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Executive Summary

Introduction

This Comparison of Alternatives (COA) study is part of the ChBhalis Strategy: Reducing Flood Damage and
Enhancing Aquatic Species. The purpose of this study is to analyze the potentias ippsitive and negative)
to the Chehalis Basin of Alternative Flood Reduction Potential and Aquatic Species Enhancemest Tineje
COA does not attempt to forecast chronological outcomes; rather, it assess the expectédféhmding
impacts and aquatic species effects under different Project Alternatives.

This COA is also the result of input from the Comparison ofridtiees Technical Committee (composed of
employees from Washington State agencies Department of Ecology, Department of Fish and Wildlife, and
Department of Transportation, and consulting firms EES, HDRArsitbr QEAthe Work Group, and other
stakeholdes (Project Team)The COA was collaboratively developed, where the Project Team vetted and
agreed to its methodology and assumptions during development.

Study Purpose

The purpose ofhis study is to evaluate Project Alternatives that reduce risk to ifeperty, and economy from
floodingwhile attempting to enhance habitat conditions in the Chehalis River Basin (Chehalis Basin), recognizing
that these goals may not always be alignddhe results of this analysiscand®i SR 6& (GKS D2 SNy 2
Basin Work Group and others to aid in the determination abmbination of future projects that can be

implemented to reduce flood damage ardhance aquatic species in thadin.

Project Alternatives

Several Project Alternatives are evaluated, includiaigous combinations of projectdroject Alternative
components are described below:

1 Flood RetentiorFacility(FROY, This option consists of a flood water retention facility on the Upper
Chehalis (Upper Chehalis Storage). The purpose of this alterisgxclusivelflood protection. The
retention facility will only retain water in the case a flood event is predicted.

1 Multi-purpose FacilityMPD)¢ TheMPDfacility provides the same level of flood protection as the Flood
Retention Facility; howevethis alternativealsoenablesriver flow augmentationat least on a seasonal
basis The retention facility withot onlyretain waterwhenflood evensoccur,it canalsoreleasewater
accumulated duringhe wet seasorto augmentsummerflows, assumingccumulation is sufficient for
such seasonal releas@ hree different fish passage options are evaluated for the NiP&ddition, the
economic viability of adding hydropower to this facility is examined assuming the operation of the
retention facility 8 optimized for downstream benefits rather than optimized for power generation.

1 Airport Leveeg An airportlevee would protect the Chehalis Airport, businesses in the area and a portion
of I-5 duringa flood event of 108year magnitude.

1C2NJ GKS LIzN1J2 &S 2F (KAA NBLRNI G9ELISOGSR I f dzSé¢ NihifoSpugsiblaivalues multiid&iR A O G S R
by the probability of its occurrence.
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Interstate 5 Progct ¢ The Washington State Department of Transportation (WSDOT) is currently
exploring options for preventing the flooding of Interstate B)I The current option under
consideration is a series of levees, walls, and berms that would prefedutinga 100year flood event.

Flood-Proofing¢ TheFloodproofingcomponent of the Project Alternatives includes raising all
residential homes within the 10@earfloodplain If the cost to raise a home is greater than the value of
the structure plus land, thealue of the structure plus land is included in the cost for Floodproofing.
Essentially, these homes and properties would be acquiFed.other buildings (commercial, industrial,
government, schools) the expected case assumes that only 25% of thengsivdthin the 106/ear
floodplainare flood proofed. This lower achievability rate was selected based on conversations with
commercial property owners. While some buildings, regardless of flood level, would be flood proofed,
some building owners wouldot flood proof based on one or more of the following factors:

1. Floodproofing is not costffective. The cost of Floodproofing is too high compared with the
perceived risk.

2. Floodproofing is not feasible. The property or business is not conducive to Fbofidg
measures such as walls, berms, or levees due to lack of space or business function.

3. Other location specific factors.

Aquatic Species Enhancement Prograginhancement programs provide speegggecific
improvements through habitat restorative actis in the basin.

These projeccomponents are combined into basivide solutions, identified as Project Alternatives for this

study.

© o N kDN RE

e S S
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The main report includes the following Project Alternatives:

Flood Proofing Only

Low Enhancement Only

High Enhancemer®nly

I-5 Project plus Airport Levee, Flood Proofing, and Low Enhancement

I-5 Project plus Airport Levee, Flood Proofing, and High Enhancement

Flood Retention Only Storage plus Airport Levee, Flood Proofing, and Low Enhancement
Flood Retention Only Storagéus Airport Levee, Flood Proofing, and High Enhancement
Multipurpose Storage plus Airport Levee, Flood Proofing, and Low Enhancement
Multipurpose Storage plus Airport Levee, Flood Proofing, and High Enhancement

. Flood Retention Only Storage; Project, Aport Levee, Flood Proofing, and Low Enhancement

. Flood Retention Only Storage; Project, Airport Levee, Flood Proofing, and High Enhancement
. Multipurpose Storage;% Project, Airport Levee, Flood Proofing, and Low Enhancement

. Multipurpose Storage;5 Project Airport Levee, Flood Proofing, and High Enhancement

The Flood Retention Only option includes the construction of adragphaul facility for upstream fish passage
during the storage and release of flood waters. The results for the Jdutpose facilityare shown for three

fish passage design optionghe three fish passage options include: controlled handling, transport and release
(CHTR) for upstream passage with combination collectors for downstream passage; conventional fishway for
upstream passage and forebay collector for downstream passage; and an experimental fishway (pools and
automated gates) for upstream passage combined with forebay collector for downstream passage.

In addition, Appendix O shows results for additional Ptojdiernative combinations, e.g., flood storage facility
plus airport levee only.
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Methodology

Project Alternatives are evaluated based on their costs and impacts relative to a Baseline condition (without
Project Alternatives). The Baseline conditionafireed as current conditions plus any projects that are currently
funded. In terms of flood reduction, the Baseline condition does not include any other flood hazard mitigation
projects and does natonsiderpopulation growthand developmentvithin the floodplain.

Costs for each Project Alternative are defined as the financial costs needed to implement and operate each
Project Alternative. Project Alternative impacts are defined as the measurable change in flood damages and
environmental changes. Imp@anay be either positive or negative.

Project implementation costs are compared with project impacts resulting in net benefits over the study period.
Benefitcost ratios are also reported for informational purposes. An uncertainty analysis is mrovide

demonstrate a range project costs and impacts. The uncertainty analysis is based on available information and
is not meant to show the full range of possible values. Finally, a discussion is provided for the Project Alternative
gualitativeimpacts hat were identified by the Technical Work Group during the process of developing this

study.

Study Assumptions
PERSPECTIVE

The COA analysis evaluates Project Alternatives from three different perspectives, which are defined as
geographic boundaries:

i Statec State of Washington
1 Basinwide ¢ includes Lewis, Thurston, and Grays Harbor Counties
1 Federalg National Economic Development account

The costs and impacts of Project Alternatives vary according to perspective. For example, the closure of
Interstate 5 has different economic consequences to the Statéhesbasinsince not all traffic on Interstate 5 is
confined to thebasin (through trips have consequences to the State but not necessarily tatie).

