WILLOWMOOR FLOODPLAIN RESTORATION PROJECT
CONCEPT DESIGN SUMMARY REPORT

FINAL

April 2015

King County
Department of Natural Resources and Parks
Water and Land Resources Division
King Street Center, KSC-NR-0600
201 South Jackson Street, Suite 600
Seattle, Washington 98104
www.kingcounty.gov

ki

King County



http://www.kingcounty.gov/

WILLOWMOOR FLOODPLAIN RESTORATION PROJECT
CONCEPT DESIGN SUMMARY REPORT

Prepared by:

Tetra Tech, Inc.

1420 Fifth Avenue, Suite 550
Seattle, Washington 98101
www.tetratech.com

Northwest Hydraulic Consultants
16300 Christensen Road, Suite 350
Seattle, Washington 98188
www.nhcweb.com

k4

King County

Department of Natural Resources and Parks
Water and Land Resources Division


http://www.tetratech.com/
http://www.nhcweb.com/

Table of Contents

=T o UL A V=B U Yo 4 - 1 PPN v
T} oo [T o1 1 o] o WP URUTRPRRNS 1
OVEIVIBW ..ttt ettt ettt e e e e sttt e e e e e e s e b b ettt e e e e e s e s ea et e e e e s s e s snbaaeeeesssasannnebaneeesssanannne 1
oY T=Tor d] (U T VY T TSRS 1
Contents of this SUMMArY REPOIT .....ooi ittt e e ettt e e e eet e e e e eeare e e e eeataeeeeeareeeesensaeeaanns 4
N AT Y = 0o Y g Vo oY o Ly USRS 4
Hydrology, Hydraulics and FIOOTING ISSUES........ueeiiiiiiiiiiiiieee ettt e e e eettree e e e e e e eenrrae e e e e s e e ennraeneeaee s 5
(] o1 L @eTa o 1 o T F- 3PP 8

L YT @ U E | L VA e T o [T o ) o T3P 12
oY T=To €T T 3= Ta Vo [ @] o [T o1 6 V7= ST 17
Preliminary DESIZN CONCEPLS ..iiiiiiiieicieieeecteee e ettt e eete e e ee et e e e e stre e e s sebeeesetaaeesssseeeeassaeeeassaeesanssaeesansrees 19
(@foT o [oY o fl D1 = g I o 1Y [ o] [o = PR 19
Alternative 1. No Action (Maint@nance ONIY)........coouiiieeciiie et et e e e 20
Channel and Floodplain Reconfiguration CONCEPLS.....ccccuiieiiciiiie ittt e e saaeee s 24
Channel Concept 2 — SiNGIE MEANET ........cciiciiii et e e e et e e rte e e e e are e e e eanees 24
Channel Concept 3 — Hyporheic Channels........cooiiiiiiiii et e e e et e e e 27
Channel Concept 4 — Split ChanNEls ........ueeiiiiiiie e e are e e e 30
Channel Concept 5 —Widened Channel ........cc.ooeiiiiii i 34
Hydraulic MOdeling SUMMAIY.......oooi ittt e e etee e e et e e e e e ate e e e eabeeeeesteeaeesraeesenssaeaeensees 37
Hydraulic Model Calibration — “Existing Conditions” ........ccccciiiiiiiieeiciiee e 37
Hydraulic Simulation of Channel CoNCEPLS......uii ittt e e 37
Performance of Channel CONCEPES ...eceiuiiiiieiiie ettt e et e et e et e e e e bt e e e eeabee e e e abaeeeeenseeeeeannees 38
Stakeholder FEEADACK. .........oi ettt 38
(@fo T oY a oA - [0 [o ITol £=T=] o112 ¥ - PRSP 39
Cold-Water Supplementation CONCEPLS .....cciiciiieicieeeceieee et e et e et e e e et e e e etre e e eesteeeeeaseeeesnreeens 41
Cold-Water Concept 1 — Hypolimnetic Withdrawal of Cold Water from Lake Sammamish .............. 41
Additional Analysis of Cold-Water CONCEPL L....uuviiiiiiiiiiiiiiie ettt saaeee s 44
Cold-Water Concept 2 — Pumped Groundwater to Transition Zone Pools.........cccccceeeeecieeeecciieeeennee. 47
Cold-Water Concept 3 — Shallow Groundwater Trench to Deliver Flow to Transition Zone Pools....50
Cold-Water Concept 4 — Purchase Potable Water and Pipe to Transition Zone Pools....................... 52
Cold-Water Concept 5 — Pump Lake Outlet Water to Heat Exchange System ........ccccceeeveviivenenennn. 54
Cold-Water Concept 6 — Pump Lake Outlet Water to Hyporheic Trenches ........ccccceeveveeeecciieeeennen, 56
Cold-Water Concept 7 — Transition Zone Riffle/Pool COMPIEX......c.eeecveeeeeeeiieeeeeeeeeeeeree e 58
Cold-Water Concept 8 - Hypolimnetic Cooling of Lake Sammamish Surface Water.............ccuue..... 61
Stakeholder Feedback on Cold-Water CONCEPLS ...cccuvriiieiiiiieiiiee ettt e e ree e e 64
Cold-Water Concept Comparison and SCrEENINE ......ceeeeeiiicciiiiieee e ettt ee e e e e eestrrre e e e e e e esnnraeeeeseseeenannns 65
(00001 o T T=To I AN =T T 14 YL PP 67
LYY e o= L o] T o Co ol =1L J PP P PP PP PPPPPPPPPPPPPPPPPRE 67
(00T 0 0] o1 T=To I AN AT o =Y 1Y TSP PPPTPRPN 67
Combined Alternative 4. Split Channel with Pumped Groundwater to Habitat Channel .................. 68

King County i Final April 2015



Combined Alternative 5. Widened Existing Channel with Pumped Heat Exchange System............... 71

Summary Comparison of Combined AIternNatives..........ccueeeieiiiiiiciiiie e 75
Goal #1: Ensure the Transition Zone’s capability to provide necessary lake level control, flow
conveyance, and downstream flood CONTIOL. .........ccuviiiiiiiii it 75
Goal #2: Enhance habitat conditions in the river channel, floodplain, buffers, associated tributaries
and adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and wildlife species. ....... 75
Goal #3: Reduce costs, complexity, and ecological impacts of construction, operation and
(=T a1 =T o =T [ol PO PP PP PPPPPUPPTO 81
Recreation: Design objectives that apply to recreational uses of the Project Area. ........ccccvveeenneee. 82

Summary and RECOMMENAAtIONS.......coiiiiiiiie e e e e e e e e e e e e st e e e e e e e e seeennstaeeeeeessesnnes 83
RECOMMENAALIONS ...eiiiiiiiiee ittt ettt et st s e e sbe e s bt e e sabeesbbessabeesabaeesabeesabaesnateesabaeesnean 85
2] L] YTl 11 4= S 86

Table of Figures

FISUIE L. VICINTTY IMIAP. ciitiiiiiiiiiiiiiitiiitieteteeeteeete et teee e seee e e ae e e ee e e ee e e eeeeee e e ee e e ee e e ea e e ee e e eeeeeeeeeaeeeeeaeasaeaessasssnsnennnnns 2
Figure 2. Willowmoor Floodplain Restoration Project Study Area......ccccceevecciiiiiiee et 3
Figure 3. Sammamish TZ discharge and lake level comparison and rating curves from 2009 to 2014........ 7
Figure 4. Aquatic Habitat in the Willowmoor Project Study Area. ........ccoeecveeeicciiee e 10
Figure 5. Wetland and Vegetation Communities Present in the Willowmoor Project Study Area............ 11
Figure 6. Locations of King County gages discussed in this report. ........ccccccveeiiiiiieiicieee e 13

Figure 7. Monthly mean, maximum, and minimum water temperatures in Sammamish River at Weir
(Gage 51M) and railroad bridge (Gage 51L) for period of record (51M, 1995-2014; 51L, 2001-2014)......14
Figure 8. Average monthly water temperature in 2012 in the Upper Sammamish River (Gage 51M) and

comparison to general fish timing in the Basin. ........ccoociii i 15
Figure 9. No Action AIternative CONCEPL. ..oocuiiiiiieee ettt e e st e e e e e e e s bt e e e e e e e eeennnteeeeeaenas 23
Figure 10. Channel Concept 2, SiNgle MEANEN........ccuuiii ittt e e e e e s erne e s e araee s 26
Figure 11. Channel Concept 3, Hyporheic Channels. .........ccuiiiiiiiie e 29
Figure 12. Channel Concept 4, Split-FIoW Channels ... e 33
Figure 13. Channel Concept 5, Widened Channel. .........oooouiiiiiiciiiiiciiie et 36
Figure 14. Cold-Water Concept 1, Hypolimnetic Withdrawal. .......cccccouviiiiiiiiiiiiiie e 43
Figure 15. Cold-Water Concept 2, Pumped GroUNdWater.........ccccuviiiiieeeieccciiieeee e e e e eeenreee e e e 49
Figure 16. Cold-Water Concept 3, Shallow Groundwater Trench. .....c.ccceeeciieeicciiee et 51
Figure 17. Cold-Water Concept 4, Potable Water. ........coocciiiiieiieee ettt e e e e savae e e s 53
Figure 18. Cold-Water Concept 5, Pump Lake Outlet Water to Heat Exchange System. ..........ccccceeeunneee. 55
Figure 19. Cold-Water Concept 6, Pumped Lake Outlet Water to Hyporheic Trenches. .......ccccccveeeeunnenn. 57
Figure 20. Cold-Water Concept 7, Riffle-Pool Channel Within TZ. .........ccocciiiiieciiiiecceee et 60
Figure 21. Cold-Water Concept 8, Hypolimnetic Cooling of Lake Surface Water.......c..ccccecvveeeecvieeeennnenn. 63
Figure 22. Combined Alternative 4, Split-Flow Channel with Groundwater Planview. ..........c.cccecueeruennee. 70
Figure 23. Combined Alternative 5, Widened Enhanced Channel with Heat Exchange Planview. ............ 73
Figure 24. Typical Cross-Section Views of Alternatives 1, 4, and 5........ccooviiciiiiiiei e 74

King County i Final April 2015



TABLE OF TABLES

Table 1. Channel Concept Comparison Table. ......oeee i e e e e e e e e 40
Table 2. Daily average nutrient loads (July 15-September 15) to the Sammamish River from Lake
Sammamish for 1995-2002 for existing conditions and the 10 and 20 cfs hypolimnetic withdrawal

01T oI 4 Lo 1O ST PP U PPPPPPPPTRN 45
Table 3. Cold-Water Concept COMPATiSON. .....ccccuiieiiciiieeecireeeeiteeeesteeeestreeeesaaeeesssseeessssaeeessseesssnsseees 65
Table 4. Combined Alternatives Comparison Table.........coccuiiiiiiiiiice e 84

Appendix A. Willowmoor Phase | Hydrologic Characterization, NHC 2013

Appendix B. Willowmoor Existing Habitat, Fish and Wildlife Report, Tetra Tech 2014
Appendix C. Hydraulic Modeling Technical Memo, King County

Appendix D. Willowmoor Phase Il Hydrology Report, NHC 2014

Appendix E. Cost Estimates for Channel and Cold-Water Concepts and O&M Costs

Appendix F. King County Technical Memos on Lake Sammamish Temperature and Nutrients

King County jii Final April 2015



This page intentionally left blank

King County iv Final April 2015



Executive Summary

This summary report describes the results of a conceptual design analysis of habitat restoration, cold-
water supplementation, and flood control alternatives for the Willowmoor Floodplain Restoration
Project (Project) located in Marymoor Park, King County, Washington. King County is responsible for
maintaining the Sammamish River, including the project area, as part of the Sammamish River
Improvement Project completed in 1964. The maintenance and permitting requirements have become
increasingly difficult since several species of salmonids were listed under the Endangered Species Act.
The County has undertaken this study to evaluate the potential to:

e Enhance habitat conditions in the river channel, floodplain, buffers, associated tributaries and
adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and wildlife species;

e Ensure the Transition Zone’s capability to provide necessary lake level control, flow conveyance,
and downstream flood control; and

e Reduce costs, complexity, and ecological impacts of construction, operation and maintenance.

Four channel reconfiguration concepts and eight cold-water supplementation concepts were considered
in this study. Additionally, the No Action Alternative (continued maintenance of the Transition Zone) has
been considered throughout and will continue to be considered during the permitting process and as a
baseline for comparison of other alternatives. The channel and cold-water concepts were evaluated at a
preliminary level for costs, benefits, and concerns and presented to the Stakeholder Advisory
Committee that has been engaged throughout this study for feedback. Based on stakeholder feedback
and project team evaluation, the most promising channel and cold-water concepts were integrated into
two combined action alternatives that were considered in more detail:

e Combined Alternative 4. Split-Flow Channel with Groundwater Well(s)
e Combined Alternative 5. Widened Existing Channel with Pumped Heat Exchange System

The table below provides a summary comparison of the costs, benefits and concerns of these two
combined alternatives and the No Action alternative. The County will use the information developed in
this study combined with stakeholder feedback to present a recommendation to the Flood Control
District for additional funding approval. Additionally, other sources of funding will be investigated for
the cold-water supplementation and wetland restoration components of the Project. If funded for
design and implementation, this study will form the basis for implementing the design phase of the
Project to finalize a proposed plan and design the features of the Project.
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Table ES-1. Combined Alternatives Comparison.

Alternative Implementation Cost" Operation & Benefits Concerns
Maintenance Cost’
e Does not meet County or WRIA8
Net Present Value = objectives
1. No Action $973,000 e Lowest cost e Continues difficult maintenance and

(Maintenance)

)

Average Annual =
$41,000

e Meets existing Corps hydraulic design
criteria

permitting requirements
e Substantial objection to this
approach from Muckleshoot Indian
Tribe Fisheries Division

4. Split-Flow with

Channel / Planting
Construction = $6.58
million

Cold-Water
Construction = $1.275
million

Net Present Value =
$560,000

e Creates 3,400 linear feet of complex
secondary channel with 14 pools and
good water quality

e Creates and enhances over 17 acres of
wetlands

e More high flow capacity

¢ High potential for archaeological
discoveries due to extensive

Groundwater Design, Engineering ¢ Reduces frequency and duration of high floodplain excavation
Well(s) and Admin = $1.964 lake levels e Highest cost
million i i
Average Annual = e Separates hablta't enhancement from e Requires Corps 408 approval
$21.700 flood and recreation
TOTAL = $9.82 million e Reduces wate'r tempgratures and
thermal stress in the side-channel
e Safer small boat navigation
Channel / Planting
Construction = $3.132 e Creates and enhances over 14 acres of
million Net Present Value = wetlands Moderat tential
[ ]
. Cold-Water $785,000 e Substantially reduces water oqerate porential for
5. Widened Lo archaeological discoveries
; Construction = $3.344 temperatures and thermal stress at the .
Channel with - . e Requires Corps 408 approval
million river scale

Heat Exchange

Design, Engineering
and Admin = $1.619
million

TOTAL = $8.095 million

Average Annual =
$30,900

e Lowest vegetation maintenance cost
e More high flow capacity
e Safer small boat navigation.

e Highest cold water supplementation
capital cost

1 - Includes construction costs with contingency, plus design, engineering during construction and administration (at standard percentages of 10%, 5%, and 10%, respectively)

2 — NPV = Net Present Value (Investment Cost) over 50 years; Average Annual Cost = Average of stream of operation and maintenance (O&M) costs over 50 years; includes O&M

for vegetation, stream channel, and cold-water supplementation
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Introduction

Overview

King County and the King County Flood Control District seek to improve habitat conditions and reduce
the frequency and duration of high lake levels in the Sammamish River Transition Zone (TZ) in Marymoor
Park while maintaining downstream Sammamish River flood control performance. The TZ is located in
the upper portion of the Sammamish River immediately downstream of the Sammamish Weir structure
that controls lake levels during low flows (Figures 1 and 2). The TZ was constructed as part of the overall
Sammamish River Improvement Project in the 1960s by the U.S. Army Corps of Engineers (Corps) in
cooperation with King County. The County is responsible for maintaining the improvement project per
an Operation and Maintenance Agreement with the Corps (USACE 1964). The TZ as currently
constructed has required increasingly intensive and costly maintenance including regular mowing,
trimming, removal of vegetation, removal of accumulated sediments in the channel, and associated
mitigation efforts. These maintenance actions adversely affect water quality and habitat, and are in
conflict with Federal, state and local efforts to protect and enhance riverine habitat for recovery of
salmon species listed under the federal Endangered Species Act (ESA). Additionally, property owners
around Lake Sammamish have expressed concerns about high lake levels impacting their properties
resulting from increased vegetation density within the TZ. Consequently, the County has undertaken this
Willowmoor Floodplain Restoration Project (Project) concept design study to evaluate the potential to:

e Enhance habitat conditions in the river channel, floodplain, buffers, associated tributaries and
adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and wildlife species;

e Ensure the Transition Zone’s capability to provide necessary lake level control, flow conveyance,
and downstream flood control; and

e Reduce costs, complexity, and ecological impacts of construction, operation and maintenance.

Project Study Area

The project study area extends from the outlet of Lake Sammamish down to the end of the TZ and also
includes the associated King County owned lands to the southwest of the river (Figure 2). This distance
encompasses approximately 4,500 feet of channel from Lake Sammamish to the downstream end of the
TZ and approximately 90 acres southwest of the channel. Of interest, although outside of the project
study area is the Sammamish River downstream to the confluence with Bear Creek, a distance of
approximately 2,200 additional feet. Potential project impacts along the entire Sammamish River and in
Lake Sammamish are also important.
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Contents of this Summary Report
This report summarizes the results of the County’s analysis of the existing habitat and water quality
conditions in the area, existing hydrology and hydraulics, the goals and objectives of the study, a
summary of the wide range of preliminary concepts considered for the Project, analysis and screening of
preliminary concepts, the combined alternatives carried forward as feasible, and recommendations for
the next level of analysis and design.

During this conceptual design study, an extensive stakeholder involvement process was also conducted
via a Stakeholder Advisory Committee (SAC). This summary report contains summaries of the key
feedback from the stakeholder group on the concepts and combined alternatives considered in this
study.

Existing Conditions

The Sammamish River is a low gradient (0.02 percent slope) and low velocity channel that drops only 13
feet over a distance of 13.5 miles from Lake Sammamish to Lake Washington (King County 2009). The
Sammamish River has been highly modified from its historical condition, primarily as a result of three
major actions: 1) the lowering of Lake Washington associated with the construction of the Lake
Washington Ship Canal and Locks in 1917; 2) straightening of the river to facilitate farming, primarily
conducted prior to the 1930s; and 3) construction of the Sammamish River Improvement Project in
1964, which deepened the river channel by approximately 6 feet and resulted in the substantial
lowering of winter maximum water surface elevations in Lake Sammamish. There has also been
extensive land use change in the project area over the past 150 years. Historically, the Sammamish River
was characterized as a slow-moving, highly sinuous slough and extensive wetlands throughout its
floodplain (USACE and King County 2002). The deepening of the river channel required excavation and
deepening of the major tributary outlets and also facilitated drainage of the groundwater table and
reduced flooding of the fields and former wetlands in the floodplain.

The project area contains two primary features of the 1964 Sammamish River Improvement Project: the
Sammamish Weir and the TZ. The weir was designed to maintain the minimum Lake Sammamish
elevation since the channel was deepened and acts as the primary control on lake elevation and
discharge for low to moderate flows. In 1998, the Corps replaced the original grouted riprap weir with a
concrete weir with a low-flow notch to improve fish passage during low flows. The TZ is a constructed
trapezoidal channel with an approximately 12-foot wide low flow channel in the center and a 200-foot
wide high flow channel (USACE 1962). The TZ was lined with angular rock and is intended to be grass-
lined in its high flow channel benches in order to maintain effective flow conveyance. The TZ serves as a
transition between the original river level at the Lake Sammamish outlet and the deepened river
channel downstream. The TZ is the highest gradient section of the entire river, dropping 6.75 feet
vertically over its 1,432 feet of channel (0.5 percent slope). This is approximately half the total drop in
elevation of the Sammamish River along its entire course. During high flows, the lake outflow control
shifts from the weir to the TZ itself.

