Chehalis Basin Strategy

Combined Dam and Fish Passage
Supplemental Design Report
FRE Dam Alternative

Reducing Flood Damage and
Restoring Aquatic Species Habitat Updated Sep 2018

Prepared for: State of Washington Recreation and Conservation Office and Chehalis Basin Work Group






TABLE OF CONTENTS .....cevuuiiiiniirrtnicniencintenncneennicceeenececensscseesnsnees |

ACRONYMS AND ABBREVIATIONS LIST.....cccevueeirrmnnnicrennnccennnnnceenncec V

EXECUTIVE SUMMARY ....cccirrtuiirinnniirennncntenneceeeneceeesssccecsssscscsssees ES=1

1 INTRODUCTION ....ccuuuirmmniiiirnniiieeenniceeennniienennsicecsnsscscensscssessscessssnes |

00 R o o [ Yot fl 2 F= Yol 4= o1 U o T RSP 1
1.2 PUrp0Se and ODJECHIVES ...ccuviieiciiie e ciitee ettt e s e e et e e et re e e s e eaba e e e eabaeessnsaeeeesnseeeeennees 3
R T ol o Tl o ] Y=Y Y/ ol Y-SR 3
O S o [Tt f =T o TSSO ORRRORPRPRPRPPRS 4

2.1  FRE Configuration and Operational APProach ........ccccuveeieiiei e 5
2 o PR 5
0. T o 2 e oS 7

3 GUIDELINES AND CRITERIA ....ccccrrriniirinniiirnnnncnienncceenneicnenneceeenes 9

3.1 FRE Dam Design Guidelines and REQUIrEMENTS .....cccceiiicciiiiiie ettt e e e e e eserre e e e e 9

4 DAM FOUNDATION AND STRUCTURAL DESIGN..........ccceuurreennne. 11

5 HYDRAULIC DESIGN.......ccuiirruuniiimnnniciennnniceeenniceeenncceennescecanncees 12

70 R [ 414 e Yo [0 ot i o Yo H OO OO P PP PR PP 12
5.2 DESIBN Criteria coeee e 12
5.3  Flow Capacities and ReSEIrVOIr STOMAZ.......ccuiiuiiiiiiieeeeiiieeeeieeeeerieeeesttee e e sre e e e e naraeeeesreeeesnsenas 13
5.4  Spillway and SPillWay CHULE ..........eeiiieeeeeee e et e e e e e e e aae e e e e e e 16
5.5  Flip Bucket and PIUNGE POOI ......cooueiiiiieee ettt ettt e e eabae e e e aaee e e anree e eenreeas 19
5.6 OULIET WOTKS ..ttt ettt et et e b e st sae e st st et e e e et e e ne e ne e 20
LT A 411 T oY =4 = 7= 1 1 PSSRt 22
5.8  FRE Hydraulic Characterization .........cccccuiiii ittt et e e s e e e e avee e e nre e e e 22

5.8.1  Velocity and Depth Characterization..........cccceeiieiiiiiiiieeiee e 23

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative i



Table of Contents

5.8.2  Sediment Transport Capacity and Performance.......cccccueeevciiiiicciiei e 25
5.8.3  Fish Passage CoNSIderatioNs .......cccuiiiicuieeeiiiiiieeciitee et e s et e e eite e e e sare e e e sstaeeessnsaeeeensaeeean 26
5.9  FRE-FC Hydraulic Characterization ...........coeoeeciiiiiiie ittt e e e e e e erae e e e e e 27

6 CONSTRUCTION CONSIDERATIONS ......cccovvuurirrrmnnicnrennncenennncceenne. 28

70 R [ 414 e Yo [0 ot i o Yo H PO P PSP PRRR PP 28
6.2 FRE CONSEIUCTION ...ttt e e s e s s e e s annr e e snneeees 28
6.3 FRE-FC CONSEIUCTION L.iiiiiiiiiiiiiiiiiiiiic ittt srae s 29
6.4 ACCESS ANA SLAZING..ciiii ittt e e e e e er e re e e e e e e e e ettt e ee e e seeeeeeeantraeeeeaeeaaanrrraaaeeaeaaanns 30
6.5  Diversion during CoNSTIUCTION ... ..uiiiiiii et e et e e e e e e e e et e e e e e e e e e nraaeeeeeaeenns 30
6.6 CONCIetE AZEIEEate i e 30
6.7 CONSTIUCTION RISK...oieiiiiiiiie e e et e s e e ne e e 30

7 FISH PASSAGE OPTIONS .....cccorvmuiirinnnirinnnnceennncnennnncceennscceenneeee 31

7.1 Fish Passage DUIiNG OPeration ......ccueeiicuiiieiiiiieeeiieeeeieeessreeeesteesssbeee s s e ssabeeesssreeesssneeessnnsenas 31
7.2 Fish Passage DUring CONSEIUCLION .....uuiiiiiii ittt e e e e e e e e e e e nrraeeeaaeeeans 31
7.2.1  Alternative 1: DIVersion TUNNEI .....cioiiiiiiie ittt sttt e sttt sat e ssbaessaneesabeesbeeenns 31
7.2.2  Alternative 2: Permanent CHTR FacCility.......cooeciiiiiiei i 32
7.2.3  Alternative 3: Temporary Trap and Transport Facility ......ccccceeveeieecciieiei e 35

8 OPERATIONS AND MAINTENANCE.......cccccorrmurirrmmnnicrennncnennnnnees 36

9 OPINION OF PROBABLE COSTS.....cccccovmuuirrmnnniinennnnicennnnccecenncecees 37

8 R 1 e Yo [0 1 4 [ o OO TSP 37
S I 0 1) YU [ o 0 - Y 2 37
9.3 FRE Dam Construction Cost IMPliCatioNs ..........eveiiiiiiiiiiiieecee e e 38
9.3.1 DIVEISION «eeteeeee ettt ettt e e e e ettt e e e e s e srbteee e eeeeeeeeaabeteeeeeeseaanreeeeeeeeeanns 38
9.3.2  Hydraulic Structures, Concrete Scope and Efficiencies .......ccccveeeeecciiieiee e 38
9.3.3 RCC Scope and EffiCiENCIES .....uuuviiieeeeceieieee ettt rrre e e e e e e e arar e e e e e e e eaas 38
9.3.4  FRE AdditioNal COSES ..ouviiiiiiiiiiiiiiiiiie sttt ettt et e s st e e e s saa e e e ssabae e s ssbaeesnnnreaeean 39
9.3.5  Contingencies and Other FACLOrS ........ccviiiiiiiiiiiiiiee ettt esree e e saae e e e saae e s e saaaaeean 39

TOCONSTRUCTION SCHEDULE ............ccoeuuuiirrrnniiirennncernnnnccennnncceenne.. 40

0 0o Y o 3 o U T o Y =T'o L8 = o o = 40

11 ALTERNATIVES COMPARISON AND RECOMMENDATIONS ......... 41

11.1  ARErnatives COMPATiSON ......uiiiiciiieeciieieecectee e eete e e eete e e e ette e e esbaeeeesateeeeseebteeeessseeeesstaeesaseeesannens 41

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative i



Table of Contents

0 A 0o Y o Vol [T 1Y o o LU 42

T2REFERENCES........cccuuuiirrmniirinniiiirnnninnnenncctenniceennicecenececenscceennes 43

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative i



Table of Contents

LIST OF TABLES

Table ES-1 Estimated Total Direct Project Costs for FRE Option ........ceeeeeicciiiieeieeeeccciiieeieeee e e eecnreeee e 2
Table 1-1 Summary of Dam Storage Volumes and Maximum Water Surface Elevations ...........ccccecuveennnns 3
Table 5-1 Hydraulic DESIGN Crit@rIa......uiiiicierieeeiieeeeeiiee e ecttee et e e e ette e e e etree e s e stteeeesbraeesentaeeesanteeeesasraeeens 12
Table 9-1 Concept-level Estimate of Total Direct Project COStS .....cciviiiiiiiiieiiiiieccriee e e 37
Table 11-1 Summary Comparison of FRO, FRFA, and FRE Alternatives.........cccoccveeieciieeiicieeeeecieee e 41

LIST OF FIGURES

Figure 1-1 FRE Dam Site Location and Expected 100-Year Flood Inundation Limits........cccceeeeviveeeiiiineennns 2
Figure 1-1 FRE FaCility ViSUGHZAtioN .....ccccciiiie ettt ettt e e e rtre e e te e e e e aee e e e earae e e eanes 7
Figure 5-1 Reservoir Elevation vs. Storage VoIUME ......coocuiiii ittt e e vre e e aane e 13
Figure 5-2 FRE SChemMatiC LAYOUL .....uiiiiiiieiiiieee ettt e e et e e e e e e e e e e abaae e e e e s eeannrreeeeaesennnns 14
Figure 5-3 Schematic view of FRE Spillway Crest and Chute DesSign .........ccccuveeveeieiciiiiieeee e 17
Figure 5-4 FRE-FC Spillway Crest and Chute DeSIgN..........eeeeiiiieciiiiiiee ettt eec e e e e e e e e sraae e e e e e 18
Figure 5-5 USACE Hydraulic Design Criteria 111-2/1 Design of Ogee Crest Shape.........cccceevvvveecvveerreennee. 18
Figure 5-6 Spillway Flip BUCKEET DESIEN.....c.uviiiiiiiiie it ettt e e etre e e s stte e e e e bte e e s enbaeeeeeataeeesseaeeeans 20
Figure 5-7 Flow Frequency Plot for the Proposed Chehalis Dam Site .......cccccevcvieiiiiiieeccieeee e 24
Figure 1-1: Alternative 2 - CHTR FACIlity ..occovviiiiiiee ettt e et e e et e e s e rree e e 34

LIST OF APPENDICES

Appendix H Maps and Drawings
Appendix | Hydraulic Design
Appendix ] Construction Cost Opinion

Cover photo courtesy of The Chronicle, Centralia, Washington

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative iv



AACE
ACI
AEP
AF
AISC
ANSI
ASR
AWS
CBFS

CFD
cfs
CHTR
cm/sec
CMCE
CM
CMS
CSz
D/S
DNR
DSHA
DSO
EIS
EM

ER
ESA
FERC
FMPC
fps

Association for the Advancement of Cost Engineering
American Concrete Institute

annual exceedance probability

Acre Feet

American Institute of Steel Construction

American National Standards Institute

alkali-silica reactivity

auxiliary water supply/American Welding Society

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species
Project

Computational fluid dynamics

cubic feet per second

collection, handling, transport, and release
centimeters per second

Controlling Maximum Credible Earthquake
Construction Management

conditional mean spectrum/spectra
Cascadia Subduction Zone

Downstream

Department of Natural Resources
deterministic seismic hazard analysis

Dam Safety Office

Environmental Impact Statement
engineering manual

engineering report

Endangered Species Act

Federal Energy Regulatory Commission
fixed multi-port collector

feet per second

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative



Acronyms and Abbreviations

FOS factor(s) of safety

FRFA Flood Retention Flow Augmentation

FRO Flood Retention Only

FRE Flood Retention Expandable

FRE-FC Flood Retention Expandable-Future Construction
FSC floating surface collector

FTE full-time equivalent

ft foot/feet

ft/sec, fps foot/feet per second

G gravity

GERCC grout-enriched roller compacted concrete

HDC Hydraulic Design Criteria

HEC Hydrologic Engineering Center

HEC-RAS Hydrologic Engineering Center River Analysis System
HEC-ResSim Hydrologic Engineering Center Reservoir System Simulation
HMR Hydrometeorological Report

I-5 Interstate 5

ICOLD International Commission on Large Dams

IDF Inflow design flood

IEEE Institute of Electrical and Electronics Engineers
JS joint set

km kilometer(s)

MCE Maximum Credible Earthquake

MCRCC medium cementitious roller compacted concrete
min minimum

mm millimeter(s)

msa maximum-size aggregate

msl mean sea level

Mw Megawatt

NEC National Electrical Code

NEMA National Electrical Manufacturers’ Association
NEPA National Environmental Policy Act

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative vi



NESC
NFPA
NMFS
NOHRSC
NRCS
NTS
NWMLS
NWS
o&M
OBE
OFM
OPCC
OSHA
pcf
PMF
PMP
PSHA
psi
Qa
Qao
RCC
RCW
RMR
ROW
RQD
SEPA
SPF
SR
SSD
Tcb
Tcs

™

Acronyms and Abbreviations

National Electrical Safety Code
National Fire Protection Association
National Marine Fisheries Service
National Operational Hydrologic Remote Sensing Center
Natural Resources Conservation Service
net transition structure

Northwest Multiple Listing Service
National Weather Service

operations and maintenance

operating basis earthquake

Office of Financial Management
opinion of probable construction cost
Occupational Safety and Health Organization
pounds per cubic foot

Probable Maximum Flood

Probable Maximum Precipitation
probabilistic seismic hazard analysis
pounds per square inch

(modern) Quarternary alluvium

(older) Quarternary alluvium

roller compacted concrete

Revised Code of Washington

Rock Mass Rating

river outlet works

Rock Quality Designation

State Environmental Policy Act
standard project flood

State Route

saturated surface dry

pillow basalt

Crescent Formation siltstone/claystone

Technical Memorandum

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative

vii



u/s

UHS

UL
USACE
USBUREC
USFWS
USGS

WA
WDFW
Work Group
WSDOT
WSE
WSEL

upstream

uniform hazard spectrum

Underwriters Laboratories, Inc.

United States Army Corps of Engineers
United States Bureau of Reclamation

United States Fish and Wildlife Service
United States Geological Survey
Washington

Washington Department of Fish and Wildlife
Chehalis Basin Work Group

Washington State Department of Transportation
Watershed Science & Engineering

water surface elevation

Acronyms and Abbreviations

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative viii



This supplemental report has been prepared to document the development of an additional expandable
Flood Control dam option for the Chehalis Basin Flood Strategy Project (CBFS Project). 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
construction permitting, but does not include costs for EIS and Endangered Species Act (ESA) related
studies and agreements or mitigation design and construction costs.

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative ES-1



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 trash 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

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative ES-2



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 Conceptual Dam and Fish Passage Report (HDR, 2017). 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

Chehalis Basin Strategy: Combined Dam and Fish Passage Supplemental Design Report — FRE Dam Alternative 1



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
f ' .| . Road
River/Stream

FRE 100-year
Dam Inundation

DATA SOURCE: ESRI 2016, Lews
County 2015, WSONR 2015, HDR 2018
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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 Objectives
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 consideration and review by the technical committees working on the
project.

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.

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative 3



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, operational approach, and potential
flow augmentation storage volumes. 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, 2014).

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.

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative 5



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.

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative 6



FRE Dam

Figure 2-1
FRE Facility Visualization

B FRE Facility

Spillway Flip Bucket

Construction

P - ‘ L 3
Diversion ) '
Outlet - Low Level Qutlet
< . . Works Stilling Basin

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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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 or fishway; a recommended
downstream fish passage by 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, 2014) 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 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

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative
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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

Minimum Total Flow

reservoir EL 550; total
for all five conduits

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

Flood Regulation Storage 65,000 AF The equivalent flood volume of the
December 2007 flood event of record
(Anchor QEA, 2014)

Flow Augmentation Storage FRE: 0 AF (Anchor QEA, 2014)

FRE-FC: 65,000 AF
Low Level Flood Regulation Outlet Works 15,000 cfs at Minimum flow capacity of low level flood

control outlets needed to release the full
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 required flood
regulation storage reservoir volume is 65,000 acre feet. The flood storage capacity is the equivalent
volume of the hydrograph of the December 2007 flood event of record at the Doty gage site, 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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Source: Anchor QEA, 2017
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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 USBUREC 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
(Hgq) 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
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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

Figure 7-2. Parameters used in the design of a flip bucket

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 regime
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. The previously developed FRO design, though largely
replicating the natural channel conditions upstream and downstream of the dam site, did not meet the
desired fish passage design criteria.

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
regime through this reach is 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 natural depth
and velocity through 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 roughly 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
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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 Mueller (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 fish passage
performance of the FRO alternative could be performed. In particular, 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
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width of the trashrack. The downstream boundary condition was assumed to be simply a conservation
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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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 parsed and reconfigured in 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
recourses present in the Chehalis River and is required by federal and state agencies such as USFWS,
NMFS, WDFW, and WA DOE and other 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 passage, 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.
® lighting 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.

e 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.
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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 led 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 technical 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
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

FRE concept 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

Costs (52016)

Fish Passage Project $341,000,000 $544,000,000 $401,000,000 $215,000,000
Costs (6/2017)
Estimated Annual O&M

$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 water storage for flow augmentation 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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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:

e 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

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

e 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

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

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

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

e 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.

e 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

e 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 Afull 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.

e 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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e Hydraulic jump-type energy dissipating stilling basin approximately 240 feet long by 100 ft wide
and 40 feet deep with baffle blocks to contain and dissipate flow energy from the low level
outlet sluices. The stilling basin would be concrete lined, and would have an end sill elevation
roughly the same elevation as the downstream river channel

e Fish ladder and collection channel with entrances along the right wall of the stilling basin to
attract and pass upstream migrating fish to the trap and haul facility

e |[nitial target flood storage pool volume of 65,000 acre-ft, to be activated in flood events larger
than the estimated 7-year recurrence interval event. This value may change as the economic
benefit-to-cost studies progress to identify the preferred storage volume

The flood regulation operation is achieved by radial sluice gates controlling sluice discharge when
required under the prescribed operation plan. The reservoir would not be impounded unless the
Chehalis River at the Grand Mound gage was forecasted to rise above 38,000 cfs, at which point the
sluices would be gradually closed to retain flood flows. When the Grand Mound gage flow is predicted
to fall below 38,000 cfs, the sluices would be gradually opened to draft the reservoir. Except during
flood control operations, the sluice gates are to remain fully open, freely passing sediment, smaller
woody debris that can readily pass through the trashrack, and fish both upstream and downstream.
Larger woody debris that becomes lodged against the trashrack would be removed as needed to keep
the channel clear and permit unfettered fish passage and maintain sediment transport continuity
through the dam.

A good analogous existing dam would be the Mud Mountain Dam on the White River in western
Washington State, owned and operated by the US Army Corps of Engineers in a very similar fashion. The
Mud Mountain Dam on the White River in western Washington State, owned and operated by the US
Army Corps of Engineers, has been operating successfully since the late 1940’s and operates in a very
similar fashion. Similar to the proposed FRE dam alternative for Chehalis River, the Mud Mountain dam
is a run-of-river type dam which does not typically impound the river flows unless a large flood is
forecasted to occur. In this case, the flood regulation operation will commence by closing the low level
outlets, holding back water and slowly releasing water back into the river after the flood wave is
dampened. However, unlike the FRE dam alternative, the Mud Mountain Dam does not pass upstream
migrant fish through the low level outlet sluices, and instead utilizes a separate downstream low barrier
weir and trap and haul facility operated continuously to collect and transport upstream migrating fish
from all five species of Pacific salmonids to the extensive watershed habitat above the dam.

Similar to FRO, when flood regulation operation is commenced, the sluice gates would be throttled as
needed to reduce mainstem flow sufficiently to hold the Grand Mound gage at or below 38,000 cfs.
Once flood control operations begin, fish passage would be limited or temporarily suspended as a result
of the high flow velocities within the low level sluice conduits. However, coincident with the
commencement of flood regulation operation, the fish ladder would be opened and fish would be
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attracted to the ladder and collection facility instead of the low level sluices. A trap and haul facility
would begin operations to move upstream migrating fish above the dam to a release point above the
reservoir. Downstream fish passage would still be possible through the low level sluice conduits, though
the rising reservoir would at some point cause the submergence of the sluices to be too excessive for
downstream migrating fish to readily find it. Once the flood has passed and the reservoir is evacuated,
downstream fish passage would resume as the submergence over the low level sluice outlets decreases.
Upstream fish passage would be provided by the fish ladder and trap and haul facility until the reservoir
was fully drained and woody debris and sediment could be cleared from the trashrack opening to permit
free flow again. Larger flood events that carry significant volumes of debris to the reservoir may require
that the pool to be maintained for a longer time than what is required for flood regulation to corral and
move floating debris to containment areas before complete draw down.

