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This supplemental report has been prepared to document the development of an additional expandable
Flood Control dam option. The type of dam that has been selected for Environmental Impact Statement
(EIS) analysis is known as a Flood Retention Expandable (FRE) facility, which consists of a dam with a
temporary reservoir. The FRE dam would temporarily retain water in the event of a major flood. The
river would flow normally during regular conditions or smaller floods. The dam would only transition to
flood retention operations during a major flood. Specific flow release operations would depend on
inflow and the need to hold water to relieve downstream flooding as flood water recedes.

The FRE dam is considered to be expandable because it is proposed to be built with a foundation and
hydraulic structures capable of supporting future construction of a larger dam with up to 130,000 acre-
feet of storage; Flood Retention Expandable-Future Construction (FRE-FC). This future expansion, which
may or may be constructed, would be subject to a separate National Environmental Policy Act (NEPA)
and State Environmental Policy Act (SEPA) process and permitting, if pursued in the future.

The FRE project is not presented in the Conceptual Dam and Fish Passage Report (HDR, 2017a). That
report contains complete descriptions of the Flood Retention Only (FRO), and Flood Retention and Flow
Augmentation (FRFA) alternative Roller Compacted Concrete (RCC) dam configurations. FRO and FRFA
dams have been under development since October 2013 and were identified as the preferred dam types
and configurations as documented by HDR (2014a). This report contains only information and
discussions specifically related to the FRE (expandable) dam option including both the FRE and FRE-FC
configurations. See the Conceptual Dam and Fish Passage Report (HDR, 2017a) for detailed information
related to the FRO and FRFA alternatives.

The FRO and FRFA RCC dam configurations with alternative fishways, fish collector, and experimental
exit structures identified during the 2014 study are still viable options for achieving CBFS Project
objectives

An updated opinion of probable construction cost (OPCC) and total project development costs, with
appropriate planning contingencies for all options, are provided within an appendix to this report. A
summary of the estimated total direct projects costs for the FRE and fish passage systems is provided in
Table ES-1. The cost estimate is for direct construction costs, including final design engineering and
construction permitting, but does not include costs for EIS and Endangered Species Act (ESA) related
studies and agreements or mitigation design and construction costs.
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Executive Summary

Table ES-1
Estimated Total Direct Project Costs for FRE Option

WEIGHTED/MIDDLE | UPPER BOUND

LOWER BOUND COST COST
FEATURE COST ($ MILLION) | ($ MILLION) ($ MILLION)
FRE RCC Dam $307 $358 $419
Upstream Fish Passage: CHTR Facility $32 $43 $65

Downstream Fish Passage Integral to dam construction

Total $339 | $401 | $484
Note: Includes OPCC, June 2017 dollars

Drawings and descriptions of the FRE are provided in Appendix H. Recommendations are provided for
completing the next steps of project development during preliminary design. The completion of the
main report and this supplemental report is intended to support selection of a preferred alternative.
Based on the design team’s experience with other large dam and fish passage facilities, it is anticipated
that the time required to complete final design and construction would be 6 to 11 years.

Operation and maintenance (O&M) costs for the FRE and FRE-FC alternatives are expected to be similar
to the costs for the FRO and FRFA, respectively, which are presented in more detail in the Combined
Dam and Fish Passage report (HDR, 2017a). Those costs were developed with consideration of the
requirements for replacement of dam components that are subject to wear and debris and sediment
removal, as well as staffing and equipment needed for the dam and fish passage facilities. The estimated
annual O&M cost (2017 dollars) are as follows:

® FRE:  $628,000 per year
® FRE-FC: $2,178,000 per year
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1.1 Project Background

The conceptual design and opinion of probable construction costs (OPCC) for the Flood Retention Only
(FRO) and Flood Retention Flow Augmentation (FRFA) dams and fish passage configurations at the
proposed dam site are documented in HDR’s Combined Dam and Fish Passage Conceptual Design Report
(HDR, 2017a). That report, along with the Phase 2 Site Characterization Report (HDR, 2017b), document
additional site characterization and engineering evaluations that were recommended in HDR’s 2014
Combined Dam and Fish Passage Alternatives Technical Memorandum (HDR, 2014a) to reduce design
uncertainty, refine estimated project costs, and support selection of a preferred alternative.

Subsequent to the issuance of the 2017 Combined Dam and Fish Passage Conceptual Design Report
(HDR, 2017a), a third dam and fish passage configuration option was conceived as the Flood Retention
Expandable (FRE) option, which has been selected for Environmental Impact Statement (EIS) analysis.
The FRE dam is considered to be expandable because it is proposed to be built with a foundation and
hydraulic structure capable of supporting future construction of a larger dam with up to 130,000 acre
feet of storage. This future expansion, which may or may not be constructed, would be subject to a
separate NEPA and SEPA process and permitting if pursued in the future and is described as the FRE
future construction (FRE-FC).

The FRE dam would allow the river to flow normally during regular conditions or in smaller floods. The
dam would only transition to flood retention operations during a major flood. Specific flow release
operations would depend on inflow and the need to hold water to relieve downstream flooding as flood
water recedes. Figure 1-1 shows the FRE dam site and the expected 100-year flood pool inundation pool
limit.

The FRE project is not presented in the Dam and Fish Passage Conceptual Design Report (HDR, 2017a).
That report contains complete descriptions of the Flood Retention Only (FRO), and Flood Retention and
Flow Augmentation (FRFA) alternative Roller Compacted Concrete (RCC) dam configurations that have
been under development since October 2013 and have been identified as the preferred dam types and
configurations as documented by HDR (2014a). This report contains only information and discussions
specifically related to the FRE (expandable) dam option. The FRE-FC configuration is included in the
discussion to describe the potential design conditions for the larger storage dam. Refer to the Combined
Dam and Fish Passage Conceptual Design Report (HDR, 2017a) for detailed information related to the
FRO and FRFA alternatives.

The design storage volumes and corresponding estimated water storage elevations for the FRE and FRE-
FC configurations are summarized in Table 1-1. The storage volumes and corresponding dam heights and
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Introduction

inundation areas are subject to change as climate change and operation studies advance through the
planning process.

Figure 1-1
FRE Dam Site Location and Expected 100-Year Flood Inundation Limits

FRE
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Introduction

Table 1-1
Summary of Dam Storage Volumes and Maximum Water Surface Elevations

FLOOD STORAGE MAXIMUM DESIGN FLOOD
WATER STORAGE VOLUME WATER STORAGE | STORAGE

CONFIGURATION VOLUME (ACRE FEET) | (ACRE FEET) ELEVATION (FEET) | ELEVATION (FEET)

Note:

Design flood storage volumes and elevations are to spillway crest and include the routed volume for the 2007
design flood event. The flood storage volume and elevations do not include flood routing capacity between the
design flood event (2007) and the Probable Maximum Flood (PMF).

1.2 Purpose and Obijectives

This report is a supplement to the Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017a). The primary objectives of this supplemental report are:
1. Describe and document the FRE dam option and associated fish passage configuration.

2. Present updated estimates of total project direct costs for the FRE. The updated cost
estimates have a 2017 cost basis and include additional engineering and design refinements
completed since issue of the Combined Dam and Fish Passage Conceptual Design Report in
late 2017.

3. Describe only the specific hydraulic, structural, and cost details of the FRE that are
significantly different from the FRO and FRFA options.

Detailed evaluations of design topics specific to the FRE option are included in the following attached

Appendices:

® Appendix H— Maps and Drawings
® Appendix | — Hydraulic Design

® Appendix J — Construction Cost Opinion

This report is presented for use by the Flood Control Zone District (FCZD).

1.3 Scope of Services

The scope of work for this report included the following tasks:

® Development of the dam and fish passage facility conceptual design configuration for FRE

configuration.
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Introduction

® Evaluation of foundation excavation and treatment requirements for the refined and relocated

collection, handling, transport, and release (CHTR) and fish ladder facilities.

® Hydraulic analyses to support the FRE configuration and construction approach, including the

conduits, spillway, water quality outlet works, and stilling basin.

® Development of the FRE dam and fish passage configuration drawings

® Development of preliminary design-

project alternative.

level estimates of probable construction costs for the FRE

® Development of recommendations for the next steps in project development.

® Preparation of documentation (this report) summarizing the above information.

1.4 Project Team

The following HDR personnel were involved in the various evaluations required to complete the updated

conceptual designs:

Project Manager:

Technical Manager and Lead Civil Engineer:
Lead Dam Engineer:

Lead Geotechnical Engineer:

Geological Engineers:

Lead Hydraulic Engineer:
Lead Fish Passage Designer:
Constructability and Cost Estimating:

Project Support:

Beth Peterson, P.E.
Keith Moen, P.E.

Keith A. Ferguson, P.E.
Dan Osmun, P.E.

Andrew Little, E.I.T.
John Charlton, P.Geologist

Ed Zapel, P.E.
Michael Garello, P.E.
Jeffrey Allen, P.E.