King County 4 Final April 2015



The following sections describe the existing conditions within the study area primarily related to
hydrology, hydraulics and flooding issues, habitat, and water quality conditions.

Hydrology, Hydraulics and Flooding Issues

A hydrologic characterization of the study area was developed in an earlier part of this work (Phase 1
study by NHC 2013, included as Appendix A). The intent of this earlier work was to recommend design
hydrologic conditions (stream flows and lake levels) for the Willowmoor project. The Phase 1 hydrology
report focused on characterizing the original early 1960’s era Corps design hydrology within the current
hydrologic context and on identifying appropriate hydrologic conditions for a robust project design. This
section summarizes key findings from the Phase 1 work related to system hydrologic and hydraulic
performance and Willowmoor project design.

The combination of the TZ and weir are complex from a hydrologic and hydraulic perspective. Located at
the outlet of Lake Sammamish and only 2,000 feet upstream from the Bear Creek confluence, they can
both influence lake levels and downstream river flow volumes and in turn can also be influenced by Bear
Creek flows and backwater and by upstream inflows from the lake and its tributaries.

The Sammamish River Improvement Project was completed by the Corps in 1965 to provide spring flood
control for the Sammamish River valley. The project was designed to accommodate an event similar to
the March 1950 storm, which was the spring flow of record at the time. The design objectives were to
eliminate flooding for a design flow of 1,500 cubic feet per second (cfs) in the Sammamish River
downstream of Bear Creek while keeping Lake Sammamish levels below 29.0 feet National Geodetic
Vertical Datum of 1929 (NGVD29; equivalent to 32.6 feet North American Vertical Datum of 1988
[NAVD88]).! The design flow was characterized by the Corps as approximately a 10-year annual flood or
a 40-year spring flood, meaning that on average that flow had a ten percent chance of occurring in any
given year or a 2.5 percent chance of occurring after March 1 in any given year. This frequency estimate
is relatively consistent with results of frequency analysis on 18 years of peak flow data (1940-1957) from
the discontinued Sammamish River near Redmond gage that would have been available to the Corps
during project design.

Based on nearly 50 years of observed peak flows since construction of the project, the 10-year flow in
the Sammamish River downstream of Bear Creek is currently estimated at about 2,000 cfs, which is 33
percent higher than the 10-year flow characterized by the Corps during project design. Review of
available data and previous studies suggest that this increase is primarily a result of the 1964 project,
which increased the capacity of the lake outlet and downstream channel. Despite the substantial
increase in the 10-year flow since construction of the weir and TZ, however, hydraulic modeling
indicates that the TZ and downstream Sammamish River channel have sufficient capacity to contain the
current 10-year event, with the possible exception of the area between approximately NE 90™ Street

! Lake Sammamish water levels have been customarily expressed relative to the NGVD29 (or mean sea level)
datum. The conversion factor to the NAVD88 vertical datum is +3.59 feet. This report will clearly indicate the
datum for any elevations and provide elevations on both scales where reasonable.
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and NE 145" Street. In many areas, the currently estimated 50-year and even 100-year flows remain
within the channel (NHC 2010).

In recent years, there has also been an increase in the amount of time that Lake Sammamish exceeds 27
feet NGVD29 (30.6 feet NAVD88)>. In addition to the Sammamish Weir, which is the primary control on
low to moderate lake levels, water levels in Lake Sammamish and corresponding discharges, have been
shown to be affected by conditions through the TZ and downstream to Bear Creek. Vegetation
management practices in the TZ downstream of the weir have varied over time, and impacts of different
vegetation conditions on flow capacity in the TZ have been demonstrated in several previous studies
and by shifts in the stage-discharge relationship at the weir corresponding to changes in vegetation
management. Figure 3 shows the progression of the weir stage-discharge rating over the past five years.
Measured discharges are shown as points in the figure, with the corresponding rating curves as lines.
Discharge at a given lake level has notably increased since introduction of the current intensive
maintenance regime, and weir/TZ flow conveyance capacity currently exceeds the Corps design target of
1,200 cfs (above Bear Creek) at a lake level of 29 feet NGVD29 (32.6 feet NAVDS8S).

In addition to vegetation and TZ channel impacts, a reduction in lake outflows associated with high Bear
Creek discharges—the Bear Creek backwater effect—has been demonstrated with measurements
showing variable discharge at the weir for the same lake level during large events. An example of this is
illustrated in Figure 3, where the two post-2013 discharge measurements near lake level 28 feet NGVD
correspond to Bear Creek flows of 500 cfs and 195 cfs. Lake discharge corresponding to the higher Bear
Creek flow is 15 percent lower despite a slightly higher lake level. This backwater effect is also
reproduced by the hydraulic model of the system.

The Phase 1 hydrology report (NHC 2013) also identified a number of factors that individually or in
combination contribute to extreme lake levels (greater than 29 feet NGVD29). Lake inflow is a primary
driver but cannot explain the lack of strong correspondence between the events with the highest peaks
or inflow volumes and those with the highest lake levels. High lake level prior to the event (i.e., the
starting condition) and coincident high flows on Bear Creek are also recurring factors in several extreme
lake level events. Different lake level response to events where inflow, starting lake level, and Bear
Creek flows are similar also suggests that vegetation conditions in the TZ have an influence on high lake
levels. It is interesting to note that nearly 90 percent of the events where the lake has exceeded 29 feet
NGVD29 (32.6 feet NAVD88) since 1964 have occurred since 1989, when annual TZ maintenance was
discontinued. In contrast, only half of the highest Issaquah Creek flows (assumed to be a proxy for
overall lake inflows) in the same period have occurred since 1989.

> This elevation is the Corps-defined ordinary high water (OHW) level for Lake Sammamish and a level of interest to
lakeside homeowners. OHW is defined for regulatory purposes and is separate from the lake level objectives for
this project. For additional details see Appendix A.

King County 6 Final April 2015



Lake Level vs Discharge Pre and Post-Maintenance

30

A = measurement made

late winter 2011 after
grass killing freeze in
November 2010

/ 4

N\

4

& *
Corps design
+ target: 1200 cfs
. at 29.0', Bear
/I / Measured data and Cr flow 300 cfs
Measured data and rating curve rating curve after
before intensive mowing (2009- 2011) <\ A intensive mowing in
29 e 2011 and 2013
\/ —

T
/"/§

’/
/ —

—_ .

ﬂ /

a < 5

g . / A /K ﬂ/

%28 / X 1%

& / / — 195

3 [ A P y(\ ~_

3 e / —

% X 231 258 Measured data and rating curve
- A ] 115 Feb used for fall and winter 2014 flow

¢ . DK 500 | Jan 2015 calculations. Adjusted for Bear
/ X K 2015 \ Creek flow at 200 cfs. (NOTE:
27 X o5 ) curve will effectively shift upward
176 | as a function of greater Bear Cr.
167 L —] flows)
//\(
/ .
] Corresponding Bear Creek flows
(Post sediment removal only)
26 ! ! ! ! . .
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Discharge, cfs

Figure 3. Sammamish TZ discharge and lake level comparison and rating curves from 2009 to 2014.
King County 7 Final April 2015



Habitat Conditions

Habitat conditions are briefly summarized in this section, but more details can be found in the Existing
Habitat and Fish and Wildlife Report (Tetra Tech 2014; included as Appendix B). The Sammamish River is
the outlet of Lake Sammamish and is a wide, low gradient channel that has been deepened relative to
its historical condition. The TZ is the highest gradient (steepest) section of the entire river. The aquatic
habitat within the project study area has been mapped as 22 percent riffle, 3 percent pools, and 75
percent glide habitat (Figure 4). The riffle habitat in the TZ, while it contains shallow turbulent flow, has
a constructed angular rock substrate and did not form as a natural riffle. Natural pools are only present
downstream of the TZ; one small constructed pool is located at the downstream end of the weir low-
flow notch. Currently, the low flow channel in the TZ is bordered on each side by a narrow willow (Salix
sp.) band that provides 30-40 percent canopy cover over the low flow channel. The river banks and high
flow channel are typically cleared to maintain herbaceous (grass) cover. The study area actually provides
some of the most diverse aquatic habitat in the entire Sammamish River; although its unique
geomorphic setting at the outlet of Lake Sammamish means that the typical stream habitat
characteristics of Pacific Northwest streams did not historically occur, such as a coarse gravel bed and
riffle and pool complexes. The predominant soils in the valley and along the channel are comprised of
clayey silt, sandy silt, and silty fine sands (USACE 1964; SCS 1973) and not coarse alluvium. Ajwani (1956)
states that following the construction of the locks and lowering of Lake Washington that the
Sammamish River had a stronger current and there was some spawning habitat available for salmon
species (such as at tributary confluences). However, the natural condition was a complex but low
gradient meandering channel with an extensive valley wetland system.

Two tributaries enter the Sammamish River in the study area (Tributary 0141 — Tosh Creek and Tributary
0142 - Country Creek; shown on Figure 4). The City of Redmond recently completed a culvert
replacement and stream restoration project on a portion of Tosh Creek to improve fish habitat and
provide fish passage and improved flow/sediment conveyance past West Lake Sammamish Parkway.
This project restored approximately 700 feet of the creek into a sinuous alignment with large wood and
riparian plantings. In anticipation of the Willowmoor project, Redmond did not restore the lowest 300
feet of the creek, which still occupies a ditch along a former property line to its mouth upstream of the
Sammamish Weir. Country Creek is located in a ditch with glide habitat for about 600 feet downstream
from West Lake Sammamish Parkway and then merges into the large wetland fringing Lake Sammamish.

The floodplain to the south and west of the upper Sammamish River has been highly modified from
historic conditions by past activities including farming, placement of dredged spoils from the
Sammamish River project along the river bank, filling in an old meander of the river, construction and
operation of a wastewater treatment plant (1960s to 1980s), and the Sammamish Rowing Club facility,
which is now present in the location of the former wastewater treatment plant. In spite of these past
modifications, the majority of the floodplain is comprised of wetlands, including emergent, forested,
and scrub-shrub wetlands. Five separately identified wetlands were mapped within the project study
area totaling 55.6 acres, including the high flow channel of the TZ that is vegetated with emergent
wetland species (Figure 5). The quality of the wetlands varies substantially from the moderate quality
Class Il wetlands fringing the river and Lake Sammamish, to the poor quality Class Il and IV wetlands in
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the floodplain that are dominated by non-native invasive species. The majority of the adjacent uplands
are also dominated by non-native invasive species such as reed canary grass and blackberries.

The County has installed shallow groundwater wells in the left bank floodplain and is continuing to
monitor groundwater levels that will help to inform the design of any channel reconfiguration or
wetland enhancement.

Six species of salmonids are known to be present in the Sammamish River watershed: Chinook, coho,
pink, sockeye/kokanee, steelhead/rainbow trout, and cutthroat trout (H. Berge, King County, pers.
comm. 2013). In addition to salmon species, other fish species known or likely to occur in the
Sammamish River watershed include native species such as Pacific lamprey, river lamprey, Western
brook lamprey, mountain whitefish, longfin smelt, Northern pike minnow, peamouth chub, three-spine
stickleback, large-scale sucker, redside shiner, longnose dace, speckled dace, Olympic mud minnow, and
several species of sculpin. Numerous non-native fish species are also present such as yellow perch,
smallmouth bass, largemouth bass, brown bullhead, bluegill, pumpkinseed sunfish, green sunfish, tench,
black crappie, grass carp, and common carp (Wydoski and Whitney 2003; USACE and King County 2002).

The Chinook population in the Sammamish River above Bear Creek is an introduced fishery called the
Issaquah Fall Chinook Program that is co-managed by the Washington Department of Fish and Wildlife
and the Muckleshoot Indian Tribe Fisheries Division. The population was first introduced in 1937 from
Green River/Soos Creek fish, but is now managed in order to help bolster a sustainable Puget Sound
Chinook fishery under the Magnuson/Stevens Act (Public Law 94-265, as amended by Public Law 109-
479). This population is listed as part of the Puget Sound Evolutionary Significant Unit (ESU) listed as a
threatened species under the Endangered Species Act (NOAA 2005). Issaquah Creek was chosen as an
ideal spawning area for Chinook; however the stock is dependent on the migratory and rearing
conditions in the Sammamish River in order to be successful. The program is currently meeting it’s smolt
to adult return ratio goal, but is not meeting its goal of natural origin return spawners. Improving habitat
conditions in the Sammamish River is likely a critical component of increasing the sustainability and
genetic diversity of this hatchery program.

Habitat quality is poor for native fish species in the study area due to high water temperatures, lack of
habitat diversity and complexity, lack of connectivity to the floodplain, and lack of pools, cover and
shading. It is unlikely that any adult salmon spawn in the TZ due to the angular rock or fine substrate.
Juvenile salmon and other small fish have limited shallow, slow-water habitat with cover to avoid
predators and warm temperatures favor non-native species. Adult and juvenile salmon pass through the
study area quickly to migrate into and out of tributaries to Lake Sammamish including Issaquah Creek. If
the key factors contributing to poor quality habitat could be remedied, such as cooling the water and
providing more complex habitat with cover, the upper river could become an important rearing and
refuge area for juvenile salmonids and other species due to the productivity of Lake Sammamish and the
proximity to Bear Creek where numerous species of salmon spawn.
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Water Quality Conditions

Water quality in the project area is poor and does not meet state standards. The Washington
Department of Ecology (WDOE) water temperature standard is 63.5°F (17.5°C)? for salmonid spawning,
rearing, and migration (September 16 to June 14) and 60.8°F (16°C) for core salmonid summer habitat
(June 15 to September 15; WDOW 2012). Water temperatures exceed WDOE water temperature
standards during the months of July and August, even the minimum (nighttime) temperatures. The
mean monthly maximum temperatures exceed WDOE standards from April through October (Figure 5).
High water temperature is a serious concern for fish and the aquatic ecosystem in the project area.
Observations of numerous dead adult Chinook salmon in 1998 and 1999 (R. Tabor, USFWS, unpublished
data), and associated telemetric tracking of adult Chinook in the Sammamish River that indicated
Chinook may hold for several hours or days in the few slightly cooler pools present in the river (Fresh, et
al. 1999) have prompted on-going concerns about the potentially lethal temperatures in the river.

The literature on the effects of high temperatures on adult salmon and potential lethal limits includes a
review of temperature requirements and effects on salmonids by Carter (2005), which indicates that 50
percent mortality of Chinook occurs around 77° (25° C). Coho are more tolerant and 50 percent
mortality occurs at 82° F (28° C). NOAA (1996) considers optimal temperatures for salmonids to be 50-
57° F (10-14° C). Beyond acute mortality, high water temperatures cause a variety of physiological
effects (sub-lethal) that are harmful to salmon survival and reproduction as well as increasing the
potential for disease. Disease risk becomes high at temperatures from 64-68° F (18-20° C; USEPA 2003).

A recent study of the upper thermal limits on migration of adult Chinook salmon in the Klamath River
(Strange 2010) indicated that most literature references consider 70°F (21°C) to constitute a barrier to
migration of adult salmon. Strange (2010) conducted tracking and thermal monitoring of Chinook and
found that Chinook salmon still migrated up to temperatures of 73°F (23°C), but also used thermal
refugia, if available to bring their body temperature down by several degrees, and tended to only
migrate if temperatures were on the decline in the river (due to weather fronts, declining daylight hours,
etc.). Strange (2010) also noted that while fish may migrate in high temperatures, they could still be
encountering adverse effects such as decreased egg size and viability, reduced energy for selecting a
mate and constructing a redd, reduced immune function, and higher rates of pre-spawning mortality.

Gage data is available for the project area (Gage 51M at the weir) and downstream in the Sammamish
River (gage 51L at the railroad bridge), as well as in Lake Sammamish (Gage 612, see Figure 6). Water
temperatures as high as 27° C (80° F) have been measured in the project area during late July; water
temperatures are regularly above 20° C (68° F) from May through October and can exceed 25° C (77° F)
daily during July and August (Figure 7). The outflow from the lake into the Sammamish River is from the
surface so the river temperatures are naturally high during summer and fall. Figure 7 shows the monthly
mean, mean maximum, and mean minimum Sammamish River water temperatures (at the weir, Gage
51M, and near the railroad bridge downstream of Bear Creek, Gage 51L). Even with cooler Bear Creek
inflow, temperatures at Gage 51L downstream of Bear Creek are still high, but reduced by

3 Temperature threshold is for the maximum 7-day moving average temperature.
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approximately 2° C (3.6° F) as compared to temperatures near the weir. Figure 8 shows the monthly
mean, maximum and 7-day moving average temperatures at Gage 51M for a typical year (2012)
compared to the state standards and general timing of salmon presence in the project study area.
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Figure 6. Locations of King County gages discussed in this report.
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Figure 8. Average monthly water temperature in 2012 in the Upper Sammamish River (Gage 51M) and comparison to general
fish timing in the basin. Hatched bars indicate timing of juvenile salmon in the watershed; solid bars indicate timing of adult
salmon from entry at the locks through spawning.

Temperature modeling of the Sammamish River has been conducted previously by King County and
others (King County 2009, 2001; Buchak, et al. 2001; Jain, et al. 2000) to evaluate existing conditions and
potential scenarios for reducing temperatures. A key concept developed with this earlier modeling was
an “index of thermal stress” that represents the amount of time that river water temperatures are
above 17° C (for example 2 hours at 19°C would result in 2/24 * (19-17) = 0.168 degrees per day above
the 17° C threshold). A temperature of 17° C was determined at the time as the upper end of preferred
or suitable temperatures for adult Chinook salmon. As summarized in King County (2001), under existing
conditions there is a thermal stress on average of 1.35 degree-days above 17° C during the August to
October timeframe analyzed for the project area®. Since this is an average exceedance, the maximum
thermal stress (hottest day) during this time period is often several degrees higher — the maximum
thermal stress is 7.02 degree-days (i.e. an average of 7.02 degrees above 17° C). While the surface of

* For example, the water temperature exceeds 17° C by an average of 1.35 degrees over a 24 hour day, which does
not mean that the temperature is 18.35°C, but represents the average of both higher and lower temperatures
throughout the day and the cumulative average temperature for the whole day is 1.35 degrees above preferred
temperatures for a cold-water species such as Chinook salmon.
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Lake Sammamish (and hence the upper river) has likely always been quite warm during summer, under
historical conditions the extensive shading and groundwater and tributary inputs would likely have
moderated the high temperature flows from the lake and provided numerous thermal refugia. Now, the
river water temperatures are elevated all the way to Lake Washington due to a lack of shading and
reduced groundwater and tributary inputs. Further, water temperatures in Lake Washington and all the
way out to the locks can be elevated, thus creating a very long high temperature pathway for fish
returning to Lake Sammamish and its tributaries, causing days or weeks of cumulative added stress on
the fish. Even though summer lake temperatures are probably not much different than they were
historically, a more engineered solution to cool the river was a Core Recommendation in the
Sammamish River Corridor Plan (USACE and King County 2002) because of the potential to significantly
improve temperatures (and reduce stress on fish) throughout most of the length of the Sammamish
River. Because water is difficult to cool once it is warmed, simply adding more passive features, such as
pool creation does not significantly reduce water temperatures. Similarly, shading will not cool the
water, but will prevent further heating from solar radiation to reduce temperatures downstream, but
only if adequate shade is provided along the length of the river (USACE and King County 2002).
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Project Goals and Objectives

The County, working with the SAC, has developed the following goals and objectives for the Willowmoor
project. Regardless of whether a project is implemented, the County will continue to be responsible for
maintenance of the TZ per their agreement with the Corps. The following goals and objectives
encompass all potential issues in the project area and it is not anticipated that all objectives can be fully
or simultaneously achieved, but a desired future project would maximize the achievement of these
goals and objectives and reduce the cost and complexity of managing the project area. It is important to
note that the order of the goals and corresponding objectives is arbitrary and does not reflect relative
priority or importance.