2.2 FRE-FC Configuration

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

e An estimated maximum dam structural height of 313 to 330 feet depending on final foundation
elevation

e Dam crest length of approximately 1,225 feet spanning the Chehalis valley, in addition to a right
abutment RCC and rockfill section about 900 feet in length to carry the dam crest closure to high
ground

e Uncontrolled overflow spillway approximately 200 ft wide, with crest elevation 687 ft designed
to pass the PMF event, but expected to operate very infrequently

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

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

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

e Single 12 ft wide by 20 ft high low level sluice with invert elevation approximately at existing
river channel bed elevation.

e Two pairs of large 10 ft wide by 16 ft high low level sluices to pass flood flows, with invert
elevation about 3 feet higher than the existing river channel bed elevation. These would be used
to pass flow whenever the discharge requirements exceeded the capacity of the multilevel
outlet ports, and could be used at any reservoir elevation.

o Afull height trashrack upstream of the outlet works to capture large wooden debris.

e 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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e Hydraulic jump-type energy dissipating stilling basin approximately 240 feet long by 70 ft wide
and 40 feet deep with baffle blocks to capture and dissipate flow energy from the low level
outlet sluices. The stilling basin would be concrete lined, and would have an end sill elevation
roughly the same elevation as the downstream river channel

e Multiport water quality outlet works that draw water from multiple levels within the reservoir

e Fish ladder and collection channel with entrances along the right wall of the stilling basin to
attract and pass upstream migrating fish to the trap and haul facility

e Floating fish collection and dewatering screened facility in the reservoir to collect downstream
migrating fish, transport and release in the river downstream of the dam

e A permanent reservoir pool of up to 65,000 acre-ft to be used for flow augmentation in late
summer and fall prior to the winter rainy season to enhance fish habitat. This value may change
as the biological benefit-to-cost studies progress to identify the preferred storage volume

e Up to 65,000 acre-ft of flood storage volume to be activated in flood events larger than the
estimated 7-year recurrence interval event. This value may change as the economic benefit-to-
cost studies progress to identify the preferred storage volume

Unlike FRE, the FRE-FC dam would maintain a permanent pool behind the dam and 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 between the designated permanent pool level
and the spillway crest for flood operations. During the flood control season, the low level sluices would
typically be used to pass flows that could not be discharged through the smaller multiport outlets due to
capacity limitations. A good analogous existing dam would be the Howard A. Hanson Dam on the Green
River in western Washington State, owned and operated by the U.S. Army Corps of Engineers in a very
similar fashion.

Similar to FRFA, seasonal operation of the FRE-FC dam would typically include adherence to an
operational rule curve, which establishes a desired reservoir level during each part of the season, and
includes reservoir drawdown and filling rates, as well as limitations on downstream rising and falling
ramping rates to protect aquatic species and provide for human safety in the event of ramping
operations. The FRFA seasonal operational approach is explained in Appendix B (Section 2.3) of the Draft
Combined Dam and Fish Passage Conceptual Design Report (HDR, 2017)

The permanent pool of the FRE-FC dam would entirely prevent the free passage of upstream- and
downstream-migrating fish that is accommodated by the FRE alternative. Therefore separate upstream
and downstream migrating fish passage facility are required for FRE-FC alternative. The upstream
migrating fish passage facility constructed for the FRE would continue to be utilized to move fish to the
upstream of the dam. This Collection, Handling, Transport, and Release (CHTR) system is comprised of a
fish collection channel adjacent to the outlet works stilling basin, a short length of fish ladder leading to
a sorting, holding, and transfer facility, and tank truck hauling operation to the upper watershed.
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Downstream-migrating fish would be collected in the reservoir with a floating collection facility similar
to the upper or lower Baker Lake floating collector, or any one of the several similar fish collectors
deployed on a number of Pacific Northwest reservoirs.

2.3 Hydraulic Design Guidelines

Federal agencies have well established guidelines for developing the design of concrete gravity dams
such as the Roller Compacted Concrete (RCC) dam structure proposed for the Chehalis Flood Storage
Dam project. The US Army Corps of Engineers (USACE) and the US Bureau of Reclamation (USBUREC)
provide the most applicable and comprehensive design guidance for large concrete gravity dams.
Though the Federal Energy Regulatory Commission (FERC) provides additional dam safety guidance for
hydropower dames, this project would not fall under FERC regulatory jurisdiction. If hydropower is added
as a project feature in the future, the dam would fall under FERC's jurisdiction and those criteria would
apply. Similarly, the Natural Resources Conservation Resources Service (NRCS) provides additional
guidance for the design of dams. However, the NRCS guidance focuses primarily on embankment dams
and is not particularly applicable to the Chehalis Flood Storage Dam project, and therefore the NRCS
guidance was not used.

2.3.1 U.S. Army Corps of Engineers (USACE)

The US Army Corps of Engineers (USACE) has developed comprehensive design guidance in the form of
Engineer Manuals (EMs) and Engineer Regulations (ERs) based on decades of experience and many
empirical data sets collected at numerous projects around the United States. Those specifically used in
this design evaluation of the dam hydraulic structures include those provided in Section 2.12 below.

2.3.2 U.S. Bureau of Reclamation (USBUREC)

In addition to publishing numerous dam design texts and guidelines, the US Bureau of Reclamation
(USBUREC) has been a leader in developing and incorporating risk-informed dam safety and design
methods and guidelines. As for the USACE guidance, the USBUREC guidance is based on many decades
of direct experience and many constructed dam projects around the United States. Those specifically
used in this design evaluation of the dam hydraulic structures include those provided in Section 2.12
below.

2.4 Hydrologic Conditions
24.1 Basin Hydrology

The hydrologic analysis supporting the development of the Chehalis dam alternatives was conducted by
Watershed Science & Engineering (WSE). This information was provided in three cited sources (WSE,
2014; WSE, 2016a; WSE, 2016b). Also, a summary discussion of these three reports has been provided in
the Appendix B (Section 2.5.1) of the Draft Combined Dam and Fish Passage Conceptual Design Report
(HDR, 2017).
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2.4.2 Spillway Design Flood

Since the FRE dam and fish passage configuration was conceived from a combination of the FRO and
FRFA at the same site representing a phased approach, the spillway hydraulic design criteria is similar to
FRO and FRFA which is explained in detail in Appendix B (Section 2.5.2) of the Draft Combined Dam and
Fish Passage Conceptual Design Report (HDR, 2017).

243 Hydrologic Modeling of Flood Regulation Operations

Modeling of the reservoir operations was conducted by Anchor QEA, and is briefly summarized in
Appendix B (Section 2.5.3) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017). More detailed information is provided in Anchor’s report (Anchor QEA, 2016).

2.5 FRE Hydraulic Characterization

An important consideration of the alternatives designs is the hydraulic flow characteristics and sediment
transport processes in the Chehalis River upstream, downstream and through the dam. Sediment
gradations and incoming bed load transport data were provided by others (Dube, 2016), based on
sampling data from gravel bars exposed in the vicinity of River Mile 108.532. The FRE dam alternative is
designed to pass all flow, suspended and bed sediment through the open sluices without delay at all
times until and unless the sluice gates are regulating flow and a reservoir forms. On the other hand, the
FRE-FC dam design retains a permanent reservoir and will prevent the continuity of bed load sediment
transport through the dam. It is likely that suspended sediments will largely pass through the dam
during the winter flood months as a consequence of the smaller reservoir volume and rapid transit time.

The primary focus on the dam low level outlet works hydraulic modeling and sediment transport
analysis was exclusively on the sediment transport and fish passage characteristics of flow through the
FRE dam when no reservoir is impounded. The analysis focuses on the near-dam reach hydraulic and
sediment transport processes between River Mile 108.532 above the dam site and River Mile 107.62
below the dam site. The results of hydraulic and sediment transport simulations are discussed in the
following sections.

2.5.1 Velocity and Depth Characterization

The hydraulic modeling analysis was conducted using a combination of tools, including analytical
evaluation of outlet works capacity, velocity, gate operation, sediment throughput, as well as
computational numerical modeling tools. Similar to FRO dam alternative, the basic hydraulics through
the dam reach was assessed using 1D HEC-RAS, a one-dimensional computer water surface profile
modeling tool created by the US Army Corps of Engineers’ (USACE) Hydrologic Engineering Center, and
in common use throughout the engineering discipline for flow modeling in preliminary design
evaluations. The model geometry construction and calibration process is discussed in detail in Appendix
B (Section 2.6.1) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR, 2017).
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Figure 2-1 and Figure 2-2 show the cross section location and topography of the reach utilized to
construct the 1D HEC-RAS model geometry.

Figure 2-1

Sediment Sample Location, HEC-RAS Cross Sections (Dam Axis Shown as Red Line)
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Figure 2-2
LiDAR Topography with HEC-RAS Sections (Dam Axis Shown as Red Line)
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The results of 1D HEC-RAS model generally showed that the FRE dam alternative, with its five low level

sluice outlets, provides lower flow velocity across the range of low to moderate flows than the existing
channel. From a fish passage perspective, the FRE would be expected to provide slower flow passage for
fish through the dam than the existing channel, and an improvement over the previously evaluated FRO
alternative with three sluices configuration. 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. A sample comparison of the flow velocity and depth for existing channel
condition, FRO alternative with three sluices configuration (a single larger 12’Wx20’H sluice at elevation
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Dam Alternative Design

408 ft and a pair of 10'Wx16’H at invert elevation 411 ft) and FRE alternative with five sluices
configuration (a single larger 12’"Wx20’H sluice at elevation 408 ft and two pairs of 10°'Wx16’H at invert
elevation 411 ft) is presented in Figure 2-3 And Figure 2-4.

The comprehensive results of 1D HEC-RAS modeling (flow velocity and depth) for existing channel
condition, FRO alternative with three sluices configuration and FRE alternative with five sluices
configuration for all the cross sections are provided in Section 3.1.1 in Figure 3-1 through Figure 3-14.

Figure 2-3
Comparison of Flow Velocity at Cross Section 108.30 under Typical Conditions, about Midway through the Flood
Regulating Sluices
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Figure 2-4
Comparison of Flow Depth at Cross Section 108.30 under Typical Conditions, about Midway through the Flood
Regulating Sluices

Water Depth @ RM 108.30 (STA. 5719+53.00 ft)
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2.5.2 Sediment Transport Capacity and Performance

Sediment transport through the dam reach was evaluated using the same 1D HEC-RAS model by
activating the sediment transport module available in the software. The model input parameters
included a bed sediment sample gradation (Figure 2-5) and a hydrograph comprised of four years of
flow data for the dam site from 1990 to 1994, based on existing hydrologic records observed at the Doty
gage site and scaled to the basin area at the dam site. This period was selected for the analysis, as it
comprised several larger flood events and the average annual hydrographs over these 4 years of record
were fairly typical for the Chehalis River at the dam site. The sediment model calibration process is
explained in detail in Appendix B (Section 2.6.2) of the Draft Combined Dam and Fish Passage
Conceptual Design Report (HDR, 2017). It should be noted that the model calibration was done based on
visual observation and estimates of actual river bed elevation. No detailed ground penetrating radar or
geophysical investigation was conducted through this scour reach in this phase of the study, and as a
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result we must consider the Existing Conditions Sediment model to be only roughly approximate, and
only useful to compare against the With-Project Condition Sediment model which reflects the effect of
flow and sediment passing through the proposed dam sluice outlets.

The particular sediment gradation samples collected from the river channel and the stability of the
Meyer-Peter-Mueller (MPM) method in HEC-RAS suggested MPM would be the most appropriate. The
inflow and outflow sediment loads were assumed to be in equilibrium for the purpose of these
simulations, since there was no strong indication that the reach was sediment limited or, conversely,
sediment oversupplied. Additional variables adjusted during the HEC-RAS model construction are not
mentioned here, but were modified slightly to achieve a reasonable simulation of transport processes.

Figure 2-5
Sediment Sample Gradation near HEC-RAS Cross Section 108.532 used as Input to the Sediment Transport
Modeling

Chehalis River Bed Sediment Sample Gradation at RM 108.532
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Source: Dube, 2016

The primary measure of sediment transport capacity is usually the bed shear stress, which relates the
hydraulic tractive force applied to the bed and to sediment particles. Bed shear stress is a function of
discharge, hence with higher discharge comes greater shear stress and greater capacity for moving
sediment particles. We compared bed shear stress for the existing channel, the FRO dam sluice conduits,
and the FRE sluice conduits to relate the proposed dam alternatives to the natural channel reach. Bed
shear stress was investigated for the FRE Dam Alternative and compared to that previously developed
for the FRO and Existing Channel. A comparison of the bed shear stress between the three different
models for Cross Section 108.30 is provided in below Figure 2-6. The comparisons of bed shear stress for
all other cross sections are provided in Section 3.1.2 in Figure 3-15 through Figure 3-21.
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Figure 2-6
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The results of the sediment transport analysis using HEC-RAS reveals interesting and important evidence

that the observed channel through the narrow scoured bedrock gorge at the proposed dam site will

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 sediment, and occasionally deeply scour these deposits, particularly at the

sluice outlets. We compared the bed sediment elevations between the Existing natural channel (Figure

2-7), the previously evaluated FRO alternative with three sluices (Figure 2-8), and the FRE alternative

(Figure 2-9) following four years of the hydrologic record from 1990 to 1994.

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative App | 1-14



Dam Alternative Design

Figure 2-7
Bed Sediment Profile of Existing Channel following 4 years of Hydrologic Record (1990-1994)
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Figure 2-8
Bed Sediment Profile of the FRO Dam Alternative Following 4 Years of Hydrologic Record (1990-1994)
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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 largely fill 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 deposit 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 clear the sluices of deposits quickly. We evaluated both conditions numerically using the 1D HEC-
RAS modeling to determine the range of expected conditions within the sluice conduits. As expected,
the cleared sluices are much deeper than the existing natural channel, with commensurately lower flow
velocities following the event. Bed sediment profiles following sluice gate regulation operations are
provided in Figure 2-10 and Figure 2-11 below, for the FRO Dam Alternative and the FRE Dam
Alternative, respectively. It should be noted that these sediment transport analyses are approximate
only. 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 will be conducted during the next phase of design.
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Figure 2-11
Bed Sediment Profile for the FRE Dam Alternative Following Flood Regulation Operation
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2.5.3 Computational Fluid Dynamic (CFD) Modeling

A Computational Fluid Dynamic (CFD) model of the FRE geometry, with upstream boundary at the
interior side of the intake trashrack and downstream boundary below the stilling basin control sill was
constructed using FLOW3D software (product of Flow Science, Inc.). 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 was assumed to be a uniform flow boundary,
which is appropriate given that the intake trashrack would tend to distribute inflows uniformly as result
of the head loss induced across the width of the trashrack. The downstream boundary was assumed to
be simply a flow boundary meeting the conservation of mass criteria by passing equal flow to the inflow
boundary. The CFD model was run in steady state condition for 9 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). Typical CFD model results are shown below for 750 cfs and 2200 cfs in Figure 2-12 through
Figure 2-15, illustrating the flow velocity contours through the sluice conduits and stilling basin. The CFD
modeling results for all other discharges are presented in Section (3.1.3) in Figure 3-22 through

Figure 3-39.
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Figure 2-12
Isometric View of Velocity Contours for 750 cfs Discharge through Low Level Outlets
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Figure 2-13
Profile View of Velocity Contours for 750 cfs Discharge through Low Level Outlets
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Figure 2-14
Isometric View of Velocity Contours For 2,200 cfs Discharge through Low Level Outlets
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2.6 Fish Passage

Similar to FRO, the FRE Dam alternative is designed to permit unimpeded fish passage upstream and
downstream through the large low level sluice conduits, achieved by holding the sluice gates fully open
under all flow conditions except when anticipated flood discharge is forecast to increase above the
specified 38,000 cfs threshold at the Grand Mound gage. At and above this threshold, the low level flood
regulating sluice gates would be closed as needed to store flood water in the reservoir. When the low
level flood regulating sluice gates are closed or under operation, a fish ladder and trap and truck facility
would commence operation to collect fish from the dam stilling basin and move them upstream as
needed. No downstream migrant fish collection facilities are proposed for the FRE dam alternative.

The FRE-FC Dam alternative upstream migrating fish facility is the same as the FRE dam during flood
regulation operation mode. However, unlike the FRE dam the sluices cannot be utilized for fish passage
given the permanent reservoir. Therefore, the downstream migrating fish would be collected using a
floating collector in the reservoir, then trucked downstream to be released into the river in FRE-FC dam
alternative. The FRE dam alternative upstream migrating fish facility is similar to FRO and FRFA in size
and configuration, as discussed in main body of the Draft Combined Dam and Fish Passage Conceptual
Design Report. The remainder of this text will focus on the FRE Dam fish passage only.

The low level outlet works configuration for the FRO dam was determined by evaluating the hydraulic
conditions of the flow through the sluices for various configurations. The final design of the FRO dam
consists of a single large 12’ W x 20’ H sluice conduit at invert elevation of 408 ft, and a pair of 10°'W x
16’ sluice conduits at invert elevation of 411 ft. The HEC-RAS clear-water simulations (no sediment
transport) of the flow through the sluices for full open gate and open channel conditions showed that
this configuration results in a flow velocities similar to that of the preexisting river channel conditions
across the full range of fish passage discharges from 25 to 2,200 cfs. This met the Washington
Department of Fish & Wildlife fish passage criteria of the flow velocity through the conduits shall not
exceed the preexisting river velocity at the project location. This concept of a slightly lower, larger sluice
gate and conduit was based on the Mud Mountain Dam analogous outlet works, where the lowest sluice
intentionally passes the majority of bed load sediment in order to isolate erosion damage to a single
outlet that can be readily repaired.

Following the FRO low level outlet work configuration design, it was decided to add a second pair of
10’W by 16’H sluice conduits at the invert elevation of 411 ft to the FRE dam alternative to reduce the
flow velocities in the sluices. This effort was made to investigate the possibility of achieving 2 fps flow
velocity over the range of fish passage discharges through the sluices which was initially the target
criteria provided by the Washington Department of Fish & Wildlife fish passage.

The refined sluice outlet configuration for the FRE dam alternative was modeled using the HEC-RAS 1D
and CFD models to examine more detailed velocity and depth characteristics, as discussed above in
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Section (2.5). As expected, the addition of second pair of 10'W x 16’H in FRE alternative design reduced
the flow velocities through the conduits compare to the three conduits configuration for FRO.

2.7 Construction Diversion

Construction diversion is arguably the highest risk construction component of the project, in terms of
both cost and schedule. Constructing the diversion is critical-path work, as is much of the work that
relies on that diversion. Since the FRE dam alternative is a phased approach combination of the FRO and
FRFA, the previously designed construction diversion structure for FRO and FRFA alternatives would
provide satisfactory performance for the FRE alternative as well. The construction diversion design
procedure is presented in detail in the Appendix B (Section 2.8) of the Draft Combined Dam and Fish
Passage Conceptual Design Report (HDR, 2017).

2.8 Spillway Design

Spillway provides safe conveyance from reservoir to the downstream of the dam for all flood discharges
up to the spillway design flood. Design guidance utilized in the design of the spillway included USACE EM
1110-2-1603, Hydraulic Design of Spillways; the USACE Hydraulic Design Criteria (HDC); and the
USBUREC Design of Small Dams. Similar to FRO and FRFA spillways, the FRE alternative spillway is an
uncontrolled ogee spillway. The Ogee spillway shape design procedure is presented in detail in the
Appendix B (Section 2.9) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017).

The FRE spillway crest is set at elevation 628 ft 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 ft downstream of the dam crest. The optimal depth of approach channel was selected
to provide subcritical flow condition in the channel. The 10 ft deep approach channel resulted in Froude
number values less than 0.5 for the range of spill flows up to PMF. This ensures that the critical depth
control condition only occurs at the spillway crest for all flows and there would not be any control shift
phenomenon from the crest to the approach channel entrance section. The flow depth and velocity at
the toe of spillway just before entering the energy dissipation structure are estimated using the
turbulent boundary layer development method. The flow leaving the spillway chute has a depth and
velocity of about 3.7 ft and 99.9 ft/s, respectively, and an equivalent energy head loss of about 11 ft.
Figure 2-16 shows the FRE spillway rating curve.

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
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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. The flow depth and velocity at the toe of spillway just
before entering the energy dissipation structure are estimated using the turbulent boundary layer
development method. The flow leaving the spillway chute has a depth and velocity of about 3.2 ft and
117.5 ft/s, respectively, and an equivalent energy head loss of about 22.5 ft. Figure 2-17 shows the FRE-
FC spillway rating curve.
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Figure 2-16
FRE Spillway Discharge Curve
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Figure 2-17
FRE-FC Spillway Discharge Curve
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2.9 Flip Bucket and Plunge Pool

Flip bucket is part of the energy dissipation system which directs the incoming high velocity flow down
the spillway chute away from the dam. After the flow leaves the flip bucket, extreme turbulence and
consequently large quantity of air entrainment into the jet helps to dissipate its energy.