Carl Mannheim, P.E., Senior Civil/Hydraulic Engineer

Ali Reza Firoozfar, E.I.T., Civil/Hydraulic Engineer
Gokhan Inci, Ph.D., P.E. Geotechnical Engineer

Mathew Prociv, P.E., Fish Passage Design

Shaun Bevan, P.E., Fish Passage Design

John Ferguson, Ph.D., Fish Passage Biology (Anchor QEA)
John Hess, P.E. Materials Engineering

Paul Oxborrow, CADD

Paul Kowalki, CADD, Civil 3D

Michael Austin, CADD

Additional technical staff for the project has been provided by Anchor QEA and Shannon & Wilson along

with other members of the Anchor QEA consulting team for the project.
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2.1 FRE Configuration and Operational Approach

Both the FRE and FRE-FC configurations have been designed to meet downstream flood protection
objectives. Each configuration has different dam hydraulic heights and operational approach. The FRE is
configured to only store flood flows as identified under the current flood control objectives at the Grand
Mound gage. Most of the time, the dam outlet works would remain fully open and river flows would be
unregulated. The FRE-FC is configured to provide additional storage that can be used in some
combination of increased flood protection that reflects hydrologic changes (e.g. effects of global
warming), or as a permanent storage pool for augmentation of downstream river flows for fish and
aquatic habitat enhancement. The hydraulic configuration including the permanent pool elevation (and
resulting storage volume) of the FRE-FC could vary depending on annual hydrology and future water
management objectives. For the purpose of this report, we have assumed that FRE-FC would use up to
half the total storage capacity below the spillway crest for permanent storage and the other half for
flood control.

More detailed descriptions of the operational approach of each FRE dam is presented in a separate
document (Anchor QEA, 2017).

2.2 FRE

The FRE reservoir would be impounded with a primary roller compacted concrete (RCC) gravity dam
structure. The configuration includes a right abutment construction (and backup normal operation)
diversion tunnel, low-level fish passage and flood control outlet works, an emergency spillway, and
supplemental fish passage facilities. The dam would be designed to temporarily store floodwater only
when the downstream gage at Grand Mound is forecasted to rise above 38,000 cubic feet per second
(cfs) within 48 hours. Such temporary storage events are estimated to have only a one in seven-year
recurrence interval. After flood regulation operations are commenced and the outlet works begin
regulating outflows, fish passage through the outlet works would no longer be available. Debris
management operational plans and potential operational modifications associated with climate change
scenarios have necessitated consideration of redundant fish passage facilities that would be operated
during periods of flood retention and subsequent debris removal. At all other times, the project is
expected to retain no water and to allow all river flows to pass, with only minor restriction of river flow
and pool accumulation at the upstream face of the dam.
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FRE Dam

Primary components of FRE would be the following:

® An RCC dam sized for 65,000 acre feet of flood storage with estimated maximum dam structural
height of 254 to 270 feet depending on final foundation elevation.

® A dam crest length of approximately 1,550 feet.

® A dam foundation excavation and treatment that would be completed to the ultimate FRE-FC
configuration so that no redundant but expanded foundation treatments for the foundation
grout curtain, foundation and dam drainage systems, dam jointing, dam facing systems, or dam
gallery and access provisions would be required. Exposed portions of the foundation excavation
for the future FRE-FC would be protected by an RCC cover.

® An overflow spillway, designed to pass flood flow up to and including the Probable Maximum
Flood (PMF) without dam overtopping. The spillway includes a crest control structure, a spillway
chute, flip bucket, and plunge pool. The location and configuration of the lower portion of the
spillway chute, flip bucket (including pedestal) would be the same as required for the FRE-FC
configuration to eliminate the need for demolition and reconstruction of these features.

® Diversion tunnel to handle flows during construction.

® Qutlet works, including and low-level outlets for flood regulation and fish passage purposes.

® Fish passage facilities designed for free passage upstream and downstream prior to and after
flood operations, and trap and haul during flood regulation periods.

The FRE visualization is shown in Figure 2-1. Additional conceptual design drawings of the initial
construction of the FRE are included in Appendix H.
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FRE Dam

Figure 2-1
FRE Facility Visualization

2.3 FRE-FC

The FRE-FC reservoir would be impounded with a primary roller compacted concrete (RCC) gravity dam
structure constructed over the FRE structure and small upper right abutment central earth core rockfill
saddle dam embankment. The configuration would maintain the construction diversion tunnel
constructed for the FRE along with the low-level flood control outlets. Multilevel water quality outlets
would be completed for discharge to the flood control outlet stilling basin. The spillway crest for the FRE
would be demolished and raised to the new level below the crest of the FRE-FC dam. All other features
of the FRE would be retained and operated according to new FRE-FC objectives and procedures. The
increased storage of the FRE-FC would be used to provide either additional flood storage, a permanent
pool for flow augmentation, or some combination thereof. As currently configured, the FRE-FC dam
would maintain a permanent pool behind the dam with a storage volume of about 65,000 acre feet and
would be designed to provide water storage and releases for flow augmentation from the permanent
pool to enhance certain aquatic species habitat, and a flood management pool with storage volume of
65,000 acre feet above the designated permanent pool and below the spillway crest for flood

operations.
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FRE Dam

The primary components of the FRE-FC would include the following:

® A dam and reservoir sized for the combined flood and water quality storage with an estimated
dam structural height of 313 to 330 feet depending on final foundation elevation.

® An RCC dam crest length of approximately 1,680 feet.

® A central earthcore rockfill embankment saddle dam on the right abutment that is
approximately 850 feet long.

® An overflow crest control spillway structure designed to pass PMF without dam overtopping,
including a spillway chute, flip bucket, and plunge pool.

®  Multiple outlet works including a water quality inlet/outlet that draws water from multiple
levels within the reservoir and a low-level flood regulation outlet.

® A recommended upstream fish passage by trap and haul; a recommended downstream fish
passage by floating surface collector with trap and haul.

® A permanent reservoir pool of up to 65,000 acre feet to be used for flow augmentation in late
summer and fall prior to the winter rainy season to enhance fish and certain aquatic species
habitat.

® A minimum of 65,000 acre feet of flood storage volume to be activated in flood events larger
than the estimated 7-year recurrence interval event.

Additional conceptual-design drawings of the FRE-FC dam and appurtenant structures configuration are
included in Appendix H.
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3.1 FRE Dam Design Criteria and Requirements

The following summarizes the hydrologic and hydraulic design criteria and requirements that are
specific to the FRE configuration. For additional details, including structural, electrical, mechanical, and
geotechnical design guidelines and requirements, see the Combined Dam and Fish Passage Conceptual
Design Report (HDR, 2017a).

The hydrologic study performed by WSE (WSE, 2016) and the hydrologic modeling of flood storage
attenuation by Anchor QEA (Anchor QEA, 2017) form the basis for hydraulic design of the FRE
alternative. The following hydraulic criteria apply to both the FRE and FRE-FC configurations:

® The maximum inflow for the project inflow design flood (IDF) is the PMF, which is estimated to
be 69,800 cfs (NOTE: this value is based on the recent estimate of PMF which is less than 75,000
cfs used for the design of spillways for the FRO and FRFA alternatives)

® The spillway capacity will be equal to the PMF

® Flood storage equal to 65,000 acre-feet, approximately equal to the flood volume of the 2007
flood of record

The initial construction and raised dams will vary as follows:

FRE:

® Dam crest elevation is 651 feet msl (mean sea level)

® Estimated maximum routed PMF reservoir elevation is 650 feet msl

® Spillway crest elevation is 628 feet msl

®  Minimum flood storage reservoir elevation is natural riverbed elevation
® Maximum flood storage elevation with no spillway flow is 628 feet msl|

® |ow-level flood regulation sluices design flow is 15,000 cfs

® Dam crest elevation is 710 feet msl

® Estimated maximum routed PMF reservoir elevation is 709 feet (msl)

® Spillway crest elevation is 687 feet msl

®  Minimum flood storage reservoir and maximum permanent pool elevation is 628 feet msl
® Maximum flood storage elevation with no spillway flow is 687 feet msl

® Maximum flow augmentation reservoir elevation is 628 feet msl|
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Guidelines and Criteria

®  Minimum flow augmentation reservoir elevation is 588 feet msl (585 feet msl with climate
change scenario)

® |ow-level flood regulation sluices design flow is 15,000 cfs
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Design of concrete dams typically involves evaluation of a range of normal, flood (unusual), and seismic
loading conditions (USACE, 1995). Suitable geotechnical and structural analyses were performed for the
design of the foundation excavation objective, to set the cross-section properties for FRO and FRFA dam
configurations. Specifically, the maximum design loading conditions and structural height of the dam
associated with either the FRFA or FRE-FC with a maximum operating pool level were considered. Hence
no additional geotechnical or structural analyses were required to establish the conceptual design level
excavation and cross-section requirements for the FRE configurations. The excavation and cross-sections
shown on the drawings provided in Figures FRE-S-1 and FRE-S-2 in Appendix H are therefore reasonable
and conservative.

Additional geotechnical and structural analyses and modeling will be performed during preliminary
design stage in order to further optimize design and construction requirements. In all cases, the designs
will provide stable cross-sections for all applicable load conditions. See the Combined Dam and Fish
Passage Conceptual Design Report (HDR, 2017a), and the Phase 2 Site Characterization Report (HDR,
2017b) for additional details related to the foundation and structural design for the alternative
configurations.
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5.1 Introduction

This section summarizes the hydraulic design criteria, reservoir storage and flow capacities, and the
descriptions and hydraulic characterizations of the outlet structures: the spillway and the spillway chute;
flip bucket and plunge pool; outlet works; and stilling basin.