GENERAL ASSUMPTIONS

A 100year study perid was selected for the purposes of comparing project implementation costs and
estimated project impacts. All dollars are in real 2014 terms, thus inflation is excluded in the cost and impact
estimates. Real interest rates are used for net present vail@itations and these discount rates may vary
across perspectivesinaverage riskree market interest rate of 1.63 percent was used to discount costs and
impacts for the State and Basin perspective based on the average efeaB0.S. Treasury Inflati-Protected
Security and the 2014 3¢ear real Treasury interest rate as reported by the OMB. The Federal perspective
applied a 3.5 percent discount rate to the analysis based on federal requirements.

PROJECT ALTERNATIOETS

Project Alternative costiclude the capital costs needed to implement the project, annual operation and
maintenance costs needed to operate and maintain the project over the entirey@é80study period, and
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interest costs during the project construction phase. Interest ducmgstruction is calculated based on project
construction schedules and a borrowing rate of 3.5%. Capital costs are provided in current 2014 dollars. Table

ES1 provides the initial capital costs and estimated annual operating costs.

Table ES

Projed Alternative Initial Capital Costs and Annual O&(%2014)

CAPITAL COST# ANNUAL O&M

I-5 PROJECT ALTERNETWARIATIONS
I-5 Alternative + Airport Levee + Flood Proofing + Low Enhancement

I

Flood Proofing Onty $91,500,000 $0
Low Enhancement Only $90,760,000 $470,000
High Enhancement Only $122,630,000 $625,000
I-5 Project $100,000,000 $5,000
Airport Levee $4,500,000 $8,000
Flood Retention RCC with CHTR Fish Passage $280,250,000 $1,374,000
Multipurpose RCC with CHTR Fish Passage $370,350,000 $1,539,000
Multipurpose RCC with Conventional Fishway $405,350,000 $1,391,000
Multipurpose Rockfilwith Experimental Fishway $574,100,000 $1,624,000

$282,510,000

L

$483,000

I-5 Alternative + Airport Levee + Flood Proofing + High Enhancement
UPPER CHEHALIS ST@GRALTERNATIVE VARGNS
Storage + Airport Levee + Flood Proofing + Low Enhancement

_____

$314,380,000

L

$638,000

UPPER CHEHALIS STGRA-b PROJECT ALTERNETWARIATIONS
Storage +-b Alternative + Airport Levee + Flood Proofing + Low
Enhancement

Flood Retention RCC with CHTR Fish Passage $424,510,000 $1271,000
Multipurpose RCC with CHTR Fish Passage $514,610,000 $2,017,000
Multipurpose RCC with Conventional Fishway $549,610,000 $1,869,000
Multipurpose Rockfill with Experimental Fishway $718,360,000 $2,102,000
Storage + Airport Levee + Flood Proofing + High Enhancement

Flood Retention RG@th CHTR Fish Passage $456,380,000 $1,426000
Multipurpose RCC with CHTR Fish Passage $546,480,000 $2,172,000
Multipurpose RCC with Conventional Fishway $581,480,000 $2,024,000
Multipurpose Rockfill with Experimental Fishway $750,230,000 $2,257,000

Flood Retention RCC with CHTR Fish Passage $504,131,345 $1,276,000
Multipurpose RCC with CHFRh Passage $594,231,345 $2,022,000
Multipurpose RCC with Conventional Fishway $629,231,345 $1,874,000
Multipurpose Rockfill with Experimental Fishway $797,981,345 $2,107,000
Storage +-b Alternative + Airport Levee + Flood Proofing + High

Enhancement

Flood Retention RCC with CHTR Fish Passage $536,001,345 $1,431,000
Multipurpose RCC with CHTR Fish Passage $626,101,345 $2,177,000
Multipurpose RCC with Conventional Fishway $661,101,345 $2,029,000
Multipurpose Rockfill witlExperimental Fishway $829,851,345 $2,262,000
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Notes:
1. Annual O&M costs for Enhancement Projects are for the first 10 years only.
2. Flood Proofing costs are reduced when combined with other projects.
3. The annual O&M for5 is incremental to curre®&M performed

Figures E2 and EL summarize the Project Alternative Costs for the state perspective.

Figure EL
Project Alternatives Expected Cost Summary with Low Enhancement; Y€y NPV
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proofing Enhancement Retention Fish Passag€onventionalExpermental Retention Fish Passag€onventionalExpermental
RCC CHTR Fishway Fishway = RCC CHTR Fishway Fishway

m Low Enhancement m Floodproofing m Airport Levee m Storage mI-5 Project
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Figure EL
Project Alternatives Expected Cost Summngawith High Enhancement, 10@ear NPV
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PROJECT ALTERNAIMAACTEPOSITIVE AND NEGA]I

The following project impacts are quantified in this study:
Flood damage to structures, content, and inventory
Cleanupcosts for buildings and agricultural acreag
Vehicle damages

Loss of agriculture crops or crop damage
Transportation delays or3

Temporary relocation costs for evacuated residents

Public assistance for emergency protective measures for bridges, utilities, water control facilities, or
debrisremoval

Business interruption
Tribal Fishing
Commercial fishing
Sport fishing

Economic Development

=A =4 =4 =4 -4 -4 A

=A =4 =4 -4 =4

In addition, environmental nonise values are quantified for informational purposes and are not included in the
study's analysis of net benefits. The eamimental noruse values measure the value of fish/aquatic
species/habitat from the perspective of all of Washington State residents. The environmentat@ealues

are so large that their inclusion would result in all Project Alternatives being lugsigffective. See appendix

K for the noruse values.
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FLOOD DAMAGE REDWN IMPACTS

Flood damage reduction impacts were estimated for five flood events (2, 10, 20, 100, apda@&PO0Based on
the avoided damages and probability of each flood evexpeeted annual impacts were calculated for each
Project Alternative. Figure BSdemonstrates the breakdown of Project Alternatiepected annual flood
reduction impacts in 10§ear net present value from the State Perspective. Note that the flood tiafuc
impacts are the same regardless of storage facility configuration (flood conttdRBfacility). Enhancement
projects are excluded from the figure as they do not result in flood reduction impacts.

The most significant flood reduction impacts Rroject Alternatives with storage options are due to avoided
structure, content, and inventory damaggs both residential and commercial structure¥/hile Flood
proofingavoidsresidentialstructure, content, and inventory damages as well as buildiegnupcosts it only
impacts a portion of the nomnesidential structures, content and inventory damagésnally, anb Project
reduces some damages to property; however, the primary impact is due to aveidelddure costs.

Figure ESS
State Perspctive: 108Year NPV Expected Annual Flood Reduction Impacts
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ENVIRONMENTAL IMPACT

Impacts to commercial, tribal and sport fisheries (salmonid species) were estimated for each of the
Enhancement Plans (Low Enhancement and High Enhancement) as webashfflood water storage facility
(flood control orMPD). Even with fish passage facilities, the flood storage facilities have negative impacts on
salmonid populations. FiguiS4 illustrates the environmental impacts monetized in this study (useegal

only).