Similar to FRO and FRFA, the FRE alternative 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 and
preformed impact plunge pool will be constructed to dissipate the energy of spillway flows.

Design guidance utilized in the design of the flip bucket geometry included USACE EM 1110-2-1603,
Hydraulic Design of Spillways and the USACE Hydraulic Design Criteria (HDC). The FRE alternative flip
bucket structure design procedure is similar to FRFA and FRO. A sample design calculation for FRFA
alternative is explained in detail in Appendix B (Section 2.10) of the Draft Combined Dam and Fish
Passage Conceptual Design Report (HDR, 2017).

For the FRE dam alternative (both FRE and FRE-FC), the flip bucket design is based on the unit discharge
of 349 cfs per linear foot of width at maximum spillway flow (PMF), with the bucket invert at elevation
475 ft and the lip at elevation 489.6 ft.

For the FRE dam, the flow profile down the spillway chute was evaluated using the turbulent boundary
layer development method, with the result that at maximum discharge (PMF) the toe velocity is about
99.9 feet per second and depth of about 3.7 feet, yielding a minimum bucket radius of 40.4 ft.

For the FRE-FC dam, the flow profile down the spillway chute was also evaluated using the turbulent
boundary layer development method, with the result that at maximum discharge (PMF) the toe velocity
is about 117.5 feet per second and depth of about 3.2 feet, yielding a minimum bucket radius of 48.0 ft.

However, we have used the same 50-foot radius for both the FRE and FRE-FC flip bucket designs for
simplicity. The trajectory angle of 45 degree was considered to achieve a maximum jet trajectory
distance. Figure 2-18 shows the PMF water surface profile down the FRE spillway and jet trajectory
leaving the flip bucket. Trajectory calculations determined an approximate impact zone of about 350
feet downstream of the bucket lip.

Figure 2-19 shows the PMF water surface profile down the FRE-FC spillway and jet trajectory leaving the
flip bucket. Trajectory calculations determined an approximate impact zone about 500 feet downstream
of the lip. The rockfill design below the flip bucket would be developed during the next phase of the
study.
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Figure 2-18
FRE Spillway and PMF Water Surface Profile
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Figure 2-19
FRE-FC Spillway and PMF Water Surface Profile
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2.10 Flood Regulation Outlets

Flood regulation outlets are designed to pass relatively large flows and can be gated to provide close
regulation of the flow. USACE EM 1110-2-1602, Hydraulic Design of Reservoir Outlet Works, was utilized
as the design guidance in the design of the outlet works. Rating curves were generated for each
potential sluice size and elevation to determine the proper design that would work best if implemented.
These rating curves were compared with the design discharge, and the sluice sizes were iterated to
meet the discharge required for flood control outlets as well as to function as effective fish passage
conduits, matching the velocities of the existing channel.

The FRE alternative design has five low-level sluice outlets, consisting of a single larger 12’ W x 20’ H
sluice at invert elevation 408 ft and two pairs of 10’ W x 16’ H sluices at invert elevation 411 ft on each
side of the larger 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 partial and full open gate rating curves for the single
large 12" W x 20’ H sluice gate, single and double 10’ W x 16’ H sluice gates are provided in Figure 2-20
through Figure 2-22.

For 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 pressure flow in any of the sluice
openings, with reservoir elevation at 426 ft. The 15,000 cfs project design outflow can be passed entirely
through one pair of 10’ W x 16’ H sluices at reservoir elevations greater than about 580 ft with the gate
fully open. Typical flood regulation operation would initiate closure of the larger sluice at any time the
pool levels exceed about 72 feet in depth over the sluice ceiling (i.e., reservoir elevation 500 ft), to
prevent excessive wear on the large sluice floor due to bed sediments entrained in high flow velocity.
The higher gates (the two pairs of 10’ W x 16’ H 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 larger 12" W x 20’ H sluice gate, one pair of the 10" W x 16’ H sluice gates would also initiate
closure and the flood would only be regulated through one pair of the 10’ W x 16’ H ft sluices.

The smaller 10" W x 16’ H sluice gates are designed to pass up to 3,000 cfs each with 23 feet of static
head on the gate at the 75 percent open setting, while the larger 12° W x 20’ H gate can pass the same
3,000 cfs with 13 feet of static head on the gate at the 75 percent open setting. This ensures that the full
15,000 cfs desired sluice discharge capacity is available at reservoir elevations as low as 440 ft in a fully
controlled manner, which is about 188 feet below the spillway crest.

At full flood storage reservoir elevation of 628 ft, 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
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available with a single gate as needed, given that the larger gate will likely be closed. Adjustment of a
single 10 ft wide gate in 6-inch typical lift increments gives just 380 cfs per increment at the maximum
flood regulation reservoir elevation of 628 ft. The importance of controlling downstream flows is that
required ramping rates can be achieved. Flood regulation operation would include operation of the
sluices at reservoir elevations up to the spillway crest of 628 ft. At reservoir elevation above the spillway
crest, sluice operation may be curtailed to avoid adverse flow conditions within the stilling basin.

For the FRE-FC dam, the low-level outlet works are identical to the FRE. The only modification to
accommodate the FRE-FC dam outlet works would be extending the large trashrack in front of the outlet
works to the full height of the FRE-FC dam. As described above, the low-level flood regulation sluices are
designed for a controlled discharge of 15,000 cfs at any reservoir elevation within the full operating
range of the project (reservoir elevation 588 ft to 687 ft). At minimum operational reservoir elevation of
the project (reservoir elevation of 588 ft) each of the smaller sluice gates at 75 percent open can pass up
to about 8,500 cfs, and the larger gate can pass up to about 12,800 cfs alone. At full flood storage
reservoir elevation of 687 ft each of the smaller sluice gates at 75 percent open can pass up to about
10,700 cfs, and the larger gate can pass up to about 16,100 cfs alone. FRE-FC flood regulation operation
would include operation of the sluices at reservoir elevations up to the spillway crest of 687 ft. At
reservoir elevation above the spillway crest, sluice operation may be curtailed to avoid adverse flow

conditions within the stilling basin.

Figure 2-20
FRE Alternative Single 12 ft wide by 20 ft high Sluice Gate Rating Curves
FRE Dam - 12'x20' Outlet Rating Curves
750
&
g & & & & &£ & &
& & g & & & &£ £ 9
700 - [C) [T ] 8 8 8 8 o0 8 o 8 8 © © 8 8 [C]
: " ‘l 'l 'l ,, / ,’ /l ”I ’1 ,, /c ’Il Il /. ,,/ ,”
] 5 5 5 ] [} ' ’ / 7 R / / +- i’ A
1 ] 1 /) ’ ’ ’ / , / 2 / / 1 4
' ) 1 1 ] 1 1 12 ’ ’ / y / P2 7 7 AP
650 - ! ' ' ' ' ’ + —— 77 7 7 7T T +7— 4 FRE-FC
; A A 4o . 0 I Y ’ , + 2 Dam
—_ S 0 A - O 7 00 5 ./ 2 .4 4 . 6 0 . O M . L P
€ M A A A A S AP
s / / 170 / /T 7, /7 /., /' / FRESpillway
3 600 | 7 / /0 Cresteev=eastt
g
z | s
L A
S FRE D:
8 550 | am -
U
s |
500
Note: 12'x20' Outlet Gate
will be Closed at Reservoir
450 Elev=500 ft 1
400
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000
Discharge (cfs)

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative App |

1-31



FRE Alternative Single 10 ft wide by 16 ft high Sluice Gate Rating Curves

Dam Alternative Design

Figure 2-21
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Figure 2-22
FRE Alternative Double 10 ft wide by 16 ft high Sluice Gate Rating Curves
FRE Dam - Double 10'x16' Outlets Rating Curves
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2.11  Stilling Basin

To dissipate the high energy of flowing water exiting the outlet work structure a stilling basin is required.
Stilling basin produces a hydraulic jump and consequently dissipates the flow energy. Design guidance
utilized in the design of the outlet works stilling basin is USACE EM 1110-2-1602, Hydraulic Design of
Reservoir Outlet Works. A sample of the stilling basin design procedure is presented in detail in the
Appendix B (Section 2.12) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017).

The stilling basin for the FRE alternative design receives flood regulation outflows from the 12’ W x 20’ H
gate at reservoir elevations up to about 500 ft and also discharges from the two pairs of 10' W x 16’ H
sluice gates, up to a design discharge of 15,000 cfs at maximum reservoir elevation at the spillway crest
elevation of 628 ft and 687 ft for the FRE and FRE-FC, respectively. The design for the FRE-FC stilling
basin handles water under higher heads and was used to define the design dimensions, which are
conservative for the outflows expected from the FRE.

Assuming one pair of 10’ W x 16’ H sluices is discharging 15,000 cfs under the maximum reservoir
elevation of 687 ft for 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 guidance, a baffled stilling basin length of
approximately 230 ft is obtained, assuming a 102-foot width overall. The end sill elevation was selected
to be commensurate with the natural bedrock-controlled stream bed elevation of about 417 ft, and the
width of 102 feet provides a water surface profile of about 430 ft at the full sluice outlet discharge of
15,000 cfs. HEC-RAS modeling of the natural downstream channel indicates that the natural water
surface at the end sill location is about 422 ft at the maximum stilling basin capacity of 15,000 cfs,
ensuring hydraulic control by the end sill, since submergence of the end sill is just 5 feet against a driving
head of 13 ft. The downstream conjugate depth at 15,000 cfs is approximately 66 ft, yielding a basin
floor elevation of 377 ft, which provides adequate energy dissipation within the basin. Currently, the
endsill is considered to be a broad crest weir. However for fish passage purposes, the flow pattern
through the stilling basin could favorably be altered by designing a compound endsill configuration. The
endsill configuration will be refined in the next phase of study. Figure 2-23 shows the stilling basin end

sill rating curve.
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Figure 2-23
FRE Dam Alternative Stilling Basin End Sill Rating Curve
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3.1.1

FRE Hydraulic Characterization
Velocity and Depth Characterization

Figure 3-1
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Figure 3-2
Flow Velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of
the Project Location (RM 108.37)
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Figure 3-3
Flow Velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations at the 12'x20’
Sluice Mouth (RM 108.31)
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Figure 3-4
Flow Velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Inside the
12’x20’ Sluice (RM 108.30)
Velocity @ RM 108.30 (STA. 5713+54.00 ft)
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Figure 3-5
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Flow Velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Downstream of
the 12’x20’ Sluice (RM 108.27)
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Figure 3-6
Flow velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of
the Stilling Basin Endsill (RM 108.23)
Velocity @ RM 108.23 (STA. 5718+16.90 ft)
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Figure 3-7
Flow Velocity Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Downstream of
the Project Location (RM 108.18)

Velocity @ RM 108.18 (STA. 5713+54.00 ft)
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Downstream of Proposed Dam Site
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Figure 3-8
Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of the
Project Site (RM 108.47)
Water Depth @ RM 108.47 (STA. 5727+83.00 ft)

Existing vs. FRO vs. FRE
Upstream of Proposed Dam Site
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Figure 3-9
Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of the
Project Location (RM 108.37)

Water Depth @ RM 108.37 (STA. 5722+59.00 ft)
Existing vs. FRO vs. FRE
Upstream of Proposed Dam Site
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Figure 3-10

Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations at the 12’x20’
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Figure 3-11

Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Inside the 12'x20’
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Figure 3-12
Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Downstream of
the 12’x20’ Sluice (RM 108.27)

Water Depth @ RM 108.27 (STA. 5718+16.90 ft)

Existing vs. FRO vs. FRE
Downstream End of 12' x20' Sluice
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Figure 3-13

Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of the

Stilling Basin Endsill (RM 108.23)

Water Depth @ RM 108.23 (STA. 5717+20.90 ft)
Existing vs. FRO vs. FRE
Upstream End of Stilling Basin
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Figure 3-14
Flow Depth Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Downstream of
the Project Location (RM 108.18)

Water Depth @ RM 108.18 (STA. 5713+54.00 ft)
Existing vs. FRO vs. FRE
Downstream of Proposed Dam Site
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3.1.2 Sediment Transport Capacity and Performance
Figure 3-15

Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of

the Project Site (RM 108.47)
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Figure 3-16
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of
the Project Location (RM 108.37)
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Figure 3-17
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations at the
12’x20’ Sluice Mouth (RM 108.31)
Bed Shear @ RM 108.31 (STA. 5720+33.00 ft)

Existing vs. FRO vs. FRE
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Figure 3-18
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Inside the
12’x20’ Sluice (RM 108.30)
Bed Shear @ RM 108.30 (STA. 5719+53.00 ft)

Existing vs. FRO vs. FRE
Halfway Down Splitter Wall inside 12'x20'
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Figure 3-19
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations
Downstream of the 12’x20’ Sluice (RM 108.27)
Bed Shear @ RM 108.27 (STA. 5718+16.90 ft)
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Downstream End of 12' x 20’ Sluice
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Figure 3-20
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations Upstream of
the Stilling Basin Endsill (RM 108.23)
Bed Shear @ RM 108.23 (STA. 5717+20.90 ft)

Existing vs. FRO vs. FRE
Upstream End of Stilling Basin

5
Existing Channel
® FRE Proposed (Bare) The blue shading indicates a
45 90% confidence interval for the
FRE Proposed (Sediment) existing conditions in the reach.
A FRO Proposed (Bare)
4 A FRO Proposed (Sediment)
----------- D50 Particle Motion Threshold
35 — — — - D84 Particle Motion Threshold
— - — - D100 Particle Motion Threshold
3

Shear, psf
N
w

2
1.5
1
-
[ R e i o o o o e L e e )
/ K | N )\ N 1 R i A A A A
0 demes o é é ® o ° ° ° ° ° ° ° ° ° °
0 500 1000 1500 2000 2500 3000 3500 4000

Discharge Q, cfs

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative App | I-55



Calculations, Tables and Figures

Figure 3-21
Bed Shear Stress Comparison for the Existing Condition, FRO and FRE Proposed Sluice Configurations
Downstream of the Project Location (RM 108.18)
Bed Shear @ RM 108.18 (STA. 5713+54.00 ft)
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3.1.3 Computational Fluid Dynamic (CFD) Modeling

Figure 3-22

Isometric View of Velocity Contours for 100 Cfs Discharge Through Low Level Outlets
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Figure 3-23

Profile View of Velocity Contours for 100 cfs Discharge Through Low Level Outlets
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Figure 3-24
Isometric View of Velocity Contours for 250 cfs Discharge Through Low Level Outlets
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Figure 3-25

Profile View of Velocity Contours for 250 cfs Discharge Through Low Level Outlets
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Figure 3-26
Isometric View of Velocity Contours for 500 cfs Discharge Through Low Level Outlets
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Figure 3-27

Profile View of Velocity Contours for 500 cfs Discharge Through Low Level Outlets
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Figure 3-28
Isometric View of Velocity Contours for 1,000 cfs Discharge Through Low Level Outlets
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Figure 3-29

Profile View of Velocity Contours for 1,000 cfs Discharge Through Low Level Outlets
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Figure 3-30
Isometric View of Velocity Contours for 1,250 cfs Discharge Through Low Level Outlets
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Figure 3-31

Profile View of Velocity Contours for 1,250 cfs Discharge Through Low Level Outlets
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Figure 3-32
Isometric View of Velocity Contours for 1,500 cfs Discharge Through Low Level Outlets
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Figure 3-33
Profile View of Velocity Contours for 1,500 cfs Discharge Through Low Level Outlets
Sluice 1
Sluice 2 Stilling Basin Floor
Flow e Sluice 3 -Stllllng Basin Floor
Sluice 4 Stilling Basin Floor

Chehalis Basin Strategy: Conceptual Combined Dam and Fish Passage Design — Supplemental Report — FRE Dam Alternative App | 1-63



Calculations, Tables and Figures

Figure 3-34
Isometric View of Velocity Contours For 1,500 cfs Discharge Through Low Level Outlets
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Figure 3-35
Profile View of Velocity Contours for 1,500 cfs Discharge Through Low Level Outlets
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Figure 3-36
Isometric View of Velocity Contours for 1,750 cfs Discharge Through Low Level Outlets
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Figure 3-37

Profile View of Velocity Contours for 1,750 cfs Discharge Through Low Level Outlets
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Figure 3-38
Isometric View of Velocity Contours For 2,000 cfs Discharge Through Low Level Outlets
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Figure 3-39
Profile View of Velocity Contours For 2,000 cfs Discharge Through Low Level Outlets
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3.2 Diversion Tunnel Rating

The hydraulic design calculation of the diversion tunnel rating curve for the FRO, FRFA and FRE
alternatives is identical and presented in detail in the Appendix B (Section 3.2) of the Draft Combined
Dam and Fish Passage Conceptual Design Report (HDR, 2017).

3.3 Spillway Design

The spillway design procedure and calculation for FRFA, FRO and FRE alternatives are similar. As an
example, the spillway shape design calculation for FRFA dam alternatives is presented in detail in the
Appendix B (Section 3.3) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017). The Ogee spillway shape of the FRE is identical to the FRO spillway shape and geometry with the
addition of a short and shallow approach channel. The spillway shape and geometry for FRE-FC is
identical to FRFA. The detail geometry of FRE and FRE-FC spillways are presented in Table 3-1 and Table
3-2. The spillway geometry design parameters are shown in Figure 3-40.

Table 3-1
Ogee Spillway Upstream Quadrant Profile Parameters for FRE Dam FRE (Left) and FRE-FC (Right)
Red(ft) 15.0 Ry (ft) 15.0
Xeo (ft) | 50.0 X (ft) 0.0
Yeu(ft) | 613.0 Yo (ft) | 672.0
Ra(ft) 6.0 R, (ft) 6.0
Xp3(ft) | 46.9 Xo5 (ft) | -3.2
Yoa(ft) | 621.4 Y, (ft) | 680.4
Ru(ft) 12 R,(ft) 1.2
Xicen (ft) | 42,7 Xpcen (ft) | -85
Yicen (ft) | 623.9 Yicen (ft) | 682.9
Xq(ft) 58.5 X,(ft) 85
Vi (ft) | 623.9 Y (ft) | 682.9
X,(ft) 58.3 Xo(ft) 83
Ya(ft) | 6245 Y,(ft) | 6835
X3(ft) 55.3 X3(ft) 5.3
Ys (ft) 627.1 Y, (ft) 686.1
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Figure 3-40
USACE Hydraulic Design Criteria 111-2/1 Design of Ogee Crest Shape
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Table 3-2
Spillway Shape Downstream Quadrant for FRE (left) FRE-FC (right)
X (ft) | Y (ft) |Elevation (ft)| Slope | Location X (ft) | Y(ft) |Elevation (ft)] Slope | Location
50.0 [ 0.0 628.0 - 0.0 0.0 687.0 -
52.0 [ 0.1 627.9 19.99 2.0 0.1 686.9 19.99
529 | 0.2 627.8 8.71 2.9 0.2 686.8 9.09
53.6 | 0.3 627.7 7.51 3.6 0.3 686.7 7.13
542 | 0.4 627.6 6.09 4.2 0.4 686.6 6.09
548 | 05 627.5 5.42 4.8 0.5 686.5 5.42
55.3 | 0.6 627.4 4.94 5.3 0.6 686.4 4.94
55.7 | 0.7 627.3 4.58 5.7 0.7 686.3 4.58
56.2 | 0.8 627.2 4.28 6.2 0.8 686.2 4.28
56.6 | 0.9 627.1 4.04 6.6 0.9 686.1 4.04
56.9 | 1.0 627.0 3.84 6.9 1.0 686.0 3.84
573 [ 1.1 626.9 3.67 7.3 1.1 685.9 3.67
577 | 1.2 626.8 3.52 7.7 1.2 685.8 3.52
58.0 | 1.3 626.7 3.39 8.0 1.3 685.7 3.39
58.3 | 1.4 626.6 3.27 8.3 1.4 685.6 3.27
58.6 | 1.5 626.5 3.16 8.6 1.5 685.5 3.16
58.9 | 1.6 626.4 3.07 8.9 1.6 685.4 3.07
50.2 | 1.7 626.3 2.98 9.2 1.7 685.3 2.98
505 | 1.8 626.2 2.90 9.5 1.8 685.2 2.90
59.8 [ 1.9 626.1 2.83 9.8 1.9 685.1 2.83
60.1 | 2.0 626.0 2.76 101 | 2.0 685.0 2.76
60.4 2.1 625.9 2.70 |Downstream 10.4 2.1 684.9 2.70 [(Downstream
62.8 3.1 624.9 2.43 Qudrant 12.8 3.1 683.9 243 Qudrant
649 | 4.1 623.9 2.09 149 | 41 682.9 2.09
66.7 | 5.1 622.9 1.86 167 | 5.1 681.9 1.86
68.4 | 6.1 621.9 1.70 184 | 6.1 680.9 1.70
700 | 7.1 620.9 1.58 200 | 71 679.9 1.58
715 | 81 619.9 1.48 215 | 81 678.9 1.48
729 | 91 618.9 1.40 229 | 91 677.9 1.40
742 | 10.1 617.9 133 242 | 101 676.9 1.33
755 | 11.1 616.9 1.27 255 | 111 675.9 1.27
76.7 | 12.1 615.9 1.22 26.7 | 121 674.9 1.22
779 | 131 614.9 117 279 | 131 673.9 1.17
79.0 | 141 613.9 1.13 29.0 | 14.1 672.9 1.13
80.1 | 15.1 612.9 1.09 30.1 | 15.1 671.9 1.09
812 | 16.1 611.9 1.06 312 | 161 670.9 1.06
822 | 171 610.9 103 322 | 171 669.9 1.03
832 | 181 609.9 1.00 33.2 | 18.1 668.9 1.00
84.2 | 19.1 608.9 0.98 342 | 19.1 667.9 0.98
851 | 20.1 607.9 0.96 35.1 | 201 666.9 0.96
86.1 | 21.1 606.9 0.93 36.1 | 211 665.9 0.93
87.0 | 22.1 605.9 0.91 37.0 | 221 664.9 0.91
879 | 231 604.9 0.90 379 [ 231 663.9 0.90
88.8 | 241 603.9 0.88 38.8 | 24.1 662.9 0.88
Point of Point of
89.8 | 25.3 602.7 085 | L. gancy 39.8 | 253 661.7 0.85 U
108.5 | 47.3 580.7 0.85 68.5 | 59.1 627.9 0.85
127.2 | 69.3 558.7 0.85 Spilway 97.3 | 92.9 594.1 0.85 Spilway
145.9| 91.3 536.7 0.85 Chute 126.0 | 126.8 560.2 0.85 Chute
164.6 | 113.3 514.7 0.85 154.8 | 160.6 526.4 0.85
183.6 | 25.3 492.7 0.85 183.5 | 194.4 492.6 0.85
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The spillway rating curve is calculated following the procedure provided in USACE Hydraulic Design
Criteria Sheet 111-3/3. Table 3-3 presents the spillway rating curve calculations for FRE and FRE-FC
dams.