Goals and Objectives

Goal: Enhance habitat conditions in the river channel, floodplain, buffers, associated tributaries and
adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and wildlife species.

Objectives:

a. Reduce summer river water temperature to improve habitat conditions for migrating and
rearing salmonids, and to minimize thermal barriers for migrating adult salmonids.

b. Reduce incidence of incipient lethal water temperature between the Lake Sammamish
outlet and the Bear Creek confluence for Chinook salmon.

c. Provide supplemental cold water from a source that meets Washington Department of
Ecology (DOE) water quality standards for core summer salmonid habitat.

d. Minimize heat loading to the river.
Limit erosion and sedimentation within the channel.

f. Maximize shade over the riparian and wetland communities adjacent to the Sammamish
River in the project area in order to inhibit shade-intolerant invasive plant species.

g. Increase in-stream structure and complexity.

h. Develop a substantial riparian vegetative buffer comprised of native tree and shrub species
along the Sammamish River and along Tosh and Country Creeks.

i. Install coarse logs, rootwads, stumps and snags to provide foraging and nesting habitat for
birds, mammals, reptiles, and amphibians.

j.  Improve dog off-leash area water access structures to eliminate erosion issues.

k. Create topographic complexity in floodplain wetlands.

I.  Enhance availability of and access to floodplain wetlands for juvenile salmonids.

m. Integrate applicable recommendations from the WRIA8 Chinook Recovery Plan and the
Sammamish River Corridor Action Plan.

n. Design project to tolerate anticipated chronic and acute natural disturbances, such as
beavers, flood events, and climatic variations.
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Goal: Ensure the Transition Zone’s capability to provide necessary lake level control, flow conveyance,

and downstream flood control.

Goal:

Q)]
o
L

Objectives:

®™ o o o

Maintain downstream Sammamish River flood levels at or below current 100-year flood
levels.

Maintain downstream Sammamish River flood levels at or below current 10-year flood
levels.

Minimize impacts to tributary drainage systems along downstream river corridor.

Provide sufficient flow to provide up and downstream fish passage through weir and TZ.
Maintain discharge at or above minimum summer flows.

Reduce average base winter lake level.

Reduce frequency and duration of high winter and spring lake levels relative to current
conditions.

Keep lake levels at or below 29.0 feet NGVD up to current 40-year spring/10-year annual
peak flow.

Maintain minimum lake levels through summer.

Reduce costs, complexity, and ecological impacts of construction, operation and maintenance.

Objectives:

Minimize operational complexity and associated operating costs of reconfigured TZ and
associated facilities with respect to ensuring lake outflow conveyance capacity.

Allow for native vegetation to grow in its natural form outside of the high flow channel with
reduced need for maintenance.

Develop Operation and Maintenance (O&M) Manual.

Programmatically permit O&M Manual concurrent with permitting of the capital project.
Minimize construction impacts to ESA listed species, other native species (both fauna and
flora) and high value habitat.

Minimize O&M impacts and provide long-term protection to ESA listed species and other
flora and fauna.

Design for resilience to seasonally and episodically varying conditions (vegetation
roughness, beaver dams, high water levels, etc.).

Design for resilience to potential long-term changes in conditions (climate, basin
development, etc.).

Protect and enhance recreational opportunities and uses in the project area.

Objectives:

a.
b.

Preserve rowing club access from the Sammamish River to Lake Sammamish.
Preserve and improve dog access points to the Sammamish Slough upstream of the TZ.

King County

18 Final April 2015



c. To the extent feasible, improve passive recreation amenities for observing the Sammamish
River and wildlife.

d. To the extent feasible, improve safety and ease of passage for small boats seeking to
navigate upstream and downstream through the TZ.

In addition, it is desirable to leverage funding from multiple sources to implement a comprehensive
project (including grants for habitat, water quality, and/or recreation). In the study and design phases, it
will be important to understand the life-cycle costs (over 50 years) including both capital and operation
and maintenance costs to compare the potential long-term costs and benefits when evaluating
alternatives and in determining the final features to be included in a proposed project.

Preliminary Design Concepts

Given the overlapping objectives of balancing flood and lake level control with cost, construction
impacts, and habitat improvements to benefit ESA listed Chinook and other species, multiple concepts
were explored. These fell into two broad categories, floodplain and channel reconfiguration, and cold-
water supplementation concepts. These two categories are not mutually exclusive, but rather were
developed with the intention that they could be combined to create a variety of integrated alternatives
featuring both physical reconfiguration and cold water supplementation. In addition, the no action
alternative (or continued maintenance alternative) was evaluated as the baseline for comparison for all
concepts.

Concept Design Hydrology

The Phase 1 hydrology report (NHC 2013) provided a characterization of the current hydrologic setting
and the various factors and influences that have affected performance of the weir and TZ over the past
couple of decades. The Willowmoor project will be designed with consideration of these various
influences on flow and lake level. For this reason, and because the Willowmoor project has a broader
range of objectives, the Corps’ original single design flow and lake elevation criteria are insufficient for
design of the Willowmoor project. Instead, a continuous hydrologic and hydraulic modeling approach
was selected to capture the interplay of various factors and the range of climate conditions, both
seasonally and inter-annually. A successful alternative will still need to meet the original Corps criteria.

Existing hydrologic and hydraulic models of the Lake Sammamish/Sammamish River system were
recalibrated as part of the Willowmoor project to provide accurate tools for evaluating impacts and
comparing performance of various concept design alternatives and scenarios. The hydraulic model is
well-calibrated to recorded water levels at the weir and through the TZ and reproduces lake levels quite
well (see Appendix C for more details on the calibration of the hydraulic model). The hydrologic models,
which are used to create long periods of inflows for the hydraulic model, are sufficiently accurate in
reproducing observed inflow volumes and storm events for Bear Creek and Issaquah Creek, as discussed
in Appendix C.

For initial development and evaluation of concepts, the hydraulic model (with hydrologic-model-
simulated inflows) was run for the 12-year period representing water years 2002-2013. This period
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corresponds to the period for which monitoring data are available at the Sammamish Weir, contains
several high flow and lake level events, and is sufficiently long to provide representative estimates of
flow and stage durations (though not necessarily event frequencies). The model results were then used
to evaluate the performance of each concept compared to criteria developed for the project hydraulic
objectives. These included maximum flows and lake levels; river stage, flow, and lake level durations
above key thresholds; and summer minimum flow characteristics.

It is anticipated that long-term (60+-year) simulations will be conducted during the design phase for the
selected alternative to provide a more comprehensive representation of hydrologic variability and allow
for characterization of extreme event frequencies. The design process will also need to take some
account of potential future hydrologic conditions to ensure that the selected project will continue to
meet performance objectives going forward. To that end, a future condition hydrologic scenario was
developed based on General Circulation Model-simulated changes in regional precipitation frequency
and intensity (see discussion in Appendix C). The alternative precipitation inputs were run through the
same hydrologic models to produce a future inflow scenario for the hydraulic model. It should be noted
that this approach is intended as a sensitivity analysis on project design and performance and does not
represent a specific prediction of future conditions.

Alternative 1. No Action (Maintenance Only)

The no action alternative does not literally mean that the County would do nothing, but rather that the
County would continue to maintain the TZ and the Sammamish River Flood Control Project to meet the
design parameters from the Corps flood control project completed in 1964 and per the O&M Manual
developed for the project (USACE 1964) and the 1993 General Agreement that allows a 10-foot buffer of
willows on each side of the low-flow channel. Maintenance activities would include cutting and mowing
vegetation on each bank of the TZ every four years (i.e. cut/mow right bank in first year, cut/mow left
bank in third year, cut/mow right bank in fifth year). The flood control project was designed to
“substantially [prevent] all spring flood damage without Lake Sammamish levels exceeding 29.0 feet”
NGVD29 (32.6 feet NAVD88; USACE 1962). As the primary objective of the maintenance agreement was
to ensure that the County maintained the channel for the design flow and lake elevations, there can be
some flexibility in actual maintenance practices as long as it results in maintaining flood conveyance.

Beginning in 1998, the County reduced maintenance effort due to concerns regarding effects to listed
species. However, recent maintenance activities (2011-2014) have been conducted that have brought
the flow conveyance of the TZ into compliance with the O& M manual. Activities included mowing both
high-flow channels and banks, trimming the willows along the low-flow (navigation) channel, removal of
the reed canary grass understory along the low-flow channel, and a one-time removal of the reed canary
grass root mat and accumulated sediment from the upper half of the TZ. Permits were required for this
work, including:

e Hydraulic Project Approval (Washington Department of Fish and Wildlife)
e Shoreline Management Act Exemption (King County and City of Redmond)
e Clean Water Act Section 404 Nationwide Permit #3 (U.S. Army Corps of Engineers)
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e Water Quality Certification and Coastal Zone Management Act Consistency (Washington
Department of Ecology)

e C(Clearing and Grading, Critical Area Review (King County)

e (Clear and Grading, Critical Area Review, and Tree Removal Approval (City of Redmond)

Additionally, as part of the permitting process, mitigation was required including off-site plantings of
riparian vegetation (further downstream on the Sammamish River) and an experimental removal of the
non-native Brazilian elodea from the Sammamish River near NE 124" Street to mitigate for the
vegetation removal and sediment removal, respectively.

Thus, for the no action alternative, it is anticipated that vegetation would be removed or mowed on one
or both banks annually to ensure the design lake levels and channel conveyance capacity are
maintained. The proposed long-term maintenance would consist of annual removal of vegetation to
leave a 10-foot willow buffer on both the right and left side of the low-flow channel and removal of
sediment as necessary (every 25 years estimated based on past deposition rate). Thinning of the willow
buffer and trimming to maintain a navigation channel would occur annually or less frequently depending
on the rate of growth of the willow buffer (see Figure 9).

A major reason that the County is considering other alternatives to the ongoing maintenance regime is
that the TZ was not designed with current habitat or water quality considerations in mind. Since the
listing of Puget Sound Chinook salmon in 1999, awareness of the poor quality of the habitat and water
quality conditions in the Sammamish River has dramatically increased from the perspective of regulatory
agencies and tribes as well as the public in general. The County has policies to improve fish and wildlife
habitat within its jurisdiction and is a lead entity in WRIA8 (Lake Washington basin) salmon recovery
activities, thus, improving habitat is a priority. The on-going maintenance requirements have also
required substantially more permitting effort and mitigation, and hence, cost, in recent years, and these
requirements are likely to continue.

If the County were to maintain the TZ in its current configuration without addressing habitat and water
quality concerns, there would potentially be significant regulatory and permitting consequences. Based
on the permits required to date for maintenance activities and feedback from regulatory agencies and
tribes (Heller, WDFW, pers. comm. 2014; Walter, MIT, pers. comm. 2014; Casey, KCDPER, pers. comm.
2014; Bennett, USACE, pers. comm. 2014), the following permitting requirements are anticipated for the
no action alternative:

e Hydraulic Project Approval (every 5 years). Permits for maintenance of existing facilities are valid
for 5 years. Mitigation for removal and thinning of vegetation would likely be required on at
least a 1:1 replacement ratio. Monitoring and adaptive management would also be required to
ensure the mitigation is successful and functional. Permitting for sediment removal would be a
longer process as this is a larger regional issue and would likely require more mitigation than for
vegetation removal. Depending upon the public comments received during each permit cycle,
additional issues and mitigation requirements could arise.
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e King County Shoreline Management Act Exemption (every 5 years). Permits for maintenance of
existing facilities are valid for 5 years. No additional mitigation would likely be required to
maintain current conditions.

e C(Clean Water Act Section 404 or Section 10 Rivers and Harbors Act. Vegetation thinning and
minor removal may not require a Corps permit (they regulate discharge of dredged or fill
material). A Section 10 permit could be required for elements within a navigable channel. A
Nationwide permit would most likely be required for the sediment removal activities, but
mitigation would not likely be required unless there is a demonstrated adverse effect.

e Water Quality Certification and Coastal Zone Management Act Consistency may be pre-
approved or not required depending on whether a Section 404/Section 10 permit was required.

e City of Redmond permitting. Only required when activities occur within City of Redmond
jurisdiction. Assume that every 10 years, a Clearing and Grading permit could be required for
implementation of mitigation downstream of the project area.

e Mitigation project permits. To be determined if any additional permitting would be required for
a larger-scale mitigation project.

Primary Features:

e Maintain existing weir and Transition Zone elevations and widths.

e Annual maintenance (mowing/raking) to thin and/or remove willows and other vegetation in
the Transition Zone and banks while leaving a 10-foot buffer of willows on each side of the low-
flow channel; trim navigation channel.

e QOccasional removal of accumulated sediment (assume every 25 years).

e Periodic permitting required (assume every 5 years).

e Periodic mitigation required for each permitting cycle (assume every 5 years).

There is no capital cost for the No Action Alternative. Operation and maintenance (life-cycle)
requirements would include an annual inspection, permitting every 5 years, mitigation every 5 years,
annual mowing/raking and trimming/thinning of willows, and estimated minor sediment removal every
25 years. The estimated net present value® cost of O&M is $973,000 over fifty years, or an average
annual O&M cost of $41,000.

> Net present value is the sum of the anticipated costs over a specified time frame, multiplied by a discount rate. It
can also be thought of as the “investment” cost in today’s dollars that would receive interest over the specified
time frame.
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Figure 9. No Action Alternative Concept.
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Channel and Floodplain Reconfiguration Concepts

The development of channel and floodplain concepts necessitated balancing multiple objectives:
habitat, upstream lake levels, downstream flood impacts, recreation, and cost (implementation and
maintenance). These objectives guided the development of five channel and floodplain concepts, with
each of them having a different initial focus. Channel Concept 1 is the No Action Alternative
(Maintenance Only) described above that is carried forward through all further evaluation. Channel
Concepts 2 through 4 were developed to a conceptual level of detail (concept plans, preliminary cost,
hydraulic function, and potential habitat benefits) and presented to the SAC on September 3, 2014.
Following the SAC meeting and a subsequent discussion amongst the project team, a fifth concept was
developed. The following is a summary of the channel reconfiguration concepts:

Channel Concept 2 - Single Meander

Overview: Channel Concept 2 includes adding a meander of the active channel away from the current
alignment into the left bank floodplain downstream of the weir and generally follows the historical
channel alignment present prior to the 1964 channel improvement project. Channel geometry (width
and depth) was generally designed to match the river channel width and depth downstream of the TZ,
while balancing the multiple project objectives stated previously. Two pool and riffle sections were
located within the meander for the purpose of increasing hydraulic diversity and enhancing habitat. As
the meander returns to the existing channel alignment, it would transition into a large pool and alcove.
The existing TZ channel would be maintained as a high flow connection to provide additional flood
conveyance and help flush fine sediment out of the alcove, see Figure 10.

Primary Features:

e Realigned channel has a single meander through the left bank floodplain, which increases
channel length by approximately 300 feet, and slightly reduces the channel slope (from 0.5% to
0.4%).

e Existing TZ channel will function as high flow conveyance.

e Channel is designed to maintain lake levels and downstream river levels within design bounds.
Active channel width and depth vary, but on average are 60 feet wide and 3 feet deep.

e Hydraulic diversity and habitat are enhanced with pool/riffle segments.

e Floodplain benches are to be excavated on both sides of the new channel. Active floodplain
width will be widened as much as 150 feet over existing.

e Modifications to existing weir were not investigated in detail, but would likely be required to
meet project goals.

e lLarge wood to be placed in the floodplain and along its fringes, but not in the active channel.

e Because Tosh Creek is located upstream of the project extent, extension of Redmond’s Tosh
Creek habitat enhancement work was not considered at this conceptual level. If this alternative
is carried forward for further design, enhancements to Tosh Creek would be included.
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Key Benefits:

Improved flood conveyance and reduction in winter lake levels over current conditions.
Enhances habitat with pools, riffles, cover, and large wood.

Improves high flow fish passage by creating resting areas and decreased velocities.

Deeper and wider channel improves small boat passage.

Improves floodplain connectivity and enhances floodplain quality for fish and wildlife species.
Doesn’t increase downstream flood conditions

Will likely reduce frequency and intensity of current vegetation maintenance regime.

Key Risks:

Costs:

High likelihood that excavation in the floodplain could unearth archaeological artifacts, delaying
the project and incurring additional costs.

Possible for short-circuiting of the meander through the existing TZ channel. This risk can be
mitigated by installing buried large wood or other erosion resistant material along the overflow
path to ensure it remains at a slightly higher elevation.

Short-term impact of diminished shading may result in higher stream temperatures until the
floodplain vegetation can grow sufficiently to shade the channel; although this will be minimized
with phasing of some plantings prior to channel excavation and use of rapidly growing willow
and cottonwood stakes and poles.

Because flood conveyance is only slightly increased, mowing and raking of banks would be
required on an estimated every other year basis and trimming of vegetation every 5 years.

Planning level construction cost estimate with contingency, tax, engineering and administration
during construction = $6.4 million. The construction cost estimate includes a 5-year initial
establishment of vegetation. Anticipated O&M activities include an annual inspection, invasives
species control for the first 10 years, mowing/raking the banks every other year, trimming
vegetation every 5 years, and a one-time replacement of approximately 50% of the large wood
and 20% of the gravels during the 50-year period. The estimated net present value of O&M for
the stream channel and vegetation is $523,000 over fifty years, or an average annual O&M cost
of $19,800.
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Figure 10. Channel Concept 2, Single Meander.
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Channel Concept 3 - Hyporheic Channels

Overview: Channel Concept 3 includes the single meander from Channel Concept 2 and further adds in a
series of hyporheic channels to the left bank floodplain and also adds in the restoration of the lower end
of Tosh Creek. The main channel alighnment and geometry is identical to that discussed in Channel
Concept 2 and is therefore not repeated here. To provide supplemental cold water into the Sammamish
River, a large portion of the left floodplain is excavated and partially backfilled with gravel to create
hyporheic channels. The concept is that these hyporheic channels will capture river water when river
levels are above a specific elevation, allow for infiltration of the river water through the gravel hyporheic
channels for cooling, and then discharge colder water back to the river within the TZ. Realignment and
restoration of Tosh Creek will begin at the recently completed City of Redmond channel and meander
through the left bank floodplain before discharging into a pool constructed in the Sammamish River.
This newly restored segment of Tosh Creek will have pools, riffles, large wood, streambed gravels, and
riparian plantings similar to the segment of channel constructed by the City of Redmond (see Figure 11).

Primary Features:

e Realigned channel with single meander through the left bank floodplain; increases channel
length by approximately 300 feet (same as for Concept 2).

e Existing TZ channel will function as high flow conveyance.

e Channel designed to maintain lake levels and downstream river levels within design bounds.
Active channel width and depth vary, but on average are 60 feet wide and 3 feet deep.

e Hydraulic diversity and habitat enhanced with pool/riffle segments.

e Floodplain benches excavated on both sides of channel. Active floodplain width widened as
much as 150 feet over existing.

e Modifications to existing weir were not investigated in detail, but would likely be required to
meet several project hydraulic, habitat and recreation objectives.

e Large wood placed in the floodplain and along its fringes, but not in the active main channel.

e Restoration of approximately 1,000 feet of Tosh Creek.

e Construction of four parallel hyporheic channels, each approximately 3,000 feet in length, 5 feet
wide, and 1 to 2 feet deep. Large wood to be placed for added habitat.

e Hyporheic channel control structure along left bank, upstream of the TZ. The structure will allow
a portion of summer flows to enter the hyporheic channels, while ensuring that the majority of
flow stays in the main channel.