Figure ES}
State Perspective Environmental Impacts, Use Values
$90
» $80
c
£ $70
=
S $60
=)
S $50
&+
> $40
o
Z $30
o
g $20
S $10
$0 T T T T T 1
($10)
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Low High Only + Low  Only + High Low High
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| Storage Facility Impact B Enhancement Program Impact
Results

Table E® compares the Project Alternative implementation costs with the Project Alternative impacts for the
state perspective. Table B%rovides the compariscior the Federal perspective. Flood damage reduction

impacts are reported separately from the environmental impacts. All dollars are shown-ye&b@et present

value. The Net Benefit column shows the expected total net benefit for the fuly&@0peiod. The costs and

impacts shown in Table BSare a result of the best available information and subsequent model output

@At ofS G GKS GAYS 2F (KAA& 4 iepeidéntitie edpezed irpadisiand? y ©
costs but shoulahot be interpreted as representing the B@ercentile for the costs and impacts. With the

exception of flood return intervals, the Project Alternative impacts are not based on probability distributions.
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Table EQ
State Perspective Results

100-YEAR NP 1.63% DISCOUNTHA($2014), MILLIONS

IMPACTS
ENVIRON

PROJECT
FLOOD IMPLE
DAMAGE

REDUCTIO

MENTAL

ONLY) COSTS

Floodproofing Only $148 $0 $92 $56 1.6
Low Enhancement Only $0 $28 $95 -$67 0.3
HighEnhancement Only

I-5 Project Alternative Variations

I-5 Alternative + Airport Levee + Floodproofing

Low Enhancement $236 $28 $289 -$26 0.9
I-5 Alternative + Airport Levee + Floodproofing

High Enhancement $236 $78 $322 -$9 1.0
Upper Chehalis Storage Alternative Variations | |
Storage + Airport Levee + Floodproofing + Low Enhancement

Flood Retention RCC with CHTR Fish Passage $651 $20 $477 $194 1.4
Multipurpose RCC with CHTR Fish Passage $651 $19 $608 $62 1.1
Multipurpose RCC with Conventional Fishway $651 $19 $636 $34 1.1
Multipurpose Rockfill with Experimental Fishwa $651 $19 $819 -$149 0.8
Storage + Airport Levee + Floodproofing + High Enhancement

Flood Retention RCC with CHTR Fish Passage $651 $71 $511 $211 1.4
Multipurpose RCC with CHTR Fish Passage $651 $59 $641 $69 1.1
Multipurpose RCC with Conventional Fishway $651 $59 $669 $41 1.1
Multipurpose Rockfill with Experimental Fishwa $651 $59 $852 -$142 0.8
Storage +-b Project AlternativeVariations | |
Storage +-b Alternative + Airport Levee + Floodproofing + Low Enhancement

Flood Retention RCC with CHTR Fish Passage $710 $20 $559 $171 1.3
Multipurpose RCC with CHTR Fish Passage $710 $19 $689 $40 1.1
Multipurpose RCC witBonventional Fishway $710 $19 $717 $12 1.0
Multipurpose Rockfill with Experimental Fishwa $710 $19 $900 -$171 0.8
Storage +-b Alternative + Airport Levee + Floodproofing + High Enhancement

Flood Retention RCC with CHTR Fish Passage $710 $71 $592 $189 1.3
Multipurpose RCC with CHTR Fish Passage $710 $59 $722 $47 1.1
Multipurpose RCC with Conventional Fishway $710 $59 $750 $19 1.0
Multipurpose Rockfill with Experimental Fishwa $710 $59 $933 -$164 0.8
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Table ES3
Federal Perspective Results

100-YEAR NPV 3.5% DISMNT RATE ($2014), MIIONS

IMPACTS
ENVIRON

‘ PROJECT
IMPLE
MENTAT

FLOOD MENTAL

DAMAGE
REDUCTIO

(USE VALUES

ONLY)

ION

NET

BENEFIT

COSTS | BENEFIT COST

Floodproofing Only $83 $0 $92 -$8 0.9
Low Enhancement Only $0 $15 $95 -$80 0.2
High Enhancement Only

I-5 Project Alternative Variations

I-5 Alternative + Airport Levee + Floodproofing

Low Enhancement $109 $15 $290 -$167 0.4
I-5 Alternative + Airport Levee + Floodproofing

High Enhancement $109 $42 $324 -$173 0.5
Upper Chehalis Storage Alternative Variations | |
Storage + Airport Levee + Floodproofing + Low Enhancement

Flood Retention RCC with CHTR Fish Passage $401 $11 $465 -$53 0.9
Multipurpose RCC with CHTR Fish Passage $401 $10 $581 -$169 0.7
Multipurpose RCC with Conventional Fishway $401 $10 $613 -$202 0.7
Multipurpose Rockfill with Experimental Fishwa $401 $10 $794 -$383 0.5
Storage + Airport Levee + Floodproofing + High Enhancement

Flood Retention RCC with CHTR Pibsage $401 $39 $498 -$59 0.9
Multipurpose RCC with CHTR Fish Passage $401 $32 $614 -$181 0.7
Multipurpose RCC with Conventional Fishway $401 $32 $646 -$213 0.7
Multipurpose Rockfill with Experimental Fishwa $401 $32 $827 -$394 0.5
Storage +-b Project Alternative Variations | |
Storage +-b Alternative + Airport Levee + Floodproofing + Low Enhancement

Flood Retention RCC with CHTR Fish Passage $430 $11 $548 -$106 0.8
Multipurpose RCC with CHTR Fish Passage $430 $10 $663 -$223 0.7
Multipurpose RCC with Conventional Fishway $430 $10 $696 -$255 0.6
Multipurpose Rockfill with Experimental Fishwa $430 $10 $877 -$436 0.5
Storage +-b Alternative + Airport Levee + Floodproofing + High Enhancement

Flood Retention RCC with CHTR Pi$sage $430 $39 $581 -$112 0.8
Multipurpose RCC with CHTR Fish Passage $430 $32 $697 -$234 0.7
Multipurpose RCC with Conventional Fishway $430 $32 $729 -$266 0.6
Multipurpose Rockfill with Experimental Fishwa $430 $32 $910 -$447 0.5

UncertaintyAnalysis

The results in Table BSare based on the best information available; however, there are many uncertainties
related to this information. These uncertainties may include the following: uncertainty inherent in modeling,

such as the hydraulic moded and assumptions or flood damage modeling (HAZUS); uncertainty related to

values or prices, i.e., the value of fish or the costtfeanupof a residential building; or uncertainty related to

number estimates such as the number of people relocatednduai flood event or the change in fish

populations. The uncertainty analysis evaluated low and high values for many of the study inputs and
assumptions. These low and high values are not inclusive of the full possible range of outcomes; rather, they are
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based on available information via surveys, literature research, and conversations with local residents and
business owners. Figures&E&nd E% demonstrate the results of the uncertainty analysis from the State
Perspective.