Table 3-3
Spillway Rating Curve for FRE (Left) and FRE-FC (Right)

Q (cfs) | H, (ft) |WSE (ft) Q (cfs) | He (ft) | WSE (ft)

69800 | 21.7 | 649.7 69800 | 210 | 708.0
65000 | 20.7 | 648.7 ggggg ig'i ;82-1
59000 | 19.5 | 647.5 55000 | 18.1 | 7051
53000 | 18.3 | 646.3 50000 | 17.1 | 704.1
47000 16.9 644.9 45000 16.0 703.0
41000 | 155 | 6435 40000 | 149 | 701.9
35000 | 14.1 | 642.1 35000 | 13.7 | 700.7
29000 | 12.5 | 6405 30000 | 12.4 | 699.4
23000 | 10.8 | 6388 ggggg 19161 232-;
17000 | 9.0 | 637.0 oo T 50 600
11000 | 6.8 | 634.8 To000 T 62 1 6932
5000 | 42 | 6322 5000 | 4.1 | 691.1

0 0.0 | 6280 0 00 | 687.0

Notes: Q= discharge, He= effective head, WSE= water surface elevation

The 10 ft deep spillway approach channel for FRE was designed to provide satisfactory hydraulic
performance for the range of flows up to PMF. The Froude number calculation presented in Table 3-4
shows that the flow is subcritical and no control transitioning will occur in the approach channel.

Table 3-4
FRE Spillway Approach Channel Flow Regime Calculation

Q (cfs) Reservoir Elev (ft) Depth (ft) V (ft/s) Fr

69800.0 649.7 31.7 11.0 0.34
63800.0 648.5 30.5 10.5 0.33
57800.0 647.3 29.3 9.9 0.32
51800.0 646.0 28.0 9.3 0.31
45800.0 644.7 26.7 8.6 0.29
39800.0 643.3 25.3 7.9 0.28
33800.0 641.8 23.8 7.1 0.26
27800.0 640.2 22.2 6.3 0.23
21800.0 638.5 20.5 5.3 0.21
15800.0 636.6 18.6 4.3 0.17
9800.0 634.4 16.4 3.0 0.13
3800.0 631.5 13.5 1.4 0.07
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3.4 Flip Bucket

The flip buck design procedure and calculation for FRFA, FRO and FRE alternatives are similar. As an
example, the flip bucket design calculation for FRFA dam alternatives is presented in detail in the
Appendix B (Section 3.4) of the Draft Combined Dam and Fish Passage Conceptual Design Report (HDR,
2017). The jet trajectory leaving the flip bucket was evaluated using the equation for trajectory of a
projectile. Table 3-5 presents the water jet trajectory for FRE and FRE-FC dams.

Table 3-5
Water Jet Trajectory Leaving the Flip Buck for FRE (Left) and FRE-FC (Right)

X (ft) |Elevation (ft) X (ft) |Elevation (ft)
257.0 | 494.64 257.0| 494.37
286.0 | 520.93 300.0 | 533.05

315.0 541.80
344.0 557.24
373.0 567.26
402.0 571.85
431.0 571.03

343.0 563.10
386.0 584.52

429.0 597.30
472.0 601.44

460.0 | 564.78 5150 596.96
489.0 | 553.10 558.0 | 583.83
518.0 536.01 601.0 562.08
547.0 | 513.49 644.0 | 531.69
576.0 |  485.55 687.0 |  492.66
605.0 |  452.18 7250 |  450.99

3.5 Flood Regulation Outlets Rating Curves

The rating curves for flood regulating outlet works were calculated using the radial gate discharge
equation when inlet control exists at the gate location. The calculation procedure is similar for FRO,
FRFA, and FRE alternatives. A sample calculation for the FRFA dam alternative flood regulation outlet
works rating curve is presented in the Appendix B (Section 3.5) of the Draft Combined Dam and Fish
Passage Conceptual Design Report (HDR, 2017).

3.6  Stilling Basin

Stilling basin is designed for the maximum design flow and head to ensure a satisfactory performance
under the range of outlet works operational flow. The stilling basin floor elevation of 377 ft was selected
for the final design calculation. The design calculation procedure of the stilling basin size and elevation is
similar to the FRO, FRFA alternatives. A sample calculation of the FRFA dam alternative stilling basin is
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presented in the Appendix B (Section 3.6) of the Draft Combined Dam and Fish Passage Conceptual
Design Report (HDR, 2017). Table 3-6 presents the stilling basin endsill rating curve.

Table 3-6

Stilling Basin End Sill Rating Curve
Discharge (cfs) | H (ft) | WSE (ft)

10 0.1 417.1

100 0.6 417.6

250 1.1 418.1

500 1.7 418.7

1000 2.7 419.7

1500 3.6 420.6

2500 5.0 422.0

5000 7.9 424.9

7500 104 | 4274

10000 12.6 | 429.6

15000 16.5| 4335

Notes: H= water head, WSE= water surface elevation
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FRE Dam Alternative Construction Cost Estimate i



Based on prior FRO and FRFA costs developed and brought current to June 2017, an opinion of
probable costs (OPC) has been developed for constructing the flood retention expandable (FRE)
alternative broken into an initial construction phase (FRE), and a future construction phase (FRE-FC), if
desired. The following attachments summarize and provide support for the FRE cost development:

Attachment 1 — Summary of Costs and Key Information; 1 page

Attachment 2 — FRO and FRFA OPC Refinement for Comparison to the FRE ; 1 page

Attachment 3 — FRE, FRE-FC, and updated FRO and FRFA Cost Sheets; 8 pages

Attachment 4 — FRE RCC Placement Analysis Summary; 2 pages

Attachment 5 — FRE, FRE-FC, and updated FRO and FRFA RCC Unit Cost Development; 4 pages
Attachment 6 — Drawing Sheets lllustrating FRE RCC Progression and Quantity Takeoff Support; 16 pages
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1 SUMMARY OF COSTS AND KEY
INFORMATION

Summary of costs and key information for different alternatives are provided in the following page.

FRE Dam Alternative Construction Cost Estimate
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Appendix J

2 FRO AND FRFA OPINION OF PROBABLE
COST REFINEMENT FOR COMPARISON
TO THE FRE

Opinion of probable cost of FRO and FRFA dam alternatives were refined to provide a realistic
comparison with the OPC of FRE alternative. The FRO and FRFA refinement process rationale and key

information are provided in the following page.

FRE Dam Alternative Construction Cost Estimate J-3



Chehalis Judgment-Level Cost Opinion
FRO-FRFA June 2017 Cost Adjustments

Item # Adjustment Estimate Refinement Rationale
($)
FRFA Adjustments
3.01 1,080,000 Increased the length of the diversion tunnel to consider some uncertainty related the ground conditions and handling those conditions near the downstream portal.
5.03 (6,960,000) |Adjust RCC quantity from 1,475,000 cy to 1,360,000 cy and the unit price from $96 to $99 to reflect excavation surface refined for the FRE and to increase some material
components of the RCC unit price bringing the pricing to a June 2017 price level.
5.04 (500,500) Adjust backfill quantity form full FRE QTO; 375,000 cy to 260,000 cy.
Various 12,858,750 Adjusted and reorganized dam and hydaulic structure concrete to reflect FRE and hydraulic modeling: 68,500 cy to 85,500 cy; and composite unit pricing from
$537.32/cy to $580.88 Items- 5.05-5.07, 5.10, 5.17-5.18, 5.20, 6.01-6.02, 7.04-7.05.
Various (1,563,840) [Adjusted project control gates, valves, and trashrack steel to reflect FRE and hydraulic modeling and . Items- 5.11-5.16, 5.19.
Various 1,803,333 Adjusted wing dam earthwork quantities and unit prices to better reflect the excavation surface developed for the FRE and a composite embankment unit price. Iltems-
8.01-8.04
Subtotal 6,717,743 Subtotal line-item cost adjustments
839,718 Design and procurement contingencies; remaining at 12.5% (unchanged)
Subtotal 7,557,461 Net cost additions to the "likely" estimate; before construction contingencies and non-contract cost factor
35% Construction contingency and non-contract cost factor to arrive at total adjustments before escalation (unchanged)
2,645,111
Total 10,202,573 Total cost adjustments to likely estimate, before escalation
11,000,000 Rounded comparison from summary

FRO Adjustments

2.04 4,000 Typo correction in initial quantity
3.01 1,080,000 Increased the length of the diversion tunnel to consider some uncertainty related the ground conditions and handling those conditions near the downstream portal.
5.03 (3,840,000) |Adjust RCC quantity from 870,000 10cy to 8,000 cy and the unit price from $91 to $93 to reflect excavation surface refined for the FRE and to increase some material
components of the RCC unit price bringing the pricing to a June 2017 price level.
5.06 (302,500) Adjust backfill quantity form full FRE QTO; 375,000 cy to 265,000 cy.
Various 20,374,750 Adjusted and reorganized dam and hydaulic structure concrete to reflect FRE and hydraulic modeling: 50,200 cy to 84,510 cy; and composite unit pricing from
$561.33/cy to $574.53 Items- 5.05-5.07, 5.10, 5.17-5.18, 5.20, 6.01-6.02, 7.04-7.05.
Various 724,200 Adjusted project control gates, valves, and trashrack steel to reflect FRE and hydraulic modeling and . Items- 5.11-5.16, 5.19.
Subtotal 18,040,450 Subtotal line-item cost adjustments
2,255,056 Design and procurement contingencies; remaining at 12.5% (unchanged)
Subtotal 20,295,506 Net cost additions to the "likely" estimate; before construction contingencies and non-contract cost factor
35% Construction contingency and non-contract cost factor to arrive at total adjustments before escalation (unchanged)
7,103,427
Total 27,398,933 Total cost adjustments to likely estimate, before escalation
27,000,000 Rounded comparison from summary
Chehalis Cost Opinion - FRE - RO3.xIsx; FRFA-FRO FRE vs CDR J-4
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Appendix J

3 FRE, FRE-FC, AND UPDATED FRO AND
FRFA COST SHEETS

Detailed cost break down sheets for FRE, FRE-FC, and updated FRO and FRFA alternatives are provided
in the following pages.
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Judgment-Level Cost Opinion
Pricing/Work Breakdown Summary

Project:
Alternative:

Chehalis Dam
FRE

| Pricing - contractor cost basis 1 or bid basis 2:

2

Range Driver-1=%,2=Q & $, 3 = Combi

ion:

Description

Quantity

Base or Likely Cost Case

Unit Price '

[Default Low =]

80%

Default High &

Weighting =
$293M - Jul-16
3 |$454M - Jul-18
120%

Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-s & Placement Plan - R09.xls" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xis" (mechanical and steel); and this sheets notes and considerations

Driven by Percent

Estimate Notes & Considerations (Notes prior to FRE eval grayed out)

R

20% low 70% likely 10% high 20% low 70% likely 10% high
Low End $306,543,571 Low End $390,083,824
$358,397,146 Likely $456,068,705
$419,217,088 High End $533,463,496
$354,108,425 Weighted $450,611,208