Key Benefits:

e Improves flood conveyance and reduces winter lake levels over current conditions.

e Enhances habitat with pools, riffles, cover, and large wood.

e Improves high flow fish passage by creating resting areas and decreased velocities.

e Deeper and wider channel improves recreational safety for small boats.

e Improves floodplain connectivity and creates 22 acres of riverine flow-through wetland habitat
for fish and wildlife species.
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e Provides cold water supplementation via hyporheic channels.

e Floodplain enhanced with large wood and diverse wetlands.

e Cold water supplementation from Tosh Creek. During summer flows, approximately 1 cfs of
cooler water (Tosh Creek) will mix with Sammamish River downstream of weir. Currently Tosh
Creek mixes into the lake outlet upstream of the weir, rapidly diminishing Tosh’s cold water
benefit.

e Restores approximately 1,000 feet of Tosh Creek with pools, riffles, streambed gravels, large
wood, and sinuosity.

e Additional flood conveyance through left bank floodplain.

Key Risks:

e Excavation into floodplain likely to unearth archaeological artifacts, delaying project and
incurring additional cost.

e Possible short-circuiting of meander through existing TZ channel. This risk can be mitigated by
installing buried large wood or other erosion resistant material along the overflow path.

e Short-term impact of diminished shading will likely produce higher stream temperatures until
floodplain vegetation can grow sufficiently to shade channel.

e Potential for avulsion of river into hyporheic channels. This would mean that the river bypasses
the weir, affecting lake levels and downstream water levels.

e Potential for dewatering of Tosh Creek. The depth of excavation necessary to construct
hyporheic channels is nearly 10 feet below the adjacent Tosh Creek channel thalweg elevation.
This difference in elevation creates a risk of dewatering segments of Tosh Creek both upstream
and downstream of the City of Redmond’s restoration project.

e Long-term efficacy of hyporheic channels — potential for plugging up with sediment resulting in
reduced hydraulic capacity.® Likely need to provide maintenance of hyporheic inlet on a periodic
basis (i.e., clean the gravels or replace them).

Costs:

e Planning level construction cost estimate with contingency, tax, engineering and administrative
= $17.7 million. The construction cost estimate includes a 5-year initial establishment of
vegetation. Anticipated O&M activities include an annual inspection, invasives species control
for the first 10 years, mowing/raking the banks every other year, trimming vegetation every 5
years, and a one-time replacement of approximately 50% of the large wood and 20% of the
gravels during the 50-year period. An estimated net present value of operation and
maintenance for the stream channel and vegetation is $849,000 over fifty years, or an average
annual O&M cost of $35,100.

® The literature on sand filters and infiltration trenches for stormwater treatment indicates maintenance needed
every 2 to 5 years due to plugging with sediment (TRPA 2014; USEPA 1999). Water from the outlet of Lake
Sammamish has minimal sediment, but will carry fine sediment and organic material (leaves, etc.) during storm
events.
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Figure 11. Channel Concept 3, Hyporheic Channels.
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Channel Concept 4 - Split Channels

Overview: Channel Concept 4 is different from Channel Concepts 2 and 3 in that it splits the river flow
into two channels; one channel for habitat and the other primarily for flood conveyance and recreation.

The main channel would be widened within its current alignment to convey flood waters and provide
recreational use. The existing low flow channel would be modified to meander and would be lined with
streambed gravels. To improve functionality for watercraft and recreational use, the low flow channel
would not include either LWD or vegetation. Outside of this low flow portion of the main channel are
floodplain benches designed to provide both aquatic and terrestrial habitat at different seasons and
water levels. Along the left bank, three alcoves would be constructed for resting and refuge habitat.
These alcoves will be deeper than the main channel and enhanced with LWD to provide cover.

The secondary channel proposed for Channel Concept 4 is designed to convey approximately 10% of the
river flow (approximately 5 cfs during summer low flows) and provide added winter high flow and flood
conveyance. This secondary channel provides approximately 3,400 feet of additional habitat in the form
of pools, riffles, large wood, cover, and cold water refuge. The Tosh Creek channel would be restored
and realigned to flow into the secondary channel, adding not only cold water but also a long-term
supply of streambed gravels.

The existing weir would likely need to be modified to meet goals established for upstream lake levels,
downstream flood impacts, recreational use, and fish passage. A second weir would be installed to
divert water into the secondary channel. See Figure 12. Both weirs could be configured to allow adaptive
management (i.e. ability to change the weir geometry should the project not perform as intended or
should the hydrology of the lake change).

Primary Features:

e Main channel:

0 The main channel weir will be modified and optimized for split flow and hydraulic
performance, while a new secondary channel weir will function for habitat flows and
winter flushing.

0 The main channel would stay in its current alignment, with a widened channel geometry
and vegetation on the floodplain benches. Additional features of the main channel
include:

= A meandering low flow channel to concentrate summer flows and provide
better recreational use. This low flow channel will be lined with streambed
gravel.

= Floodplain benches with vegetation and large wood to provide habitat and
shading along the channel fringes.

= Alcoves inset into the left bank floodplain bench to provide rearing and refuge
habitat. Alcoves will include large wood for cover.
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e Habitat channel:

(0}

Provides over 3,400 feet of secondary channel habitat for primary migratory route. The
habitat channel will have an active width of 20 to 30 feet, outside of which dense
riparian vegetation will be established to provide shading. Additional features of the
secondary channel include:
= Sinuous channel with floodplain benches and low bars to allow natural
processes to modify the channel over time, such as from beavers creating ponds
and alternate flow paths.
= Streambed gravels and large wood placed throughout.
= Pools will be deep and include large wood for cover.
= Riffles created by over-excavating and backfilling with streambed gravel to
encourage natural hyporheic flow.
=  Gravel supplementation and cold water input from Tosh Creek.

e Floodplain Enhancement:

(0}
(0}

(0}

Key Benefits:

Creates 2.5 acres of new wetlands in floodplain.

Enhances 15 acres of floodplain wetlands by controlling invasive species and
revegetation with native trees and shrubs.

Restores over 20 acres of riparian forest along both main channel and habitat channel.

e Main Channel:

0}
(0}
(0}

(0}

Improves flood conveyance and reduces winter lake levels over current conditions.
Redesigned main channel improves small boat passage.

Riffles excavated and filled with gravel to help encourage hyporheic flow for additional
cooling.

Widened channel provides improved floodplain connectivity.

e Habitat Channel

(0}

o

@]

Improves fish passage by providing designated habitat channel with cooler water,
resting areas, and complex habitat.

Creates diverse habitat with pools, riffles, cover, and large wood.

Habitat channel improves floodplain connectivity.

Cold water supplementation from Tosh Creek. During summer flows, approximately 1
cfs of cooler water (Tosh Creek) will mix with 5 cfs warmer water in the habitat channel.
Currently Tosh Creek mixes into the lake outlet upstream of the weir, rapidly
diminishing Tosh’s cold water benefit.

As documented in NHC’s report for the Tosh Creek restoration, Tosh Creek provides a
long-term source of streambed gravels to the habitat channel (NHC 2012).

Additional flood conveyance through left floodplain via the habitat channel.

Floodplain benches/bars at meander bends on secondary channel.

Large wood for habitat without interfering with recreation and flood capacity.
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Floodplain:
0 Further option of additional wetland enhancements in left bank floodplain.

Key Risks:

Costs:

Excavation into the floodplain is likely to unearth archaeological artifacts, delaying project and
incurring additional cost.

Complexity of designing two weirs to function as desired.

Short-term impact of diminished shading will likely produce higher water temperatures in main
channel and above Tosh Creek confluence in habitat channel until floodplain vegetation can
grow sufficiently to shade channel; although this will be minimized with phasing of some
plantings prior to channel excavation and use of rapidly growing willow and cottonwood
stakes/poles.

Narrow habitat channel will require routine maintenance due to vegetation growth and beaver
modifications.

Planning level construction cost estimate with contingency, tax, engineering and administrative
= $8.2 million. The construction cost estimate includes a 5-year initial establishment of
vegetation. Anticipated O&M activities include an annual inspection, invasives species control
for the first 10 years, trimming vegetation every 5 years, and a one-time replacement of
approximately 50% of the large wood and 20% of the gravels during the 50-year period. The
estimated net present value of O&M for the stream channel and vegetation is $457,000 over
fifty years, or an average annual cost of $17,300.
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Figure 12. Channel Concept 4, Split-Flow Channels
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Channel Concept 5 - Widened Channel

Overview: Channel Concept 5 includes the same widened main channel as Channel Concept 4, but does
not include a separate habitat channel. Refer to Channel Concept 4 overview for description of main
channel. Figure 13 shows this concept.

The existing weir will be modified to meet goals established for upstream lake levels, downstream flood
impacts, recreational use, and fish passage. Additionally, the weir will be designed and constructed to
allow for adaptive management in response to unexpected project outcomes, hydrologic changes, etc.

Primary Features:

e The existing weir will be modified and optimized for hydraulic performance, recreation, and
habitat.

o The channel will stay in its current alignment, with widened channel geometry and vegetation.

e The widened channel geometry will provide sufficient conveyance capacity for high lake
outflows and safe small boat use, while still allowing for substantial aquatic and riparian habitat
enhancements.

e A meandering low flow channel to concentrate summer flows and provide better recreational
use. This low flow channel would be lined with streambed gravel.

e Floodplain benches with vegetation and large wood to provide habitat along the channel
fringes.

o Alcoves inset into the left floodplain bench to provide resting and refuge habitat and include
large wood for cover.

Key Benefits:

e Improves flood conveyance and reduces winter lake levels over current conditions.

e Enhances habitat with pools/alcoves, cover, and large wood.

e Improves small boat passage with deeper and wider low-flow channel, while maintaining other
recreational uses.

e Provides large wood for habitat without interfering with recreation and flood capacity.

e Includes restoring lower section of Tosh Creek with pools, riffles, streambed gravels, large wood,
and channel meandering and connecting to main channel downstream of the weir.

e Creates 1.2 acres of new wetlands.

e Enhances over 13 acres of floodplain wetland by controlling invasive species and revegetating
with native trees and shrubs.

e Restores over 1 acre of forested riparian habitat along TZ.
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Key Risks:

Costs:

Excavation into the floodplain is likely to unearth archaeological artifacts, delaying project and
incurring additional cost.

Short-term impact of diminished shading will likely produce higher stream temperatures until
floodplain vegetation can grow sufficiently to shade channel; although this will be minimized
with phasing of some plantings prior to channel excavation and use of rapidly growing willow
and cottonwood stakes/poles.

Ongoing challenges of mixing flood control, small boat use and habitat enhancement.

Planning level construction cost estimate with contingency, tax, engineering and administrative
= $3.9 million. The construction cost estimate includes a 5-year initial establishment of
vegetation. Anticipated O&M activities include an annual inspection, invasives species control
for the first 10 years, trimming vegetation every 5 years, and a one-time replacement of
approximately 50% of the large wood and 20% of the gravels during the 50-year period. The
estimated net present value of operation and maintenance for the stream channel and
vegetation is $350,000 over fifty years, or an average annual cost of $12,300.
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Hydraulic Modeling Summary

Hydraulic modeling for the Willowmoor project was conducted using an existing HEC-RAS model for the
Sammamish River as its starting point. In 2009 King County contracted with NHC to conduct a flood
study for the Sammamish River (from Lake Sammamish to Lake Washington), and part of that effort was
creating a calibrated HEC-RAS model for the river. While only the river was calibrated, the model also
included Lake Sammamish as an upstream boundary condition. This was done to address timing issues
with respect to flood peaks, i.e. peak lake discharge is not coincident with peak tributary discharges on
Bear/Evans, Little Bear, North and Swamp Creeks.

Additional data were available since completion of the flood study. These data include more recent
survey data of the transition zone with additional cross-section locations added, and four pressure
transducers deployed through the Willowmoor section of the Sammamish River down to the Bear/Evans
Creek confluence with the main stem Sammamish River. The data from the pressure transducers were
converted into time varying water depths with data collection starting in 2011. Survey of the transducer
locations allowed the depths to be converted into elevations creating water surface profiles through the
Willowmoor reach. These water surface profiles were used to calibrate the model to existing conditions.

Hydraulic Model Calibration - “Existing Conditions”

The most recent maintenance action in the Willowmoor reach of the Sammamish River prior to
modeling was conducted in the summer of 2013. The calibration period of August 2013 through March
2014 also resulted in the “Existing Conditions” scenario used to evaluate channel concepts. The model
was calibrated in an unsteady flow simulation, that is, flows into the lake and in Bear Creek varied
through time. Simulated water levels at the lake, weir, and at the locations of the four pressure
transducers were compared to the measured water levels, and model parameters were changed in
order to better match the simulated values with the measured ones. The parameter with the most
influence on simulated water surfaces is Manning’s n, a roughness coefficient representing the ease of
which water can move over the riverbed. Rougher surfaces result in slower and deeper water than
smoother surfaces. A further adjustment to Manning’s n was the inclusion of seasonality — the time of
the year with full vegetation is specified to have a higher roughness than the time of year when most
vegetation is dead or senescent.

Hydraulic Simulation of Channel Concepts

The various channel concepts were assessed using the calibrated model in two phases: the initial round
of channel concepts and a subsequent round of integrated alternatives. Each concept was created by
modifying the existing conditions model. This entailed changing the channel geometry and adding
complexity in the form of lateral structures and split flow channels. Lateral structures were used to
simulate both hydraulic structures (the weir inlet to the proposed split-flow channel in Concept 4) and
to simulate areas where portions of the main flow would spread over the river bank into a separate
channel (Concepts 2 and 3). Split flow channels were used to simulate overbank flows and backwater
conditions. Manning’s n values were also changed to reflect post construction roughness of the channel
in all concepts.
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Performance of Channel Concepts

Channel concepts were analyzed relative to the performance criteria established in the Goals and
Objectives over the time period of available measured data at both Bear Creek and the weir (2001-
2014). It is important to note that the Existing Conditions run (Alternative 1. No Action [Maintenance
Only]) is not the same as historical conditions but rather simulates how the TZ would have performed
under the current maintenance regime and immediately following the 2013 conditions, after sediment
removal. Following is a summary of each concept’s hydraulic performance.

Alternative 1, No Action (Maintenance Only): This alternative meets all the downstream hydraulic

criteria, but by default does not reduce lake levels upstream of the project, nor does it reduce the
frequency and duration of high winter and spring lake levels relative to current conditions (i.e. itself).
This alternative, like all others, does demonstrate improvement over the reduced maintenance
conditions (generally from 1989 to 2013).

Channel Concept 2, Single Meander: This channel concept meets all upstream and downstream

hydraulic criteria. While meeting the criteria, the magnitudes of improvement were modest.

Channel Concept 3, Hyporheic Channels: This channel concept meets all upstream and downstream

hydraulic criteria. This alternative showed greater improvements upstream than the no action or single
meander due to the increased capacity to pass higher flows through the transition zone.

Channel Concept 4, Split-Flow Channel: This channel concept meets all upstream and downstream

hydraulic criteria save for minimum summer flows; although, further refinements to the side channel
weir are likely to result in meeting this criteria. This concept showed the greatest improvements
upstream due to the side channel maintaining flows year round and lowering the initial lake level during
flood events.

Channel Concept 5, Widened and Enhanced Channel: This channel concept meets all upstream hydraulic

criteria except for reducing average base winter lake level. This concept meets all downstream hydraulic
criteria. While meeting all but one of the criteria, the magnitudes of improvements were modest.

Stakeholder Feedback

Channel concepts were presented at several SAC meetings, from very initial concept sketches in March
2014, to more developed channel concepts in September 2014, with more details including costs.
Feedback included the following themes:

e Alternative 1, No Action (Maintenance Only). Several SAC members prefer this alternative

because it maintains the existing flood and lake level control and could achieve some
recreational objectives if the weir was modified. The weir needs some modifications to allow
more control and to allow better boat access. This is the least cost option, but could permits be
obtained to continue this?

e Channel Concept #2, Single Meander. Some SAC members prefer this because it would restore

the planform of a natural meander that historically occurred in this reach and some SAC
members think it may be the most effective at restoring “natural processes.” Other SAC
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members did not like this concept because it does not provide as much riparian and floodplain
habitat restoration — is not a very big change from existing. Could Concept 2 have very deep
pools and a deep channel? Would that help to cool the water and reduce vegetation
maintenance, which might otherwise be as costly as for no action?

e Channel Concept #3, Hyporheic Channels. Most of the SAC members think this option may be
too complicated, risky and costly. The high cost for initial excavation, high risk of encountering

archaeological resources, and likelihood that the hyporheic channels could plug up with
sediment and organic material may make this too difficult to maintain over time. This concept
would provide a lot of wetland and floodplain habitat restoration and provide significant rearing
habitat for juvenile salmon. Would fish stranding be a concern?

e Channel Concept #4, Split-flow Channels. The concept received mixed reactions from the SAC

members, some strong likes and other strong dislikes. This alternative may provide the most
opportunity for substantial habitat restoration and creation of a channel entirely devoted to
habitat and cold-water. However, there were a lot of concerns about maintenance of a small
channel and whether it would get blocked off with vegetation, beavers, etc. Also there were
concerns about the potential for degrading water quality in the main channel if flow is diverted
into the habitat channel — concerns about aesthetics of main channel and perhaps overuse by
dogs, etc. Modifications to the main channel and weir would provide improvements for small
boat use and additional flood flow capacity.

e All concepts except no action probably have a high likelihood of discovering archaeological
artifacts. Do we know where the old meander was exactly for Concept 2?

e The SAC would like an alternative to be considered that creates pools/riffles and hyporheic flows
in the main channel. It was also mentioned that hyporheic elements could potentially be added
to all concepts.

e Some SAC members were interested in modifying the weir for better boat passage and also to
allow placement of a control structure that can regulate lake levels.

Comparison and Screening

Following the SAC feedback, the project team compared and screened the channel concepts to identify
which appear most feasible. The No Action Alternative will be carried forward for further analysis. Table
1 provides a side-by-side comparison of the channel concept costs and key benefits and concerns.

The project team determined that Channel Concept 2 does not provide enough habitat improvement for
the cost and only marginally improves hydraulic performance as compared to the No Action Alternative.
Channel Concept 3 is approximately twice the cost of the other concepts and while it would provide a
very large area of salmonid habitat and wetland restoration, there are also significant risks of
archaeological discoveries and potential maintenance concerns that render it less desirable. The project
team determined that Channel Concept 4 would also provide a substantial area of habitat for salmonids
and could be easily paired with a Cold-Water Concept, and while this concept still has risks for
archaeological discoveries, it would be a smaller footprint than Channel Concept 3 so there are better
options for avoiding potential discoveries. While maintenance will be required for all concepts, Channel
Concept 4 has likely reduced requirements compared to Channel Concept 3 due to the much wider and
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reconfigured main channel. Channel Concept 5 will provide an intermediate level of habitat

enhancement at a lower cost, meets hydraulic objectives, and reduces risks from archaeological

discoveries and would have low to moderate maintenance requirements.

Therefore, Channel Concepts 4 and 5 were considered the most feasible to carry forward.

Table 1. Channel Concept Comparison Table.