Figure ES
State Perspedve Uncertainty Summary Low Enhancement Actions
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Qualitative Discussion

In addition to the quantitative analysis, a qualitative assessment was made for several isswesréhat

identified by the technical committees. Each of these areas should be considered in combination with the
guantitative analysis as project alternatives are reviewed. The impacts that are considered qualitatively in this

study areas follows
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1 Rail Sevice¢ Major flood events in the Chehalis River Basin result in floodwaters covering rail lines
through the 15 corridor. Similar to closures 65] rail line closures have significant impact on state and
regional economies. These rail lines providesgortation ways for both freight and passenger trains.

1 Livestockc The 2007 flood event resulted in the loss of 1,600 livestock, however, the 2009 flood event
did not result in a substantial loss according the USDA. Since 2007, five critter pads and two evacuation
routes were constructed and more are planned. The imhp&project alternatives on the loss of
livestock is therefore uncertain and was not included.

1 Environmental Justice Natural disasters have regressive effects on affected populations. Studies have
found that families with higher incomes were more paeed for disaster, more receptive to information
regarding disaster preparedness, and experienced less damage thanitmeere families. In addition,
homeownership was found to be a predictor for the degree of structure damage. These findings
support the theory that low income populations are at higher risk for flood damages. The risk is further
compounded since lower income families generally have less flexibility in employment schedules and
less working capital for postood cleanup

1 Cultural Impats ¢ Cultural resources include any archeological, built, or ethnographic property. Some
cultural resources may be deemed significant to the history of the community, state, or nation and
require preservation. Project Alternatives may impact culturabueses directly or indirectly, such as
disturbance from construction, inundation, filling, changes in traffic patterns, or erosion from changes in
land exposure.

Property Valueg; Studies have shown that properties located within a floodplain have lvadeies by
nearly 8%. Project alternatives that reduce the amount of flooding will mean that homes no longer at
risk of flooding might experience an increase in value.

1 Economic Growtlt Areas affected by repeat flood events are found to have @ negative impacts
on economic growth. Investment in capital as well asmigration of residents contribute to slower
economic growth in disaster prone areas.

1 Health and Safety, Project Alternatives may have multiple impacts on health and safety. Timeaunyr
impacts evaluated in this study include the following theories:

0 Access to-b during flood events may improve health and safety since emergency medical
facilities might be easier to access.

0 Reduced flooding levels improve health and safety by redpitia number of properties
affected as well as reduced flood water levels.

0 Reduced structure damage may improve health and safety as people may be able to return to
their homes sooner after an event with minin@éanup In particular, Floodproofing a h@an
may eliminatecleanupcosts and the risk of contamination from flood waters or molds.

1 Other Fish(non-salmonid)and Non-Fish $eciesg Other Fish (non-salmonid)and Non-Fish Secies are
impacted by the Project Alternatives and enhancement actions. iicpkar, impacts orOther Hsh and
Non-Hsh Secies correlate with changes in habitat. In general, results of model studies indicated that all
dam alternatives reduced offhannel habitat, which would result in negative effectsaguatic and
semiaquatc species dependent on those habitats. Stream flow was found to be more limiting in the
Upper Chehalis River reaches thha lower reaches fofOther Fish Soecies based oRhysical Habitat
Simulation SystertPHABSIM) model studies. Also, low flows during the drier summer months appeared
to be a limiting factor for several species.

Most nonsalmonid species modeled, including the western toad, small and largemouth bassdalge
sucker, and speckled dace generally sustained declines in habitat in response to all dam alternatives.
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However, there were both increases and decreasgnadeled habitat depending on species and life
stage. Itis important to note that very little is known ab@ther Fish and Nehish (e.g., amphibian)
species in the basin and more information is needed to support more detailed effects analyses in the
future.

Key Findings

The Comparison of Alternatives revealed the following:

1

The analysis shows that the biggest driver for benefit comes from reducing the damage to structure,
content, and inventory.

When impacts are quantified, the cost of the two ssitef habitat enhancement programs analyzed is
higher than their predicted economic value using just user values. However -ifseovalues and
qualitative benefits are included, the economic benefits predicted far exceed the costs.

Flood proofing is &iable solution to eliminating residential damage to structure, contant
inventory. However, it is unlikely to eliminate all damages to-residential structures, contenand
inventory. In addition, flood proofing will not solve the issue of flabdeads and agricultural lands.
Finally, the climate change scenarios demonstrate that flood damage and the benefit from flood
proofing will increase under both the 18% and 90% scenarios.

The cost to construct walls and levees to protebtdxceedthe estimated economic benefits.

Either alone or combined with other projects, a flood water storage facility in the Upper Chehalis Basin
shows a positive net benefit under the State and Basin perspectives. Under the Federal perspective with
a higher discont rate, a watefretention-only structure has a positive Bene@ibstAnalysis (BCA) when
combined with floodproofing. The BCA under the federal perspective is not positive for the combination
of water retention, 45, floodproofing and aquatic species éancement.

The baseline expected estimated damages over ayEa0 period for the Basin is in the orderrobre

than $3.5 billion. None of th8asinwide alternatives will mitigate all flooding damages in the Bakin.

addition, the study alternativesal5 RSaA 3dy SR o0l aSR 2y Jeardi@®A y 1 TR dzNA
project alternatives are implemented, flooding damages may still occur during floodarthdifferent

fromi KS & RS&BSIEANI WMinn2 R é

Including climate change assumptions increasen-environmental benefits for most project

alternatives. The specific results can be found in Appendix M for the@avironmental climate change
impacts and Appendix K for the environmental climate change impacts.
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1Overview/Objective

1 Introduction

ThisComparisorof Alternatives (COA3tudy is part of theChehalis Basi8trategy: Reducing Flood Damage and
EnhancingAquatic SpeciesThe purpose of this study is to analyze the poterdgfédctto the ChehaliBasin of
AlternativeFlood Rduction Paeential and Aquatic Species Enhancemprijects. TheCOAis a risk assessment

of the expected value of flooding impacts and aquatic spesfiestsunder different Project Alternatives; ig

not a forecast of chronologicatcomes The study was developedrftheD 2 @S NJ/ 2 NIBasinWdtkS K | £ A &
Group (Work Grouppand others so that they may make a recommendation to the Governor regarding next

steps for reducing flood damage and enhancing aquatic species in the Chehalis Basin.

2 Scope of Comparison of Altextives Task

The methodology used to evaluate the economics of potential alternatives, including the Aquatic Species
Enhancement Plan (ASEP), is the result of decisions made by stakeholders and the interdisciplinary agencies
participating in the technical metings.