Range Development

Driven by Q & Unit §

Driven by Combo

Low % Total $

High % Total $

LowEnd Q |Low End Unit $| Low End Total $ I High End Q
1

High End Unit
$

High End Total $

Low End Tot $

_H h End Tot $

Phase 1 - Site Development, Diversion Constrruction, $0| $0 $0 info?| info?} $0; $0|
0  |Mobilization $0 $0 info?, info?} $0 $0
Mobilization 1 LS $5,000,000.00 $5,000,000|No change for FRE. Contractor mob bid; balance of project overhead in below-the-line 100% 140% $5,000,000 $7,000,000 info?! info?) $5,000,000 $7,000,000]
factors
1 Clearing & Grubbing $0| $0 $0 info?| info?} $0 $0
1.01 [Clearing and grubbing, stripping topsoil, reclamation of 30 Acre $30,000.00 $900,000|No change for FRE. $720,000 $1,080,000 25 $30,000.00 $750,000 35 $25,000.00 $875,000 $750,000 $875,000
disturbed areas
1.02 [Reservoir Clearing to 100-yr Flood Stage 362 Acre $6,000.00 $2,170,800|Assumed 30% FRE and 70% FRE-FC from orig FRFA of 1206 ac @ $6K/ac. Potentially in $1,736,640 $2,604,960 $5,000.00 $1,809,000, $7,500.00] $2,713,500) $1,809,000 $2,713,500
Phase 2 or possibly Phase 3 contract
2 |Temporary Access & Staging $0| $0 $0 info?] info?] $0 $0
2.01 [Construction Surveying & Layout 35 Acre $10,000.00 $350,000|No change for FRE. Under temporary access & staging; i.e. temporary works only, 100% 150% $350,000 $525,000 info?| info?} $350,000 $525,000
predominant surveys and layout in unallocated contractor project overhead expense (already
in the unit pricing)
2.02 [Pioneer/Access Roads (e.g. dam site, abutments, quarry site, 3 Mile $700,000.00 $2,100,000|No change for FRE. Changes for final: increase access road development by adding 1 $1,680,000 $2,520,000 25 $750,000.00] $1,875,000 3.5 $800,000.00] $2,800,000) $1,875,000 $2,800,000)
etc.) mile, from 2 to 3. dependent upon aggregate sourcing, staging locations, contractor
approach. Reference Chehalis_All_Figs_2016-10-19.pdf drawing G-3, for site, non-quarry
access concepts, totaling about 10,000If of new access, say 5000If of upgraded access. Say
50% new and full access development, 20% construction & track access only, 30% improved
existing. Consider quarry acces costs in aggregate price range
2.03 |Material Laydown Area Prep (minor excavation, grading, 20 Acre $25,000.00 $500,000|No change for FRE. 1 acre at 5' avg cut to 5' average fill = 4000cy cut to fill; @ $6/cy cut to $400,000 $600,000 15 $30,000.00 $450,000 25 $625,000 $450,000 $625,000
surfacing, drainage fill = $24,200/ac; 1ac surfacing at 6" & 30% surfaced = 430ton, @ 10/tn = $4.5k/ac
2.04 [Temporary construction site access security control facilities 2,200 LE $20.00 $44,000|No change for FRE. 'predominant security expense in unallocated contractor project $35,200 $52,800 info?! info?| $35,200! $52,800]
(e.g. fencing, gates, etc.) overhead expense
3 |Diversion & Dewatering $0| $0 $0 info?! info?} $0 $0
3.01 |Diversion Tunnel 20 ft modified horseshoe 1,635 LF $8,000.00 $13,080,000(Increased length for FRE and both FRO and FRFA, from 1500. Changes for final: 90% 125% $11,772,000 $16,350,000 info?, info?} $11,772,000] $16,350,000]
increase length of tunnel to better reflect final drawing alignment. increase high end for
variability in linnig limits, portaling, tunnel plug adit construction, vent construction, etc
3.02 |Conventional Concrete Non-Reinforced Mass Concrete (100 1,200 CY $600.00 $720,000|No change for FRE. low end 30'plug but include mechanical $576,000 $864,000 info?| $650.00! $780,000 $576,000 $780,000
plug following construction)
3.03 |Coffer Dams (2) - Fill cells u/s and d/s + toe slopes 14,000 CY $40.00 $560,000(No change for FRE. check Q's with new crest heights, say 8,000 cy RCC @ 70 + 6,000 cy $448,000 $672,000 info?, info?| $448,000 $672,000)
Rockfill @ 15. = 650KHigh end if pushed to 480 and rockfill - say 45kcy = $675K
3.04 |Foundation Excavation - seepage key (assume 20'wide x 150" 450 CY $8.00 $3,600|No change for FRE. Cofferdam key allowance 300% $2,880 $10,800 info?, info?} $2,880 $10,800}
long x 4' deep
3.05 |Foundation Dewatering - assume several dewatering pump 360 Day $2,800.00 $1,008,000|No change for FRE. Changes for final: increase foundation exposure from 6 to 12 150% $806,400 $1,512,000 info? info?) $806,400 $1,512,000
systems operating selectively 24/7 over 12 month foundation months. 2nd contract may add unwaterring and time for dewatering for RCC foundation
construction exposure
3.06 |Coffer Dams - Other assume 25' high x 150 top length, 35' base 7,000 SE $30 $210,000|No change for FRE. may include isolation of portal structures, tailwater structures $168,000 $252,000 info? info?) $168,000 $252,000
length, cell construction (e.g. sheet pile, steel, other fabricated peripheral dewatering stages
metal items)
3.07 |Coffer Dams - Risk contingency for overtopping 1 LS $1,000,000.00 $1,000,000|No change for FRE. contemplates partial or threshold-bound contractor responsibility, risk $800,000 $1,200,000 info?, info?| $800,000 $1,200,000)
apportioned cost of event recovery, rework, delay
4 |Lands and Easements $0 $0 $0 info?! info?| $0 $0)
4.01 |Reservoir Extents Fee Title 1,200 Acre $4,400 $5,280,000|No change for FRE. Best to be considered in non-contract costs. Perhaps cost 100% 100% $5,280,000 $5,280,000 info?| info?} $5,280,000 $5,280,000)
conservatively overlaps with non-contract cost factor below.
4.02 |Reservoir Extents/Flood Easement 110 Acre $4,400 $484,000|No change for FRE. Best to be considered in non-contract costs. Perhaps cost 100% 100% $484,000 $484,000 info?, info?) $484,000 $484,000
conservatively overlaps with non-contract cost factor below.
4.03 (Reservoir orphaned access roadway reconnection allowance (to 5 Mile $1,000,000 $5,000,000[No change for FRE. Unit price potentially higher for permanent versus constuction roads 110% $4,000,000 $5,500,000 info?, info?} $4,000,000 $5,500,000)
‘WeyCo?) Line item also perhaps better considered under non-contract cost factor.
Phase 2 - Main Dam $0 $0
5 [Main Dam Structure $0| $0 $0 info?| info?| $0 $0
5.01 |Excavation - Foundation General 710,000 CcY $6.50 $4,615,000|No change for FRE - pending Q verification. Changes for final: revised quantities. $3,692,000 $5,538,000 $5.50] $3,905,000 $7.50] $5,325,000] $3,905,000 $5,325,000]
Reference FRFA S-1 annotated from Chehalis_All_Figs_2016-10-19.pdf, also this worksheet
FRFA Exc Guess tab.
5.02 |Excavation - Foundation Rock 210,000 CcY $27.00 $5,670,000|No change for FRE - pending Q verification. Changes for final: revised quantities. $4,536,000 $6,804,000 $25.00 $5,250,000 $30.00 $6,300,000] $5,250,000 $6,300,000]
Reference FRFA S-1 annotated from Chehalis_All_Figs_2016-10-19.pdf, also this worksheet
FRFA Exc Guess tab. Some rock will be structural exc in fresh rock, most will be foundation
footprint, getting to good rock below the rock contact; i.e potentially a high degree ripable.
5.03 |Roller Compacted Concrete - Composite Scope 892,000 CY $103.50 $92,322,000(Revised RCC Q (1,475k to 892k) for FRE that fully preps FRE-FC foundation. Revised $73,857,600 $110,786,400 $88.00 $78,496,000 $119.00! $106,148,000) $78,496,000] $106,148,000)
unit pricing ($96 to $103.50) to reflect slightly higher aggregate and cementitous
materials to reflect Jun 2017 pricing, increased fixed costs for delivery adjustments,
slower productivity, increased formwork. Changes for final: revised quantities.
Expanded RCC unit cost development work breakdown, revisited unit pricing, and
increased unit pricing to reflect upstream conventional face and downstream GERCC.
RCC unit pricing includes aggregate, cement-fly ash, lift bedding, abutment bedding, dam
joints, and 2.5" upstream conventional face and downstream GERCC. Conventional
concrete spillway face - included elsewhere
5.04 |Fill - Foundation Backfill 127,000 cY $5.50 $698,500|Adjusted Q's for full upstream groin fill (112kcy) plus 5' RCC apron cover downstream $558,800 $838,200 info?, info?} $558,800 $838,200)
(15kcy); Pending Q verification. Changes for final: revised quantities.
5.05 |Conventional Concrete Reinforced (miscellaneous) 0 CY $850.00 $0[Item not used in FRE estimate. Q was 750cy @ $850. Refine quantities along with all $0 $0 info?! info?} $0 $0
structures next phase.
5.06 |Outlet works encasement: sluicing conduits, river outlet works 60,000 CcY $450.00 $27,000,000|Prior item mixed dam items integral with RCC composite unit price, and OW massive $21,600,000 $32,400,000 55,000 $24,750,000 70,000 $31,500,000 $24,750,000 $31,500,000
conduits, gate chamber, vent and gallery passages encasement. FRE estimate considers this item now fully the OW and sluiceway
enasement and gate chamber. Q was 15,000cy @ $400. Consider the quantities as
drawn to represent the high side anticipating optimization from 70,000cy down to
60,000cy. This 10kcy Q difference would need to be replaced with RCC; approx
10,000cy @ $100/cy / 1.36Mcy = $0.75/cy RCC, which has not been accounted for in the
estimate. Ref "FRE - Annotated Dwgs Supporting OPC.pdf" FRE S-6-S-7 sheets. Refine
quantities along with all structures next phase.
5.07 |Concrete - Dam Crest Slab & Parapet and unlisted dam concrete 5,400 CcY $750.00 $4,050,000|Prior item included "Dam and Crest Spillway". For FRE, item has been changed to 70% 110% $2,835,000 $4,455,000 info?! info?) $2,835,000 $4,455,000
structures reflect the dam crest, and parapet walls plus 4,000cy of dam conventional concrete not
yet itemized (adit entrances, spillway end walls, diversion plug conversion to operating
chamber, etc.) Item was 6500cy @ $750. Changes for final: None. Consider this item
only as upper spillway. No facing should be included if flip bucket chute face is elsewhere.
Leave in for ogee, spillway approach walls, piers.
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 70% likely 10% high 20% low 70% likely 10% high
Pricing/Work Breakdown Summary Alternative: FRE $293M - Jul-16 | Low End $306,543,571 Low End $390,083,824
$358,397,146 Likely $456,068,705
[ [ Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$454M - Jul-18 $419,217,088 High End $533,463,496
[_Pricing - contractor cost basis 1 or bid basis 2: 2 [ [Default Low [ 80% [ Default High & | 120% $354,108,425 Weighted $450,611,208
Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Development
Base or Likely Cost Case Driven by Percent Driven by Q & Unit § Driven by Combo
Description Quantity Unit Unit Price Total $ Estimate Notes & Considerations (Notes prior to FRE eval grayed out) Low End % | High End % Low % Total $ High % Total $ LowEnd Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $| Low End Tot $ High End Tot $
L (def=80%) | (def=120%) $
5.08 |Foundation Treatment - Grout Curtain Drilling 50,000 LF $45.00 $2,250,000|FRE is 1780' of foundation contact. No change to Q or unit pricing. revisited pricing $1,800,000 $2,700,000 info?| info?| $1,800,000 $2,700,000
1700f @ 10!, plus 50% secondary, plus 25% tertiary @ 80' deep = 298 holes @ 90' =
26,820If; if consolidation grouting - add 220,000 sf @ 400sf/ hole @ 20' deep = 11,000If =
37,820 If. If double curtain plus 25% extra = 383 hole: 0' = 34,470If, plus 11k
consolidation grouting = 45,470If. Use 50k If. Depth: at 35'+300' at 85'+500' at 140" +
5.09 |Foundation Treatment - Grout Curtain Cement 35,000 Sack $40.00 $1,400,000'???- s 1780" of foundation contact. No change to Q or unit pricing. Changes for final: $1,120,000 $1,680,000 info?! info?} $1,120,000 $1,680,000)
revised quantity, increased unit price. Assume 0.7 bag per If
5.1 |Flood Regulating Conduit Control Structures - Reinforced 0 [93 $800.00 $0[Now in item 5.06. Was 5800cy @ $850. Assume 2' thick around perimeter of sluices & air $0 $0 info?| info?| $0 $0
Concrete shafts. Refine quantities along with all structures next phase; include inside and downstream
of dam; include control building on crest or at downstream, depending on final concept
drawings
5.11 |Flood Regulating Conduit Control Gates - Fab and Construct 320,000 LB $15.00 $4,800,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Iltem was $3,840,000 $5,760,000 info?, info?| $3,840,000 $5,760,000
120,000# @ $15.00. Assume 2 @ 30 tons.
5.12 |Emergency, flood regulating, & WQ bulkhead gates 976,000 LB $10.00 $9,760,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $7,808,000 $11,712,000 info?! info?} $7,808,000 $11,712,000]
300,000# @ $15.00. Assume 2 @ 25 tons, and 2 @ 50 tons
5.13 |Hoists, cylinders, machinery 300,000 LB $15.00 $4,500,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $3,600,000 $5,400,000 info?! info?| $3,600,000 $5,400,000)
200,000# @ $15.00.
5.14 |Reservoir drain valve in tunnel plug (assume 4x4' knife valve) 1 $200,000.00 $200,000|No change for FRE. 50% 100% $100,000 $200,000 info?| info?} $100,000 $200,000)
5.15 |WQ Regulating Outlets w/ hollow cone valves (4 - 4'dia) 0 $375,000.00 $0E does not furnish or install the WQ outlet valves. Item was 4 each at $375k. $0 $0 info?, info?| $0 $0
5.16 |WQ Regulating Outlet w/ hollow cone valves (1 - 7'dia) 0 $100,000.00 $0[FRE does not furnish or install the WQ outlet valves. ltem was 1 each at 1,100k. $0 $0 info?| info?| $0 $0
5.17 |WQ Intake Tower / concrete sidewall & decking - Conventional 5,800 CY $850.00 $4,930,000(Items 5.17 and 5.18 prior, totaled 14,000cy (2800 @ $750 and 11,200 @ $400). All intake $3,944,000 $5,916,000 info?, info?} $3,944,000 $5,916,000)
Concrete Reinforced concrete is now in this item; ref "FRE - Annotated Dwgs Supporting OPC.pdf" FRE S-6-
S-7 sheets.
5.18 |Unused 0 CY $400.00 $0[Now in item 5.17. Was 11,200cy @ $400. 100% $0 $0 info?, info?} $0 $0
5.19 |Trashrack steel framing 1,769,040 LB $6.50 $11,498,760(Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Iltem was $9,199,008 $13,798,512 info?, info?| $9,199,008 $13,798,512]
1,360,000# @ $6.50. Assume 300 ft high, 10 members 3' dia x 4.5'deep sel column
5.2 |unused 0 CY $850.00 $0[Now in item 5.17. Was 2000cy @ $850. $0 $0 info?! info?} $0 $0
6 Spillway $0 $0 $0 info?) info? $0, $0|
6.01 |Flip Bucket Conventional Concrete - surface 5,800 CY $650.00 $3,770,000|Adjust based on 5' minimum structure overlying RCC block to elev 470. Q prior was $3,016,000 $4,524,000 info?, info?} $3,016,000 $4,524,000)
7800cy at $700.
6.02 |Conventional Concrete - spillway approach, ogee, chute slab, 8,700 CcY $850.00 $7,395,000|Line item prior contemplated the foundation block beneath the Ogee. Use item now for 90% 110% $6,655,500 $8,134,500 info? info?) $6,655,500 $8,134,500
and training walls spillway training walls, chute slab, approach and ogee. Q was 9,750cy at $225. RCC
foundation is now in RCC item. unit price - accomodates higher RCC placement and
utilization of some mass conventional concrete
7  [Sluice Stilling Basin $0 $0 $0 info?| info?| $0 $0)
7,01 |Excavation - Foundation General 20,000 CY $8.00 $160,000|Refine all excavation and backfill quantities next phase $128,000 $192,000 info?! info?) $128,000 $192,000)
7.02 |Excavation - Foundation Rock 10,000 CY $30.00 $300,000] $240,000 $360,000 info?! info?} $240,000 $360,000)
7.03 |Fill - Foundation Backfill 18,000 CY $9.00 $162,000 $129,600 $194,400 info?, info?} $129,600 $194,400)
7.04 |Conventional Concrete Reinforced 8,600 CY $750.00 $6,450,000|Reference "FRE - Annotated Dwgs Supporting OPC.pdf", sheets FRE S-06, S07. Was $5,160,000 $7,740,000 info?! info?} $5,160,000 $7,740,000)
4900 @ $8700 and item 7.04 2000cy at $400.
7.05 |Conventional Concrete Non-Reinforced 1,600 CcY $400.00 $640,000 70% $448,000 $768,000 info?) info?) $448,000 $768,000)
8 [Wing Dam Structure $0| $0 $0 info?; info?| $0 $0
Excavation - Foundation General 0 cY $6.50 $0|Not in FRE; was 33,333 cy $0 $0 info?! info?] $0 $0
8.02 |Excavation Cutoff Trench - Foundation Rock (assume trench 30 0 cY $30.00 $0|Not in FRE; was 13,333 cy $0 $0 info?, info?| $0 $0
ft wide x 20 ft deep)
8.03 |Fill - Wingdam Embankment 0 CY $15.00 $0|Not in FRE; was 120,000 cy 90% $0 $0 info?, info?} $0 $0
8.04 |Fill - Wingdam Riprap Facing (assume 5' blanket U/S and D/S) 0 CY $65.00 $0[Not in FRE; was 8,000 cy $0 $0 info?) info?) $0, $0|
Composite & Unlisted Work
55  [Fish passage structure - costs not included 1 Is $0 $0|Costs independently assessed in report $0 $0 info?! info?| $0 $0
56 [Unlisted Work 1 Is $5,000,000 $5,000,000|No change for FRE. 85% 115% $4,250,000 $5,750,000 info?| info?} $4,250,000 $5,750,000)
57 $0 $0 $0 info? info?| $0 $0
58 $0 $0 $0 info?| info?| $0 $0
59 $0 $0 $0 info?, info?| $0 $0
60 $0 $0 $0 info?! info?| $0 $0
61 $0 $0 $0 info?, info?| $0 $0
62 $0 $0 $0 info?! info?| $0 $0
63 $0 $0 $0 info?) info?| $0 $0
64 $0| $0 $0 info?! info?} $0; $0|
65 $0 $0 $0 info?) info?| $0 $0
$0 $0 $0 info?, info?} $0 $0
without & general expense $235,981,660) $192,776,628| $282,158,572 $192,776,628 $282,158,572) $117,285,0001 $157,066,500) $201,839,388 $276,027,712)
Mobilization & project indirect expense 0% 0Junallocated project indirect or jobsite overhead assumed in unit pricing
C Cost $235,981,660) Note 1: Unit prices as noted in header, either reflect a bid price basis (no factor application of corporate OH & profit), or a contractor cost basis requiring a corporate OH & profit to get to a bid total
Contractor Margin - corporate overhead & profit 0% Bid Basis 0| Note 2: NA - not applicable to project; NE - not evident in estimate; NI - noted but not itemized in estimate
C Bid - before design/procurement contin $235,981,660}
Contract Contingencies - design and procurement contingencies 12.5% $29,497,708| < RCC estimate dominance, work breakdown thoroughness, and work understanding
support a design contingency lower than typical (i.e. 20%) at this early design level
Contract Cost - contractor bid with design & p! $265,479,368
Construction Contingency: post-award change & dispute factor 10% $26,547,937]
Non-Contract Costs: PM, planning, design, CM ... 25% $66,369,842| < permitting, site characterization, CM during construction,etc.
Total Project Cost - before escalation $358,397,146| Compares to $293M low bound, and $454M high bound July 2016
Escalation - annual %; from; to 3.5% 1-Jun-17 1-Jun-24 2021, say 6 years construction = 4 years + 1/2 of 6 years = 7.0
years. Was early 2019, 7 years construction, 2.5 + 3.75 .25
Total Project Cost ncluding escalation 7.0 yr $456,068,705|<< 193% above total w/o mobilization
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Judgment-Level Cost Opinion
Pricing/Work Breakdown Summary

Project:
Alternative:

Chehalis Dam
FRE-FC

| Pricing - contractor cost basis 1 or bid basis 2:

Description

Quantity

Base or Likely Cost Case

Unit Price '

Weighting =
$293M - Jul-16

Range Driver-1=%,2=Q & $, 3 = Combi

ion:

3 |$454M - Jul-18

[Default Low =]

80%

Default High &

120%

Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-s & Placement Plan - R09.xls" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xis" (mechanical and steel); and this sheets notes and considerations

Driven by Percent

Estimate Notes & Considerations

_Low % Total $

R

20% low 70% likely 10% high 20% low 70% likely 10% high
Low End $110,099,910 Low End $140,104,697
$128,809,987 Likely $163,913,704
$154,389,521 High End $196,464,257
$127,625,925 Weighted $162,406,958