Channel Concept Preliminary Benefits Concerns
Construction
Cost’
e Low potential for archaeological
. discoveries because this meander
e Enhanced channel complexity . . .
e Meets hydraulic objectives existed historically
2. Single Meander $6.4 million y . ) e Short-term reduced shading
e Most natural alignment .
e Likely low-moderate
(restores former meander) . . . .
maintenance required — primarily
for invasive species
e High potential for archaeological
discoveries because of extensive
excavation in historical floodplain
e Large-scale restoration of o Likely periodic channel
3. Hyporheic - wetlands and floodplain maintenance required to
$17.7 million . . o .
Channels e Meets hydraulic objectives maintain surface and hyporheic
e Provides cold water inputs flow paths (due to plugging from
fine sediments and organic
matter (i.e. every 10 years), plus
invasive species maintenance
e High potential for archaeological
e 3,400-foot habitat channel discoveries because of extensive
. - with high complexit excavation in historical floodplain
4. Split-Flow $8.2 million & pextty . P
e Meets hydraulic objectives o Likely low-moderate
with weir modifications maintenance required — primarily
for invasive species
e Low potential for archaeological
discoveries due to widening in
. e Enhanced channel complexity previously disturbed area
5. Widened - . - .
Channel $3.9 million e Meets hydraulic objectives e Short-term reduced shading

e Least disturbance to site

o Likely low-moderate
maintenance required — primarily
for invasive species

1 - Preliminary construction cost includes channel and planting costs with design, engineering and administration.
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Cold-Water Supplementation Concepts

To address the objectives of reducing incipient lethal water temperatures for fish (temperatures above
21°C) and improving water temperatures to come closer to meeting state standards for summer core
salmonid habitat in the Sammamish River above Bear Creek, six potential cold-water supplementation
concepts were developed. These concepts explored the range of options from highly engineered and
mechanized to more passive methods and from modest, localized cooling in pools to larger river-scale
improvements. Each of the concepts was developed to a preliminary level of detail, comparing cold
water delivery systems, water flow rate feasibility, construction cost, as well as 50-year life cycle
operation and maintenance costs. The six concepts were first reviewed by the County and then by the
SAC, whose members suggested two additional concepts that were then similarly developed. The
following is a summary of the eight cold-water supplementation concepts:

Cold-Water Concept 1 - Hypolimnetic Withdrawal of Cold Water from Lake Sammamish

Overview: Cold-water Concept 1 would withdraw up to 20 cfs of water from Lake Sammamish at an
approximate depth of 35 feet and pump it via a pipeline to discharge immediately downstream of the
Sammamish Weir (Figure 14). The water depth of 35 feet is where water temperatures average from 55-
59°F (13-15°C) during the July to October time period, dissolved oxygen averages about 5 mg/l, and
phosphorus levels are not elevated above 0.01 mg/| (similar to surface concentrations). The cold water
discharge would generally replace up to 20 cfs of passive outflow from the lake during a 60-day critical
time period (estimated as July 15 to September 15).

Primary Features:

e Submerged intake with fish screening and 16,000 linear feet (LF) of 36-inch pipeline on Lake
Sammamish and Sammamish River bottom from intake to pump station.

e Upland pump station proposed near Sammamish Rowing Association river access for existing
power and access purposes.

e Submerged 2,000 LF 24-inch pipeline on Sammamish River bottom from pump station to
discharge at existing weir.

e Elevated discharge over existing weir to aerate discharge and mix with weir outflow and cool the
river temperature. The 20 cfs would be approximately half the summer river flow, since current
mean monthly weir discharge during July, August and September is typically about 50 cfs.

Key Benefits:

e largest available source of cold water.

e largest river temperature reduction potential from the estimated 20 cfs delivery of colder Lake
Sammamish water, as compared to other concepts due to much larger volume.

e Eliminates lethal water temperatures in the river and reduces index of thermal stress by
approximately 50% in the upper river and benefits continue all the way to the lower river
(USACE and King County 2002).
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Reduced potential for environmental and archaeological impacts by floating pipelines into
position and then sinking them to the bottom rather than trenching through left bank floodplain
and wetlands.

Key Risks:

Dissolved oxygen content and aeration requirements need further analysis.

Navigation effects in the Sammamish River need to be reviewed.

Temporary construction disturbances to the Sammamish Rowing Association would need to be
minimized.

Probable Washington Department of Natural Resources (DNR) lease required for pipeline on
river and lake bed.

Concerns from stakeholders about risks to lake stratification, nutrient input into the Sammamish
River and potential effects on kokanee and other species (addressed in next section).

Need to determine if a water right is required and/or could be obtained.

Planning level construction cost estimate with contingency, tax, engineering and administrative
= $7.0 million.

Life cycle costs include electricity for pumping and periodic maintenance of pump. The
estimated net present value of O&M is $197,000 over 50 years, or an average annual cost of
$8,500.
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Figure 14. Cold-Water Concept 1, Hypolimnetic Withdrawal.
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Additional Analysis of Cold-Water Concept 1

Based on the feedback from a number of reviewers, Cold-Water Concept 1 (Hypolimnetic Withdrawal)
was analyzed and modeled in more detail to answer some key questions about whether such a concept
could have adverse effects on Lake Sammamish. King County conducted additional analyses to estimate
potential phosphorus and nitrogen loading from either 10 or 20 cfs withdrawn from an estimated depth
of 50 feet (15 meters) in the lake and potential effects to the Sammamish River as well as analyzing the
potential changes to water temperatures and stratification in the lake resulting from these proposed
withdrawals. The two reports prepared by King County (2014a, 2014b) documenting these analyses are
attached in Appendix D. The key questions and summary answers are provided below.

Question 1: What is the potential effect of deep lake water withdrawal on the shoreline and wetlands
around the perimeter of Lake Sammamish?

The potential withdrawal of 10 or 20 cfs from the hypolimnion would only typically occur over a 60-day
time period when surface water temperatures (and hence, river temperatures) are highest, such as from
July 15 to September 15. The 10 or 20 cfs would replace an equivalent amount of passive outflow from
the lake that occurs over the Sammamish Weir and would thus not withdraw additional water from the
lake that could cause the elevation to be lowered. Therefore, there should be no change in the elevation
of the lake that could affect the shoreline or wetlands fed by hydrology from Lake Sammamish.

Question 2: Could phosphorus loading be an issue with this alternative? Is there a difference in
bioavailability of phosphorus from the surface versus the hypolimnion that could have an impact on
the river? Do climate effects or other factors influence phosphorus loading from year to year?

An analysis of the potential changes to both phosphorus and nitrogen loading into the Sammamish River
was conducted (see Appendix D). Nutrient concentrations were interpolated from concentration time
series data collected from specific depths in Lake Sammamish near the proposed withdrawal location
(Station 0611); loading estimates were calculated based on these nutrient concentrations and the
volume of withdrawal.

The estimated change in total phosphorus (TP) or soluble reactive phosphorus (SRP) loading into the
Sammamish River is insignificant; in fact, it is estimated that a reduction of 4 percent and 9 percent,
respectively would occur under the 20 cfs withdrawal scenario. The reason for this is that while TP and
SRP concentrations are higher in the deeper portion of the hypolimnion (e.g., 20 m depth),
concentrations at 15 meters remain below or very near the concentrations observed at the lake outlet
during this time of year. For example, lake outlet TP ranged from 18 to 22 pg/L during July 15 to
September 15, while at 15 meters, TP ranged from about 12 to 20 pg/L. Table 2 summarizes the daily
average nutrient loads to the Sammamish River. Overall, phosphorus loading would be expected to
decrease with a hypolimnetic withdrawal of 10 or 20 cfs. The existing inter-annual variability of
phosphorus loading is greater than the modeled small decrease in loading.

Larger changes were estimated for nitrogen loading, with an estimated increase in total nitrogen (TN)
and dissolved inorganic nitrogen (DIN) of 10 to 21 percent for TN and 61 to 122 percent for DIN. This is
because nitrogen levels are generally higher at all depths below 10 meters in the lake than at the lake
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surface. The TN loading would include a portion in the form of particulate nitrogen which would not be
readily available for growth of attached algae; however, it could represent a source of organic matter for
benthic animals, including invertebrates that could be a food source for salmonids. The ratio of DIN:SRP
indicates that phosphorus is still the limiting nutrient in the river for algae. The increased DIN could
stimulate additional growth of rooted macrophytes, which are fairly frequent and dense in the river
already.

Table 2. Daily average nutrient loads (July 15-September 15) to the Sammamish River from Lake Sammamish for
1995-2002 for existing conditions and the 10 and 20 cfs hypolimnetic withdrawal scenarios.

Scenario Year TP SRP TN DIN
(kg day™

1995 2.27 0.19 27.2 6.0

1996 2.47 0.57 56.6 16.8

1997 4.84 2.65 103.2 32.7

Existing 1998 1.86 0.23 29.3 6.2
Condition 1999 2.89 0.31 63.9 17.3
2000 1.55 0.20 28.7 7.5

2001 2.92 0.31 36.3 4.8

2002 2.21 0.29 29.0 4.1

Average-- 2.63 0.59 46.8 11.9

1995 2.04 0.16 34.8 13.8

1996 2.41 0.57 58.6 24.0

1997 4.63 2.55 108.8 41.9

10 cfs 1998 1.52 0.20 34.7 13.8
Withdrawal 1999 3.61 0.34 67.4 23.9
2000 1.45 0.17 36.4 16.6

2001 2.85 0.28 37.9 8.5

2002 2.13 0.27 34.1 11.0

Average 2.58 0.57 51.6 19.2

1995 1.82 0.13 42.5 21.7

1996 2.34 0.58 60.6 31.1

1997 4.41 2.45 114.4 51.2

20 cfs 1998 1.18 0.17 40.0 21.5
Withdrawal 1999 4.33 0.37 70.9 30.5
2000 1.34 0.14 44.0 25.8

2001 2.77 0.26 39.6 12.1

2002 2.05 0.25 39.2 18.0

Average 253 0.54 56.4 26.5

TP = Total Phosphorus, SRP = Soluble Reactive Phosphorus, TN = Total Nitrogen, DIN = Dissolved Inorganic Nitrogen
(sum of nitrate+nitrite and ammonia nitrogen)
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Question 3: What is the potential for changes in lake stratification as a result of hypolimnetic
withdrawal? Could these changes adversely affect kokanee and plankton communities?

The potential for changes to temperature stratification and the habitat availability for salmonid fishes,
especially kokanee were evaluated by running the existing 2-dimensional lake temperature model for
Lake Sammamish (see Appendix D). The volume of available habitat where both temperature and DO
are suitable for kokanee normally shrinks throughout the summer as the surface water of the lake
warms and cold-water species are forced to deeper layers, where the DO concentration declines during
the summer. This leaves a metalimnetic layer where DO is greater than 4 mg/L and temperatures are
less than 63°F (17°C) as favorable salmonid habitat (Berge 2009).

Using the existing lake model and evaluating the volume of water that could be withdrawn under the 10
and 20 cfs scenario (estimated to occur from July 15 to September 15), the results indicate there would
be no significant effect on thermocline depth, lake stability (as measured by the Schmidt stability index),
the 63°F (17°C) isotherm, or on favorable habitat volumes for kokanee. The smallest suitable volume for
kokanee occurs in September — 15.8% of the total lake volume. The 10 and 20 cfs withdrawals would
only slightly decrease the suitable volume to 15.5% and 15.3%, respectively. The reason for no
significant effects is that the 10 or 20 cfs withdrawals over an estimated 60 days are a very small
percentage of the total lake volume — estimated at 0.4 to 0.8 percent of the total lake volume.

Question 4: Can the design take into account other issues, such as the need for a screen on the intake
to avoid entraining small fish, mysids, and amphipods? Additionally, there is a seiche in Lake
Sammamish that impacts the position of the hypolimnion and thus, the withdrawal level may not be
static — would the system need to have a flexible intake height?

The design has not progressed beyond the concept stage and these are details that are beyond the
scope of the current work. It is anticipated that if this alternative were ever investigated in more detail
that a flexible or mid-water floating intake with an appropriate screen to meet all regulatory agency
requirements would be included.
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Cold-Water Concept 2 - Pumped Groundwater to Transition Zone Pools

Overview: Cold-water Concept 2 would pump and aerate groundwater from a depth of 30-50 feet from

one or more wells into pools constructed in the river channel. For the purposes of this original concept,

the existing groundwater wells in Marymoor Park were used for cost estimating. Groundwater

temperature measured at monitoring wells in the project area was approximately 50°F (10°C); although

dissolved oxygen was not measured, it is anticipated to be low (<1 mg/l) when first withdrawn from the

ground and would require aerating to achieve saturation before discharge to the river.

Primary Features:

Construct new well, well house and pump in Marymoor Park. (For initial cost purposes assumed
well would be located near existing wells north of river.)

3,500 LF of 8-inch pipe to deliver groundwater from well house to distribute in 4 pools within
the river.

Supply estimated as approximately 3 cfs’ of groundwater split into 4 resting pools on the left
bank of the TZ in July and August (nearly 1 cfs per pool).

Key Benefits:

Provides cooler water to constructed resting pools in the TZ to create areas of cool water during
warm water periods in the summer. While this concept would provide localized cool water
resting for adult salmon holding, it is not likely to cool overall river temperatures significantly
due to the small volume of cold water as compared to the warm river volume.

Concept features are all within King County owned property.

Standard well and pipe line construction practices can be used to complete this concept, and
therefore does not require unique construction features or practices.

Key Risks:

Need to determine if a water right is required and/or could be obtained.

Site is close to the aquifer and wellhead protection zone 3 areas for the City of Redmond. The
potential effects to city wells need to be determined.

Ability of pools to “hold” cold water without it quickly dispersing is uncertain.

Additional information is needed to determine if 3 cfs or more could be pumped for this period
of time.

Additional temperature modeling needed for this concept to determine scale of benefits to
river.

Potential for effects on wetland hydrology by lowering groundwater table.

Potential for encountering cultural resources during excavation.

7 City of Redmond staff indicated that 3 to 5 cfs may be possible for a groundwater well (R. Dane, pers. comm.

2014).
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Cost:

e Planning level construction cost estimate with contingency, tax, engineering and administrative
= $2.2 million, including the cost for drilling a new well.

o Life cycle costs include electricity for pumping and periodic maintenance of pump. The net
present value of O&M costs is $103,000 over 50 years, or an average annual cost of $4,500.
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Figure 15. Cold-Water Concept 2, Pumped Groundwater.
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Cold-Water Concept 3 - Shallow Groundwater Trench to Deliver Flow to Transition Zone
Pools

Overview: This concept would concentrate shallow groundwater (less than 8 feet) into a trench and/or
perforated pipe to deliver to pools constructed in the TZ. The volume of water anticipated is likely to be
less than 1 cfs. The groundwater temperature is likely to be 50-55°F (10-13°C).

Primary Features:

e Four resting pools constructed in Sammamish River Transition Zone.
e Split flow to resting pools, likely less than 0.25 cfs per pool.

e  Gravity discharge flows to resting pools.

e 2000 LF 8-inch groundwater interception and infiltration piping.

e Potential for upstream pipe connection to Tosh Creek surface flows.

Key Benefits:

e Low cost passive system, with no power or mechanical systems.
e Collects and conveys ambient ground temperature groundwater to pools for adult salmon
holding.

Key Risks:

e Low volume of groundwater discharge may be insufficient to cool more than one pool.

e Ability of pools to “hold” cold water without it quickly dispersing is uncertain.

e Excavation could uncover archaeological resources.

e Interception of groundwater near south bank of existing Sammamish River has the potential to
drain wetland habitat south of the river by lowering the groundwater table (up to 9 acres of
wetland could be affected, although there is also surface discharge to these wetlands).

e Need to ensure fish passage into Tosh Creek, may not be able to increase volumes using creek
flow.

Cost:

e Planning level construction cost estimate with contingency, tax, engineering and administrative
= $800,000.

e Life cycle costs include periodic cleanout silt removal. The net present value of O&M costs is
approximately $23,000 over fifty years, or an average annual cost of $1,000.
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Figure 16. Cold-Water Concept 3, Shallow Groundwater Trench.
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Cold-Water Concept 4 - Purchase Potable Water and Pipe to Transition Zone Pools

Overview: This concept would be to purchase potable/City water and pipe it to four pools constructed in

the TZ. The volume available is uncertain, but for the purposes of this concept, it has been assumed that

1 cfs may be available. Similar to the pumped groundwater concept, it is also assumed that the

temperature would be approximately 50°F (10°C), as much of the City of Redmond’s water supply is

from groundwater wells.

Primary Features:

Four resting pools constructed in the TZ.

Provide connection to potable water line in West Lake Sammamish Parkway.

Install water meter box, 1,600 LF of 4-inch diameter pipe, and appurtenances to provide water
to the four pools.

Supply up to 1 cfs of potable water split into resting pools in July and August (~0.25 cfs/pool).

Key Benefits:

Provides cool water to resting pools in TZ for adult holding during warm water periods in the
summer.

Standard water connection and pipe line construction practices can be used to construct this
concept, and thus it does not require unique construction features or practices.

Least amount of construction work needed of all the cold-water concepts.

Key Risks:

Low volume may be insufficient to cool more than one pool.

Ability of pools to “hold” cold water without it quickly dispersing is uncertain.

Operational costs of using potable water are extremely high.

Potable water is chemically treated and analysis is needed to determine if removal of chlorine
and any other chemical treatments is required prior to discharge into the river.

Possible restrictions from the City on such a high volume use of potable water.

Planning level construction_cost estimate with contingency, tax, design, engineering and
administrative = $900,000.

Life cycle costs include purchase cost of potable water for 60 days each year. The estimated net
present value of O&M costs is $4.5 million over 50 years, or an average annual cost of $190,000.
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Cold-Water Concept 5 - Pump Lake Outlet Water to Heat Exchange System

Overview: This concept would withdraw up to 10 cfs of water from the outlet channel of Lake
Sammamish (upstream of the Sammamish Weir), pump it into a buried piped heat exchange system for
cooling, and then discharge the cooled water downstream of the Sammamish Weir into constructed
resting pools. The cold water discharge would generally replace 10 cfs of lake outflow that would
otherwise passively flow over the weir during a 60-day critical time period (generally July 15 to
September 15). Preliminary calculations of cooling indicate that the temperature could be reduced in
the heat exchange system to 64°F (18°C) or even lower with a longer heat exchange. This concept was
initially evaluated at 3-5 cfs and it was calculated that up to 10 cfs could be effectively cooled; greater
volumes than 10 cfs appear to have declining benefit at increasing cost for larger pumps and pipes.
Costs presented in this section are for the 10 cfs volume.

Primary Features:

e Submerged intake with upland pump station proposed near Sammamish Rowing Association
river access for existing power and access purposes.

e Upland discharge piping with trench construction from pump station to heat exchange transition
structure that will split flow into 1,500 LF of heat exchange piping with colder ambient
groundwater conditions.

e Heat exchange system constructed in excavated trench with an array of twelve 6-inch pipelines
to second transition structure before continuing as single pipe trench construction downstream.

e Four constructed pools in the Transition Zone receive flows from pipe discharge (2.5 cfs/pool).

e Four pipes convey cooled water to below grade discharge at constructed resting pools.

Key Benefits:

e Sufficient volume to create cold-water pools (to 17.5°C), and to achieve reduction in overall river
temperature (to 21°C or below) downstream to Bear Creek.

Reduced environmental impacts by small project footprint adjacent to existing Sammamish
Rowing Association facilities.

Key Risks:

Sammamish Rowing Association temporary construction disturbances need to be minimized.

Requires more operation and maintenance than simpler pump/pipe/discharge systems, given
higher water pressures through array of smaller pipes than other alternatives.

0
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Planning level construction cost estimate with contingency, tax, engineering and administrative
= $2.6 million.
Life cycle costs include electricity for pumping and annual start-up/maintenance/shut-down of

the pump, plus flush heat exchange piping, inspect and clean sediment at transitions. The net
present value of O&M costs is $142,000 over fifty years, or an average annual cost of $6,100.
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Figure 18. Cold-Water Concept 5, Pump Lake Outlet Water to Heat Exchange System.
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Cold-Water Concept 6 - Pump Lake Outlet Water to Hyporheic Trenches

Overview: This concept is somewhat similar to Cold-Water Concept 4. It would withdraw an estimated 5

cfs of water from the outlet channel of Lake Sammamish (upstream of the Sammamish Weir). However,

rather than pump it into a piped heat exchanger, it would pump into a gravel infiltration gallery with

gravel channels, which in turn will flow into constructed pools in the Transition Zone. As the residence

time within the gravel system could be several days or more, a longer pumping period may be necessary

than with other pump options; possibly a 100-day pumping period (generally July 1 to early October). It

is not known how much the water could be cooled as it travels through the channels, but it should be

similar to the heat exchange system, possibly yielding 64°F (18°C) water.