In order for the Work Group to provide a recommendation to the Governor, the Work Group will need to be
able to compare floodeductionand aquatic species enhancemeaternativesin a clear, concise manner. The
potential impact of each alte@tive is a complex issue that is difficult to summarize. The objective of this task is,
therefore, to provide sufficient informatioso thatthe Work Groupcancompare different alternatives and
understand the potential impact of each alternativEhe aralysis is a summary of impact analysis tools that
provides consistent information about each alternative. $tuely summarizes the results of the impact
analyseshowever, the framework does not conclude which alternative is preferred. Rather, theathecisi
makers/Work Group will be decidinghichalternativeor alternativesare preferredbased on the COA results

and other factors

3 Restricted Scope of Study

Thisa 1 dzZReé NBfASa 020K 2y GFNASGSRX AYRSLISYRSyYy(d &aiddzRAS
literature. Not all conceivable topics were addressed nor all possible analyses performed.

4 Report Organization

The model framework isedcribed in the next sectiofollowed by Project Alternative descriptions and cost
estimates. The methodology used to determine the quantifiable impacts for each alternative is described next
followed by a chapter describing the qualitative impacts for esltdrnative The results of the COA analysis are
provided in three sections, or one for daperspective. Appendices provide detailed information for each study
component as well as more detailed results of the analysis.
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2Model Framework

1 Project Purpose

The purpose of th€hehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatgp8gectis to
evaluate ProjecAlternativesthat reduce risk to life, property, and economy from flooding and enbhdrabitat
conditions in the Chehalis River Basin.

2 Objective

The objective of this Study is éwaluatethe risk associated with floodirig the basin and compare flood
mitigationand aquatic species enhancemaiternatives in the Chehalis Basin. This COA is the culmination of
the work performed by numerous technical committesgsd input from the technical committees anthe Work
Group as well asstakeholdermput received during the study.

The methodology used to evaluate the economics of potential alternatives, including the ASEP, is the result of
decisions made by stakeholders and the interdisciplinary agencies paritigpathetechnical meetings.

Because the COA analysis depends on input received from multiple technical committeesessential to

define a consistent framework under which data and analysi® to be developed. In addition, thdesigned
framework takes im account lessons learned from previous Chehalis Basin studies. In particular, the intent of
this COA is to incorporate the following principles:

1 The COA will measure tlthangein Flood Damage and Aquatic Species Enhancements due to
investments in eacPRrojectAlternative

1 The COA evaluasenultiple Project Aternatives includingVashington State Department of
Transportation (WSDOJYalternatives, retention facilities, Small Flood Projdutbere data is available)
and the ASEP. This impact analyses evaaditprojects on a consistent and objective basis and
providesa comprehensive analysis and discussibimpacts for eaclProject Alternative

1 The COAuantifiesenvironmental impacts and neanvironmental inpactswhere possible angrovides
qualitativediscussiorof Project Aternative impacts where quantitative analysis is challenging or
impractical

9 The COA incorporasaincertainty and risks associated with cost amghactestimates foreach Project
Alternative.

1 The COA modelingtransparentandsource datds clearly identifiedanddocumented and calculations
available to stakeholders. The CidAodeled in a disaggregate manner such that information can be
presented both in a consolidated summary fashibut also on a disaggregated basis depending en th
needs of the decision makers.
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3 Overview of Comparison of Alternatives Methodology

Figurel provides aroverview of the COA framework thetas used irthis study. The rectangle represents the
foundation of the analysis; all of the remaining data gathering and analyesisased on this foundation. The
hexagon describes the task of gathering cost data&mh of the alternativesThese are théinancialcosts of
implementing each alternative. Theangle represents the determination of impacts, both positive and
negative, for each alternative and the determination of how to value each of these img&aotly, the circle
represents the final calculation stepshich brings the analysis together and provides analysis and results that
can be reviewed by decision makers and stakeholders.

Figurel
COA Process

Determine Costs
of Alternatives

« .‘
Identify Alternatives |
Perspectives _
Baseline Definition | DEEminz
_ Positive and
Study Horizon J Negative
.

Modellng\ Impacts

Net Benefits, \
Risks & /‘

Qualitative

Descriptions

Throughout theprocess, the COA research, analyemsl findingsvere shared and discussed with the Work
Group, agency experts and technical committees. The continual involvement of interested participants is an
important part of the COA in order for the economic resuti be validated and approved once finalized.

There are generally nine steps in the development of a COA methodology. These steps are listed below:

Determine Baseline

Identify Alternatives

Determine the perspective from which the analysis will be cmbed
Develop cost of Alternative

hwnRe
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5. Analyze incremental impacts of the Alternative
o Impact with Alternative

0 Impact without Alternative
Gather data about the value of impacts of Alternative

Develop a deterministic model to calculate the Net Present Value)(biP¥xpected net benefits
Develop a risk profile around the expected net benefit
Consider qualitative impacts with the quantitative impacts to inform decision makers

© ® N

Each of these steps is described further below.

3.1 BASELINE DEFINITION

In order to determine incremental impacts of each alternative, each Project Alternative must be compared with
the Baselineor the without project scenario.Functionally, the without project scenario is the status quo, or
existing reality prior to anfinancial investment into project alternative§Vhilethe COAs an analysis with a

study period 100 years into the futurandusing the existing reality ignoréise fact thatchanges take place

over time thismethodologyis preferable to comparing Alternatives based on a forem@dgiture. It is very

difficult to forecast what will happen in the future if none of the alternatives are implemeniaxt.this reason
andbecause ofhe potential for bias, fagcasts were notsed in the COA.

Indeciding on a Baseline, it is important to remember how the Baseline is used in the analysis. The impact of
each Project Alternative is based on changes from the Basdlimerefore as long as the Project Alternatives

are comparedo the same Baseline, the resulting impact across alternatives will be consistently calculated and
shouldallow forcomparisonof Project Alternatives

The Baseline for this studyas vetted and agreed upon by the Project team andefined as the statiquo, i.e,
current reality, including currently funded and approved projects. This methodology avuidsgtaintyabout
the future (eliminating bias), while incorporatikgown and measurable changes.

3.1.1INTERSTATE 5

TheWDOTis exploring actiogsithat can betaken to reduce the risk of flooding to InterstatgI5) during the
100year study period. Thed Project is not part of the Baseline definitisimce decisions regarding ab |
Projectare being made simultaneously with decisions for otherbasbjects explored in this study.
Additionally, the 5 Projectdoes not currently hav@unding ora planned construction schedule to support an |
5 project; the preferred-b Projecffinal cost and configuratiomay in part depend on whether oot a fbod
storageoption or other small projects arpursued;andfundinghas not been securedo thetiming of an 5
Project isunknown Becauséhe costs and impacts of afbIProject are evaluated both separately and
combined with other Projectehe COAresults do not reflect a bias in the Project Alternative impact and cost
estimation

If the 5 Project were to be included in the Baseline, the Project Alternative flood redustioafitswould be
reduced mainly by the avoideeblclosure in the 10§earflood event. Project Alternatives where net benefits
are less than $20 milliofin 100year net present value) woulthierefore be sensitive to the decision faclude
or exclude the 15 Project in the Baseline.
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3.1.2AIRPORT LEVEE

Similar to the 6 Projectthe Airport Levee is evaluated as part of each Project Alternative (except where noted
otherwise)and as part of the-b Project Funding has not been secured for this project and it is therefore
evaluated as part of the basimide approachand not incluéd in the definition of the BaselindBecause the

Airport Levee was not evaluated separately from #eRroject or Storage options, it is unclear how much these
Project Alternatives would be impacted if the Airport Levee were included in the Basefiniicle.