Range Development

Driven by Q & Unit §

Driven by Combo

High % Total $

Low End Q |Low End Unit $| Low End Total $ I High End Q
1

High End Unit
$

High End Total $

Low End Tot $

_H h End Tot $

Phase 1 - Site Development, Diversion Constrruction, $0| $0 $0 info?| info?} $0; $0|
0  |Mobilization $0 $0 info?, info?} $0 $0
Mobilization 1 LS $5,000,000.00 $5,000,000|No change for FRE-FC. Contractor mob bid; balance of project overhead in below-the-line 100% 140% $5,000,000 $7,000,000 info?! info?) $5,000,000 $7,000,000]
factors
1 Clearing & Grubbing $0| $0 $0 info?| info?} $0 $0
1.01 [Clearing and grubbing, stripping topsoil, reclamation of 15 Acre $8,000.00 $120,000|Was 30 ac in FRE and $30k /ac. Presumably all clearing would be completed in FRE; $96,000 $144,000 info?, info?} $96,000! $144,000
disturbed areas but unspecified return growth would need to be recleared for FRE-FC.
1.02 [Reservoir Clearing to 100-yr Flood Stage 844 Acre $6,000.00 $5,065,200|Assumed 30% FRE and 70% FRE-FC from orig FRFA of 1206 ac @ $6K/ac. Potentially in $4,052,160 $6,078,240 $5,000.00 $4,221,000, $7,500.00] $6,331,500) $4,221,000 $6,331,500)
Phase 2 or possibly Phase 3 contract
2 |Temporary Access & Staging $0| $0 $0 info?] info?] $0 $0
2.01 [Construction Surveying & Layout 0 Acre $10,000.00 $O|Fully assigned to FRE, assume FRE-FC survey and layout in general expense (project 100% 150% $0 $0 info?| info?) $0 $0
indirect costs). Under temporary access & staging; i.e. temporary works only, predominant
surveys and layout in unallocated contractor project overhead expense (already in the unit
pricing)
2.02 [Restore FRE and left-side access. Pioneer/Access Roads 1.0 LS $400,000.00 $400,000(All access constructed under FRE. Consider $350k restore and maintain under FRE-FC. $320,000 $480,000 info?, 3.5 $800,000.00 $2,800,000 $320,000 $2,800,000
(e.g. dam site, abutments, quarry site, etc.) Was 3 mi @ $700k. Changes for final: increase access road development by adding 1
mile, from 2 to 3. dependent upon aggregate sourcing, staging locations, contractor
approach. Reference Chehalis_All_Figs_2016-10-19.pdf drawing G-3, for site, non-quarry
access concepts, totaling about 10,000If of new access, say 5000If of upgraded access. Say
50% new and full access development, 20% construction & track access only, 30% improved
existing. Consider quarry acces costs in aggregate price range.
2.03 [Material Laydown Area Prep (minor excavation, grading, 20 Acre $5,000.00 $100,000]|All staging constructed under FRE. Consider $100k restore and maintain under FRE- $80,000 $120,000 $30,000.00 $600,000, info?| $600,000 $120,000)
surfacing, drainage FC. Was 20 ac @ $25k. . 1 acre at 5' avg cut to 5' average fill = 4000cy cut to fill; @ $6/cy
cut to fill = $24,200/ac; 1ac surfacing at 6" & 30% surfaced = 430ton, @ 10/tn = $4.5k/ac
2.04 [Temporary construction site access security control facilities 2,200 LFE $20.00 $44,000|No change for FRE-FC. 'predominant security expense in unallocated contractor project $35,200 $52,800 info?! info?| $35,200! $52,800]
(e.g. fencing, gates, etc.) overhead expense
3 |Diversion & Dewatering $0| $0 $0 info?| info?} $0 $0
3.01 |Diversion Tunnel 20 ft modified horseshoe 0 LF $8,000.00 $0|No diversion tunnel or low-level drawdown gate changes in FRE-FC. Changes for final: 90% 125% $0 $0 info?, info?} $0 $0
increase length of tunnel to better reflect final drawing alignment. increase high end for
variability in linnig limits, portaling, tunnel plug adit construction, vent construction, etc.
3.02 |Conventional Concrete Non-Reinforced Mass Concrete (100 0 CcY $600.00 $0|No costs for FRE-FC. low end 30'plug but include mechanical $0 $0 info?! info?} $0 $0
plug following construction)
3.03 |Coffer Dams (2) - Fill cells u/s and d/s + toe slopes 0 CcY $40.00 $0[No costs for FRE-FC. check Q's with new crest heights, say 8,000 cy RCC @ 70 + 6,000 cy $0 $0 info?| info?| $0 $0
Rockfill @ 15. = 650KHigh end if pushed to 480 and rockfill - say 45kcy = $675K
3.04 |Foundation Excavation - seepage key (assume 20'wide x 150" 0 CcY $8.00 $0|No costs for FRE-FC. Cofferdam key allowance 300% $0 $0 info?! info?] $0 $0
long x 4' deep
3.05 |Foundation Dewatering - assume several dewatering pump 0 Day $2,800.00 $0[No costs for FRE-FC. Changes for final: increase foundation exposure from 6 to 12 150% $0 $0 info?| info?} $0 $0
systems operating selectively 24/7 over 12 month foundation months. 2nd contract may add unwaterring and time for dewatering for RCC foundation
construction exposure
3.06 |Coffer Dams - Other assume 25' high x 150 top length, 35' base 0 SE $30 $0|No costs for FRE-FC. may include isolation of portal structures, tailwater structures, $0 $0 info?! info?} $0 $0
length, cell construction (e.g. sheet pile, steel, other fabricated peripheral dewatering stages
metal items)
3.07 |All project Care-of-Water Coffer Dams - Risk contingency for 1 LS $400,000 '$400,000|Full allowance for FRE-FC dewater and di i i i il ing risk. $320,000 $480,000 info?! info?} $320,000 $480,000
overtopping contemplates partial or threshold-bound contractor responsibility, risk apportioned cost of
event recovery, rework, delay
Lands and Easements $0 $0 $0 info?’ info?| $0 $0)
Reservoir Extents Fee Title 0 Acre $4,400 $0|Presumed fully settled in FRE. Best to be considered in non-contract costs. Perhaps cost 100% 100% $0 $0 info?| info?} $0; $0|
conservatively overlaps with non-contract cost factor below.
4.02 [Reservoir Extents/Flood Easement 0 Acre $4,400 $0|Presumed fully settled in FRE. Best to be considered in non-contract costs. Perhaps cost 100% 100% $0 $0 info?| info?| $0 $0|
conservatively overlaps with non-contract cost factor below.
4.03 |Reservoir orphaned access roadway reconnection allowance (to 0 Mile $1,000,000 $0|Presumed fully settled in FRE. Unit price potentially higher for permanent versus 110% $0 $0 info?, info?} $0 $0
‘WeyCo?) constuction roads. Line item also perhaps better considered under non-contract cost factor.
Phase 2 - Main Dam $0 $0
Main Dam Structure $0 $0 $0 info?! info?| $0 $0)
Excavation - Foundation General 15,000 CY $15 $225,000|Wing in item 8.01. for FRE-FC dam includes temporary backfill $180,000 $270,000 $5.50 $82,500] $7.50 $112,500) $82,500 $112,500)
of downstream groin. Changes for final: revised quantities. Reference FRFA S-1
annotated from Chehalis_All_Figs_2016-10-19.pdf, also this worksheet FRFA Exc Guess tab.
5.02 |Excavation - Foundation Rock 0 CY $27 $0|No costs for FRE-FC. Changes for final: revised quantities. Reference FRFA S-1 $0 $0 $25.00 $0 $30.00 $0 $0 $0
annotated from Chehalis_All_Figs_2016-10-19.pdf, also this worksheet FRFA Exc Guess tab.
Some rock will be structural exc in fresh rock, most will be foundation footprint, getting to
good rock below the rock contact; i.e potentially a high degree ripable.
5.03 |Roller Compacted Concrete - Composite Scope 467,000 CcY $111 $51,837,000|RCC quantity from RCC Dam Q-s & Placement Plan - R09.xls; composite unit price $41,469,600 $62,204,400 $94.00 $43,898,000 $127.00 $59,309,000 $43,898,000 $59,309,000
development from Con-Sked-$ Support - FRE Chehalis - R01.xls. Changes for final:
revised quantities. Expanded RCC unit cost development work breakdown, revisited
unit pricing, and increased unit pricing to reflect upstream conventional face and
downstream GERCC. RCC unit pricing includes aggregate, cement-fly ash, lift bedding
abutment bedding, dam joints, and 2.5' upstream conventional face and downstream
5.04 |Fill - Foundation Backfill 126,000 CY $6 $693,000]includes backfull of upper abutments and downstream groin after FRE-FC $554,400 $831,600 info?! info?} $554,400 $831,600)
construction; Reference "FRE - Annotated Dwgs Supporting OPC.pdf"; Pending Q
verification. Changes for final: revised quantities.
5.05 |Conventional Concrete Reinforced (miscellaneous) 0 CY $850 $0[Item not used in FRE estimate. Q was 750cy @ $850. Refine quantities along with all $0 $0 info?! info?} $0 $0
structures next phase.
5.06 |Outlet works encasement: sluicing conduits, river outlet works 0 CcY $450 $0|No costs for FRE-FC. Refine quantities along with all structures next phase. $0 $0 info?| info?} $0; $0|
conduits, gate chamber, vent and gallery passages
5.07 |Concrete - Dam Crest Slab & Parapet and unlisted dam concrete 2,460 CcY $750 $1,845,000|FRE-FC crest and parapet walls plus 1000cy unlisted. Changes for final: None. 70% 110% $1,291,500 $2,029,500 info? info?) $1,291,500 $2,029,500
structures Consider this item only as upper spillway. No facing should be included if flip bucket chute
face is elsewhere. Leave in for ogee, spillway approach walls, piers.
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 70% likely 10% high 20% low 70% likely 10% high
Pricing/Work Breakdown Summary Alternative:  FRE-FC $293M - Jul-16 | Low End $110,099,910 Low End $140,104,697
$128,809,987 Likely $163,913,704
[ | Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$454M - Jul-18 $154,389,521 High End $196,464,257
[_Pricing - contractor cost basis 1 or bid basis 2: 2 [ [Default Low =] 80% [ Default High & | 120% $127,625,925 Weighted $162,406,958
Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Developm
Base or Likely Cost Case Driven by Percent Driven by Q & Unit $ Driven by Combo
Work Description Quantity Unit Unit Price ' Total $ Estimate Notes & Considerations Low End % | High End % Low % Total $ High % Total $ Low End Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $ | Low End Tot $ High End Tot $
Item L (def=80%) (def=120%) $
5.08 [Foundation Treatment - Grout Curtain Drilling 1 LS $350,000 $350,000(FRE grout limits are very near adequate for FRE-FC. Add upper left abutment lump $280,000 $420,000 info?) info?| $280,000 $420,000
sum grouting allowance. revisited pricing; 1700If @ 10', plus 50% secondary, plus 25%
tertiary @ 80' deep = 298 holes @ 90' = 26,820If; if consolidation grouting - add 220,000 sf @
400sf/ hole @ 20' deep = 11,000If = 37,820 If. If double curtain plus 25% extra = 383 holes @
90' = 34,470If, plus 11k consolidation grouting = 45,470If. Use 50k If. Depth: 300' at 35'+300"
5.09 |Foundation Treatment - Grout Curtain Cement 0 Sack $40 $0(In 5.08 allowance. Changes for final: revised quantity, increased unit price. Assume 0.7 $0 $0 info?! info?} $0 $0
bag per If
5.1 |Flood Regulating Conduit Control Structures - Reinforced 0 cY $800 $0|No costs for FRE-FC. Assume 2' thick around perimeter of sluices & air shafts. Refine $0 $0 info?| info?| $0 $0
Concrete quantities along with all structures next phase; include inside and downstream of dam;
include control building on crest or at downstream, depending on final concept drawings
5.11 |Flood Regulating Conduit Control Gates - Fab and Construct 0 LB $15 $0|No costs for FRE-FC. Assume 2 @ 30 tons. $0 $0 info?! info?| $0 $0
5.12 |Emergency, flood regulating, & WQ bulkhead gates 0 LB $10 $0|No costs for FRE-FC. Assume 2 @ 25 tons, and 2 @ 50 tons $0 $0 info?| info?} $0 $0
Hoists, cylinders, machinery 0 LB $15 $0|No costs for FRE-FC. $0 $0 info?, info?| $0 $0
Reservoir drain valve in tunnel plug (assume 4x4' knife valve) 0 Each $200,000 $0|No costs for FRE-FC. 50% 100% $0 $0 info?| info?} $0 $0
5.15 |WQ Regulating Outlets w/ hollow cone valves (4 - 4'dia) 4 Each $450,000 $1,800,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Increase for to $1,440,000 $2,160,000 info?| info?} $1,440,000 $2,160,000)
r ing and i ing in the existing config
5.16 |WQ Regulating Outlet w/ hollow cone valves (1 - 7'dia) 1 Each $1,250,000 $1,250,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xls". $1,000,000 $1,500,000 info?, info?} $1,000,000 $1,500,000)
5.17 |WQ Intake Tower / concrete sidewall & decking - Conventional 1,350 CY $1,000 $1,350,000|Reference "RCC FRE-FC Section - FRE Draft" sheet of "FRE - Annotated Dwgs $1,080,000 $1,620,000 info?! info?} $1,080,000 $1,620,000
Concrete Reinforced Supporting OPC.pdf".
5.18 |unused 0 CcY $400 $0[Now in item 5.17. 100% $0 $0 info?| info?} $0 $0
5.19 |Trashrack steel framing 294,840 LB $7 $1,916,460|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Assume 300 ft $1,533,168 $2,299,752 info?, info?} $1,5633,168 $2,299,752|
high, 10 members 3' dia x 4.5'deep, steel column
5.2 |unused 0 CcY $850 $0[Now in item 5.17. $0 $0 info?’ info?| $0 $0)
6 Spillway $0 $0 $0 info?) info? $0, $0|
6.01 |Flip Bucket Conventional Concrete - surface 0 CYy $650 $0[No costs for FRE-FC. $0 $0 info? info?) $0; $0|
6.02 |Conventional Concrete - spillway approach, ogee, chute slab, 3,600 CcY $850 $3,060,000|No costs for FRE-FC. unit price - accomodates higher RCC placement and utilization of 90% 110% $2,754,000 $3,366,000 info? info?) $2,754,000 $3,366,000
and training walls some mass conventional concrete
7  |Sluice Stilling Basin $0| $0 $0 info?| info?} $0 $0
7.01 |Excavation - Foundation General 0 CY $8 $0[No costs for FRE-FC. $0 $0 info?, info?| $0 $0)
7.02 |Excavation - Foundation Rock 0 CY $30 $0[No costs for FRE-FC. $0 $0 info?| info?| $0 $0)
7.03 |Fill - Foundation Backfill 0 CY $9 $0|No costs for FRE-FC. $0 $0 info?, info?} $0 $0
7.04 |Conventional Concrete Reinforced 0 cy $800 $0[No costs for FRE-FC. $0 $0 info?! info?| $0 $0|
7.05 |Conventional Concrete Non-Reinforced 0 cY $400 $0[No costs for FRE-FC. 70% $0 $0 info?! info?} $0; $0|
8 |Wing Dam Structure $0| $0 $0 info?| info?} $0 $0
8.01 |Excavation - Foundation General (assume footprint 270" @ 70,000 CY $10 $700,000|Consider as all excavation and unclassified, all should be ripable rock at the worst; was $560,000 $840,000 info? info?) $560,000 $840,000
widest x 10 ft deep) 33,333 cy
8.02 |Excavation Cutoff Trench - Foundation Rock (assume trench 30 0 CcY $30 $0|Included in item 8.01; was 13,333 cy $0 $0 info?! info?} $0; $0|
ft wide x 20 ft deep)
8.03 |Fill - Wingdam Embankment 176,000 CY $20 $3,520,000|Composite fill unit price and quantity; pending more detailed QTO; increased unit price 90% $3,168,000 $4,224,000 info?! info?} $3,168,000 $4,224,000
to accommodate zones; was 120,000 cy @ $15.
8.04 |Fill - Wingdam Riprap Facing (assume 5' blanket U/S and D/S) 8,000 cY $65 $520,000] $416,000 $624,000 info?| info?} $416,000 $624,000)
Composite & Unlisted Work
55 |Fish passage structure - costs not included 1 Is $0 $0|Costs independently assessed in report $0 $0 info? info? $0, $0|
56 |Un|is(ed Work 1 Is $3,000,000 $3,000,000 85% 115% $2,550,000 $3,450,000 info?| info?} $2,550,000 $3,450,000)
57 |Added for FRE Alternative - FRE-FC specific $0 $0 $0 info? info?) $0, $0|
58 |FRE-FC - Add Concrete demo 4,350 (=% $50 $217,500|Reference "RCC FRE-FC Section - FRE Draft" sheet of "FRE - Annotated Dwgs $174,000 $261,000 info?| info?} $174,000 $261,000)
Supporting OPC.pdf".
59 [FRE-FC - Add Existing FRE d/s face surface prep; anchor 250,000 sf $4 $1,000,000|Downstream and vert form sf of FRE x 1.25 (adj for sloping portion) - 260'x200" (full $800,000 $1,200,000 info?| info?| $800,000 $1,200,000
allowance spillway slope built to FRE-FC limits) = 236k * 1.25 - 52k = 243k; use 250k sf
60 |FRE-FC - Include wing dam seepage mitigation allowance 1 Is $400,000 $400,000{assume 400' x 20' = 8000sf, or 750cy @ 2.5'; $320,000 $480,000 info?, info?} $320,000 $480,000)
61 $0 $0 $0 info?! info?} $0 $0
62 $0 $0 $0 info?, info?} $0 $0
63 $0 $0 $0 info?! info?} $0 $0
64 $0 $0 $0 info?| info?} $0 $0
65 $0 $0 $0 info?! info?} $0 $0
$0 $0 $0 info?| info?| $0 $0
without & general exp $84,813,160| $69,474,028| $102,135,292 $69,474,028| $102,135,292) $48,801,500, $68,553,000] $72,493,768 $1D1,655,652|
Mobilization & project indirect expense 0% 0|unallocated project indirect or jobsite overhead assumed in unit pricing
Contractor Cost $84,813,160) Note 1: Unit prices as noted in header, either reflect a bid price basis (no factor application of corporate OH & profit), or a contractor cost basis requiring a corporate OH & profit to get to a bid total
Contractor Margin - corporate overhead & profit 0% Bid Basis 0 Note 2: NA - not applicable to project; NE - not evident in estimate; NI - noted but not itemized in estimate
Contractor Bid - before designlerocurement con(ingencies $84,813,160)
Contract Contingencies - design and procurement contingencies 12.5% $10,601,645 < RCC estimate dominance, work breakdown thoroughness, and work understanding
support a design contingency lower than typical (i.e. 20%) at this early design level
Contract Cost - contracator bid with design & procurement contingencies $95,414,805)
Construction Contingency: post-award change & dispute factor 10% $9,541,481
Non-Contract Costs: PM, planning, design, CM .. 25% $23,853,701| < permitting, site characterization, CM during construction,etc.
Total Project Cost - before escalation $128,809,987|Compares to $293M low bound, and $454M high bound July 2016
Escalation - annual %; from; to 3.5% 1-Jun-17 1-Jun-24 $35,103,718] < Presume NTP - mid 2021, say 6 years construction = 4 years + 1/2 of 6 years = 7.0
years. Was early 2019, 7 years construction, 2.5 + 3.75 = 6.25
Total Project Cost - including escalation 7.0yr $163,913,704|<<_193% above total w/o mobilization
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 75% likely 5% high 20% low 75% likely 5% high
Pricing/Work Breakdown Summary Alternative: FRO Comparison for FRE Evaluation $201M - Jul-16 | Low End $244,615,783 Low End $311,279,274
Likely $298,050,587 Likely $379,276,305
[ [ Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$319M - Jul-18 | High End $351,140,680 High End $446,834,684
[_Pricing - contractor cost basis 1 or bid basis 2: 2 ] [ Default Low = 80% [ Default High = | 120% Weighted $290,018,131 Weighted $369,054,818
Quantity references: "FRX - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Development
Base or Likely Cost Case Driven by Percent Driven by Q & Unit $ Driven by Combo
Work Description Quantity Unit Unit Price ' Total $ Estimate Notes & Considerations Low End % |HighEnd % | Low % Total $ High % Total $ Low End Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $ | Low End Tot $ High End Tot $
Item def=80%) | (def=120% H $
Phase 1 - Site Development, Diversion Constrruction, $0| $0 $0 info?| info?} $0; $0|
0  |Mobilization $0 $0 info?, info?} $0 $0
Mobilization 1 LS $3,500,000.00 $3,500,000|Contractor mob bid; balance of project overhead in below-the-line factors 100% 140% $3,500,000 $4,900,000 info? info?) $3,500,000 $4,900,000
1 Clearing & Grubbing $0 $0 $0 info?, info?} $0 $0
1.01 [Clearing and grubbing, stripping topsoil, reclamation of 25 Acre $30,000.00 $750,000 $600,000 $900,000 18 $30,000.00 $540,000 25 $25,000.00 $625,000) $540,000 $625,000)
disturbed areas
1.02 [Reservoir Clearing to 100-yr Flood Stage 756 Acre $6,000.00 $4,536,000(Potentially in Phase 2 or possibly Phase 3 contract $3,628,800 $5,443,200 $5,000.00 $3,780,000! $7,500.00] $5,670,000) $3,780,000 $5,670,000)
2 |Temporary Access & Staging $0| $0 $0 info?, info?} $0 $0
2.01 |Construction Surveying & Layout 25 Acre $10,000.00 $250,000{Under temporary access & staging; i.e. temporary works only, predominant surveys and 100% 150% $250,000 $375,000 info? info?| $250,000 $375,000
layout in unallocated contractor project overhead expense (already in the unit pricing)
2.02 [Pioneer/Access Roads (e.g. dam site, abutments, quarry site, 2.0 Mile $700,000.00 $1,400,000|Changes for final: increase access road development by adding 0.5 mile from 1.5 to 2 $1,120,000 $1,680,000 15 $750,000.00] $1,125,0001 225 $800,000.00] $1,800,000) $1,125,000 $1,800,000)
etc.) miles. dependent upon aggregate sourcing, staging locations, contractor approach
Reference G-4_ETZ_21Sept2016 - JCA markups 01.pdf for site, non-quarry access
concepts, totaling about 13,5001f. Say 50% new and full access development, 20%
construction & track access only, 30% improved existing. Consider quarry acces costs in
aggregate price range.
2.03 |Material Laydown Area Prep (minor excavation, grading, 18 Acre $25,000.00 $450,000(1 acre at 5' avg cut to 5' average fill = 4000cy cut to fill; @ $6/cy cut to fill = $24,200/ac; 1ac $360,000 $540,000 13 $30,000.00! $390,000 22 $550,000 $390,000 $550,000
surfacing, drainage surfacing at 6" & 30% surfaced = 430ton, @ 10/tn = $4.5k/ac
2.04 [Temporary construction site access security control facilities 2,200 LE $20.00 $44,000|predominant security expense in unallocated contractor project overhead expense $35,200 $52,800 info?! info?) $35,200 $52,800)
(e.g. fencing, gates, etc.)
3 |Diversion & Dewatering $0| $0 $0 info?| info?} $0 $0
3.01 |Diversion Tunnel 20 ft modified horseshoe 1,635 LF $8,000.00 $13,080,000(Increased length for FRE and both FRO and FRFA, from 1500. Changes for final: 90% 125% $11,772,000 $16,350,000 info?, info?} $11,772,000] $16,350,000]
increase length of tunnel to better reflect final drawing alignment. increase high end for
variability in linnig limits, portaling, tunnel plug adit construction, vent construction, etc
3.02 |Conventional Concrete Non-Reinforced Mass Concrete (100 1,200 CY $600.00 $720,000(low end 30'plug but include mechanical $576,000 $864,000 $450.00 $540,000, $650.00! $780,000 $540,000 $780,000
plug following construction)
3.03 |Coffer Dams (2) - Fill cells u/s and d/s + toe slopes 14,000 CY $40.00 $560,000|check Q's with new crest heights, say 8,000 cy RCC @ 70 + 6,000 cy Rockfill @ 15. = $448,000 $672,000 info?, info?} $448,000 $672,000)
650KHigh end if pushed to 480 and rockfill - say 45kcy = $675K.
3.04 |Foundation Excavation - seepage key (assume 20'wide x 150" 450 cY $8.00 $3,600|Cofferdam key allowance 300% $2,880 $10,800 info? info?) $2,880 $10,800)
long x 4' deep
3.05 |Foundation Dewatering - assume several dewatering pump 270 Day $2,800.00 $756,000|Changes for final: increase foundation exposure from 6 to 9 months. 2nd contract may 150% $604,800 $1,134,000 info?) info?) $604,800 $1,134,000
systems operating selectively 24/7 over 6 month foundation add unwaterring and time for dewatering for RCC foundation
construction period
3.06 |Coffer Dams - Other assume 25' high x 150 top length, 35' base 7,000 SE $30 $210,000|may include isolation of portal structures, tailwater structures, peripheral dewatering stages $168,000 $252,000 info? info?) $168,000 $252,000
length, cell construction (e.g. sheet pile, steel, other fabricated
metal items)
3.07 |Coffer Dams - Risk contingency for overtopping 1 LS $750,000.00 $750,000|contemplates partial or threshold-bound contractor responsibility, risk apportioned cost of $600,000 $900,000 info? info?) $600,000 $900,000
event recovery, rework, delay
4 |Lands and Easements $0 $0 $0 info?! info?| $0 $0)
4.01 |Reservoir Extents Fee Title 750 Acre $4,400 $3,300,000|Best to be considered in non-contract costs. Perhaps cost conservatively overlaps with non- 100% 100% $3,300,000 $3,300,000 info? info? $3,300,000 $3,300,000)
contract cost factor below.
4.02 [Reservoir Extents/Flood Easement 55 Acre $4,400 $242,000(Best to be considered in non-contract costs. Perhaps cost conservatively overlaps with non- 100% 100% $242,000 $242,000 info? info?) $242,000 $242,000
contract cost factor below.
4.03 [Reservoir orphaned access roadway reconnection allowance (to 45 Mile $1,000,000 $4,500,000|Unit price potentially higher for permanent versus constuction roads. Line item also perhaps 110% $3,600,000 $4,950,000 info? info?) $3,600,000! $4,950,000
WeyCo?) better considered under non-contract cost factor.
Phase 2 - Main Dam $0 $0
5  |Main Dam Structure $0 $0 $0 info?, info? $0 $0
5.01 |Excavation - Foundation General 460,000 CY $6.50 $2,990,000 110% $2,392,000 $3,289,000 $5.50! $2,530,000! $7.50! $3,450,000) $2,530,000 $3,450,000)
5.02 |Excavation - Foundation Rock 110,000 CcY $25.00 $2,750,000{Some rock will be structural exc in fresh rock, most will be foundation footprint, getting to 110% $2,200,000 $3,025,000 $25.00 $2,750,000 $30.00 $3,300,000 $2,750,000 $3,300,000
good rock below the rock contact; i.e potentially a high degree ripable:
5.03 |Roller Compacted Concrete - Composite Scope 810,000 CY $93.00 $75,330,000(Updated RCC quantity to FRE foundation & max section. Increased RCC unit price to $60,264,000 $90,396,000 $76.50 $61,965,000] $109.50] $88,695,000] $61,965,000] $88,695,000]
bring to Jun 2017 cost basis, including high and low range. Changes for final: revised
quantity to reflect QTO after CDR drawings, adjusted unit prices to reflect only
GERCC; expanded RCC unit cost P it wor , and
revisited RCC unit pricing. RCC unit pricing includes aggregate, cemen-fly ash, lift
bedding, abutment bedding, dam joints, and full GERCC for both upstream and downstream
5.04 |Fill - Foundation Backfill 260,000 CcY $5.50 $1,430,000|Revised backfill Q from full FRE QTO. Changes for final: none. $1,144,000 $1,716,000 info?! info?} $1,144,000 $1,716,000)
5.05 |Cor ional Concrete Reil i 1s) 0 cY $850.00 $0 note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $0 $0 info?| info?| $0 $0|
anticipated structures. Refine quantities along with all structures next phase
5.06 |Outlet works encasement: sluicing conduits, river outlet works 50,000 CY $450.00 $22,500,000| Reference same item in FRE - OPC and "FRE - Annotated Dwgs Supporting OPC.pdf" $18,000,000 $27,000,000 45,000 $400.00| $18,000,000, 58,000 $450.00| $26,100,000] $18,000,000] $26,100,000]
conduits, gate chamber, vent and gallery passages FRE S-6-S-7 sheets. Similarly use the high end quantity for both FRO and FRFA at
58,000cy and reduced to 50,000cy for each for optimization for the likely cases. Q was
15,000cy @ $400. Refine quantities along with all structures next phase.
5.07 |Concrete - Dam Crest Slab & Parapet and unlisted dam concrete 5,400 CcY $750.00 $4,050,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect 60% 110% $2,430,000 $4,455,000 info? info?) $2,430,000 $4,455,000
structures ici structures. Changes for final: None. Consider this item only as upper
spillway. Use a lower low end considering potential for less spillway quantity for FRO.
No facing should be included if flip bucket chute face is elsewhere. Leave in for ogee,
spillway approach walls, piers.
5.08 |Foundation Treatment - Grout Curtain Drilling 23,000 LF $45.00 $1,035,000|Changes for final: adjust quantity from 22,500 to 23,000If, and slight increase to 70% 110% $724,500 $1,138,500 info?, info?} $724,500 $1,138,500)