Primary Features:

Submerged intake with upland pump station proposed near Sammamish Rowing Association
river access for existing power and access purposes.

Submerged discharge piping in Sammamish River to upland trench transition at existing weir.
Trench excavation of 800 LF of pipeline from the river to constructed infiltration trenches.

Four constructed resting pools to receive flows from gravel trenches in the Transition Zone.

Four gravel backfilled infiltration trenches for flow to pools within the Transition Zone

Key Benefits:

Creates cool-water pools for adult salmon refuge and may additionally cool river temperatures.
More passive system allows flows through gravel infiltration trenches rather than pipes.

Gravel infiltration trenches may also capture and redirect cooler ambient groundwater to
constructed pools.

Key Risks:

0
e}
v
—+

Unknown residence time within infiltration gallery, whether too short to sufficiently cool the
water, or too long to discharge during hot weather time period. Testing would be required to
confirm feasibility, required length of channel/trench, and potential pumping timing needs.
Moderate to large environmental impacts by requiring excavation of multiple channels through
the floodplain and would need to be maintained unvegetated or sparsely vegetated for
maximum infiltration and to reduce plant uptake of water.

The gravel would likely require periodic major maintenance to clean out organic material and
fine sediment that may accumulate in the infiltration gallery.

Planning level construction cost estimate with contingency, tax, engineering and administrative
= $2.0 million.

Life cycle costs include periodic cleaning of coarse sediments, electricity for pumping. The net
present value of O&M costs is $62,000 over fifty years, or an average annual cost of $2,700.
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Figure 19. Cold-Water Concept 6, Pumped Lake Outlet Water to Hyporheic Trenches.
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Cold-Water Concept 7 - Transition Zone Riffle/Pool Complex

Overview: This concept would excavate the entire TZ and replace the substrate with a mixed
sand/gravel backfill to provide increased hyporheic flow in the main channel. The concept would also
feature a meandering channel with pools and riffles, and backwater areas. Riparian vegetation that does
not reduce flood conveyance could also be provided. The new coarse substrate and hyporheic zone
would allow water to exchange freely between the channel and groundwater and promote hyporheic
flow and cooling. Similar to Cold-Water Concept 6, it is not known how much cooling could be achieved
or what the residence time of the water would be in the hyporheic zone.

The literature on the potential for hyporheic cooling is primarily small-scale studies that measured
hyporheic temperatures and energy flux in small streams or individual gravel bars in systems comprised
of a coarse gravelly bed and alluvial aquifer (Evans 1998; Johnson 2004; Burkholder et al. 2008). One
study investigated the potential for injecting treated wastewater into the floodplain to recharge
groundwater (Lancaster et al. 2005), and the use of reclaimed water to support base flows and
groundwater levels was also considered by King County (King County 2010a and 2010b). An overall good
summary of drivers for stream temperatures (both external and internal) is included in Poole & Berman
(2001). They point out how numerous and complicated the drivers can be, so it is difficult to achieve
temperature management goals with a fix to a single problem. Also, in modified stream systems, many
of the natural features have been eliminated so trying to replicate natural processes can be difficult.

The most directly relevant study by Burkholder et al. (2008) measured hyporheic temperature anomalies
in the Clackamas River, Oregon (i.e. locations where patches of water were identified with at least 1° C
temperature variation from the main channel). Hyporheic anomalies were primarily associated with bar
channels and bar heads that provide preferential pathways for hyporheic flow. Hyporheic discharge
comprised a very small fraction (much less than 1%) of river discharge resulting in very small river
cooling effects (0.012° C). However, on a localized scale, even 1° C or less variation could provide a slight
area of thermal refugia for fish. Similar to Johnson (2004), a likely mechanism of this cooling is a result of
the slower groundwater flow that discharges cooler nighttime water back into the channel during the
daytime. Thus, it is anticipated that passive hyporheic cooling could create pockets of water that are
approximately 1°C cooler than the overall river temperature.

Primary Features:

e Excavate 8 acre area of the TZ and install sand/gravel infiltration backfill to a depth of 6.5 feet.

e Create sinuous low-flow channel with constructed riffles and pools — lengthens TZ low flow
channel from 1,432 feet to approximately 1,700 feet. Assume pools are up to 5 feet deep.

e Construct backwater lobes with pools to intercept hyporheic flow through infiltration backfill.

Key Benefits:

o All work is within existing TZ — no effects to floodplain wetlands or plant communities.
e Creates a complex channel with habitat for salmon and other fish species.
e Coarse backfill promotes surface-groundwater exchange.
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Key Risks:

o Likely short residence time within infiltration bed for only minimal water cooling.

e Potential for clogging up of coarse backfill — hyporheic flows could be diminished over time.

e Need to ensure channel would provide sufficient flood conveyance and navigation, so may
require narrow riparian zone similar to existing low-flow channel.

e Planning level construction cost estimate with contingency, tax, engineering and administrative
= $5.6 million.

e Life cycle costs include vegetation maintenance and minor removal of debris, etc. in channel to
maintain flood conveyance. The net present value of O&M costs is $117,000 over fifty years, or

an average annual cost of $5,000.

King County 59 Final April 2015



¥y AL : b i, _‘\_: = gy -
/| Excavate transition zone in a wedge from 6.75 feet near weir transitioning
down to zero feet at downstream end and backfill with well-graded
| gravel/sand mixture to create hyporheic exchange throughout zone. Create
| new meandering channel on surface with clay dams arising at pool
| locations to force cold water to pools.

| === N s = — WILLOWMOOR PARK
I New Channel kg King County CONCEPT 7
o h— v |RIFLE-POOL WITH HYPORHEIC
B Poo - —Feet IN TRANSITION ZONE
(VERSION 2)

Figure 20. Cold-Water Concept 7, Riffle-Pool Channel Within TZ.
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Cold-Water Concept 8 - Hypolimnetic Cooling of Lake Sammamish Surface Water

Overview: This concept is generally a variation of the hypolimnetic withdrawal system (Cold-Water
Concept #1). This concept could withdraw 10 or 20 cfs of surface water from Lake Sammamish and
pump it down and through a pipe system at the bottom of the lake to cool the water via heat exchange.
For the purpose of this concept, only 20 cfs was evaluated. From this point onward, the concept features
are virtually identical to Concept #1. The water would be piped to discharge immediately downstream of
the Sammamish Weir. The water temperature at 20 meters (66 feet) in the lake averages less than 50°F
(10°C) during the July to September time period. This concept avoids potential concerns regarding
effects to the lake from withdrawing water from the hypolimnion by using surface water that is the
current natural source of discharge over the weir and uses the heat exchange possibilities of the cold
water at the bottom of the lake. The cooled water discharge would replace 20 cfs of passive outflow
from the lake during a 60-day critical time period (generally July 15 to September 15).

Primary Features:

e Floating surface intake

e Heat exchange manifold and six 18-inch or 24-inch cast aluminum pipes for 1,000 or 2,000 LF on
Lake Sammamish bottom.

e 16,000 linear feet (LF) 36-inch pipeline on Lake Sammamish and Sammamish River bottom from
heat exchanger to pump station.

e Upland pump station proposed near Sammamish Rowing Association river access for existing
power and access purposes.

e Submerged 2,000 LF 24-inch pipeline on Sammamish River bottom from pump station to
discharge at existing weir.

e Discharge will mix with weir outflows and cool the overall river temperatures. The 20 cfs would
be approximately half the discharge, since current mean monthly weir discharge during July,
August and September is approximately 50 cfs.

Key Benefits:

e large river temperature reduction potential from 20 cfs delivery of colder Lake Sammamish
water.

e Reduces environmental impacts by floating pipelines into position and then sinking them to the
bottom rather than trenching through wetlands.

e Reduces risks associated with pumping directly from hypolimnetic zone of lake.

Key Risks:

e Need robust screening to avoid entrainment of fish and larger plankton species at surface.

e Navigation and aesthetic impacts in Lake Sammamish and the Sammamish River need to be
reviewed.

e Sammamish Rowing Association temporary construction disturbances need to be minimized.
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Probable Washington Department of Natural Resources (DNR) lease required for pipeline on
river bottom and lake bed.
Need to determine if a water right is required and/or could be obtained.

Planning level construction cost estimate with contingency, tax, engineering and administrative
= $7.4 million.

Life cycle costs include electricity for pumping, screen cleaning, and annual start-
up/maintenance/shut-down of the pump. The net present value of O&M costs is $197,000 over
fifty years, or an average annual cost of $8,500.
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Stakeholder Feedback on Cold-Water Concepts
Cold-water concepts were presented at the June 11, 2014 and September 3, 2014 SAC meetings.

Feedback included the following themes:

1.

10.

11.

Cold-water Concept 1, Hypolimnetic Withdrawal of Cold Water from Lake Sammamish. This

option is costly and there are potential concerns regarding aesthetics, maintenance, navigation,
concerns about effects to the lake (temperature, DO, phosphorus, effects on suitable habitat for
kokanee in the lake). This concept also seemed overly mechanized to some members.

Cold-water Concept 2, Pumped Groundwater. This concept is more affordable. It may be

possible to obtain more water volume, up to 3 to 5 cfs.
Cold-water Concept 3, Shallow Groundwater Trench. While this concept is cheaper it may not

provide sufficient benefit with only 1 cfs to warrant investigating further.
Cold-water Concept 4, Potable Water. This concept is concerning to the City of Redmond and

some other stakeholders due to cost and potential effects on potable water supply. Possible
new idea to develop a heat exchange with the potable water system — heating potable water
while cooling river water —is that possible?

Cold-water Concept 5, Pump Lake Outlet Water to Heat Exchange. This concept is more

affordable compared to Concepts 1 and 8, but could require more frequent maintenance and
replacement of parts than currently estimated. Also concerns about affecting river flows and
navigation through the weir. It could also be constructed on the northwest side of the river in
the off-leash dog park area where it would minimize impacts to existing wetlands

Cold-water Concept 6, Pump Lake Outlet Water to Hyporheic Trenches. This concept is also

more affordable compared to Concepts 1 and 8 and some SAC members were interested in
incorporating hyporheic flow elements into the TZ channel alternatives. There were also
concerns about affecting river flows and navigation through the weir.

Cold-water Concept 7, Transition Zone Riffle/Pool Complex. This was a new concept suggested

by a SAC member as a passive way to achieve hyporheic flows and evaporative cooling from
riffles and allow more shading.
Cold-water Concept 8, Hypolimnetic Cooling of Lake Sammamish Surface Water. This was a new

concept suggested by a SAC member that could possibly avoid some concerns about Concept
#1.

A number of SAC members asked questions about how much benefit to fish would be achieved
by providing cold water. The King County project team indicated that it is difficult to quantify
benefits to fish at this time, but it has been documented that fish are stressed in high
temperatures and there have been observations of fish mortality associated with high
temperatures on the Sammamish River and in several other river systems.

A number of SAC members asked if these concepts have been implemented elsewhere and what
benefits were achieved. The King County project team indicated that many of these are pretty
novel ideas that have not been implemented elsewhere to the team’s knowledge.

Some SAC members asked if deep pools could provide cooling of the water. The King County
project team indicated that this might intercept cold groundwater like Concept #3, but deeper
water by itself would not provide much cooling.
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12. A number of SAC members asked if water rights are needed for any of the various concepts.
King County indicated that they would expect water rights would likely be needed for the lake
withdrawal and pumped groundwater alternatives.

13. Concerns about how the cold-water options would be funded as it is not a flood control district
issue. King County indicated that additional funding will be pursued to help fund the habitat and
cold-water project elements.

Cold-Water Concept Comparison and Screening

Following SAC feedback, the project team considered and compared the various cold-water concepts.
Table 3 summarizes the cold-water concepts in a side-by-side comparison of cost and flow-rate
parameters.

Table 3. Cold-Water Concept Comparison.

. Implementation Operation & .1 3
Concept Alternative Cost: Maintenance Cost? Cfs Supplied $/cfs
Concept 1-Hypo||mn.et|c Withdrawal $6,959,000 $197,000 20 $358,000°
from Lake Sammamish
Concept 2-Pumped Groundwater $1,600,000 $103,000 3¢ $568,000
Concept 3-Shallow Groundwater Trench $752,000 $23,000 1 $775,000
Concept 4-Purchase Potable Water $850,000 $4,457,000 1 $5,307,000
Concept 5-Pump Lake Outlet Water to $4.200,000 $435,000 10 $464,000
Heat Exchange System
Concept '6-Pump Lake Outlet Water to $1.950,000 $62,000 g5 $402,000
Hyporheic Trenches
C t 7-Riffle-Pool and H hei
oncept /RiTHe-rootand Hyporhelc $4,338,000 $117,000 <1 $4,455,000
Transition Zone
C t 8-Hypoli tic Cooli f Lak
oncept e-Hypolimnetic Loaling of Lake $7,438,000 $197,000 20 $382,000
Surface Water

1 - Implementation cost includes preliminary construction cost, design, engineering and administration.

2 — Operation and maintenance cost expressed as Net Present Value (investment cost) of 50 years of O&M discounted to
current dollars.

3 — Cost per cfs based on sum of implementation cost plus operation and maintenance (NPV) cost.

4 — Estimated volume revised to 3 cfs per City of Redmond feedback.

5—Five cfs was estimated for both Concepts 5 and 6 initially, but 10 cfs was subsequently investigated for Concept 5, which
would cost more for initial construction.

Based on the listed benefits and risks, cost comparison as shown in Table 3, and on SAC feedback, the
project team determined that Cold-water Concepts 3, 4, and 7 did not merit carrying forward due to the
likely small potential quantity of water supplied. Concept 3 was not likely to have more than very
marginal cooling benefits and as there is already shallow groundwater present adjacent to the channel;
this flow may already be occurring, but has not been measured with previous studies. Concept 4 does
not seem feasible from either a cost or availability perspective. This would be a very large volume of
potable water to purchase from the City of Redmond. Concept 7 was not likely to have more than
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marginal cooling benefits and riffle-pool and hyporheic features can be incorporated into any channel
alignment, so this concept is not carried forward as a cold-water concept, but riffles/pools and
hyporheic zones will be included as features in the channel concepts.

Concepts 1 and 8 were also not carried forward. Concepts 1 and 8 could both provide substantial cooling
benefits with the potential to add 20 cfs of cold water to the river. They also provide the best cost per
volume ratio. However, the SAC members expressed many concerns about both of these concepts,
particularly on the cost and potential large amount of infrastructure with associated maintenance. They
also expressed concerns regarding the large scale and mechanized approach as opposed to more passive
systems. Concept 8 could avoid most of the concerns expressed by various stakeholders about potential
effects to Lake Sammamish. Feedback from the Muckleshoot Indian Tribe Fisheries Department and
regulatory agency staff (WDFW, WDOE) expressed support for these concepts in theory, although more
feasibility level analysis is needed to ensure they are viable. The project team decided to not bring either
of these concepts forward as part of the Willowmoor project, but to keep them on the table as potential
long-term considerations, particularly if lake temperatures continue to warm as a result of climate
change or if substantial measures are required to comply with a pending Total Maximum Daily Load
(TMDL) for temperature on the Sammamish River. None of the channel concepts or other cold-water
concepts would preclude the consideration of these concepts in the future.

Concepts 2, 5, and 6 were considered to be of an appropriate scale to provide both cool water pools for
refugia and provide the potential for sufficient cooling of the river below potentially lethal temperatures
for salmon (i.e. below 21C [70F]). Further discussion of Concept 2 indicated that the price could be
reduced by assuming a well would be drilled on the south side of the river near West Lake Sammamish
Parkway (reduces length of piping required), which would make this concept even more cost effective.
Concept 6 has similar construction costs to Concept 5 when estimating the same volume of water
pumped, although lower operation and maintenance costs. However, while cooling estimates for
Concept 5 are based on similar heat exchange systems for buildings, the feasibility of Concept 6 is less
certain due to the potential for longer residence time for water in the hyporheic trenches and the
uncertain success of infiltration. Also, Concept 6 requires more excavation in the floodplain and more
risk of encountering archaeological resources and potential impacts to existing wetlands. Thus, Concept
6 was determined to be less feasible than Concept 5.

Therefore, Cold-water Concepts 2 and 5 were considered the most feasible to carry forward.
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Combined Alternatives

Integration Process
Based on the comparison and screening of the channel concepts and the cold-water concepts, as
discussed in previous sections, the following concepts were carried forward:

e Selected Channel Concepts
O #4, Split Flow Channels
0 #5, Widened Existing Channel
o Selected Cold-water Concepts
0 #2, Pumped Groundwater
O #5, Pump Lake Outlet Water to Heat Exchange System

The project team then evaluated the optimal pairing of each of the two channel concepts with each of
the cold-water concepts. Factors considered in the evaluation included relative combined costs,
localized versus river-scale water temperature reductions, extent of combined ground disturbance
and general concept compatibility. The evaluation resulted in the following two combined
alternatives. However, it is important to note that while each of these combined alternatives were
determined to be the optimal combination of channel and cold-water concepts based on the factors
considered, they are not mutually exclusive. Rather, each of the channel concepts could also feasibly
be paired with the other cold-water concept, or could be combined with both cold-water concepts
together, or could be implemented without either cold-water concept.

Combined Alternatives
Alternative 4. Split-Flow with Pumped Groundwater. Channel Concept #4 was combined with Cold-

water Concept #2. This combination was based on the estimated 3 cfs of pumped groundwater
providing substantial cooling of the smaller volume of flow in the habitat channel, but not
significantly reducing the overall river water temperature. Additionally, the more expensive and
extensive ground disturbances of the split-flow concept would be offset by the less expensive and
intrusive pumped groundwater concept. The spatial needs of the split channel concept would also be
less likely to conflict with spatial needs of the pumped groundwater concept, as compared with the
more expansive pumped heat exchange system concept.

In summary, Alternative 4 would create an approximately 3,400-foot long secondary habitat channel
along with a widened and enhanced main TZ channel. The estimated 3 cfs (and possibly more) of
pumped groundwater would be discharged near the upstream end of the habitat channel. Tosh Creek
would be connected into the habitat channel adding an additional 1 cfs of cold water during summer
low flow periods. The combined cold-water inputs of pumped groundwater and Tosh Creek
flows would be sufficient to provide substantial cooling for the habitat channel, but would not
substantially lower overall river temperatures. The reconfigured main channel would remain as
the primary recreation and flood conveyance channel.

Alternative 5. Widened Existing Channel with Pumped Heat Exchange. Channel Concept #5 was

combined with Cold-water Concept #5. This combination was based on the pumped heat exchange
concept having the capacity to provide up to 10 cfs of cooled water, the necessary flow volume to
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substantially cool the overall river water temperature. Additionally, the more expensive and extensive
ground disturbances of the pumped heat exchange concept would be offset by the less expensive and
intrusive widened channel concept. The lack of a spatially extensive habitat channel avoids the potential
conflict with the pumped heat exchange concept’s extensive buried pipe system.

In summary, Alternative 5 would widen and enhance the existing main channel for floodplain and
riparian habitat and some in-channel habitat features, while also improving recreational and flood
conveyance capabilities. The estimated 10 cfs of the pumped and piped heat exchange will provide
substantial cooling of the entire river flow down to Bear Creek. The pumped lake outlet water would be
conveyed to pools within the new widened channel.

Following are more detailed descriptions of each of the two combined alternatives including costs and
figures.