3.2 DEFINPROJECALTERNATIVES

ProjectAlternatives are potential solutions to the flood damage that occurs in the Chehalis Basin to people and
analysis of enhancement measurestbe environment. The fiveomponents included imarious combinatios
in the Project Alternativesire summarized briefly belaw

a)

b)

c)

d)

Flood Retention FacilityFROg This option consists offeood waterretention facility on the Upper
Chehalisub-basin(Upper Chehalis StorageThe purpose of this alternative is flood protection only.

The retention facilityvould retain wateronlyin the casevherea flood event is predictedThe Flood
Retention Only facility includes controlled handling, transport,aaktase (CHTRor upstream fish

passage.

Multi purpose Facilit(MPF)¢ This option also consists of a retention facility on the Upper Chehalis. The
purpose of thigrojectis flood protection andgummerflow augmentation The retention facilityould

retain water in the cae a flood event is predictednd this facility will also hold water from the winter
months The stored watewould be released in the summer months to ingwe downstream water

guality. The Multipurpose facility is evaluatedth three fish passagdesign options including: CHTR for
upstream passage with combination collectors for downstream passage; conventional fishway for
upstream passage and forebay collector for downstream passage; and an experimental fishway (pools
and automated gates) for upgtam passage combined with forebay collector for downstream passage.

In addition, adding hydropower generation to tihiPDretention facility is examined. The potential
revenue and additional cost of adding hydro power generation is determined assuming the operation of
the dam is optimized for downstream benefits rather thastimized for power generation.
WSDOT Transportatio®ptions¢ WSDOT is currently exploring options for solving the floodingpof |
Several flood protection concepts are considered by WSDOT: levees and floodwalls,-Eising |
Interstate express lanes, and Interstate emergency bypaks. COA evaluatebd impact @ the current
option being analyzed by WSDOT (levees and walls)
Suite of Basirwide Options(Floodproofing ¢ A suite of smaller local projecigas developed for this
study; however, only structurEloodproofings evaluated in this studyTheFloodproofing component
of the Project Alternatives includes raising all residential homes within they@@ffloodplain If the
cost to raise a home is greater than the value of the structure plus land, the value of the structure plus
land is includedn the cost for Floodproofinipstead Essentially, these homes and properties would be
acquired. For other buildings (commercial, industrial, government, schools) the expected case assumes
that only 25% of the buildings within the 1@@arfloodplainare flood proofed. This lower achievability
rate was selected based on conversations with commercial property owners. While some buildings,
regardless of flood level, would be flood proofed, some building owners would not flood proof based on
one or moe of the following factors:

1. Floodproofing is not costffective. The cost of Floodproofing is too high compared with the

perceived risk.
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2. Floodproofing is not feasible. The property or business is not conducive to Floodproofing
measures such as walls, bes, or levees due to lack of space or business function.

3. Other location specific factors.

Flood reductiorimpacts forother small basinwide projects were unavailable at the time of this study
and therefore could not be evaluated alongside the othkernativespresented in this study.

Therefore, projects that protect key infrastructure, control bank erosion, and improve flow conveyance
and drainage at key locations in the basin are not evalliatehis report.

e) Aquatic Speciesenhancement Plarand effects to the environment¢ The last set of projects thas
evaluated in the COA is the ASEP projects. The ASEP will gftedte fromspeciesspecific and
ecosysterdbasedenhancement actions anghalyses of potentiaffectson aquatic species froritood
controlactions in the basin.

Two types of projectare evaluated: those that may impact other alternatives; and those that are independent.
For example, a small flood project raisimgmesin Chehalis will impact the flood damage reduction modeled for

a retention facility. On the other hand, it is unlikely that a project controlling bank erosion in Grays Harbor
County will significantly impact the flood damage reduction modeled forsaRrbjectin Lewis County.

Therefore, these independent projects can be treated differently in the analysis. If a project does not affect the
impact analysis of the retention facilities or WSDOT Alternative, then the costs and impacts are added to the
analysis after the fact. On the other hand, if a project does affect the impact analysis of the retention facilities
or WSDOT Alternative, then the COA explicitly ensures that no eélcobhting of impactsccurs

3.3DEVELOPERSPECTIVBEOGRAPHIC BOUNDARR ANALYSIS

When evaluatingProject Aternatives, understanding the perspective of the stakeholders and decision makers is
crucial to developing a useful study. For this study, stakehoideltsdenot only the local community in the
Chehalis Basiand the State of Washingtqrbut alsoentities that may provide funding fduture projects

The three perspectives are described in more detail below

9 State: For the purposes of this study, a regional perspective is defined as the geographic area of the
Stake of Washington (State Perspectiv@his perspective explores the impact of each Project
Alternativeon the State of Washington and tribal lands located within Washington.

1 Basinwide: TheBasinwide perspective examines each alternative based on the impacts wittbin
basin Because the focus is narrower, this perspective may not include all impacts included in the State
perspective, howevethe basinwide perspective may include additional so@ald economic impacts
that would otherwise be excluded under the State or Federal perspeciitie.lasin is defined as Lewis,
Thurston, and Grays Harbor Counties.

9 Federal: Federal agencies, such as the Corps of Engineers and the Bureau of Reclamadien evalu
projects from a national perspective. These agencies examine impacts on a national level. For example,
local business losses may not be included in the analysis as other businesses outisaigntineay
experience increases in economic activity dgrar following a flood event. The Federal Perspective
evaluates all impacts to the nation including impacts on the local Tribes.

Table lillustratesthe types of impacts included for each of the perspectivi@ie or black circles indicate the

impactis included. Blue circles indicate that thepimet is included and may diffeetween perspectivesBlack
circles indicate that the impact is included and the estimated value is the same across perspectives.
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Tablel
Perspectivewith Included Quantified Impacts

QUANTIFIED IMPACTS STATE BASINWIDE FEDERAL

Structures, Content and Inventory
FloodCleanupCosts
Loss of Agriculture Crops

Transportation delays on Interstate 5

Temporary Relocation Costs févacuated Residents

Emergency Protective Measures

Business Interruption

CommerciaFishing

Sport Fishing

Environmental NofUse

Economic Growth

The Project Alternative costs and impacts are compared wiaah perspective. While Table 1 shows which
impacts differ across the three perspectives, the COA task is meant to show a comparison of Project Alternatives
from different perspectives and it is not meant to compare projects or specific impacts acrqertipectives.