cement for grouting. revisited pricing; 1200If @ 10", plus 50% secondary, plus 25% tertiary
@ 70' deep = 14,700If; plus say 170,000 sf @ 400sf/ hole @ 20' deep = 8,500If = 23,200 If;
5.09 |Foundation Treatment - Grout Curtain Cement 16,000 Sack $40.00 $640,000{Changes for final: increase sacks to 0.7 sack per If. Lower range considered for both 70% 110% $448,000 $704,000 info?| info?} $448,000 $704,000
drilling and cement for grouting operations based on limited exposure of structure
under stored water service conditions.
5.1 [Flood Regulating Conduit Control Structures - Reinforced 0 CY $800.00 'S0|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $0 $0 info?! info?} $0 $0
Concrete icil structures. Assume 2' thick around perimeter of sluices & air shafts. Refine
quantities along with all structures next phase; include inside and downstream of dam;
include control building on crest or at downstream, depending on final concept drawings
5.11 |Flood Regulating Conduit Control Gates - Fab and Construct 200,000 LB $15.00 $3,000,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $2,400,000 $3,600,000 info?! info?| $2,400,000 $3,600,000)
200,000% @ $15.00. Assume 2 @ 30 tons, 1 @ 40 tons
5.12 |Emergency & sluice dewatering bulkhead gates 780,000 LB $10.00 $7,800,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $6,240,000 $9,360,000 info?| info?} $6,240,000 $9,360,000)
570,000# @ $15.00. Assume 2 @ 25 tons, 1 @ 35 tons and 4 @ 50 tons
5.13 |Hoists, cylinders, machinery 300,000 LB $15.00 $4,500,000 $3,600,000 $5,400,000 info?, info?| $3,600,000 $5,400,000)
5.14 |Reservoir drain valve in tunnel plug (assume 4x4' knife valve) 1 Each $200,000.00 $200,000 50% 100% $100,000 $200,000 info? info?) $100,000 $200,000
5.15 |Unused 0 Each $0.00 $0| $0 $0 info?| info?} $0; $0|
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 75% likely 5% high 20% low 75% likely 5% high
Pricing/Work Breakdown Summary Alternative: FRO Comparison for FRE Evaluation $201M - Jul-16 | Low End $244,615,783 Low End $311,279,274
Likely $298,050,587 Likely $379,276,305
[ [ Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$319M - Jul-18 | High End $351,140,680 High End $446,834,684
[_Pricing - contractor cost basis 1 or bid basis 2: 2 [ Default Low = 80% [ Default High & | 120% Weighted $290,018,131 Weighted $369,054,818
Quantity references: "FRX - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Developm
Base or Likely Cost Case Driven by Percent Driven by Q & Unit $ Driven by Combo
Work Description Quantity Unit Unit Price ' Total $ Estimate Notes & Considerations Low End % |HighEnd % | Low % Total $ High % Total $ Low End Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $ | Low End Tot $ High End Tot $
Item (def=80%) | (def=120%) $
5.16 |Unused 0 Each $0.00 $0| $0 $0 info?| info?| $0 $0
5.17 |WQ Intake Tower / concrete sidewall & decking - Conventional 5,650 CcY $850.00 $4,802,500|Reference note in this cell FRE - OPC tab, and "FRE - Annotated Dwgs Supporting $3,842,000 $5,763,000 info? info?) $3,842,000 $5,763,000]
Concrete Reinforced OPC.pdf", sheets FRE S-6, S7.
5.18 |Unused 0 CY $0.00 $0| $0 $0 info?! info?} $0 $0
5.19 |Trashrack steel framing 1,360,800 LB $6.50 $8,845,200|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $7,076,160 $10,614,240 info?| info?} $7,076,160 $10,614,240]
1,134,000# @ $6.50. Assumes 250 ft high, 10 members 3' dia x 4.5'deep, steel columns.
5.2 |Unused 0 CcY $850.00 $0(Item moved to 5.17 to be consistent with other alts. $0 $0 info?, info?| $0 $0)
6 [Spillway $0| $0 $0 info?! info?| $0 $0
6.01 |Flip Bucket Conventional Concrete - surface 5,800 CcY $650.00 $3,770,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $3,016,000 $4,524,000 info?, info?) $3,016,000 $4,524,000
anticipated structures.
6.02 |Conventional Concrete - spillway approach, ogee, chute slab, 7,460 cy $850.00 '$6,341,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect 75% 100% $4,755,750 $6,341,000 info?, info?| $4,755,750 $6,341,000
and training walls ici structures. Unit price - accomodates higher RCC placement and utilization of
some mass conventional concrete. Lower range due to strong potential for this volume to
be less for FRO
7  |Sluice Stilling Basin $0| $0 $0 info?l info?} $0 $0
7.01 |Excavation - Foundation General 20,000 CY $8.00 $160,000| $128,000 $192,000 info?, info?} $128,000 $192,000)
7.02 |Excavation - Foundation Rock 10,000 CY $30.00 $300,000] $240,000 $360,000 info?! info?} $240,000 $360,000)
7.03 |Fill - Foundation Backfill 18,000 CY $9.00 $162,000 $129,600 $194,400 info?, info?} $129,600 $194,400)
7.04 |Conventional Concrete Reinforced 8,600 CY $750.00 $6,450,000|Reference "FRE - Annotated Dwgs Supporting OPC.pdf", sheets FRE S-06, S07. Was $5,160,000 $7,740,000 info?! info?} $5,160,000 $7,740,000
4900 @ $8700 and item 7.04 2000cy at $400.
7.05 |Conventional Concrete Non-Reinforced 1,600 CcY $400.00 $640,000(Refine quantities after drawings are complete; must schedule after dam is up; include $512,000 $768,000 info?! info?| $512,000 $768,000)
control building on crest
8 |Wing Dam Structure $0| $0 $0 info?| info?} $0 $0
8.01 |Unused 0 Is $0.00 $0 $0 $0 info? info? $0; $0|
8.02 |Unused 0 Is $0.00 $0 $0 $0 info?) info? $0; $0|
8.03 |Unused 0 Is $0.00 $0 $0 $0 info? info? $0; $0|
8.04 |Unused 0 Is $0.00 $0 $0 $0 info? info? $0; $0|
Composite & Unlisted Work
55 |Fish passage structure - costs not included Is $0 $0|Costs independently assessed in report $0 $0 info? info? $0, $0|
56 [Unlisted Work Is $3,500,000 $3,500,000 85% 115% $2,975,000 $4,025,000 info?| info?} $2,975,000 $4,025,000)
57 $0 $0 $0 info?! info?} $0 $0
58 $0 $0 $0 info?| info?} $0 $0
59 $0 $0 $0 info?, info?} $0 $0
60 $0 $0 $0 info?| info?} $0 $0
61 $0 $0 $0 info?, info?} $0 $0
62 $0 $0 $0 info?! info?} $0 $0
63 $0 $0 $0 info?, info?} $0 $0
64 $0 $0 $0 info?! info?} $0 $0
65 $0 $0 $0 info?| info?} $0 $0
$0 $0 $0 info?! info?} $0 $0
without & general exp $196,247,300 $158,584,690 $233,370,943| $91,620,000] $130,970,000) $161,063,890 5231,203,743|
Mobilization & project indirect expense 0% 0|unallocated project indirect or jobsite overhead assumed in unit pricing
Contractor Cost $196,247,300) Note 1: Unit prices as noted in header, either reflect a bid price basis (no factor application of corporate OH & profit), or a contractor cost basis requiring a corporate OH & profit to get to a bid total
Contractor Margin - corporate overhead & profit 0% Bid Basis 0 Note 2: NA - not applicable to project; NE - not evident in estimate; NI - noted but not itemized in estimate
Contractor Bid - before designlerocurement con(ingencies $196,247,300)
Contract Contingencies - design and procurement contingencies 12.5% $24,530,913| < RCC estimate dominance, work breakdown thoroughness, and work understanding
support a design contingency lower than typical (i.e. 20%) at this early design level
Contract Cost - contractor bid with design & procurement contingencies $220,778,213)
Construction Contingency: post-award change & dispute factor 10% $22,077,821
Non-Contract Costs: PM, planning, design, CM ... 25% $55,194,553| < permitting, site characterization, CM during construction,etc.
Total Project Cost - before escalation $298,050,587|Compares to $201M low bound, and $319M high bound July 2016
Escalation - annual %; from; to 3.5% 1-Jun-17 1-Jun-24 $81,225,718| <« Presume NTP - mid 2021, say 6 years construction = 4.0 years + 3 years = 7.0
years
Total Project Cost - including escalation 7.0yr $379,276,305|<<_193% above total w/o mobilization
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 70% likely 10% high 20% low 70% likely 10% high
Pricing/Work Breakdown Summary Alternative: FRFA Comparison for FRE Evaluation $293M - Jul-16 | Low End $352,951,969 Low End $457,019,556
$414,642,686 Likely $536,899,728
[ [ Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$454M - Jul-18 $484,932,003 High End $627,913,791
[_Pricing - contractor cost basis 1 or bid basis 2: 2 [ [Default Low =] 80% [ Default High = | 120% $409,333,474 Weighted $530,025,100
Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Develop
Base or Likely Cost Case Driven by Percent Driven by Q & Unit $ Driven by Combo
Work Description Quantity Unit Unit Price ' Total $ Estimate Notes & Considerations (//oics prior (o FRE cval grayed oul) Low End % | High End % Low % Total $ High % Total $ Low End Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $ | Low End Tot $ High End Tot $
Item (def=80%) | (def=120%) ! $
Phase 1 - Site Development, Diversion Constrruction, $0 $0 $0 info? info?| $0 $0)
0  |Mobilization $0 $0 info?| info?| $0 $0)
Mobilization 1 LS $5,000,000.00 $5,000,000|Contractor mob bid; balance of project overhead in below-the-line factors 100% 140% $5,000,000 $7,000,000 info? info? $5,000,000! $7,000,000]
1 Clearing & Grubbing $0| $0 $0 info?l info?} $0 $0
1.01 [Clearing and grubbing, stripping topsoil, reclamation of 30 Acre $30,000.00 $900,000 $720,000 $1,080,000 25 $30,000.00 $750,000, 35 $25,000.00 $875,000 $750,000 $875,000
disturbed areas
1.02 [Reservoir Clearing to 100-yr Flood Stage 1,206 Acre $6,000.00 $7,236,000|Potentially in Phase 2 or possibly Phase 3 contract $5,788,800 $8,683,200 $5,000.00 $6,030,000, $7,500.00] $9,045,000) $6,030,000 $9,045,000)
2 |Temporary Access & Staging $0| $0 $0 info?! info?} $0 $0
2.01 |Construction Surveying & Layout 35 Acre $10,000.00 $350,000{Under temporary access & staging; i.e. temporary works only, predominant surveys and 100% 150% $350,000 $525,000 info?, info?| $350,000 $525,000
layout in unallocated contractor project overhead expense (already in the unit pricing)
2.02 [Pioneer/Access Roads (e.g. dam site, abutments, quarry site, 3 Mile $700,000.00 $2,100,000|Changes for final: increase access road development by adding 1 mile, from 2 to 3. $1,680,000 $2,520,000 25 $750,000.00] $1,875,000, 3.5 $800,000.00] $2,800,000) $1,875,000 $2,800,000)
etc.) dependent upon aggregate sourcing, staging locations, contractor approach. Reference
Chehalis_All_Figs_2016-10-19.pdf drawing G-3, for site, non-quarry access concepts, totaling
about 10,000If of new access, say 5000If of upgraded access. Say 50% new and full access
development, 20% construction & track access only, 30% improved existing. Consider quarry
acces costs in aggregate price range.
2.03 |Material Laydown Area Prep (minor excavation, grading, 20 Acre $25,000.00 $500,000(1 acre at 5' avg cut to 5' average fill = 4000cy cut to fill; @ $6/cy cut to fill = $24,200/ac; 1ac $400,000 $600,000 15 $30,000.00! $450,000 25 $625,000 $450,000 $625,000
surfacing, drainage surfacing at 6" & 30% surfaced = 430ton, @ 10/tn = $4.5k/ac
2.04 [Temporary construction site access security control facilities 2,200 LE $20.00 $44,000|predominant security expense in unallocated contractor project overhead expense $35,200 $52,800 info?, info?) $35,200 $52,800)
(e.g. fencing, gates, etc.)
3 |Diversion & Dewatering $0| $0 $0 info?, info?} $0 $0
3.01 |Diversion Tunnel 20 ft modified horseshoe 1,635 LF $8,000.00 $13,080,000(Increased length for FRE and both FRO and FRFA, from 1500. Changes for final: 90% 125% $11,772,000 $16,350,000 info?! info?} $11,772,000] $16,350,000]
increase length of tunnel to better reflect final drawing alignment. increase high end for
variability in linnig limits, portaling, tunnel plug adit construction, vent construction, etc
3.02 |Conventional Concrete Non-Reinforced Mass Concrete (100 1,200 cY $600.00 $720,000({low end 30'plug but include mechanical $576,000 $864,000 info? $650.00 $780,000 $576,000 $780,000
plug following construction)
3.03 |Coffer Dams (2) - Fill cells u/s and d/s + toe slopes 14,000 CY $40.00 $560,000|check Q's with new crest heights, say 8,000 cy RCC @ 70 + 6,000 cy Rockfill @ 15. = $448,000 $672,000 info?! info?} $448,000 $672,000)
650KHigh end if pushed to 480 and rockfill - say 45kcy = $675K
3.04 |Foundation Excavation - seepage key (assume 20'wide x 150" 450 cY $8.00 $3,600|Cofferdam key allowance 300% $2,880 $10,800 info?) info?) $2,880 $10,800)
long x 4' deep
3.05 |Foundation Dewatering - assume several dewatering pump 360 Day $2,800.00 $1,008,000|Changes for final: increase foundation exposure from 6 to 12 months. 2nd contract may 150% $806,400 $1,512,000 info?, info?) $806,400 $1,512,000
systems operating selectively 24/7 over 12 month foundation add unwaterring and time for dewatering for RCC foundation
construction exposure
3.06 |Coffer Dams - Other assume 25' high x 150 top length, 35' base 7,000 SE $30.00 $210,000|may include isolation of portal structures, tailwater structures, peripheral dewatering stages $168,000 $252,000 info?) info?) $168,000 $252,000
length, cell construction (e.g. sheet pile, steel, other fabricated
metal items)
3.07 |Coffer Dams - Risk contingency for overtopping 1 LS $1,000,000.00 $1,000,000|contemplates partial or threshold-bound contractor responsibility, risk apportioned cost of $800,000 $1,200,000 info?! info?) $800,000 $1,200,000]
event recovery, rework, delay
4 |Lands and Easements $0 $0 $0 info?| info?| $0 $0)
4.01 |Reservoir Extents Fee Title 1,200 Acre $4,400.00 $5,280,000(Best to be considered in non-contract costs. Perhaps cost conservatively overlaps with non- 100% 100% $5,280,000 $5,280,000 info?, info?} $5,280,000 $5,280,000)
contract cost factor below.
4.02 [Reservoir Extents/Flood Easement 110 Acre $4,400.00 $484,000|Best to be considered in non-contract costs. Perhaps cost conservatively overlaps with non- 100% 100% $484,000 $484,000 info? info?| $484,000 $484,000
contract cost factor below.
4.03 [Reservoir orphaned access roadway reconnection allowance (to 5 Mile $1,000,000.00 $5,000,000|Unit price potentially higher for permanent versus constuction roads. Line item also perhaps 110% $4,000,000 $5,500,000 info?! info?) $4,000,000! $5,500,000]
‘WeyCo?) better considered under non-contract cost factor.
Phase 2 - Main Dam $0 $0
5 [Main Dam Structure $0| $0 $0 info?! info?| $0 $0
5.01 |Excavation - Foundation General 710,000 CcY $6.50 $4,615,000|Changes for final: revised quantities. Reference FRFA S-1 annotated from $3,692,000 $5,538,000 $5.50] $3,905,000 $7.50] $5,325,000] $3,905,000 $5,325,000]
Chehalis_All_Figs_2016-10-19.pdf, also this worksheet FRFA Exc Guess tab.
5.02 |Excavation - Foundation Rock 210,000 CY $27.00 $5,670,000|Changes for final: revised quantities. Reference FRFA S-1 annotated from $4,536,000 $6,804,000 $25.00 $5,250,000, $30.00 $6,300,000 $5,250,000 $6,300,000)
Chehalis_All_Figs_2016-10-19.pdf, also this worksheet FRFA Exc Guess tab. Some rock will
be structural exc in fresh rock, most will be foundation footprint, getting to good rock below the
rock contact; i.e potentially a high degree ripable.
[75.03 |Roller Compacted Concrete - Composite Scope 1,360,000 CY $99.00 $134,640,000|Updated RCC quantity to FRE foundation & max section. Increased RCC unit price to $107,712,000 $161,568,000 $83.50 $113,560,000 $113.50 $154,360,000) $113,560,000 $154,360,000)
bring to Jun 2017 cost basis, including high and low range. Changes for final: revised
quantities. Expanded RCC unit cost development work breakdown, revisited unit
pricing, and increased unit pricing to reflect upstream conventional face and
downstream GERCC. RCC unit pricing includes aggregate, cement-fly ash, lift bedding
abutment bedding, dam joints, and 2.5' upstream conventional face and downstream
GERCC. Conventional concrete spillway face - included elsewhere
5.04 |Fill - Foundation Backfill 284,000 CY $5.50 $1,562,000|Revised backfill Q from full FRE QTO. Changes for final: revised quantities. $1,249,600 $1,874,400 info?| info?} $1,249,600 $1,874,400)
5.05 |Conventional Concrete Reinforced (miscellaneous) 0 CY $850.00 $0|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $0 $0 info?, info?} $0 $0
icil structures. Refine quantities along with all structures next phase.
5.06 |Outlet works encasement: sluicing conduits, river outlet works 50,000 CcY $450.00 $22,500,000|Reference same item in FRE and "FRE - Annotated Dwgs Supporting OPC.pdf* FRE S-6-| $18,000,000 $27,000,000 45,000 $20,250,000 58,000 $450.00 $26,100,000 $20,250,000 $26,100,000
conduits, gate chamber, vent and gallery passages S-7 sheets. Similarly use the high end quantity for both FRO and FRFA at 58,000cy and
reduced to 50,000cy for each for optimization for the likely cases. Q was 15,000cy @
$400. Refine quantities along with all structures next phase
5.07 |Concrete - Dam Crest Slab & Parapet and unlisted dam concrete 5,400 CcY $750.00 $4,050,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect 120% $3,240,000 $4,860,000 info?) info?) $3,240,000 $4,860,000
structures anticipated structures. Changes for final: None. Consider this item only as upper
spillway. No facing should be included if flip bucket chute face is elsewhere. Leave in for
5.08 |Foundation Treatment - Grout Curtain Drilling 50,000 LE $45.00 $2,250,000revisited pricing; 1700If @ 10, plus 50% secondary, plus 25% tertiary @ 80' deep = 298 holes $1,800,000 $2,700,000 info? info?) $1,800,000 $2,700,000]
@ 90' = 26,820If; if consolidation grouting - add 220,000 sf @ 400sf/ hole @ 20' deep =
11,000If = 37,820 If. If double curtain plus 25% extra = 383 holes @ 90' = 34,470If, plus 11k
consolidation grouting = 45,470If. Use 50k If. Depth: 300" at 35'+300" at 85'+500' at 140" +
200" at 130" + 400" at 55' = 154,000 / 1700' = 90"
5.09 |Foundation Treatment - Grout Curtain Cement 35,000 Sack $40.00 $1,400,000|{Changes for final: revised quantity, increased unit price. Assume 0.7 bag per If $1,120,000 $1,680,000 info?, info?} $1,120,000 $1,680,000)
5.1 [Flood Regulating Conduit Control Structures - Reinforced 0 CY $800.00 'S0|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $0 $0 info?! info?} $0 $0
Concrete anticipated structures. Assume 2' thick around perimeter of sluices & air shafts. Refine
quantities along with all structures next phase; include inside and downstream of dam;
include control building on crest or at downstream, depending on final concept drawings
5.11 |Flood Regulating Conduit Control Gates - Fab and Construct 120,000 LB $15.00 $1,800,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $1,440,000 $2,160,000 info?, info?} $1,440,000 $2,160,000)
120,000# @ $15.00. Assume 2 @ 30 tons.
5.12 |Emergency & sluice dewatering bulkhead gates 440,000 LB $10.00 $4,400,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xls". Iltem was $3,520,000 $5,280,000 info? info?) $3,520,000 $5,280,000]
300,000# @ $15.00. Assume 2 @ 25 tons, and 2 @ 50 tons
5.13 |Hoists, cylinders, machinery 200,000 LB $15.00 $3,000,000{Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $2,400,000 $3,600,000 info?! info?} $2,400,000 $3,600,000
200,000# @ $15.00.
Chehalis Cost Opinion - FRE - R03.xlsx; FRFA - v-FRE J-12
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Judgment-Level Cost Opinion Project: Chehalis Dam Weighting = 20% low 70% likely 10% high 20% low 70% likely 10% high
Pricing/Work Breakdown Summary Alternative: FRFA Comparison for FRE Evaluation $293M - Jul-16 | Low End $352,951,969 Low End $457,019,556
$414,642,686 Likely $536,899,728
[ [ Range Driver-1=%,2=Q&$, 3 = Combination: | 3 |$454M - Jul-18 $484,932,003 High End $627,913,791
[_Pricing - contractor cost basis 1 or bid basis 2: 2 [ [Default Low [ 80% [ Default High & | 120% $409,333,474 Weighted $530,025,100
Quantity references: "FRE - Annotated Dwgs Supporting OPC.pdf" (concrete & misc):"RCC Dam Q-5 & Placement Plan - R09.xIs" (RCC);"2017_Chehalis_Construction_Costs_DRAFT_06082017.xls" (mechanical and steel); and this sheets notes and considerations
Range Developm
Base or Likely Cost Case Driven by Percent Driven by Q & Unit $ Driven by Combo
Work Description Quantity Unit Unit Price ' Total $ Estimate Notes & Considerations (//oics prior (o FRE cval grayed oul) Low End % | High End % Low % Total $ High % Total $ Low End Q |Low End Unit $| Low End Total $ I High End Q | High End Unit | High End Total $ | Low End Tot $ High End Tot $
Item (def=80%) | (def=120%) $
5.14 |Reservoir drain valve in tunnel plug (assume 4x4' knife valve) 1 Each $200,000.00 $200,000 50% 100% $100,000 35_200,000 info? info? $100,000 $200,000
5.15 |WQ Regulating Outlets w/ hollow cone valves (4 - 4'dia) 4 Each $450,000.00 $1,800,000|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was 4ea $1,440,000 $2,160,000 info?| info?} $1,440,000 $2,160,000]
@ $375,000.
5.16 |WQ Regulating Outlet w/ hollow cone valves (1 - 7'dia) 1 Each $1,100,000.00 $1,100,000 $880,000 $1,320,000 info?, info?} $880,000 $1,320,000)
5.17 |WQ Intake Tower / concrete sidewall & decking - Conventional 5,400 cYy $900.00 $4,860,000(Items 5.17 and 5.18 prior, totaled 14,000cy (2800 @ $750 and 11,200 @ $400). All intake $3,888,000 $5,832,000 info?! info?} $3,888,000 $5,832,000)
Concrete Reinforced concrete is now in this item; ref "FRE - Annotated Dwgs Supporting OPC.pdf" FRE S-6-
S-7 sheets.
5.18 [unused 0 cY $400.00 $0[Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect 100% $0 $0 info? info?) $0 $0
anticipated structures. Refine quantities along with all structures next phase
5.19 |Trashrack steel framing 1,088,640 LB $6.50 $7,076,160|Adjust to "2017_Chehalis_Construction_Costs_DRAFT_06082017.xIs". Item was $5,660,928 $8,491,392 info?! info?} $5,660,928 58,491,392
1,360,000# @ $6.50. Assume 300 ft high, 10 members 3' dia x 4.5'deep, steel column
5.2 [unused 0 cY $850.00 $0[Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $0 $0 info?| info?} $0 $0|
anticipated structures.
6 Spillway $0 $0 $0 info?, info? $0; $0|
6.01 |Flip Bucket Conventional Concrete - surface 5,800 CY $650.00 $3,770,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect $3,016,000 $4,524,000 info?! info?} $3,016,000 $4,524,000
anticipated structures.
6.02 |Conventional Concrete - spillway approach, ogee, chute slab, 8,700 CcY $850.00 $7,395,000|Reference note in this cell FRE - OPC tab, adjusting FRO and FRFA to better reflect 85% $6,285,750 $8,874,000 info?! info?) $6,285,750 $8,874,000
and training walls anticipated structures. unit price - accomodates higher RCC placement and utilization of
some mass conventional concrete
7  |Sluice Stilling Basin $0 $0 $0 info?! info?} $0 $0
7.01 |Excavation - Foundation General 20,000 CcY $8.00 $160,000|Refine all excavation and backfill quantities next phase $128,000 $192,000 info?, info?) $128,000 $192,000
7.02 |Excavation - Foundation Rock 10,000 CcY $30.00 $300,000] $240,000 $360,000 info?! info?| $240,000 $360,000)
7.03 |Fill - Foundation Backfill 18,000 CcY $9.00 $162,000 $129,600 $194,400 info?| info?} $129,600 $194,400)
7.04 |Conventional Concrete Reinforced 8,600 cY $750.00 $6,450,000|Reference "FRE - Annotated Dwgs Supporting OPC.pdf", sheets FRE S-06, S07. Was $5,160,000 $7,740,000 info?, info?} $5,160,000 $7,740,000)
4900 @ $8700 and item 7.04 2000cy at $400.
7.05 |Conventional Concrete Non-Reinforced 1,600 CcY $400.00 $640,000 $512,000 $768,000 info?! info?| $512,000 $768,000)
8 |Wing Dam Structure $0| $0 $0 info?| info?} $0 $0
8.01 |Excavation - Foundation General (assume footprint 270" @ 70,000 CY $10.00 $700,000|Consider as all excavation and unclassified, all should be ripable rock at the worst; was $560,000 $840,000 info? info?) $560,000 $840,000)
widest x 10 ft deep) 33,333 cy
8.02 |Excavation Cutoff Trench - Foundation Rock (assume trench 30 0 CcY $30.00 $0|Included in item 8.01; was 13,333 cy $0 $0 info?! info?} $0; $0|
ft wide x 20 ft deep)
8.03 |Fill - Wingdam Embankment 176,000 CY $20.00 $3,520,000{Composite fill unit price and quantity; pending more detailed QTO; increased unit price 90% $3,168,000 $4,224,000 info?! info?} $3,168,000 $4,224,000
to accommodate riprap item being included; was 120,000 cy @ $15.
8.04 |Fill - Wingdam Riprap Facing (assume 5' blanket U/S and D/S) 8,000 cY $65.00 $520,000] $416,000 $624,000 info?| info?} $416,000 $624,000)
Composite & Unlisted Work
55 |Fish passage structure - costs not included 1 Is $0 $0|Costs independently assessed in report $0 $0 info? info? $0, $0|
56 [Unlisted Work 1 Is $5,000,000 $5,000,000 85% 115% $4,250,000 $5,750,000 info?, info?} $4,250,000 $5,750,000)
57 $0 $0 $0 info?! info?} $0 $0
58 $0 $0 $0 info?| info?} $0 $0
59 $0 $0 $0 info?, info?} $0 $0
60 $0 $0 $0 info?| info?} $0 $0
61 $0 $0 $0 info?, info?} $0 $0
62 $0 $0 $0 info?l info?} $0 $0
63 $0 $0 $0 info?, info?} $0 $0
64 $0 $0 $0 info?! info?} $0 $0
65 $0 $0 $0 info?, info?} $0 $0
$0 $0 $0 info?! info?} $0 $0
without & general exp $273,015,760 $222,855,158] $327,743,992 $222,855,158 $327,743,992| $152,070,000, $206,210,000) $232,396,358, $319,296,792|
Mobilization & project indirect expense 0% 0|unallocated project indirect or jobsite overhead assumed in unit pricing
Contractor Cost $273,015,760) Note 1: Unit prices as noted in header, either reflect a bid price basis (no factor application of corporate OH & profit), or a contractor cost basis requiring a corporate OH & profit to get to a bid total
Contractor Margin - corporate overhead & profit 0% Bid Basis 0 Note 2: NA - not applicable to project; NE - not evident in estimate; NI - noted but not itemized in estimate
Contractor Bid - before designlerocurement con(ingencies $273,015,760)
Contract Contingencies - design and procurement contingencies 12.5% $34,126,970| < RCC estimate dominance, work breakdown thoroughness, and work understanding
support a design contingency lower than typical (i.e. 20%) at this early design level
Contract Cost - contracator bid with design & procurement contingencies $307,142,730)
Construction Contingency: post-award change & dispute factor 10% 30,714,273
Non-Contract Costs: PM, planning, design, CM ... 25% 76,785,683| < permitting, site characterization, CM during construction,etc.
Total Project Cost - before escalation $414,642,686| Compares to $293M low bound, and $454M high bound July 2016
Escalation - annual %; from; to 3.5% 1-Jun-17 1-Dec-24 $122,257,043] < Presume NTP - mid 2021, say 7 years construction = 4.0 + 3.5 years = 7.5 years
Total Project Cost - including escalation 7.5yr $536,899,72_8|<< 197% above total w/o mobilization
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Appendix J