More detailed information on the hydraulic design is included in Appendix I.
5.2 Design Criteria
Table 5-1 below summarizes the design criteria used for the hydraulic design of the FRE dam options.

Table 5-1
Hydraulic Design Criteria

PARAMETER DESIGN CRITERION COMMENT/REFERENCE

Spillway Design Flood 69,800 cfs PMF, as required by Washington State Dam
Safety Guidelines (WSE, 2016)

Flood Regulation Storage 65,000 AF Slightly greater flood volume than would
have been stored in the December 2007
flood event of record; 60,250 AF (Anchor
QEA, 2017)

Flow Augmentation Storage FRE: 0 AF (Anchor QEA, 2017)

FRE-FC: 65,000 AF
Low Level Flood Regulation Outlet Works 15,000 cfs at Minimum flow capacity of low level flood
Minimum Total Flow reservoir EL 550; total | control outlets needed to release the full
for all five conduits equivalent flood storage volume of the 2007
flood of record hydrograph back into the
river within one week

Maximum Fish Passage Flow 2,000 cfs 5 % exceedance flow; unrestricted fish
passage for all flows up to 2,000 cfs

Minimum Fish Passage Flow 30 cfs 95 % exceedance flow

Minimum Water Quality Outlet Works Flow | 500 cfs Each outlet must be capable of discharging
500 cfs with a minimum of 35 feet of
submergence.

Stilling Basin Design Flow 15,000 cfs Flow at reservoir flood elevation (FRE = 628
feet; FRE-FC = 687 feet)
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5.3 Flow Capacities and Reservoir Storage

The spillway design flow for both the initial construction FRE dam (FRE) and the raised FRE dam (FRE-FC)
is the estimated maximum reservoir inflow during a PMF that is estimated to be 69,800 cfs (WSE, 2016),
as required under the Washington State Dam Safety Office guidelines. The total proposed regulation
storage reservoir volume is 65,000 acre feet. The flood storage capacity is slightly greater than the
volume that would have been stored in the reservoir during the December 2007 flood event of record,
the recurrence interval of which has been estimated to be between 300 and 1,000 years.

The FRE reservoir will normally be “dry”; that is, there will normally be no reservoir behind the dam, and
the river flows will pass unimpeded through the dam sluices at all times until and unless a flood
regulation operation is initiated. Flood storage is provided between the existing river water surface
elevation and the emergency spillway crest at elevation 628 feet. The raised FRE-FC dam includes a
permanent storage pool of up to 65,000 acre-feet (at elev. 628 feet) for flow augmentation and the
required flood storage of 65,000 acre-feet from the reservoir elevation of 628 feet to the spillway crest
elevation of 687 feet. Figure 5-1 shows the Reservoir Elevation vs. Storage Volume relationship, and
Figure 5-2 illustrates how storage is provided in the FRE and FRE-FC dam alternatives.

Figure 5-1
Reservoir Elevation vs. Storage Volume
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Figure 5-2
FRE Schematic Layout
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The FRE dam would typically allow water from all minor high-flow events up to about 12,500 cfs to be
passed through the dam with the sluice gates fully open, unless the flood regulation operation is
commenced in response to larger flooding concerns downstream. All sediment and most small debris
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would pass through the dam unimpeded. The sluices have been designed to provide sufficient capacity
at these smaller flow events to prevent developing backwater upstream of the sluices for flows up to
and above a required high fish passage flow (2,000 cfs). Additionally, the low-level outlet works for both
FRE and FRE-FC dams are sized to release the full equivalent flood storage volume of the 2007 flood of
record hydrograph back into the river at a rate that would restore full flood storage capacity within one
week.

Similar to the FRFA dam alternative, the multiport water quality outlet works for the FRE-FC alternative
is designed to pass up to 500 cfs from any reservoir level within the flow augmentation pool. Each of the
four 48-inch-diameter conduits can discharge over 500 cfs with a minimum of 35 feet of submergence.
The water quality outlet works are designed to accommodate withdrawal from multiple depths within
the flow augmentation pool as needed to manage downstream release water temperatures. A larger,
84-inch diameter low-level port with a capacity of 800 cfs is included at the lowest level of the flow
augmentation reservoir pool, in case additional quantities of cool stored water are required to meet
downstream water temperature needs. The multiport water quality outlet works would be built during
construction of the FRE, however, they will only be operational after completion of the FRE-FC.

5.4 Spillway and Spillway Chute

The spillways for the FRE and FRE-FC would be uncontrolled ogee crests, discharging to smooth-faced
conventional concrete chutes cast over the top of the RCC mass dam section. Design guidance utilized in
the design of the crest shape included USACE EM 1110-2-1603, Hydraulic Design of Spillways; the USACE
Hydraulic Design Criteria (HDC); and the US Bureau of Reclamation (USBR) Design of Small Dams.

The FRE spillway crest is set at elevation 628 feet with a width of 200 feet, and is designed to pass up to
69,800 cfs with 4.3 feet of freeboard to the top of the upstream crest parapet wall. The equivalent unit
discharge at full design capacity is 349 cfs per linear foot. The design discharge capacity has been
conservatively estimated using a slightly lower discharge coefficient (C4 = 3.73) than is typically found for
smooth ogee designs, to ensure adequate capacity without risk of overtopping. The FRE spillway is
designed with a relatively short and shallow approach channel which positions the ogee crest
approximately 50 feet downstream of the dam axis. This design and construction of the spillway chute
and flip bucket structures conforms to the geometric requirements of the potential future FRE-FC dam,
hence minimizing the construction effort and costs for expanding this portion of the dam. Figure 5-3
shows a schematic section view of the FRE spillway crest design.
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Figure 5-3
Schematic view of FRE Spillway Crest and Chute Design
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The FRE-FC spillway crest is set at elevation 687 feet with a width of 200 feet, and is designed to pass up
to 69,800 cfs with 5 feet of freeboard to the top of the upstream dam parapet wall. The equivalent unit
discharge at full design capacity is 349 cfs per linear foot. The design discharge capacity has been
conservatively estimated using a slightly lower discharge coefficient (C4 = 3.84) than is typically found for
smooth ogee designs, to ensure adequate capacity without risk of overtopping. To construct the FRE-FC
spillway, the FRE spillway crest will be demolished while the flip bucket structure and a significant
portion of the spillway chute will remain in place. Then, the RCC construction will proceed in lifts to
facilitate the construction of the FRE-FC spillway. Figure 5-4 shows a schematic section view of the FRE-
FC spillway design and construction.

Like that of the FRFA and FRO, the FRE and FRE-FC crest shapes have been designed with a design head
(Hq) of 30 feet, though the maximum anticipated actual (effective) head (He) under the PMF event is only
22 feet. This “overdesign” permits the ogee shape to be cast on top of the underlying RCC structural
outline and reach tangency with the overall downstream dam structure slope with approximately 3 feet
of concrete overlay. This simplifies the dam construction process by allowing continuous RCC placement
to finish the non-overflow section of the dam followed by conventional concrete overlay to construct
the spillway. The crest shape shown on Figure 5-5 is used for both FRE and FRE-FC spillway designs. For
this evaluation, it is assumed that the RCC construction will proceed in lifts of approximately 1 foot,
which would leave a finished concrete face with 1-foot steps at the design downstream face slope of
0.85H:1V. The chute design assumes a structural overlay of concrete on the ogee crest and the face of
the chute. Doweling and structural reinforcement would be required to securely anchor the structural
concrete overlay to the RCC dam structure (Figure 5-3 and Figure 5-4).
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Figure 5-4
FRE-FC Spillway Crest and Chute Design

Figure 5-5
USACE Hydraulic Design Criteria 111-2/1 Design of Ogee Crest Shape
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5.5 Flip Bucket and Plunge Pool

Similar to the FRO and FRFA alternatives, the FRE and FRE-FC alternatives spillway is expected to be used
very rarely, and for events of very short duration. Therefore, no spillway stilling basin is provided.
Rather, a flip bucket will be constructed to launch the spillway flow a safe distance downstream of the
dam and to dissipate the energy in the river channel. Based on the geology of the site, the downstream
rock within the flow impact area appears to be of sufficient quality and strength to provide occasional
spillway flow dissipation and resist significant erosion, but that should be confirmed by geotechnical
investigations prior to final design. The reservoir modeling conducted to date indicates that spill events
are likely to occur with recurrence of 300 to 1000 years. Small spill discharges would be expected to
cascade from the lip of the flip bucket and fall onto the rockfill material at the spillway toe adjacent to
the sluice outlet stilling basin structure. Additional design refinement in the next phase of the project
may include a more detailed evaluation of erosion protection for the rockfill adjacent to the sluice
stilling basin. At this stage, a low containment wall about 3 to 5 feet high directs these minor spillway
flows across the rockfill material adjacent to the stilling basin and to the river channel below.