3.4DEVELOEOSTS FOR EACH ANAER/E

Cost analysis is an important element in the COA. For each of the ideRtiigtt Aternatives the cost of
implementing theincluded projectss determined over thd 00-yearanalysis period. The cast eachProject
Alternative includslabor, equipmentand materials for the following cost categories:

9 Initial and reinvestment Capital Costs including applicable taxes and financing costs
1 Operationsexpenses

i Maintenanceexpenses

1 Permittingexpenses

3.5DETERMINENCREMENTAL IMPAETR EACPROJECALTERNATIVE

Thefifth step of the analysis is to determine the impact of each of the alternativesselingacts can be
positive or negativécosts or benefits)and the impacts can be quantitative or qualitative results expected or
resulting from the implementation cd ProjectAlternative. The impacts to be evaluated for the Project
Alternatives were determined through several technical workgroup meetingdvimgovarious state agencies.
The impacts evaluateit this study include the following:

GCommercial fisheries for salmon and steelhead

Tribal fisheries for salmon and steelhead
Recreational(sport)fisheries for salmon and steelhead
Terrestrial and norfish aquatic habitat species

Cther fish species (neealmonids)

=A =4 =4 =4 -4 4

COther environmental benefits such as carbon sequestration and resiliency to climate change
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Sructures, contentsandinventory damages
Agricultural flood damages

Cleanupcosts

Transportation

Value of hydropower and its renewable qualities
Local employment and business income

Social, historic, or cultural effects
Environmental on-use value

= =4 =4 =4 4 4 -4 A A

Community fealth and safety

The methodology and assumptions for how these impacts were evaluated inutlisaredescribed in detalil
later in this report. These impacts are compared with the Baseline conditions described above.

3.6 GATHERATA ABOUT THE VADHEACHROJECALTERNATIVE

Once the impacts have bedtentified, a valuds determined There are many methods for establishing value,
including cost avoidance, cost savings, revenue generation, willingness tanpagthers This step of the
process involved a significant amount of research, analgsisconsultation with agencies anechnical teams.

3.7 DEVELOP DETERMING3MODEL TO CALCULKEE PRESENALUBOF
EXPECTED NBENEFITS

An essential impact analysis that needs to be completed for the COA task is a-beseéihalysis (BCA).
Traditionally BCAis used to evaluate alternative®CA is a conceptual framework that quantifies in monetary
terms as many of the costs and benefits of a project as possible. Benefits are broadly defined. They represent
the extent to which people impacted by the projere made betteoff, as measured by their own willingness
to-pay or willingnesso-accept. In other words, central to BCA is the idea that people are best able to judge
GKEFEG A& a322RE¢  F2N (O Kbgivgorwelkted AYLINRGZSa GKSANI oSt f

BCA also adopts the view that a net increase in welfare (as measured by the summation of individual welfare
changes) is a good thing, even if some groups within society are made-ofrs® project or proposal would be
rated positively if the benefits teome are large enough to compensate the losses of others.

Finally, BCA is typically a forwdabking exercise, seeking to anticipate the welfare impacts of a project or

proposal over its entire lifeycle. Future welfare changes are weighted againtR I @ Q& OKI y3Sa (KI
RAaAO2dzyiAy3a: SKAOK Aa YSIyd G2 NBFESOU az2meBieqQa 3IS
generational concerns.

The metric that is often usei compare alternativess net benefit Net benefits argequal toestimated

benefits less estimated cost§.or the impacts that can be quantified, j.eepresented by a dollar value, it is

recommended that reported metrics for each alternative is the expected Net Present Value of Net Benefits
(benefits less costs) ionstant dollars.

TheBCA modek designed as a disaggregated model, so decision makers can understand the contribution to
overall net benefits from each impact.
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The specifienethodology developed for this BCAcansistent with standard principles and incledbe
following general assumptions:

M All costs are in 2014 dollars
{1 The analysis period is 100 years

1 The real discount rate used in tiNational Economic DevelopmemMED analysis (Federal perspective)
hasbeen determined at 3%for studies conducted in 201%

9 Areal discount rate of 1.64is used fothe State and BasinePspectives.
1 Results ee also provided using a low@real discount rate and a higii¥%o real discount rate

3.8 ECONOMIBENEFITS ANDEGNOMIGMPACTS

An often misunderstood aspect in the evaluatiorpodjectimpacts ighe differences betweeBCA and
EconomicimpactAnalysis (EIA)A BCA ithe valuation of changes in societal welfavhile anEIAis a measure
of changes irexpendituresresulting from a project Thecombination of the two analyses resultsa complete
measure of economic benefitfAppendixN provides an example of the two analyses and how they are used
together to determire the full impact ofProject Altenatives in this study

ThisCOAwill seek to evaluate both the improvements in societal welfare (net economic value) through BCA and
the changes in expenditures as measured in the EIA framework.

3.9UNCERTAINPRNDRISK

The risks and uncertainty associated with eRebject Aternative isgenerallynot reflected in the standard
comparison of benefits and casBCA. In order to provide th&ork Groupwith sufficient detail needed to
make an informed decision, the COA includes information about uncertainty andsisasiated with the
analyses.

In order to understand risks and uncertainties related to each alternative, the technical team usedifitpba
distributions where historic data is available and dideterministic analysis (high/medium/low) and ranges
where data is not available.

3.10CONSIDER QUALITATMEACTS WITH THE QUATATIVE IMPACTS TO
INFORMDECISIOMAKERS

The BCAdiscussed abovéncludesonlythose impacts that can be quantified in dollar terms. In order for the
COA to be comprehensive, impacts that are not quantifiable in dollar terms are addressed as well. These
gualitative impacts may have significant importance in decisi@king and thg wereincluded in the COA so
they can be considered by ttWork Groupand others

The technicaleam provideda description of qualitative measures and impacts based on input from the
technical committees. The information on both qualitative and quative impacts is presented separately
DecisionMakers can apply their owjudgment

2See Memo on Analysis Horizon
3 See Appendix A
4See Id.
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3Project Alternative Costs

1 Project Alternatives

SeveraProject Alternatives are evaluated in a benefitst framework. Thesealternatives include:
1. FloodproofingOnly
Low Enhancement Only
High Enhancement Only
I-5 Project plus Airport LeveEloodproofing andLowEnhancement
I-5 Project plus Airport LeveE|oodproofing and HigfEnhancement
Flood Control Onlgtorage plus Airport LeveEloodproofing andLowEnhancement
Flood Control Only Storage plus Airport Lexiepdproofing and HigfEnhancement
Multipurpose Storage plus Airport Levddpodproofing and LowEnhancement
Multipurpose Storage plus Airport Levddoodproofing and HigrtEnhancement
. Flood Control Only Storageb IProject, Airport Leved;loodproofing and LowEnhancement
. Flood Control Only Storage5 Project Airport LeveeFloodproofing and HiglEnhancement
. Multipurpose Storage;:5 Project, Airport Leveéloodproofing and LonEnhancement
. Multipurpose Storage;:5 Project Airport Levedsloodproofing and HiglEnhancement

© 0N WDN
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Floodproofing EnhancemenActions and the Airport Levee are included in all Project Alternatiliesvever,
Floodproofingand Enhancemenfctions are also eWwated separatelyn Appendix O The Multipurpose
Storage option includethree configurations whichare described in this section.