Combined Alternative 4. Split Channel with Pumped Groundwater to Habitat Channel

This alternative would split the upper river flow into a dedicated habitat channel and a widened TZ
channel. The habitat channel would have a secondary weir at the upper end at a slightly higher elevation
than the main channel weir to divert approximately 10% of the total river flow. During summer low
flows this would be approximately 5 cfs. During normal winter flows this would be up to 150 cfs to
provide channel scour and flushing of fine sediments and habitat formation of this channel over time.

To meet hydraulic, habitat and recreational objectives, the main channel weir would be modified to
more of a v-notch to maintain a minimum depth of at least 1 foot. The existing TZ channel would have a
new low-flow channel excavated and backfilled with gravel substrate to create a deeper v-shaped
channel, the existing willow buffer would be removed, floodplain benches and alcoves would be
excavated on both banks for planting native shrubs and trees for shading and to provide high-flow
shallow water habitat and holding pools (see Figure 22; Figure 24 shows typical cross-sections of the
three alternatives for side-by-side comparison). The TZ main channel reconfiguration would be virtually
identical to that in Combined Alternative 5.

To provide supplemental cold water, this alternative would also include a groundwater well (or wells),
located near West Lake Sammamish Parkway. Power to the proposed well pump house would be from a
new service connection from the overhead electric on the southwest side of West Lake Sammamish
Parkway NE, extending overhead across the road, and then trenching underground electric to the well
house. The location of the pump house depicted in Figure 22 could potentially be located further south
so as to reduce the length of buried discharge piping. The well would be anticipated to pump
approximately 3-5 cfs of flow into the upper end of the new habitat channel for cooling. Additional
groundwater monitoring will need to be conducted to more accurately determine potential pumping
capacity. This alternative would also include the restoration of the lower end of Tosh Creek and routing
its summer low flow of approximately 1 cfs into the new habitat channel to provide habitat connectivity
and additional cold-water to the habitat channel.

Both of these additional flow components would serve to cool the habitat channel water temperatures
substantially, creating a perennial cold-water channel that could provide refuge for juvenile and adult
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fish and substantially improve fish passage and survival through this reach. The main channel would also
be available for fish passage and use year-round, but would not have suitably cold temperatures in the
summer/fall period. At the confluence of the habitat channel with the main channel at the downstream
end of the TZ, the cold-water flow entering the main channel would likely cool the main river flow
somewhat for a few hundred feet, depending on lake outflow temperatures and flows. However, it
would likely not contribute enough cold water to substantially cool the overall river flow downstream to
Bear Creek.

This alternative meets all of the hydraulic performance criteria including the original Corps design
criteria of conveying 1,500 cfs (below Bear Creek) while not exceeding the 29.0 foot NGVD29 lake level
and not increasing flooding downstream. During low flow periods, this alternative could have slightly
reduced lake outflow relative to current conditions. This is due to its increased capacity and flows in
winter and spring that would tend to lower lake levels more quickly by summer, resulting in slightly
reduced flows in summer. However, with further design refinement of the two weirs, this issue could
likely be eliminated.

This alternative would meet all of the WRIA8 habitat objectives, create and enhance over 17 acres of
floodplain wetlands surrounding the new channel, create a 3,400 foot-long side-channel with
perennially cold water (16-19°C) and extensive juvenile rearing habitat with pools and riffles and cover
from large wood and dense riparian vegetation. Approximately 20 acres of riparian habitat would be
restored along the main channel and side-channel. It is anticipated that vegetation maintenance will be
required, although to a much lesser level than under the No Action Alternative (i.e. trimming every five
years).

Construction Cost:

e Planning level cost estimate for split channel alignment and pumped groundwater construction,
with restoration revegetation and five seasons of initial vegetation establishment, and including
contingency, and tax = $7.85 million

e Design, engineering and administration totaling 25% of construction = $1.96 million

e Total implementation cost of $9.8 million

Operation/Life-Cycle Costs:

e Operation and maintenance costs include electricity for 60 days of pumping, annual start-
up/maintenance/shut-down of the well, plus 5 year maintenance of well pump. Also includes
channel and vegetation maintenance. The net present value of O&M costs is $560,000 over fifty
years of operation (average annual O&M cost of $21,700).
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Combined Alternative 5. Widened Existing Channel with Pumped Heat Exchange System
This alternative would widen and enhance the existing TZ channel and include a larger-scale cold-water
supplementation element, the pumped heat exchange system.

To meet hydraulic, habitat and recreational objectives, the main channel weir would be modified to
more of a v-notch to maintain a minimum depth of at least 2 feet. The existing TZ channel would have a
new low-flow channel excavated and backfilled with gravel substrate to create a deeper v-shaped
channel, the existing willow buffer would be removed, floodplain benches and alcoves would be
excavated on both banks for planting native shrubs and trees for shading and to provide high-flow
shallow water habitat and holding pools (see Figure 23; Figure 24 shows typical cross-sections of each of
the three alternatives for side-by-side comparison). The TZ main channel reconfiguration would be
virtually identical to that in Combined Alternative 4.

To provide supplemental cold water, this alternative includes a 10 cfs heat exchange system. The water
would be withdrawn from the outlet channel of Lake Sammamish (upstream of the weir), pumped into
two parallel heat exchange pipe networks for cooling, and then discharged downstream of the
Sammamish Weir to two constructed resting pools. An additional passive infiltration trench is extended
from the drain gravel surrounding the southerly heat exchange trench to discharge to a third resting
pool, downstream of the first two. The cold water discharge would generally replace 10 cfs of passive
outflow from the Lake during a typical 60-day critical time period (generally July 15 to September 15).

The calculation of the potential cooling provided by a heat exchanger is based on fundamental heat
transfer equations (ASHRAE 2009) for the three types of heat exchange that will occur in the pipe: 1)
forced-convection through the pipe; 2) thermal conduction at the pipe wall per unit length; and 3)
natural-convection as the heat is dissipated away from the pipe where the lake serves as a heat sink.
The thermal conduction through the pipe wall is a function of the thermal conductivity of the pipe
material (aluminum) and the pipe wall thickness. Aluminum is a good conductor of heat, whereas HDPE
is a very poor conductor.?

This alternative would create cold-water refuge in the pools (17.5°C or less). It would also nearly
eliminate the potential of the river exceeding 21°C above Bear Creek.

This alternative meets the hydraulic performance criteria including conveying 1,500 cfs (below Bear
Creek) while not exceeding the 29.0 foot NGVD29 lake level and not increasing flooding downstream,
maintaining discharge at or above summer minimum flows, and provides suitable fish passage. The only
criteria it does not meet is lowering average base winter lake level relative to current conditions as there

® The forced convection component is a function of the Nusselt number derived from correlations based on
empirical data that are a function of the thermal conductivity of water and the diameter of the pipe for fully
developed turbulent flow. The heat exchange model cools the first 500 feet cools from 24°C (75°F) to 17.5°C
(63.5°F), a 6.5°C (11.5°F) temperature drop. The second 500 feet of the model cools from 17.5°C (63.5°F) to 15°C
(58.7°F), a 2.5°C (4.8°F) drop. The third 500 feet of the model cools from 15°C (58.7°F) to 13.7°C (56.7°F), a 1.3°C
(2.0°F) drop. The resulting temperature is modeled to discharge back into the Transition Zone at a temperature of
13.7°C (56.7°F).
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is not a substantial increase in conveyance capacity. During the design phase, this can be investigated
further to determine if there is an opportunity to increase conveyance sufficiently to lower base winter
lake levels.

This alternative would meet most of the WRIA8 habitat objectives, create and enhance over 15 acres of
floodplain wetlands surrounding the modified channel, provide enhanced juvenile rearing habitat on the
floodplain benches and alcoves and improved cover and shading with large wood and dense riparian
vegetation. Approximately 1 acre of riparian habitat would be restored along the main channel.

Construction Cost:

e Planning level cost estimate for enhanced main channel and heat exchange system construction,
with restoration landscaping and five seasons of initial landscape maintenance, and including
contingency, and tax = $6.5 million.

e Design, Engineering and administration totaling 25% of construction = $1.6 million

e Total implementation cost of $8.1 million.

Operation & Maintenance Costs:

e Operation and maintenance costs include electricity for 60 days of pumping, annual start-
up/maintenance/shut-down of the pump, plus 5 year maintenance of heat exchange pipe
flushing, inspection and cleaning sediment at transitions. Also includes channel and vegetation
maintenance. The net present value of O&M costs is $785,000 over fifty years of operation (an
average annual cost of $30,900).

King County 72 Final April 2015



" 3 RESTING POOLS
AND BENCH HABITAT

re

NE'S7TH ST

700 LF 8" GRAVITY PIPE
INFILTRATION SYSTEM

VIEW POINT NATIVE SHRUBS [ - s 2 EA. 1,500 LF PRESSURE
. | PIPE HEAT EXCHANGE
WETLAND CREATION - ; Y SYSTEM

WETLAND ENHANCEMENT
RIPARIAN TREES & SHRUBS

DOG BEACH IMPROVEMENTS &
EDUCATIONAL KIOSKS

N = 3 Sy | v C 2

i 0}

WILLOWMOOR FLOODPLAIN RESTORATION PROJECT Benches and Coves with Heat Exchange System

Figure 23. Combined Alternative 5, Widened Enhanced Channel with Heat Exchange Planview.

King County 73 Final April 2015



Dog Park &6

Main Channel

— WSE (Summer)

GWSE (Winter) »

= s g e A
20 RS 20
15 | 15
1+60 Tra0 7400 2420 Eren) Z+60 780 S+00 5+20 S+a0 3+60 SeE0 o0 30 a0 60 80 s+00 5270 s+a0 5560 s+80 5400 6+20 5+a0 re0

80
70
N B0
Main Channel
: 50
40
¥ WSE (Winter) e S
20 ifﬂﬁ"mer; 20
15 15
1+60 1+80 2400 2+20 2440 2480 2+80 3+00 3+20 3440 3460 3+80 4400 4420 4440 4460 4480 5+00 5420 5440 5+60 5+80 6400 6420 6440 6460
Maintenance Alternative
110 110
L Dog Park o0
80 80
80 80
70 70
60 o 60
50 . i 50
T 4 |  Side Main Channel 0
& ) ] Channel# |
=1 = S SN
& —— WSE (Summer] R
B, 0 WSE_(Winter) ) 30
© W o -
B NS e NS 20
s 15 s 15
< 1480 1+80 2+00 2+20 2+40 2+60 2+80 3+00 3+20 3+40 3+60 3+80 4+00 4+20 4540 460 4180 5+00 5+20 5+40 5+60 5+80 6+00 6+20 8140 660
7
&
g SplitCh Is with Pump dwat
S 110 10
g
]
~ 0o
& Dog Park
g <Y
‘g 20
=
3 80
N
I
T
< 70
=
=
= 60
2
)
=
=
I
g
1
]
B
B
8
£
H
=
H
=
@
:

Figure 24. Typical Cross-Section Views of Alternatives 1, 4, and 5.

Benches and Coves with Heat Exchange System

King County 74

Final April 2015



Summary Comparison of Combined Alternatives
Similar to the initial screening, the no action alternative and the two combined concept alternatives are

compared relative to the project goals, objectives and performance criteria. This comparison is

presented below. Items identified as “TBD” will be determined during the design phase, but at this time

the alternatives are flexible enough to indicate that the performance criterion could be met.

Goal: Enhance habitat conditions in the river channel, floodplain, buffers, associated

tributaries and adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and

wildlife species.

. Performance Alternative 1. Alternative 4. Alternatlve e
Objectives S : : Widened
Criteria Maintenance Split Channel
Channel
Reduce summer
water temperature PARTIALLY
to improve habitat Seven day average of MEETS;
conditions for the daily maximum PA,\‘ARETéﬁg‘Y COOLING TO
migrating / rearing temperature criteria is DOES NOT : 17.5C IN POOLS
1. , . 16-19C IN
salmonids, and 17.5C (salmonid MEET AND
e A . HABITAT
minimize thermal spawning, rearing and CHANNEL ADDITIONAL
barriers for migration) COOLING TO
migrating adult RIVER
salmonids.
Reduce incidence of
incipient lethal water MEETS MEETS
temperature Hourly temperature PERFORMANCE PERFORMANCE
> between the Lake less than 21C DOES NOT CRITERION; CRITERION:

" Sammamish outlet between August 15 MEET BELOW 21C IN BELOW 21C 'I"O
and the Bear Creek | and September 31. HABITAT BEAR CREEK
confluence for CHANNEL
Chinook salmon.

El:g\gl((je;ental cold -Temperature of water MEETS
water from source source does not PERFORMANCE MEETS
that meets WA DOE ex_ceed 16C _ DOES NOT CRITERION; PERFORMANCE
3. water quality -Dissolved oxygen is MEET INPUT OF 10C CRITERION,;
standards for core >9.5 mg/L GROUNDWATER, INPUT OF 13C
summer salmonid -pH range of 6.5 to WILL BE COOLED WATER
habitat 8.5 AERATED
abitat.
Minimum of XX%® of
Minimize heat surface area of the DOES NOT
4. loading to the river. | river shaded within MEET TBD TBD
Project Area.
-Streambanks are
Limit erosion and ?t]?b'e Ve erfies] MEETS MEETS MEETS
5. sedimentation within | "aStrUCtUre reéquires | oepeqpMANCE | PERFORMANCE | PERFORMANCE
channel. psr?]tec“on' CRITERION CRITERION CRITERION
-Shear stress < XX
psf on channel banks.
° performance criteria with unquantified metrics (“XX”) will be further identified during the design phase.
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Alternative 1.

Alternative 4.

Alternative 5.

and complexity.

mainstem Sammamish
River at X flow.

18 pools >3 feet deep
per mile.

Minimum of three cold-
water inputs into at least
three pools in the
project area.

In-stream large wood at
the rate of 80

pieces/mile.

3,400 FEET OF
SIDE CHANNEL

Objectives Performance Criteria Maintenance Split Channel Widened
Channel
-Establish XX% shade
over riparian and. . TBD TBD
wetland communities
within project area.
Install tree or shrub MEETS
layer of fast-growing PERFORMANCE PASEIIEA.I‘_LSLY
native species. CRITERIA
80% of solar radiation is
Maximize shade extinguished at the
over the riparian ground surface level in
6. and wetland planted areas by the DOES NOT TBD TBD
communities in end of the 5" growing LEE
the project area. season.
Less than 20% reed
MEETS
canary grass cano PARTIALLY
coverbe the end o?¥he FER OIS MEETS
th - CRITERIA
5" growing season.
Less than 10% of other
invasive plant species MEETS
canopy cover by the end PERFORMANCE PANFEI?FLSLY
of the 5" growing CRITERIA
season.
Incorporate connected
side channels, pools
’ ’ MEETS
cold spots, large wood, PARTIALLY
and cgmplex ° FERAOIRINCIE MEETS
; . CRITERIA
overhanging and in-
stream cover.
DOES NOT MEET
Include rock/wood and MEETS AS CURRENTLY
pool structures at the PERFORMANCE | SHOWN, BUT TO
mouth of Tosh Creek. CRITERIA BE ADDED IN
DESIGN
. . : MEETS
e e | mearfectofside | | boESNoT | PERFORMANCE
' MEET CRITERIA; DOES NOT MEET

PARTIALLY PARTIALLY
MEETS MEETS
14 POOLS 3 POOLS
MEETS MEETS
PERFORMANCE | PERFORMANCE
CRITERIA CRITERIA
PARTIALLY PARTIALLY
MEETS MEETS
~40/MILE ~12/MILE
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L Performance Alternative 1. Alternative 4. Alterna'uve 2
Objectives o ; . Widened
Criteria Maintenance Split Channel
Channel
Average buffer width of
Develop a tall trees and shrubs is MEETS
substantial 150 feet between PERFORMANCE | DOES NOT MEET
riparian buffer Sammamish River and CRITERIA
comprised of adjacent wetlands and
8. native tree and uplands. DOES NOT MEET
shrub species Average buffer width of
along the river tall trees and shrubs is MEETS
and Tosh and 100 feet between Tosh PERFORMANCE | DOES NOT MEET
Country Creeks. Creek and adjacent CRITERIA
wetlands and uplands.
Install coarse
logs, rootwads ) SR £ 2
gs, ' -Species to be mix of
SIS Efe Douglas fir, Western
snags to provide red cedar big-leaf MEETS MEETS
9. foraging and maple ana black DOES NOT MEET | PERFORMANCE | PERFORMANCE
nesting habitat for d CRITERION CRITERION
birds, mammals, cottonwood.
; ->90 pieces of coarse
reptiles, and
> wood per acre
amphibians.
No positive difference
Improve dog off- in depth of fine
leash area water | sediment adjacent and
10. access structure immediately DOES NOT MEET TBD TBD
to eliminate downstream of access
erosion issues. points five years post-
construction.
Excavate pools into
lacustrine and
floodplain wetlands to a
Create depth of X feet below
topographic average elevation. MEETS MEETS
11. complexity in Utilize excavated DOES NOT MEET | PERFORMANCE | PERFORMANCE
floodplain material to create CRITERION CRITERION
wetlands. topographic mounds
that are on average 12
ft* and 4 feet above
average elevation.
-Enhance connectivity
Enhance between Sammamish
availability of and | River and adjacent
access to riparian wetlands. MEETS
12. floodplain -X acres of floodplain DOES NOT MEET | PERFORMANCE | DOES NOT MEET
wetlands for habitat with X features CRITERION
juvenile connected at X cfs.
salmonids. -Construct XX If of
seasonal side-channels
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.. Performance | Alternative 1. Alternative 4. Alternatlve 2
Objectives - . . Widened
Criteria Maintenance Split Channel

Channel
Restore left
meander DOES NOT MEET D128 Monr
. MEET
below weir.
Enhance or
create pools at MEETS
tributaries, MEETSCEIIETITEZ?S&AANCE PERFORMANCE
meander CRITERION
bends
Reroute
. MEETS
Gl O, PERFORMANCECRITERION TBD
into wetland
MEETS
applicable CRITERION
recommendations | Remove non- MEETS
15 from WRIAB native DOES NOT MEETS PERFORMANCE | pERFORMANCE
" Recovery Plan vegetation MEET CRITERION
and Sammamish | Revegetate
River Corridor riparian and MEETS
Action Plan. wetland areas MEETSCEIIETREZ?S&AANCE PERFORMANCE
with native CRITERION
plants
Create
gggt”uerce“ons 0 MEETS PERFORMANCE DOES NOT
. CRITERION MEET
hyporheic
flows
Excavate a
gﬁ‘(’j"glgig”e' MEETS PERFORMANCE DOES NOT
CRITERION MEET
gravel
substrate
Frequency of
project
maintenance
Design project to | or repair due
tolerate to the following
14. anticipated potential DIoEs Mol TBD TBD
) . MEET
natural disturbances:
disturbances. -Invasive
species
-Beaver
-Flooding
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GOAL: Ensure the Transition Zone’s capability to provide necessary lake level control, flow

conveyance and downstream flood control.