For both the FRE and FRE-FC spillways, the flip bucket design is based on a unit discharge of 349 cfs/foot
of width at the maximum spillway flow, with the bucket invert at elevation 475 feet and the lip at
elevation 489.6 feet. The flip bucket was designed according to guidance provided in USACE EM 1110-2-
1603, Hydraulic Design of Spillways, as shown on Figure 5-6 below. The flow depth at the flip bucket toe
was estimated for the spillway design flow by two methods with comparable results: the first method
using boundary layer development theory, and the second using the potential energy of the available
hydraulic head from the reservoir level to the flip bucket toe. For the FRE, the maximum flow depth at
the bucket toe is about 3.7 feet with a design flow velocity of about 100 feet per second, resulting in a
minimum design bucket radius of 40.4 feet. For the FRE-FC, the maximum flow depth at the bucket toe
is about 3.2 feet with a design flow velocity of about 118 feet per second, yielding a minimum design
bucket radius of 47.6 feet. A bucket radius of 50 feet was selected for both the FRE and FRE-FC
configurations. Simple trajectory calculations based on the USACE guidance indicated an impact location
approximately 350 feet and 500 feet downstream of the lip for the FRE and FRE-FC, respectively. For unit
discharges less than about 50 cfs per linear foot, energy losses down the chute would become significant
and would reduce the flow velocity at the chute toe appreciably, resulting in an impact zone closer to
the dam. The rockfill design in the channel downstream of the flip bucket would accommodate unit
discharges of perhaps 30 to 50 cfs per foot without entrainment of stone and plucking or erosion. The
specific gradation requirements for the stone surface material that will resist erosion under these flow
conditions has not been determined in this conceptual design. Analysis to estimate the required riprap
protection should be included as a refinement during the preliminary design phase.
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Figure 5-6
Spillway Flip Bucket Design

Source: USACE EM 1110-2-1603, Hydraulic Design of Spillways

5.6 Outlet Works

The FRE alternative design has five low-level sluice outlets: a single larger 12-feet-wide by 20-feet-high
sluice at invert elevation 408 feet and two pairs of 10-feet-wide by 16-feet-high sluices at invert
elevation 411 feet, one pair on each side of the larger center sluice. A large, full height trashrack
extending from the riverbed to the dam crest will exclude most large trees from the sluice conduits and
provide excess open area under all reservoir elevations to pass the desired project outflows. The larger
sluice outlet in the center will be used to pass the majority of bedload sediment in the river, as well as
most small debris. Some sediment is expected to pass through the smaller sluice outlets as well, but the
center sluice with a lower invert elevation will intentionally receive the most wear from sediment
passage over time. It is expected that repairs to the sluice floor would be required every few years to
bring the sacrificial concrete floor surface back to original grade.

The two pairs of 10 foot by 16 foot sluice gates pass flow into parallel conduits separated by a center
dividing wall terminating about 100 feet downstream of the gate seats. Downstream of the divider wall,
the outflows from both gates combine into a 22-feet-wide by 16-feet-high single conduit. A parabolic
drop of about 31 feet in the floor elevation of the sluice conduit transitions the discharge into the
downstream stilling basin floor at an elevation of 377 feet.

The large 12-feet-wide by 20-feet-high center sluice is equipped with a radial gate with a radius of about
44 feet. The four smaller 10-feet-wide by 16-feet-high sluices have radial gates with a radius of about 35
feet. Hydraulic cylinder operators for each gate would provide positive closure under all flow conditions.
Gate sealing would be accomplished using either inflatable (using reservoir static water pressure) side
seals and top seals, or the gate trunnion would be provided with an eccentric rotator to compress the
top seal. Both sealing types have been used with success in high head applications such as this. Similar
to FRO and FRFA, radial gates were selected for the FRE dams for several reasons:
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® They reduce the gate operator load by transmitting the hydrostatic forces to the trunnion.

® They eliminate gate slots, which, in a sediment- and debris-rich environment, can cause
problems in fully seating the gate.

® They are more reliably and positively controlled than cable-hung vertical gates at these heads.

® They do not suffer from pressure regime shifts resulting from the jet attachment and
detachment from the gate lip at small gate openings as do vertical gates.

Each sluice conduit is provided with an emergency bulkhead gate a few feet upstream of the radial gate,
and dewatering bulkheads at the inlet and the outlet to the sluice. The emergency bulkhead gate would
be a vertical panel, likely a roller gate with hydraulic operator, and would be designed to close under full
flow at maximum reservoir elevation. The upstream and downstream dewatering bulkheads are simple
vertically hung panels that are designed to close under no flow. They are provided to isolate and
dewater each sluice conduit so that inspections and repairs can be accomplished in safe working
conditions.

For the FRE dam, with all five low-level flood regulation sluice gates fully open, up to approximately
12,500 cfs can be passed through the sluices without transitioning to orifice or pressurized conduit flow
in any of the sluice outlet conduits. For reservoir elevations greater than 430 feet, the sluice entrances
would become submerged and flow control would shift to orifice flow, unless the radial gates are used
to control the flow. The minimum required total low level flood release flow of 15,000 cfs can be
discharged entirely through one pair of the 10 by 16 sluices at reservoir elevations greater than about
580 feet. Typical flood regulation operation would initiate closure of the large center sluice at any time
the pool level exceeds reservoir elevation 500 feet to prevent excessive wear on the invert due to
sediment entrained in high flow velocity. The two pairs of smaller sluices are expected to entrain
considerably less sediment, though the specific elevation details to confirm this and establish the final
higher sluice gate seat elevation would have to be evaluated using a physical laboratory scale model.
Following the closure of the large center sluice gate, one pair of the smaller sluice gates would also
initiate closure and the flood would only be regulated through one pair of the smaller sluices. Mud
Mountain Dam on the White River in western Washington (owned by USACE) is designed similarly, and
its three outlet sluices operate much like that proposed for the FRE design alternative.

At full flood storage reservoir elevation of 628 feet, each of the smaller sluice gates at 75 percent open
can pass up to about 9,500 cfs, and the larger gate can pass up to about 14,200 cfs alone. The paired
design of the two smaller gates was selected to ensure that finely controlled flood regulation would be
available with a single gate as needed, given that the larger gate will likely be closed. Adjustment of a
single 10-foot-wide gate in 6-inch typical lift increments gives just 380 cfs per increment at the
maximum flood regulation reservoir elevation of 628 feet. Incremental control over downstream flows
will allow the dam operator to achieve gradual increases and decreases to flow rates (ramping rates as
required by the dam operations plan). Flood regulation operation would include operation of the sluices
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at reservoir elevations up to the spillway crest of 628 feet. At reservoir elevation above the spillway
crest, sluice operation may be curtailed to avoid adverse flow conditions within the stilling basin.

The low-level outlet works constructed for the FRE would be used for the FRE-FC dam. The only
modification to the outlet works for FRE-FC dam would be the extension of the large trashrack in front
of the outlet works to the full height of the FRE-FC dam. The low-level flood regulation sluices would
accommodate the same flow capacities as the FRE, with a maximum controlled discharge of 15,000 cfs
at any reservoir elevation within the full operating range of the project (reservoir elevation 588 to 687).

At a full flood storage reservoir elevation of 687 feet, the larger and each of the smaller sluice gates at
75 percent open gate position can pass up to about 16,100 cfa and 10,700 cfs, respectively. FRE-FC flood
regulation operation would include operation of the sluices at reservoir elevations up to the spillway
crest of 687 feet. Similar to the FRE discussion above, at a reservoir elevation above the spillway crest,
sluice operation may be curtailed to avoid adverse flow conditions within the stilling basin.

5.7 Stilling Basin

The outlet works stilling basin for the FRE alternative designs dissipates the energy in the flow from the
five low-level sluice outlets. The design of the stilling basin is based on the maximum energy dissipation
requirement for FRE-FC, which, due to the higher flood reservoir level, is greater than for the FRE. The
stilling basin is sized to dissipate a total sluice outlet works discharge of 15,000 cfs at a reservoir level of
687 ft.

Assuming two 10-feet-wide by 16-feet-high sluices are discharging 15,000 cfs (7,500 cfs per sluice) under
the flood reservoir elevation of 687 feet (FRE-FC), the flow velocity entering the basin would be
approximately 140 feet per second, with a Froude number of about 12.6. Following USACE design
guidelines for stilling basin design (Engineer Manual EM 1110-2-1603), a baffled stilling basin length of
approximately 230 feet and a width of 102 feet would be required.

For the FRE-FC dam, the multiport low-flow outlet conduits would discharge through individual valves
into the stilling basin from a valve located above the maximum expected regulating flow stilling basin
water surface elevation of 433.5 feet. It is anticipated these valves would likely be of the hollow cone
type, such as Howell-Bunger design, or perhaps fixed-cone valves. The design of the discharge valves for
the multiport outlets will be refined in the next phase of designs. For cost estimation purposes, we have
assumed Howell-Bunger valves will be selected.

5.8 FRE Hydraulic Characterization

Similar to the FRO dam alternative, the FRE dam alternative is designed as a free-flowing run-of-the-river
facility, where all the low level sluice gates are held fully open nearly all the time, except when forecast
flood flows in the mainstem Chehalis River are expected to rise above 38,000 cfs within 48 hours. In
holding all sluices fully open most of the time, and only regulating flow during events larger than
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approximately a 1 in 7 year recurrence interval flood event provides that most of the natural sediment
transport processes will be maintained through the dam reach. Sediment is expected to freely pass
through the dam, and upstream and downstream fish passage is expected to be uninterrupted. To
maintain these processes in the FRE dam design, the location, number, and size of the low level sluice
outlets were refined to allow replication of the typical channel conveyance, velocity, depth, and
transport capacity of the natural channel to the extent possible.

