is defined as the reach between Auburn Narrows (RM 32) and the
confluence of the Black River in Tukwila (RM 11). Land use in the subwatershed consists of
residential development (50 percent), industrial development (17 percent), and commercial
development (10 percent). It is estimated that 80 percent of the Green River between RM 17 and
RM 33 has levees or revetments on at least one bank for flood protection. Most of the floodplain
has been filled, drained, and developed. All of the Lower Green River subwatershed is in the
Urban Growth Area (King County 2000).

The Lower Green River subwatershed comprises a significant socio-economic asset for the State
of Washington. It represents approximately $7.3 billion in floodplain structures and content, over
100,000 jobs, about 100 million square feet of warehouse and distribution space, with an annual
taxable revenue of $8 billion. All species of salmon are present in the Lower Green River,
including federal ESA listed Chinook salmon. Limited spawning occurs in the Lower Green, and
lethal water temperatures (over 23°C) have occurred in the Green River mainstem. The TMDL
water quality standard is 16°C. Native American tribes have fishing rights in the Lower Green
River.

Extensive flooding of the Lower Green River Valley occurred from the 1890s to 1961. The flood
of record occurred in November 1959, with a flow of 28,100 cubic feet per second (cfs). Three
flood events over 12,000 cfs have occurred since 1962. In 1965, the levee system in Kent was
breached.

Lower Green River West Study Unit

The Lower Green River West study unit (Figure 2-5) includes portions of Tukwila, SeaTac,
Kent, and Federal Way. The study unit includes Angle Lake, and Fenwick and Star Lakes, which
discharge to the Lower Green River via Bingamon Creek. Major tributaries to the Green River in
this area include Mullen Slough and Midway Creek, which is a smaller tributary that enters the
Green River at S 180" Street. Bingamon Creek enters Mullen Slough just upstream of its
confluence with the Green River. The former Kent Highlands Landfill is located in this study
unit.

Lake Fenwick is a small urban lake located west of the city of Kent. It is the smaller of two lakes
within the city limits and is considered an important recreational resource (Ecology 2002b).
Dominant recreational activities are fishing and boating. The city has implemented lake
improvement projects that include wet pond construction to reduce sedimentation and aeration to
improve water quality. Eutrophication due to nutrient input is a problem in Lake Fenwick. A
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TMDL for total phosphorus in Lake Fenwick has been implemented, with a target mean summer
total phosphorus concentration of 19 pg/L (Ecology 2002b).

The Lower Green River West study unit has a B-1BI rating of very poor to poor.
Black River Study Unit

The Black River study unit includes Mill Creek (Kent) and Springbrook Creek tributaries. Mill
Creek (Kent) flows into Springbrook Creek, which intersects the Black River (Figure 2-6). The
U.S. Soil Conservation Service constructed a Bla