4 FRE RCC PLACEMENT ANALYSIS
SUMMARY

RCC placement analysis for FRE and FRE-FC alternatives are provided in the following pages.

FRE Dam Alternative Construction Cost Estimate J-14
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Appendix J

5 FRE, FRE-FC, AND UPDATED FRO AND
FRFA RCC UNIT COST DEVELOPMENT

Unit cost development for FRE, FRE-FC, updated FRO and FRFA alternatives are presented in the
following pages.

FRE Dam Alternative Construction Cost Estimate J-17
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Appendix J

6 DRAWING SHEET ILLUSTRATING FRE
RCC PROGRESSION AND QUANTITY
TAKEOFF SUPPORT

RCC placement progression and quantity takeoff analysis FRE dam alternative are illustrated on the
drawing sheets presented in the following pages.
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Section View

encasement; EI 500 to

1) Outlet encasement: 7400sf x 300" = 82kcy; 70,000cy (ref H
'8-6-7 QTO:; with potential to optimize); use 80.000cy as likely”
case
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‘9) Other - not otherwise identified: 4,000cy
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Phase Il - lllustration of Phase Il RCC Progression

Profile View — 680 = last RCC; PHII s-way crest = 687 TRANSITION OF FCC 70 EMBARKMENT
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Phase Il - lllustration of Phase Il RCC Progression

Section View RCC left and right of spillway
break ta PHIl crest

687 last lift RCC = 680 RCC full length - abutment to
abutment, up to PHIl spillway

PHASE 1 DAM T £ Ewd
PARAPEY WieL i : break
ELEV 8D i i

RCC full length - abutment 1o
abutment, and 1o upstream face
filling PHI spillway void

RCC filling above PHI RCC
groin to PHIl downstream
slope, outside - left and right
- of spillway alignment

FLIF BUCKET
IMVER ELEV 4780

FLIT BUCKET
INVER ELFY g

3) PHIl sloped face = 210' x 3 x 80° = 1,900cy
4) PHIl ogee to sloped face = 210" x 183sf = 1,400cy
5) Crest: (20'1* 435'«35'3::1'}:11&10 1+50 - 2001 =

430 outside of spillway
alignment

in 2.3000y-v 1650cyfmml-|$3-7
trammawals 1¢1ﬁsi'xz'xzaach = 300cy
000cy

RCC below 470 and above

R R

CHEHALLS BASIN DAM

Note: Hybrid sections illustrated on early draft hybrid section views
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Backfill - PHI

25B0s! x (990'+330'-150
upstream = 112kcy; 350sf x
(978'+341' - 150') = 15key of
5 cover over PHI RCC

SECTION r’%;\
L] is ¥ L] u
BCALE N FEET
PHII - exc 15k PHI backfill + wing.
PHIl Backfhill -

2580st x 150' = 14kcy upstream; + 2580sf x
§78'+341") = 126key downstream full groin
backfill after 5' cover over is removed

"'r— EXISTING CROUND

¥ ROG LIFTS (TYF) _\

Y TRASGNO WALL

TYFICAL EMOROTH
EFILLWAY FACE OF
COMVENTIONAL CONCRETE

EXIETING ROCK
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FuP v
INVERT EL 4750

FLP® BUCHET
/_ L EL #5856

L ENCAVATION
f_ SURFACE
SPALLWAY
EMEMATION
SURFACE

DRARAGE HOLES
SECTION Y
e W
BOMLE INFEET
FRO Backfill
(257 4sf x (997+331) + 3558s! x (978+541))/27 = 32Tkcy
say 80% for cross section reduction from section area = FRFEA DAM (e
260k cy SPILLWAY AND TYPICAL DAM MAY 2017
FRFA Backfill - say add 2°2574"125' = +24,000cy; fotaling SECTIONS 2& 3 ===
284k cy FREA-SS
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J-30




PHASE 1 DAM

FHASE 7 DAM
PARAPET WAL PHASE 3 Dl CREST
ELEW THED ELEV 7100

PHARE & DAM CREST
ELRY 810

Hybrid

determination

BaTE
HYB DAM
NON-OVERFLOW DAM SECTION BAY 20197
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Top of Cast-in-Place
Concrete Structure

Top of Cast-in-Place
Concrete Structure

Top of Cast-in-Place
Concrete Structure

~Elev 470 ~Elev 468 Valve House
: T
Water Quality Outlets:
4@4' Dia+1@7 Dia Truck Accessway =
invert ~Elev 458 d .
illing Basin
...... b - all Elev
A< clev
o : T |4as
/\Access Gallery LQQE! 445 /
e X b
Y bl
X

El 400 approx

£~ | 3 Sluice Afr‘\(ents 5'Wx8'H
Invert ~Elev 430
N

&
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304.1 ft

From 20-May Sections and initial Hybrid

profile station and elevation determination
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Intake Structure Q's:

Foundation siab: 35' x 90' x §' = 583cy

Side walls: 866651 x 3' = 962cy ea = 1926cy

Side walls upper: 3219sf x 2.5' - 208cy sa = 600cy
Face/beams/dividers - say 20% ol 21,738zl x 3' = 483cy
Face/etc upper: say 20% of 5269sf x 2.5 = 98¢y

651 deck: 49 x 89" x 2' x 110% = 355¢cy

710 deck: 56" x B9 x 2' x 110% = 406¢y

Lower trashrack cleanout work deck allowance: 1500cy
EX-FRO: 4847 x 120% unspec = 5800cy

FRO-EX: 1104cy x 120% unspec. = 1350cy

I Non e:pan.dlh&o FF.IO (75'vs ?ﬂ'} = +/- 4700cy x 120% unspec. = 5650cy
e -4 FRFA: @ 5' base, 2' deck, 2.5' walls, say 4500cy x 120% unspec = 5400cy
ey
et O L4778
LIMITS OF RFPABLE ROCK mlmm—-\\-
I ' EL 378
4
FHFA &5 ‘
SECTION @
BEALE A% ROTED
[} N W L
SCALE N FEET
Stilling Basin Q's (say same for all 4 aits):
Foundation slab: 241" x 90’ x 3.5' = 2811cy
-] Side walls: 16,903sfsf x 2.5' = 962cy ea = 3130cy
r% Sill - 346sl x 90" = 1153cy
nﬂ{.ﬁﬁ/ Dissipation blocks & fish passage integ. = say 1500cy
cumier e 31666 gt Total Stilling Basin: 8600 cy
Presume stilling basin leveling at 2' = 1600cy
Encasement Q's - Version 2:
X S Expandable: 25088sf x 90° x 85% full = 71.000cy
| 1 it 3 —————____L__ compares 1o 68K from 5-6; Use 70K cy
Tyl d, — — " mu-m-—\fg SHEHT"FRO - assume 75/80 reduction 63 83% = 58000cy
TIWD FLOOD REGLLATING A PR B ROCK —— 16,902.9 sf 34 af FRFA - assume same as FRO = 58000cy
OUTLETS Hrats" @ IE 4200 EXCAVATION . e i 3FhG
e x-x-l: HLIR >
HYBRID DAM o
FLOOD CONTROL AND FISH PASSAGE Juse 2017
)R || stuices LonaimuoinaL secTions 788l
CHEMALLS BASIN DAM HYBRIDS.T




ELEWATION (FT)

Excavation surfaces - profile station and elevation capture for illustration support only

FRFA DAM - PROFILE A” CENTERLINE

o T ——

EXCAVATION FOR EMBANKMENT

e o

o
£ 1 I . 1 '
'3_9 | ErE

T -

”"‘“f..._.......L_

TR e T
FArT v‘

. a&k‘:" :--%w_fiz—__—_ =

IDHEHRI IR Y
M EXCAVATION PROFILE
SR T

o = e e B

Fae O muaion e e
B RN AL T M

___ smmirg ta g

SOnraly Sapecied on S
RO o

e ]
L]

g

I 1

i