5.8.1 Velocity and Depth Characterization

The existing channel reach extending roughly 1700 feet above the proposed dam site is relatively steep
and comprised of bedrock step pools and has little evidence of deposition. The depth and velocity
characteristics through this reach are unchanged with the FRE dam alternative, with the exception of
minor flow transitions in the vicinity of the sluice gates and stilling basin, as there is no permanent
impoundment to trap bedload materials. Most debris will either be passed through the sluice conduits
or removed from the trashracks and hauled downstream to be released back into the river. Similarly, the
reach downstream of the proposed dam is also a steep, bedrock channel with some step pools and
minimal sediment deposition. Since most flows will be passed directly through the dam’s fully open
sluices, the flow depth and velocities are expected to be similar to the natural channel downstream of
the dam.

During a large flood event of a magnitude significant enough to trigger flood regulation operations, the
sluice gates would be closed and floodwaters would be impounded behind the dam. The natural flow
regime is generally driven by flows between the average annual flood and the 2-year recurrence interval
flood event which corresponds to flows between 3,000 and 6,000 cfs (Figure 5-7). The hydraulic analysis
of the reach in the vicinity of the proposed dam site was conducted on flows less than 4,000 cfs, since
the fish passage criteria maximum flow is just 2,250 cfs (see discussion in Section 5.8.3 below). Hence,
the most important comparisons to be made are at those sections represented within the dam and
stilling basin and a limited distance upstream and downstream. The basic hydraulics through the dam
reach was assessed using a 1D HEC-RAS, a one-dimensional computer water surface profile modeling
tool created by the USACE Hydrologic Engineering Center, and in common use throughout the
engineering discipline for flow modeling.
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Figure 5-7
Flow Frequency Plot for the Proposed Chehalis Dam Site

Flow Frequency Plot
Chehalis Dam Site - above Doty gage
(From WSE, 2016)

«=+=At Dam Site (65.8% of /
Doty)

/+

/

20,000

15,000

10,000 /

5,000 /

Discharge (cfs)

1 10 100
Recurrence Interval (years)

Source: WSE, 2016

The results of 1D-HEC-RAS modeling showed that under natural and proposed conditions, the flow
depth and velocity at river discharges of 250 to 2,250 cfs range from 3 to 8 feet per second in the
reaches above and below the dam site. Through the dam footprint, the natural channel velocity varies
from about 1 to 5 fps across that same range of flows, while the velocities through the sluices of the FRE
dam varies from about 0.5 to 1.5 fps over the same range of flows. The previously evaluated FRO dam
alternative produced somewhat higher flow velocities, ranging from about 0.5 to 2 fps. The results
generally show that the FRE dam alternative, with its five low level sluice outlets, provides lower flow
velocities across the range of low to moderate flows than the existing channel, and also improves on the
natural channel flow velocity. From a fish passage perspective, the FRE would be expected to provide
easier passage for fish through the dam than the existing channel, and an improvement over the
previously evaluated FRO alternative. Without intervention such as that occurring when the sluices are
regulated for floods, the lower flow velocities within the sluices would likely lead to sediment deposition
inside the dam conduits. Comprehensive results of the modeling analysis are provided in Appendix |
(Section 2.5.1).
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5.8.2 Sediment Transport Capacity and Performance

Sediment transport modeling was conducted for the existing channel condition, the FRO dam alternative
with 3 sluice configuration, and the FRE with five sluice configuration. Bed shear stress of the FRO dam
sluice conduits and the FRE sluice conduits were compared against the shear stress of the natural
channel reach. The bed sediment transport over time was also compared (proposed vs natural
conditions) by applying the natural river flow hydrograph from 1990 to 1994 to the 1-D HEC-RAS model
running the Meyer-Peter Muller (MPM) transport function and the observed bed sediment gradations
from samples collected at Cross Section 108.532 about 2,000 feet upstream of the dam site in a
depositional reach (Dube, 2016). The MPM method provides the best agreement between calculated
and observed transport rates and deposition/scour areas noted in the natural channel, and is generally
best suited for rivers in which the bed substrate is dominated by gravel, as noted in the literature.

The results of the sediment transport analysis using 1D HEC-RAS reveals that the channel through the
narrow scoured bedrock gorge at the proposed dam site will likely scour deeply and refill with sediment
during flood events in which the substrate is mobilized. The results of the sediment transport analysis
also show that the deep stilling basin downstream of the sluice conduits will similarly fill with and be
scoured of sediment, particularly at the sluice outlets. The resultant river reach bed profile for the
existing channel condition, FRO with three sluices configuration and FRFA with five sluices configuration
following four years of hydrologic hydrograph from 1990 to 1994 are provided in Appendix | Section
2.5.2.

Through all river discharges in which the sluice gates are held fully open (i.e. no flood regulation
operations), sediment will deposit throughout the sluice conduits and fill most of the stilling basin. This
would represent the average condition, from a natural process and fish passage perspective. However,
during a flood event in which the sluice gates would be closed or otherwise used to regulate dam
discharges, any sediment that had deposited within the sluice conduits would be expected to be swept
through the dam and deposited in the stilling basin or downstream in the natural channel. The action of
closing the gates causes a high velocity flow jet to form immediately downstream of the gates, which
would quickly clear the sluices of sediment deposits. Evaluation of the range of expected conditions
within the sluice conduits indicates that the scoured areas at the cleared sluices will be much deeper
than the existing natural channel, with commensurately lower flow velocities following the event.
Anticipated bed sediment profiles following sluice gate regulation operations are provided in Appendix |
Section 2.5.2. It should be noted that these sediment transport analyses are approximations of what
should be expected. More accurate and quantifiable sediment transport, deposition, scour, and
performance information would be obtained from a physical scale model of the entire dam and
appurtenant outlet works that would be conducted during the next phase of design.
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5.8.3 Fish Passage Considerations

Fish passage is a required objective of the Chehalis Dam project for all alternatives, including the FRE
and FRE-FC Dam Alternatives covered in this Supplemental Report. The goal of the FRO Dam Alternative
previously evaluated was to replicate, to the extent possible, the same hydraulic characteristics as the
existing natural channel for all river flows up to about 2,250 cfs. These characteristics included flow
velocity and depth (see Section 5.8.1 above), and sediment deposition (see Section 5.8.2 above), to the
extent that sediment deposits and scour directly affect the lower flow velocity and depth. The original
design criteria included a maximum velocity of 2 fps through all flows up to 2,250 cfs, or equal to or less
than that of the existing channel. Modeling indicates that the FRE would not appreciably change the
velocities and depths in the natural channel reaches upstream and downstream of the dam and stilling
basin through this range of flows (up to 2,250 cfs). However, the flow characteristics in the low level
flood regulating sluices will be different than that of the existing channel, given the concrete sluice
geometries.

Previous modeling evaluations indicated that the FRO dam alternative would meet fish passage
objectives for the project. Further analysis has been conducted using a 1-dimensional HEC-RAS model,
to evaluate general hydraulic characteristics of the FRE dam design. This work built upon the earlier
work completed on the FRO Dam Alternative. This additional study shows that the post-sedimentation
flow velocity could be decreased by adding one or more additional sluice conduits, while maintaining
similar flow depths. A second pair of 10-feet-wide by 16-feet-high sluice gates and conduits has been
added to the FRO alternative (and is present in the FRE alternative) to provide the additional capacity by
expanding the width of the intake trashrack about 40 feet, including a second pair of sluices to the left
(facing downstream) of the large 12-feet-wide by 20-feet-high sluice, and widening the stilling basin to
about 100 feet to accommodate the additional sluice discharge. The elevation of the second pair of 10-
feet-wide by 16-feet-high sluice conduits on the left side of the outlet works is the same as the right pair
of 10-feet-wide by 16-feet-high sluice conduits (elevation 411.0 ft msl), while the larger 12-feet-wide by
20-feet-high sluice elevation remains the same (elevation 408.0 ft msl). The HEC-RAS model was used to
compare various hydraulic parameters over the range of fish passage flows from 25 cfs to 2,250 cfs,
including flow velocity and depth, before and after the 4 years of the hydrologic record was applied to
evaluate sediment transport processes, and with the or without clearing the sluices of sediment.

In addition to the 1-dimensional HEC-RAS modeling, a Computational Fluid Dynamic (CFD) model of the
FRE geometry was developed using FLOW3D software (product of Flow Science, Inc.), with upstream
boundary at the interior side of the intake trashrack and downstream boundary below the stilling basin
control sill. The CFD model mapped the bed bathymetry calculated with the HEC-RAS sediment
transport model following the 4 year hydrograph discussed above (1990 — 1994). The upstream
boundary condition was assumed to be uniform flow, which is appropriate given that the intake
trashrack would tend to distribute inflows uniformly as a result of the head loss induced across the
width of the trashrack. The downstream boundary condition was assumed to be simply a conservation
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of mass criterion, passing flow equal to the inflow boundary. The CFD model was run in steady state
condition for ten flows across the range of fish passage river discharges (100 cfs, 250 cfs, 500 cfs, 750
cfs, 1,000 cfs, 1,250 cfs, 1,500 cfs, 1,750 cfs, 2,000 cfs, and 2,200 cfs). CFD model results are provided in
Appendix | Section (2.5.3).