. o Alternative 1. Alternative 4. Alte(natlve 5.
Objectives Performance Criteria Maintenance Split Channel Widened
P Channel
Maintain HEC-RAS model output
downstream for alternatives at or
. . MEETS MEETS MEETS
1. if‘g:?:{gﬁtﬁ'r‘gt Efg‘;’i‘l’; rteZ:(L)g%-)(/g?rrrent) PERFORMANCE | PERFORMANCE | PERFORMANCE
100-year flood FEMA Study cross CRITERION CRITERION CRITERION
levels sections.
Maintain HEC-RAS model output
downstream for alternatives at or
p ~ SETMEMED RIEr || Rl ine O JEEr prefile PEREAOEREI\-;iNCE PEREAOEREI\-;iNCE PEREAOEREI\-;iNCE
at or below current | at 2010 (current) FEMA CRITERION CRITERION CRITERION
10-year flood FIRM maps cross
levels sections.
Minimize impacts Minimize frequency and
to tributary duration of increases in MEETS MEETS MEETS
3. drainage systems river level relative to pre- | PERFORMANCE PERFORMANCE | PERFORMANCE
along downstream | project levels up to the CRITERION CRITERION CRITERION
river corridor 10-yr return interval.
From July 15" -
Maintain discharge | SEPtember 15", DOES NOT MEET
. maintain TZ outflows at MEETS PERFORMANCE MEETS
4. minimum summer | ©F above 34-_cfs, the PERFORMANCE CRITERION PERFORMANCE
flows current conditions CRITERION (Average of 26- CRITERION
average low flow from cfs)
2001 — 2014.
- Min notch width = 4-ft
- Min notch depth = 1-ft
- Max hydraulic drop =
1-ft
- Rounded/chamfered
Provide suitable edges & corners
hydraulic TZ Channel(s)
conditions for up - min riffle flow depth = MEETS MEETS MEETS
5. and downstream 0.5-ft PERFORMANCE PERFORMANCE | PERFORMANCE
fish passage - max riffle flow velocity CRITERION CRITERION CRITERION
through weir and = 2-fps
TZ. - max drop height = 0.5-
ft.
- For split flow
alternative: Min flow in
habitat channel = 10%
total flow
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: : Alternative 5.
. N Alternative 1. Alternative 4. :
Objectives Performance Criteria : . Widened
Maintenance Split Channel
Channel
DOES NOT DOES NOT
Reduce average Lower average base REDUCE MEETS REDUCE
6. base winter lake winter lake level relative RELATIVE TO PERFORMANCE RELATIVE TO
level. to current condition CURRENT CRITERION CURRENT
CONDITIONS CONDITIONS
Reduce frequency Sfeg;cse ag/rerzg(re Ir;tiiember DOES NOT
and duration of high | "5 P=1 ¥° REDUCE MEETS MEETS
7. winter and spring EL 290 NGVb RELATIVE TO PERFORMANCE | PERFORMANCE
lake levels relative ' CURRENT CRITERION CRITERION
to current conditions =5 ZEHD NIENID) CONDITIONS
EL 27.0 NGVD
Keep lake levels at
or below 29.0-ft
NGVD (1964 Corps | -~ pag modeled lake
lake level criteria) discharge for
up to the 40-year alternatives at Lake MEETS MEETS MEETS
8. spring/10-year Level < or = 29-ft NGVD PERFORMANCE PERFORMANCE | PERFORMANCE
annual peak flow as CRITERION CRITERION CRITERION
. n r s up to 1,500-cfs below
identified in the Bear Creek
Corps’ 1962
General Design
Memo.
Minimum lake level =
Maintain minimum 25.4 (per 1962 Corps MEETS MEETS MEETS
9. lake levels through GDM) (current low-flow PERFORMANCE PERFORMANCE | PERFORMANCE
summer. notch invert elevation = CRITERION CRITERION CRITERION
23.75-ft NGVD )
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Goal: Reduce costs, complexity, and ecological impacts of construction, operation and

maintenance.
.. o Alternative 1. Alternative 4. Alte(nanve 2
Objectives Performance Criteria . . Widened
Maintenance Split Channel
Channel
Minimize
operational Priority should be given to MEETS MEETS
; . MEETS
1 comple>_(|ty and a passive Ol_JtI_et flow PERFORMANF:E PERFORMANCE | PERFORMANCE
costs with respect | control or minimal CRITERION; CRITERIONlO CRITERION
to conveyance necessary adjustment. EXISTING WEIR
capacity.
Allow for native REBETILIE T2
vegetation to arow channel(s) should be PARTIALLY PARTIALLY
in i%s natural fgrm designed to accommodate MEETS; MEETS;
> outside of the hiah mature riparian vegetation, DOES NOT MAINTENANCE | MAINTENANCE
flow channel witﬁ large wood, outside of the MEET REDUCED REDUCED
reduced high flow channel while COMPARED TO | COMPARED TO
: still meeting flow NO ACTION NO ACTION
maintenance. o
conveyance criteria.
Minimize To the extent reasonable
construction and feasible, design
impacts to ESA should avoid impacting MEETS MEETS
3 listed species, existing high value N/A PERFORMANCE | PERFORMANCE
other native wetlands, native CRITERION CRITERION
species and high | vegetation, and other
value habitat beneficial habitat.
Minimize O&M To th_e extent_ feas_lble,
impacts and practices defined in the _
provide long term i(aq&l\a/_lc':i/lr?méaslAsTi(;ltjelz et DOES NOT MEETS MEETS
4 protection to ESA | 0o 10 o e e MEET PERFORMANCE | PERFORMANCE
listed species and pecies, ¢ ' CRITERION CRITERION
and wildlife, wetlands,
other flora and : .
fauna native vegetation, a_nd
other beneficial habitat.
Design for -Meet other Goal#1
resilience to objectives and criteria
5 seasonally and -Channel should include DO,\'AESE'\.:_OT TBD TBD
episodically XX% buffer capacity for
varying conditions | hydrologic changes
DIl e -Flow control structures
resilience to : .
: designed to be easily
potential long- | 1\ jifie for hydrologic
term changes in y 9 DOES NOT
6 g changes TBD TBD
conditions . MEET
(climate _-Channel design should
’ include XX% buffer for
development, hvd )
etc)) ydrologic changes

% Weir modifications required to meet conveyance requirements and reduce operational complexity. During design,
the inclusion of a removable component to allow modification of the weir shape will be considered to account for the
potential of the project not performing as expected or to address changed hydrology outside the control of the project.
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Recreation: Design objectives that apply to recreational uses of the Project Area.

Objectives Performance Alternative 1. Alternative 4. Altvflrig‘;'\ég S
Criteria Maintenance Split Channel Channel
ggiig;"g&?ﬂ"‘;‘ﬁg club MEETS MEETS MEETS
Sammamish River to PERFORMANCE | PERFORMANCE | PERFORMANCE
: CRITERION CRITERION CRITERION
Lake Sammamish.
Preserve and
improve dog access MEETS MEETS
points to the DO&SENI_OT PERFORMANCE | PERFORMANCE
Sammamish Slough CRITERION CRITERION
upstream of the TZ.
To the extent
feasible, improve
passive recreation DOES NOT
amenities for MEET U U
observing the river
and wildlife
To the extent
feasible, improve MEETS MEETS
safety and ease of DOSSENFOT PERFORMANCE | PERFORMANCE
passage for small CRITERION CRITERION
boats
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Summary and Recommendations

In summary, several concepts for the Willowmoor Floodplain Restoration Study were considered,
including four channel alignment and capacity concepts and eight cold-water supplementation concepts.
The most feasible and cost-effective concepts as determined by the design team were carried forward
into combined alternatives:

e Alternative 1. No Action (Maintenance) Alternative;
e Alternative 4. Split-Flow Channel with Groundwater Supplementation; and
e Alternative 5. Widened Existing Channel with Heat Exchange.

A summary comparison of these alternatives is provided in Table 4, below:
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Table 4. Combined Alternatives Comparison Table.

Alternative Implementation Cost' Operation & Benefits Concerns
Maintenance Cost’
e Does not meet County or WRIA8
Net Present Value = objectives
1. No Action $973,000 o Lowest cost e Continues difficult maintenance and

(Maintenance)

S0

Average Annual =
$41,000

o Meets existing Corps hydraulic design
criteria

permitting requirements
e Substantial objection to this
approach from Muckleshoot Indian
Tribe Fisheries Division

4. Split-Flow with

Channel / Planting
Construction = $6.58
million

Cold-Water
Construction = $1.275
million

Net Present Value =
$560,000

e Creates 3,400 linear feet of complex
secondary channel with 14 pools and
good water quality

e Creates and enhances over 17 acres of
wetlands

e More high flow capacity

e High potential for archaeological
discoveries due to extensive

Groundwater Design, Engineering e Reduces frequency and duration of high floodplain excavation
Well(s) and Admin = $1.964 lake levels e Highest cost
million i i
Average Annual = Oflsoeopda;z;tjsr::rt;gci’;inhancement from e Requires Corps 408 approval
»21,700 Red t tI t d
TOTAL = $9.82 million e Reduces wa e'r empe:*ra ures an
thermal stress in the side-channel
e Safer small boat navigation
Channel / Planting
Construction = $3.132 e Creates and enhances over 14 acres of
million Net Present Value = wetlands Moderat tential
]
. Cold-Water $785,000 e Substantially reduces water oderate potential for
5. Widened L archaeological discoveries
; Construction = $3.344 temperatures and thermal stress at the .
Channel with . . e Requires Corps 408 approval
million river scale

Heat Exchange

Design, Engineering
and Admin = $1.619
million

TOTAL = $8.095 million

Average Annual =
$30,900

e Lowest vegetation maintenance cost
e More high flow capacity
e Safer small boat navigation.

e Highest cold water supplementation
capital cost

1 —Includes construction costs with contingency, plus design, engineering during construction and administration (at standard percentages of 10%, 5%, and 10%, respectively)

2 — Net Present Value (Investment Cost) over 50 years; Average Annual Cost = Average of stream of operation and maintenance (O&M) costs over 50 years; includes O&M for

vegetation, stream channel, and cold-water supplementation
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Recommendations
In order to select a preferred alternative and move forward into the design phase, a number of issues
will need to be further analyzed and addressed. The following next steps are recommended:

a. Determine volume and quality of a potential groundwater source of cold water. Consider
installation of a test well for conducting sampling, pumping, drawdown, and other tests.

b. Conduct pre-application meeting with regulatory agencies and tribes to solicit feedback on the
alternatives and key issues and requirements for permitting.

c. Conduct site survey for cultural resources. The likelihood of encountering cultural resources is
high for all of the alternatives except the no action alternative. It will be important to do some
initial probing or borings in the project area to determine what may be on site and conduct
consultation with relevant tribes and the State Department of Archaeology and Historic
Preservation.

d. For Alternative 5, incorporate restoring and routing the remaining ditched section of Tosh Creek
into the modified TZ channel just downstream of the weir.

e. Consider both cold-water supplementation options for any of the alternatives. Cold-water could
be included even without changing the existing TZ.

f. Investigate cooling tower technology as another potential means of providing supplemental cold
water.

g. Recommend an alternative and present to the Flood Control District for approval and potential
capital funding.

h. Identify and pursue additional sources of funding including grants and mitigation.

i. Following Flood Control District approval of a design alternative, conduct a detailed design
phase.

j.  Explore adding hyporheic features to the split-flow alternative. This would consist of
heterogeneous gravels and large wood to provide dissolved carbon and exchange functions to
support primary productivity and water quality functions.

k. Evaluate the carbon costs of the final alternatives, per SEPA requirements.

King County 85 Final April 2015



References Cited

Ajwani, S. 1956. A review of Lake Washington watershed, historical, biological and limnological. M.S.
Thesis, University of Washington. 148 pp.

Bennett, M. 2014. Personal communication from Matt Bennett, U.S. Army Corps of Engineers and Merri
Martz, Tetra Tech, Inc. 8/18/14 via telephone.

Berge, H. 2013. Personal communication from Hans Berge, King County to Merri Martz, Tetra Tech, Inc.

Buchak, E.M., R. Jain, and G.A. Krallis. 2001. Sammamish River temperature study: 1998 and 1999 CE-
QUAL-W?2 calibration and management scenarios. February 2001 Addendum. Prepared for
Seattle District, Corps of Engineers, Seattle, WA. J.E. Edinger and Associates, Inc., Wayne, PA.

Burkholder, B.K., G.E. Grant, R. Haggerty, T. Khangaonkar, and P.J. Wampler. Influence of hyporheic flow
and geomorphology on temperature of a large, gravel-bed river, Clackamas River, Oregon, USA.
Hydrological Processes 22: 941-953.

Casey, L. 2014. Personal communication from Laura Casey, King County Department of Permitting and
Environmental Review, email to Merri Martz, Tetra Tech, Inc. and Kate Akyuz, King County
Department of Natural Resources and Parks, dated 8/13/14.

Evans, E.C., G.R. McGregor and G.E. Petts. 1998. River energy budgets with special reference to river bed
processes. Hydrological Processes 12:575-595.

Fresh, K.L., E. Warner, R. Tabor, and D. Houck. 1999. Migratory behavior of adult Chinook salmon
spawning in the Lake Washington watershed in 1998 as determined with ultrasonic telemetry.
Draft progress report.

Heller, C. 2014. Personal communication between Christa Heller, Washington Department of Fish and
Wildlife and Merri Martz, Tetra Tech, Inc. 8/6/14 via telephone.

Jain, R., G.A. Krallis, and E.M. Buchak. 2000. Sammamish River Temperature Study: 1998 and 1999 CE-
QUAL-W2 Calibration and Management Scenarios. Prepared for the U.S. Army Corps of
Engineers, Seattle District, by J.E. Edinger Associates, Inc., Wayne, PA.

Johnson, S.L. 2004. Factors influencing stream temperatures in small streams: substrate effects and a
shading experiment. Canadian Journal of Fisheries and Aquatic Science 61: 913-923.

King County. 2014a. DRAFT. Estimating the Effects of a Hypothetical Hypolimnetic Withdrawal on
Sammamish River Nutrient Loading. Prepared by Curtis DeGasperi, Water and Land Resources
Division. Seattle, Washington.

King County. 2014b. DRAFT. Estimating the Thermal Effects of a Hypothetical Hypolimnetic Withdrawal
from Lake Sammamish. Prepared by Curtis DeGasperi, Water and Land Resources Division.
Seattle, Washington.

King County. 2013. Willowmoor Restoration Design Hydrology, Phase | — Hydrologic Characterization.
Prepared by Northwest Hydraulic Consultants, Seattle, WA. October 2013.

King County 86 Final April 2015



King County. 2010a. Working Draft, Preliminary estimates of summer environmental restoration flow
targets for basins in King County with declines in summer low flows. Revised April 2010.
Prepared by C. DeGasperi and J. Burkey, Science Section, Water and Land Resources Division.

King County 2010b. Working Draft, Lowered groundwater levels in King County, Washington: A
preliminary review of reports. Revised April 2010. Water and Land Resources Division.

King County. 2009. Development of a Laterally Averaged 2-Dimensional Water Quality Model of the
Sammamish River (CE-QUAL-W?2 Version 3.2). Prepared by Curtis DeGasperi, Water and Land
Resources Division, Seattle, Washington.

King County. 2001. Refinement of the Sammamish River CE-QUAL-W2 Temperature Model and
Application to Long Term Simulations. Abridged Technical Memo, 12/21/2001. Prepared by
Curtis DeGasperi, King County, Water and Land Resources Division, Seattle, Washington.

Lancaster, S., R. Haggerty, S. Gregory, K.T. Farthing, L. Ashkenas, S. Bjorn-Hansen. 2005. Investigation of
the temperature impact of hyporheic flow: using groundwater and heat flow modeling and GIS
analysis to evaluate temperature mitigation strategies on the Willamette River, Oregon. Oregon
State University, Corvallis, OR.

Northwest Hydraulic Consultants (NHC). 2013. Willowmoor Restoration Design Hydrology, Phase |,
Hydrologic Characterization. Prepared for King County, October 2013.

Northwest Hydraulic Consultants (NHC). 2010. Floodplain Mapping Study for the Sammamish River.
Prepared for King County, February 2010.

Poole, G.C. and C.H. Berman. 2001. An ecological perspective on in-stream temperature: natural heat
dynamics and mechanisms of human-caused thermal degradation. Environmental Management
27(6): 787-802.

Soil Conservation Service (SCS). 1973. Soil Survey of King County Area, Washington. Available at:
http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils/survey/state/?stateld=WA on the
Web.

Strange, J.S. 2010. Upper thermal limits to migration in adult Chinook salmon: evidence from the
Klamath River basin. Transactions of the American Fisheries Society, 139(4): 1091-1108.

Tabor, R. Unpublished data from 1998 and 1999 on dead fish observed in the Sammamish River during
Chinook tracking study. Data provided via email to K. Akyuz, King County, 2013.

Tahoe Regional Planning Agency (TRPA). 2014. Best Management Practices Handbook. Available at:
http://www.tahoebmp.org on the Web.

U.S. Army Corps of Engineers and King County. 2002. Sammamish River Corridor Action Plan. Final
Report. Prepared by Tetra Tech, Inc., Seattle, WA.

U.S. Army Corps of Engineers (USACE). 1964. Operation and Maintenance Manual, Volume | — Flood
Control Improvements, Sammamish River, Washington. Prepared by Seattle District.

King County 87 Final April 2015


http://www.nrcs.usda.gov/wps/portal/nrcs/surveylist/soils/survey/state/?stateId=WA
http://www.tahoebmp.org/

U.S. Army Corps of Engineers (USACE). 1962. General Design Memorandum, Channel Improvement,
Sammamish River, Washington. Prepared by Seattle District.

U.S. Environmental Protection Agency (USEPA). 1999. Stormwater Technology Fact Sheet: Sand Filters.
EPA 832-F-99-007. September 1999. Office of Water, Washington, DC.

Walter, K. 2014. Personal communication between Karen Walter, Muckleshoot Indian Tribe and Merri
Martz, Tetra Tech, Inc. 8/7/14 via telephone.

Washington Department of Ecology (WDOE). 2012. Water Quality Standards for Surface Waters of the
State of Washington. Revised January 2012. Publication No. 06-10-091. Olympia, WA.

Wydoski, R.S. and R.R. Whitney. 2003. Inland Fishes of Washington. Second Edition, Revised and
Expanded. American Fisheries Society with University of Washington Press, Seattle, WA.

King County 88 Final April 2015



	Executive Summary
	Introduction
	Overview
	Project Study Area
	Contents of this Summary Report

	Existing Conditions
	Hydrology, Hydraulics and Flooding Issues
	Habitat Conditions
	Water Quality Conditions

	Project Goals and Objectives
	Preliminary Design Concepts
	Concept Design Hydrology
	Alternative 1. No Action (Maintenance Only)
	Channel and Floodplain Reconfiguration Concepts
	Channel Concept 2 – Single Meander
	Channel Concept 3 – Hyporheic Channels
	Channel Concept 4 – Split Channels
	Channel Concept 5 – Widened Channel

	Hydraulic Modeling Summary
	Hydraulic Model Calibration – “Existing Conditions”
	Hydraulic Simulation of Channel Concepts
	Performance of Channel Concepts

	Stakeholder Feedback
	Comparison and Screening
	Cold-Water Supplementation Concepts
	Cold-Water Concept 1 – Hypolimnetic Withdrawal of Cold Water from Lake Sammamish
	Additional Analysis of Cold-Water Concept 1
	Cold-Water Concept 2 – Pumped Groundwater to Transition Zone Pools
	Cold-Water Concept 3 – Shallow Groundwater Trench to Deliver Flow to Transition Zone Pools
	Cold-Water Concept 4 – Purchase Potable Water and Pipe to Transition Zone Pools
	Cold-Water Concept 5 – Pump Lake Outlet Water to Heat Exchange System
	Cold-Water Concept 6 – Pump Lake Outlet Water to Hyporheic Trenches
	Cold-Water Concept 7 – Transition Zone Riffle/Pool Complex
	Cold-Water Concept 8 - Hypolimnetic Cooling of Lake Sammamish Surface Water

	Stakeholder Feedback on Cold-Water Concepts
	Cold-Water Concept Comparison and Screening
	Combined Alternatives
	Integration Process
	Combined Alternatives
	Combined Alternative 4. Split Channel with Pumped Groundwater to Habitat Channel
	Combined Alternative 5. Widened Existing Channel with Pumped Heat Exchange System

	Summary Comparison of Combined Alternatives
	Goal: Enhance habitat conditions in the river channel, floodplain, buffers, associated tributaries and adjacent wetlands for ESA-listed Chinook, steelhead, and other fish and wildlife species.


	Summary and Recommendations
	Recommendations

	References Cited