5.9 FRE-FC Hydraulic Characterization

The FRE-FC Dam Alternative is, as discussed above, very similar to the FRFA Dam Alternative evaluated
previously, with the exception that there are two additional low level flood regulation sluices, and all of
the sluices are set lower in elevation than the FRFA Dam Alternative. As with the FRFA Dam Alternative,
a permanent reservoir would be formed behind the FRE-FC Dam. Since a reservoir would be formed, bed
sediment transport processes would be largely eliminated through the dam structure, though
suspended sediment load would likely pass through the dam. The previously conducted hydraulic
evaluation of the FRFA dam was used to inform design of the FRE-FC alternative. Additional detailed
evaluation has not been performed for development of the FRE-FC alternative due to similarities with
the FRFA configuration. If the FRE-FC Dam modification is implemented, it is likely that the second pair
of 10-feet-wide by 16-feet-high sluice gates would be permanently closed and bulkheads would be
placed at the sluice entrance opening, and the only operable gates would be the single large 12-feet-
wide by 20-feet-high gate and the right side pair of 10-feet-wide by 16-feet-high gates. Please refer to
the main report (HDR, 2017a) for specific details on the general hydraulic characteristics and
performance of the FRFA, and by similarity the FRE-FC Dam Alternative.
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6.1 Introduction

This section describes the specific construction considerations to allow future expansion of the FRE dam
to a larger FRE-FC dam configuration. Typical construction considerations for the FRE, such as
construction phase flood risks and flow diversion, are similar to constructing either the FRO or FRFA
options and are described in the Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017a). They are, therefore, not covered herein.

The main differences related to construction of the FRE dam option compared to the FRO or the FRFA
options are related to configuring the FRE in a manner that is favorable for the construction of the FRE-
FC enlargement at a later time. Descriptions of those specific construction issues are described below.
Some additional refinements of the access and staging, compared to the FRO and FRFA, have been
identified and are described in Sections 6.4 and 6.5.

6.2 FRE Construction

From a constructability and cost standpoint, the FRE dam configuration includes a number of the final
FRE-FC configuration elements: 1) excavation and treatment of the FRE-FC dam footprint; 2) coverage
and protection of the excavation between the limits of the FRE dam and the FRE-FC excavation up to the
flood level elevation of 430 feet; 3) completion of the flood control sluice outlet works, water quality
outlet penetrations through the dam, the outlet works stilling basin and basin walls, lower portion of the
spillway chute and the flip bucket, and the chute training walls below elevation 651 feet.

The FRE needs greater dam and foundation seepage control than the FRO does, because the FRE must
consider future construction of FRE-FC with additional storage with higher head. The FRO may allow for
a lesser grout curtain, foundation drainage, or upstream facing system. If a dam raise will be considered
for the FRO in the future, retrofitting the FRO foundation or dam seepage controls to accommodate the
higher head raised dam might be quite costly due to limited options for performing this retrofit.

The FRE configuration would depend on the scope and extent of the FRE-FC. In the event the FRE
alternative is the preferred alternative and is selected for final design and construction, the following
items would need to be evaluated at the FRE and FRE-FC design stage to ensure the future FRE-FC is
constructed appropriately:

® Foundation blanket or consolidation grouting
® Abutment termination details

® RCC mix strength and cured properties
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Construction Considerations

RCC mix and placed temperature control

Dam joint spacing and construction details
Upstream facing elements for seepage barrier
FRE-FC downstream facing elements

FRE downstream face treatment or preparation
Spillway chute anchorage

Training wall height and design

Diversion or cofferdam requirements; tailwater, intake, and flood routing

FRE-FC Construction

The FRE-FC design configuration considers that the foundation excavation, materials, and structures are

completed during the development of the FRE to allow an efficient expansion that does not require

development of a new diversion, significant structure remediation, and repeated structure construction.

The FRE-FC construction complexity, and, therefore, also schedule and risk, are minimized.

Constructing the FRE-FC introduces some work that is not necessary for the FRO or FRFA alternatives.

Similarly, some work required in both the FRO and FRFA alternatives is approached differently for the

FRE and the FRE-FC, introducing varying degrees of construction inefficiency and additional cost.

Construction of the FRE-FC includes:

Demolition of FRE concrete; crest parapets; ogee crest; and possibly concrete related to raising
the intake/trashrack structure

Preparation of the existing downstream face and possible anchorage between the FRE and FRE-
FC

Coverage of the FRE downstream facing that required vertical and other dam formwork as well
as higher cost materials to create the dam facing.

Other factors that affect the RCC, unit prices, and related work and total project costs include:

Quarry and aggregate development split into two projects; increasing fixed cost contribution to
unit prices (i.e. mobilization, setup, access)

RCC production fixed costs similarly increasing the RCC unit pricing for each project

Widely different RCC lift configurations and volumes as evident on the illustrations included in
the cost appendix.

Increased percentages of other work controlling or dictating daily RCC production rates; multiple
starting locations and times, learning curves, higher percentages of formwork per cubic yard of
RCC; and a higher percentage of narrower and longer lifts.
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6.4 Access and Staging

Construction access and staging for the FRE will essentially look the same as for the FRO or FRFA. With
the FRE in operation, and depending upon how much time has passed, the initial access and staging
development may generally be intact, needing a degree of clearing, resurfacing, or other activities to
support FRE-FC construction. Access to the left side of the dam may have to be re-established with
temporary upstream or downstream crossings, or perhaps even over the FRE spillway.

6.5 Diversion during Construction

Completion of the FRE including the downstream RCC cover materials as previously described will limit
downstream dam raise work to above elevation 430. This elevation should be above typical flood
tailwater levels limiting construction flooding risks to the downstream work. The FRE-FC sequencing
does not involve construction within the spillway until late in RCC placement. Also, flood routing through
the FRE low-level sluice outlet works should minimize the risk of spill during the FRE-FC construction to
more than acceptable levels (> 100-year recurrence flow). Trashrack and intake structure design should
likewise seek to allow FRE-FC buildout that does not require sustained construction access to the intake
tower below the FRE crest.

6.6 Concrete Aggregate

Both the FRE and FRE-FC require enough aggregate to result in favorable economies of scale and pricing
for site-based production.

6.7 Construction Risk

Construction risk is very similar for the FRFA, FRO, and FRE alternatives. However, the FRE-FC
construction risks are greatly reduced by essentially eliminating foundation and construction flood
diversion risks, since those will already have been addressed in the design and construction of the FRE.
The construction risks for the FRE-FC are reduced to those risks generally applicable to plant and heavy-
civil construction, such as: safety; commercial material supply; market interest; contract form and
terms; external sequencing or schedule demands; and seasonal factors.
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7.1 Fish Passage During Operation

The fish passage options for all the FRE and FRE-FC are similar to the FRO and the FRFA fish passage
alternatives, respectively. These options are described in more detail in the main Combined Dam and
Fish Passage Conceptual Design Report (HDR, 2017a) and are included herein by reference.

The FRE and FRE-FC presented in this document, and the costs used for fish passage, show a refined
Collection, Handling, Transport, and Release (CHTR) facility fish passage alternative, which has been
updated based on new design information since the issuance of the original draft report. The specific
details of the refined CHTR are presented in the CHTR Conceptual Design Report (HDR, 2017c). A figure
of the CHTR is included in Appendix H.

7.2 Fish Passage During Construction

Fish passage is required during construction of the FRE dam to reduce adverse impacts to fisheries
resources present in the Chehalis River. Specific requirements will be set by federal and state agencies
such as USFWS, NMFS, WDFW, and WA DOE in consultation with stakeholders including the Quinault
tribe. Construction for the FRE dam is expected to require diversion of the entire river for a possible
construction duration of approximately 5 years. Failing to provide fish passage for the target fish species
on the Chehalis River (e.g. — Chinook, coho, and steelhead) would eliminate at least two full rearing and
spawning cycles upstream of the dam location, resulting in significant adverse impacts to the
populations of these species present in the river. USFWS, NMFS, WDFW, WA DOE, and the Quinault
Tribe, have all expressed their position in stakeholder coordination meetings over the last several years,
indicating their desire for fish passage during construction mainly for this reason. Due to the extended
period of diversion and the impact to salmon populations, for the following fish passage alternatives
during construction, it is assumed that the full fish passage criteria required by NMFS and WDFW must
be met for the entire period of construction.

7.2.1 Alternative 1: Diversion Tunnel

One potential alternative for fish passage past the project area during construction for the FRE dam is
via the construction diversion tunnel. The tunnel is anticipated to be a 20 foot by 20 foot, horseshoe-
shaped, concrete lined tunnel drilled and blasted through rock. It is expected to be approximately 1,630
feet long at a slope of about 1%. Fish passage is required by the governing state and federal agencies to
be between the 95% and 5% exceedance flows (16 cfs to 2,200 cfs) for the river. At these flows the
anticipated flow velocity within a smooth hydraulically efficient tunnel would be expected to range from
4 feet per second (fps) to 25 fps, respectively. These velocities are well above the 2 fps maximum flow
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velocity criteria required by NMFS for safe, timely, and effective upstream fish passage through a tunnel
structure of this nature. However, the fish passage technical committee agreed in 2016 that the final
design of conduits through the dam may exceed the 2 fps criteria as long as they mimicked the flow
characteristics of the natural channel in this reach. If this criteria were applied to the diversion tunnel a
maximum flow velocity of about 6 fps would be acceptable. A flow velocity of 6 fps corresponds to a
river flow of about 50 cfs. Even with the greater allowable flow velocity, the range of river flows that
would meet fish passage requirements is a small fraction of what is required, making an unmodified
alternative infeasible for upstream fish passage during construction.

To make the diversion tunnel fish passable, the tunnel must be designed to approximate the natural
channel in this section of river. The design of the diversion tunnel may be modified to better match the
flow conditions of the natural river channel. Modifications required would likely include some or all of
the following:

e larger tunnel with lower magnitude gradient (slope).

¢ Multiple smaller tunnels instead of the single tunnel currently shown.

® Flow control gates for each tunnel.

e Astilling basin or other means of providing a backwater effect to the tunnels.
® Llighting to mimic the daylight during the day.

® Pools, weirs, or other means of producing velocity refugia (means of producing low velocity
pools to provide resting areas for migrating fish).

Downstream fish passage through the diversion tunnel appears feasible, although significant
modifications to the tunnel design may be required to ensure flow velocities within the 95% to 5%
exceedance of mean daily flow does not exceed fish passage guidance while still accommodating the
conveyance target required for dam construction.

7.2.2 Alternative 2: Permanent CHTR Facility

Another alternative to provide fish passage during construction of the dam is to construct the
permanent Collect, Handle, Transfer, and Release (CHTR) Facility prior to beginning dewatering and
construction of the dam. This alternative provides the advantage of not constructing any additional or
temporary facilities as the permanent facility would be constructed and operated during dewatering and
dam construction. Unfortunately, upon preliminary examination, this alternative appears infeasible for
the following reasons:
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e The downstream cofferdam is located between the diversion tunnel and fish ladder entrance,
preventing fish from accessing the CHTR facility.

* The flow patterns and velocities from the outlet of the diversion tunnel would adversely affect
fish attraction and passage to the CHTR facility.

® The excavation footprint for the dam foundation extends well into the footprint of the CHTR
facility, preventing the CHTR facility from being constructed before the dam.

Supplemental Report — FRE Dam Alternative 33



Figure 7-1: Alternative 2 - CHTR Facility
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7.2.3 Alternative 3: Temporary Trap and Transport Facility

Temporary trap and transport (T&T) facilities are common to provide fish passage for projects that
require extensive in-water work for long duration, such as what will be required for the FRE dam. The
temporary T&T facility would be installed and begin operation prior to any other in-water work. The
facility would be located far enough downstream of the diversion tunnel outlet such that river flow
approaching the facility would be as calm and uniform as practicable. A temporary trap and transport
facility would likely consist of a temporary barrier such as picket weirs or an inflatable dam with a fish
ladder on the left bank that leads to holding ponds or holding tanks at the top of the bank where they
could be easily accessed by transport trucks. Auxiliary water would be provided to a temporary fish
ladder entrance via a pumping system. The pumping system would likely consist of an intake on the right
bank meeting fish screening criteria, a series of vertical turbine pumps, and pipelines that would supply
water from the river directly to the holding ponds or tanks, the top of the fish ladder, and the auxiliary
water system. This pumping system would operate 24-hours a day, 7-days a week for the full period of
construction, until normal operation of the dam began. Once normal operation began, the temporary
facilities in the river would be removed and the facilities above a to-be-determined high water elevation
would be abandoned or removed. Based on the duration of construction and potential flood events the
facility may experience, the temporary barrier would likely be primarily of concrete construction, well
anchored to the river bottom, with abutments firmly keyed into the right and left banks of the river.

The trap and transport facility would provide upstream passage for the same species as the permanent
CHTR facility. Aquatic species collected in the facility would be transported to release points upstream of
the upstream cofferdam. Downstream fish passage would be provided via the diversion tunnel (see
Alternative 1).
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Operation and maintenance (O&M) costs for the FRE and FRE-FC alternatives are expected to be similar
to the costs for the FRO and FRFA, respectively, which are presented in more detail in the main report
(HDR, 2017a). Those costs were developed with consideration of the requirements for replacement of
dam components that are subject to wear and trash and sediment removal, as well as staffing and
equipment needed for the dam and fish passage facilities. The estimated annual O&M costs (2016
dollars) are as follows:

® [FRE: $628,000 per year
® FRE-FC: $2,178,000 per year
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9.1 Introduction

This section summarizes the opinion of probable construction costs (OPCC) for the FRE option. The cost
basis for the FRE-FC option is in most respects similar to the FRFA option, since the FRE includes the
footprint of the FRFA. Therefore, not included herein are descriptions of the cost development for
roads; land and land rights; transmission lines and substations equipment; sales tax; contingencies;
engineering and construction management assistance; permitting costs; operation and maintenance;
and property tax and insurance. For details on the development of those subject costs, see the main
report (HDR, 2017a). The cost estimate is for direct construction costs including final design engineering
and construction permitting but does not include costs for EIS and ESA related studies and agreements
or mitigation design and construction costs.

It should also be noted that the CHTR fish passage facility presented herein for the FRE option
represents further design development compared to the CHTR facility cost presented with the FRO
option. The fish passage costs for the FRE dam options include the updated estimated costs for the
CHTR. More details of the updated CHTR are presented in the updated Fish Passage Report (HDR,
2017c).

9.2 Cost Summary

Table 9-1 summarizes the opinion of probable construction costs (OPCC) for both FRE and FRE-FC, not
including the fish passage facilities. Appendix J provides additional detailed information on the
estimated costs of the FRE; OPC worksheets; dam placement production and sequence illustrations; RCC
unit cost development; and quantity takeoffs.

Table 9-1
Concept-level Estimate of Total Direct Project Costs

e FRE-FC

Total Likely Project Cost $ 358,000,000 $ 129,000,000
Low End Project Cost $ 307,000,000 $ 110,000,000
High End Project Cost $ 419,000,000 $ 154,000,000
Project Cost Range from Total Likely 82%-118% 82%-118%
Driving RCC Quantity 892,000 CY 467,000 CY
RCC Unit Bid — Likely $103.50 $111.00

RCC Unit Bid Range $88.00-5119.00 $94.00-5127.00
RCC - as % of Contractor Bid 39% 61 %

Note: including OPCC, June 2017 dollars
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The document ‘Guidelines for Construction Cost Estimating for Dam Engineers and Owners’ (USSD,
2012) provides a description of varying cost estimating “levels” for dam projects. Levels provide an
indication as to the degree of uncertainty associated with an estimate. Significant effort has been
expended on evaluating RCC materials availability, design, and construction considerations. Accordingly,
the RCC portion of the dam project has a higher degree of certainty than other portions of the project.
The estimate completed for the RCC portion of work is consistent with a “reconnaissance-level” OPCC.
This type of estimate is generally in compliance with an Association for the Advancement of Cost
Engineering (AACE) Class 3 estimate. The non-RCC components (such as clearing and grubbing,
excavating, diversion tunnel, earthwork, piping, concrete, utility, and other site civil work) of the
estimate are generally consistent with a “feasibility-level” OPCC. This type of estimate is generally in
compliance with an AACE Class 4 estimate.

9.3 FRE Dam Construction Cost Implications

Construction of the FRE prepared for a potential future expansion introduces important cost
implications as discussed below.

9.3.1 Diversion

The FRE, FRO, and FRFA options all bear nearly the same diversion requirements and risk, varying only
slightly in terms of the months of diversion exposure. Constructing the full foundation and the full lower
limits of RCC for the FRE, however, significantly reduces any diversion requirement for the FRE-FC.
During FRE-FC construction there will be a brief period when the raise takes the FRE spillway out of
service, exposing the construction to only the most extreme flood events that could not be routed
through the low-level sluice outlets. A small amount of costs for nuisance dewatering and unforeseen
water handling has been included in the estimated costs for the FRE-FC.

9.3.2 Hydraulic Structures, Concrete Scope and Efficiencies

The FRE option provides the majority of the concrete infrastructure required for the FRE-FC, including
the spillway chute and flip bucket and outlet works systems built to the FRE-FC extents. These massive
structural concrete components can be built efficiently in the FRE, leaving only the new upper spillway,
upper intake structure, and dam crest for the FRE-FC. Furnishing and installing the water quality outlets
in the FRE-FC is the only mechanical dam component not completed in the FRE, contributing to a simpler
and more singular focus (RCC raise) of the FRE-FC construction.

In addition, the full upstream face of the FRE is now conventional concrete whereas the FRO considered
a less robust grout-enriched RCC (GERCC) for the upstream facing element.

9.3.3 RCC Scope and Efficiencies

Both the FRO and FRFA have cross sections and configurations that favor RCC delivery and placement.
The broad upper right abutment provides good area for staging RCC operations and a top-to-bottom
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delivery approach, which can benefit projects and keep RCC unit costs low. The estimated RCC unit costs
for the FRE ($103.50) and FRE-FC ($111) are higher than the FRO ($93) and the FRFA ($99) for the
following reasons:

® The RCC quantities are significant in both FRE and FRE-FC, but the FRE includes a higher
percentage of non-RCC costs, and both include a higher percentage of non-RCC production
drivers, slowing the overall pace and increasing costs.

® |ncreased vertical or near-vertical formwork

® More delivery resets and placement starts and stops

® Smaller and generally narrower lifts

All factors above combine to slow production and increase the unit costs. Nevertheless, both FRE and
FRE-FC projects are tall and massive enough for RCC to remain economical. The RCC Quantity and
Placement Summary in Appendix J provides an illustration of the lift shapes as vertical progress is made.

9.3.4 FRE Additional Costs

Temporary backfill has been added to the FRE to lightly cover the downstream RCC until the FRE-FC
contract would remove it, thereby adding those costs to the FRE. Assuming a vertical chimney section
for the FRE, downstream vertical formwork will be needed for construction, along with facing system
concrete. These portions of the FRE work will ultimately be covered by the FRE-FC cross section.
Demolition of the FRE spillway approach and ogee crest has been added to the FRE-FC estimate.
Anticipating a need for adhesion of the second stage of RCC, the FRE-FC estimate includes fully treating
and potentially anchoring the downstream face prior to the RCC placement. The same level of
foundation grouting as the FRFA has been included for the FRE which is more robust than the grouting
included and priced for the FRO. An allowance has been added to the FRE-FC for grouting to address the
concept-level foundation and design uncertainty associated with the foundation near the transition
from RCC to the central earth core rockfill section.

9.3.5 Contingencies and Other Factors

All estimates maintain the same below-the-line cost factors of 25 %. All costs, including the FRO and
FRFA, are now presented in 2017 dollars.
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10.1 Construction Sequence

It is anticipated that the FRE project would have a very similar duration to the FRO and potentially the
FRFA which have been considered at 6 and 7 years of design and construction, respectively. While
shorter schedules for each are plausible, the important reality is that the access development, tunnel
and diversion systems, aggregate development, foundation features, early hydraulic structures, and the
dam are all very similar between the FRO, FRFA, and FRE. It is unlikely a schedule difference greater than
1 year could be generated between the options. Regarding the FRE-FC, which would benefit from the
earlier access and staging development, earlier quarry development, and foundation completion, its
construction could reasonably be completed in two years, perhaps less. Due to similarities in scheduling
requirements, new construction schedules have not been developed specifically for either the FRE or
FRE-FC designs.
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11.1

Alternatives Comparison

The evaluation performed in support of this report did not identify any fatal flaws associated with the

FRO, FRFA, or FRE dam configurations. A summary of the main features of the alternative dam

configurations is provided in Table 11-1. The selection of the preferred alternative will need to be based

on considerations cost, risk, selected fisheries objectives, and identified environmental objectives and

permitting constraints.

COMBINED

ALTERNATIVE

Table 11-1

Summary Comparison of FRO, FRFA, and FRE Alternatives

Flood Retention and

Flood Retention

___ FRE-FC*

Flood Retention

Crest Elevation, feet)

Purpose Flood Retention Only . and Flow
Flow Augmentation Only .
Augmentation

Dam Type Gravity - RCC Gravity - RCC Gravity - RCC Gravity — RCC
Dam Structural Height

254 313 254 313
(feet)
Water Storage
Elevation (Spillway 628 687 628 687

Emergency Spillway
Type

Over Dam Crest

Over Dam crest

Over Dam Crest

Over Dam crest

Total Reservoir Storage

Upstream Fish Passage

sluices and CHTR facility

CHTR facility

65 130 65 130
Volume (1,000 AF)
Flow through
Recommended Flow through outlet . &
CHTR outlet sluices and | CHTR

Recommended
Downstream Fish
Passage

Flow through outlet
sluices

Floating Surface
Collector

Flow through
outlet sluices

Floating Surface
Collector

Construction Period
(years)

25-35

3-4

3-4

1-15
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Alternatives Comparison and Recommendations

COMBINED
ALTERNATIVE FRE-FC*

Estimated Dam and
Fish Passage Project $341,000,000 $544,000,000 $401,000,000 $215,000,000
Costs (6/2017)

Estimated Annual O&M
Costs (52016)

$628,000 $2,178,000 $628,000 $2,178,000

Notes: AF = acre-feet, CHTR = collection, handling, transport, release, RCC = roller compacted concrete, NA = Not
applicable O&M = operations and maintenance
* Additional cost to build FRE-FC once FRE is completed, in 2017 dollars.

11.2 Conclusions

An additional dam and fish passage configuration (FRE) has been developed and presented in this
report. This alternative would construct a large foundation and a low dam, with the potential for future
expansion if additional flood storage or flow augmentation water storage was desired. The benefits of
this configuration include:

1. Potential for adaptation of project objectives to address uncertainties associated with climate
change on flood storage and routing requirements.

2. Potential for further optimization of flow augmentation requirements and deliveries in response
to better understanding of environmental changes and needs that are occurring in the basin
below the dam.
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1.1 Flood Retention Expandable (FRE) Alternative

The FRE dam and fish passage configuration was conceived from a combination of the Flood Retention
Only (FRO) and Flood Retention and Flow Augmentation (FRFA) alternatives. The FRE is designed to
facilitate potential future expansion of the dam, if desired. The future configuration is referred as FRE-FC
in this report. The FRE and FRE-FC are both designed to provide downstream flood protection benefits,
but have different dam heights, operational approach, and potential storage volumes. The FRE
configuration would be constructed within the FRFA dam foundation footprint to the height of the FRO
dam and fish passage configuration. The FRE-FC configuration would involve building upon the FRE dam
to raise the dam to the full FRFA dam height and would allow the dam to function in accordance with
the FRFA alternative. The FRE dam is designed to only store flood flows as needed to control
downstream river flows to the desired Grand Mound gage control flow. The FRE-FC dam is designed to
provide augmentation of downstream river flows during low flow periods for certain fish species and
aquatic habitat enhancement as well. The specific control flow downstream of 38,000 cfs at the Grand
Mound gage, or about a 1 in 7 year flood event, has been identified in preliminary assessments, but that
value may change as the larger study progresses.

1.1.1 FRE Dam

Similar to the FRO alternative, the FRE dam would be a Roller Compacted Concrete (RCC) gravity dam.
The Dam would typically not impound Chehalis River flows until and unless a large flood is forecasted to
occur. The dam would be equipped with spillway structure, low level outlet works, stilling basin and fish
passage facility. Under typical operation whenever flood flow regulation is not needed, there would be
no reservoir impoundment, as the sluice gates would be held fully open to pass all inflows without
retention. The low level sluices would be large in size to provide relatively unimpeded fish passage
through the sluice conduits at all typical flows less than about 2,000 cfs. The FRE dam is designed to only
store flood flows as needed to regulate downstream river flows to the desired Grand Mound gage
control flow. The FRE dam operation is patterned after the Seattle District of the US Army Corps of
Engineers’ Mud Mountain Dam on the White River, near Enumclaw, Washington.

1.1.2 FRE-FC Dam

The FRE-FC will be constructed by raising the FRE dam through placement of additional roller compacted
concrete to the height of the FRFA dam alternative. The FRE-FC dam is designed to provide a permanent
storage pool to allow augmentation of downstream river flows during low flow periods for fish and
aquatic habitat enhancement, while also providing additional storage volume above the permanent pool
for floodwater storage to accommodate extreme precipitation and runoff events. The dam would be
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Dam Alternative Description

equipped with a spillway structure, low level outlet works, water quality outlet works, stilling basin and
fish passage facilities.
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2.1 FRE Configuration

The currently envisioned FRE alternative’s primary characteristics include the following:

® A Roller Compacted Concrete (RCC) dam of 254 to 270 feet estimated maximum dam structural
height depending on final foundation elevation and a large foundation footprint to
accommodate the potential future construction of FRE-FC

® Dam crest length of approximately 1,225 feet to span the Chehalis valley

® Uncontrolled overflow spillway approximately 200 ft wide, with crest elevation 628 ft designed
to pass the Probable Maximum Flood (PMF) event, but expected to operate very infrequently

®  Smooth spillway ogee and chute cast over the RCC dam section. Chute would have
training/containment walls approximately 20 feet in height.

® Spillway terminus flip bucket to eject jet well out and away from the dam structure

® Spillway discharge plunge pool well downstream of the toe of the dam

® Single 12 ft wide by 20 ft high low level sluice to pass sediment and low head flood flows, with
invert elevation approximately at existing river channel bed elevation. This sluice floor would be
expected to be repaired regularly due to sediment abrasion and erosion, much like Mud
Mountain Dam.

® Two pairs of large 10 ft wide by 16 ft high low level sluices to pass high head flood flows, with
invert elevation about 3 feet higher than the existing river channel bed elevation. These would
be used to pass flow when the reservoir exceeded about 50 feet of head and sediment would no
longer be actively moving through the dam

®  Multiport water quality inlets/outlets that draw water from multiple levels within the reservoir
and a low-level flood control outlet. The water quality outlet work will be constructed during the
FRE to simplify the future potential development to FRE-FC dam. The multiport outlet works
could potentially be operated in FRE dam for flood regulation purposes, though, they are
currently envisioned to only be functional in FRE-FC dam for water quality purposes.

e A full height trashrack upstream of the outlet works to capture large wooden debris. The lower
50 ft of trashrack is offset about 25 ft upstream of the upper portion to accommodate and
simplify the debris removal process.

® (Construction diversion tunnel about 20 ft in diameter through the right abutment. The tunnel
floor would be lined with concrete to provide a smooth invert wear layer for sediment passage
during construction, and would be plugged following completion of the low level outlet sluices
but provided with a drain valve to evacuate the reservoir if needed
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® Hydraulic jump-type energy dissipating stilling basin approximately 240 feet long by 100 ft wide
and 40 feet deep with baffle block