2 Project Cost Assumptions

Project capital costs are provided in current, 2014 dollars. Toasigalcosts are not dismunted, levelized, or
otherwise transformed. Interest during construction is calculated based on a borrowing raté/afioB.all
Perspectives. The costs provided in this section account for the incremental cost for implementing and
operating a Project leernative. The amount of funding needed to finance a Project Alternative is a different
value and is not discussed in this report. In addition, alternative funding sources and the cost of funding is not
addressed as part of the study scope. Once agprefl Project Alternative is selected, funding sources will need
to be evaluated and borrowing costs estimatdeinally, the cost for potential litigation in each of the Project
Alternatives is not estimated and not included. Generally, &@#ysesio not include potential litigation costs
because these are highly speculative

3 I-5 Project: Levees and Berms

WSDOTs evaluatingseveral alternatives that would kedfb open during a 10§ear flood event. Without any
improvements it is estimated thatd would be closed for 5 days during a 3@ar event. Without an 5

project, but with a storage option (either FRO or MR} estimated that-b would be closed fol day during a
100-year event.Based on their analysis, WSDOT selected one of the proposed projects for additional analysis in
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the COAframework. The selected project5IAlternative 1, consists of a series of levees, walls, and berms to
keep t5 openduring al00-yearflood event. The {5 Project evaluated in the COA differs slightly from tbe |
Projectimpactsevaluated at the timeof this report'spublication. Because thebl Project has changed

somewhat from what is evaluated in the hydraulicaeband subsequently in the flood damage redoisti

model (HAZUSimpacts of the current design may differ from what is presented in the COA. The schedule and
scope of the COA did not allow for updates to the Project Alternatives once the COA was wendertak

The cost of the-b Project is shown ifiable 2as provided by WSDOT. WSDOT provided lower and upper bound
cost estimatedo encompass the project variations that could be implementEdr the purposes of this study,

the expected cost is the averagéupper and lower boundgrovided by WSDOTThe operation and

maintenance (O&M) costs are annualized costs required to maintain the project throughout the entiyed00
study period.

Table2
Interstate 5 Project Cost Estimage

$2014
INTEREST DURING
Expected $100,000,000 $5,000 $1,630,000
Lower Bound $90,000,000 $5,000 $1,467,000

Upper Bound $110,000,000 $5,000 $1,793,000

I-5 PROJECT COMBINED MV'STORAGE

Expected $82,000,000 $5,000 $1,330,000
Lower Bound $71,000,000 $5,000 $1,160,000
Upper Bound $93,000,000 $5,000 $1,510,000

When the 15 project is modeled along with storage in the Upper Chehalis Basin (either FRO or MPF), the |
option has lower costs. Theeight for the levees, waller berms required to keep3 dry during a 10§Qear
event is lower when paired with a storage optiohherefore the I-5 project costs arelso lower when
combined with a water storage project.

Interestduring construction{IDQ is calculated based ondayear construction schedule where 263074 304
and 1% ofthe costs are needed. The same construction schedule is assumed for each cost estimate (lower
bound, upper bound, and expected) regardless of whether or notragéooption is also implemented.

4 Airport Levee

The airport levee is included in each Project Alternative. This levee is needed to help keep the Chehalis airport
from flooding during a 10§ear event. When paired with Upper Basin storage aleBeybuld close for 1 day

during a 106year event (compad to nearly 5 days of closure with neither option). WSDOT prepared a range of
cost estimates for the airport levee as showrTable3. The expected cost is theerage of the lower and

upper bound. IDC is calculated based onyadr construction schedule where 25%, 30%, 30%, and 15% of the
costs are needed. The same construction schedule is assumed for each cost estimate (lower bound, upper
bound, and expected).
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Table3
Airport Levee Cost Estimates

INTEREST DURING
CONSTRUCTION

CAPITAL COST| ANNUAL O&M

Expected $4,500,000 $8,000 $70,000
Lower Bound $4,000,000 $8,000 $70,000
Upper Bound $5,000,000 $8,000 $80,000

5 Upper ChehaliStorage

Storage in the Upper Chehalis Basin can be accomplishedhera singlepurpose structure oMPDstructure.
Both structures store up to 65,000 aefieet of flood water. In addition,ite MPDstructure stores water year
round to augment low flars during the summer months. The single purpose project does not store water
except during a flood evenfThe Project Team's engineers (HDR) evaluated several options for both structure
purposesas described in th€hehalis Basin Strategy: Reducing FDathage and Enhancing Aquatic Species.
Dam Design Technical MemorandurAll projects store the same quantity of water during flood events. A
summary of the options is provided in this section as well as the estimated®costs

5.1 SINGLE PURPOSE: FMNG REENTION KLY

The singlepurposeFRGstructure isassumed to baroller-compactedconcrete(RCEstructure. RCGs a blend
of concrete with different ratios of ingredients and generally less water making it much less susceptible to
slump. The dam footprit is approximately 6 acres with a total height of 227 feet from base to crest. The
reservoir resulting from utilizing maximum flood storage is 860 acres along 6.8 miles oFistkepassage for
the single purpose project would include€CHTRacility for upstreampassage

5.2MULTHIPURPOSECC

One option for thaviPDstructure is an RC&ructure. Its footprint is approximately 10 acres with a total height
of 287 feet from base to crest. The reservoir resulting from utilizing maximum flood stora§@7saktres along
7.5 miles of river.

HDR developed two options ffish passage under thMIPDRCC dam scenario. The first is a CldiRy for
upstream passage with combination collector facilities for downstream pasSdgaupstream fish passage for
this first optionis known more commonly asrap and hauk The second fish passage option is a conventional
fishway for upstream passage paired with a forebay collector for downstream passage. The conventional
fishway is a fis ladder consisting of 220 pools including 25 resting pools.

5.3MULTHiPURPOSEOCKFILL

The second option for thBlPDstructure is rockfill dam. A rockfill dam is an embankment of compacted soll
combined with an impervious zone. The rockfill dam's footpsrstpproximately 40 acres. The height and
reservoir acreage is approximately the same as the RCC dam.

5 For the full description of structure options, please referd®@R, Inc. Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species.
Dam Design Technical Memorandum. Draft March 2014.
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The rockfill dam fish passage option includes an experimental fishway for upstream passage paired with a
forebay collector for downstream passage. The experimental fishway conses®s3if0foot-long fishway or
transition to the reservoir from the dowtream side of the dam. This fishway resultair80-foot rise in

elevation from the downstream side of the dam to the reservoir and consists of 165 pools including 19 resting
pools. Twenty automated gates control flows within the fishway.

5.4 LAND VALUE

The proposed dam site and reservoir ar@e located on timberlands in Lewis County. With the Upper Chehalis
Basin storage alternatives, this land will no longer be productive timber land and would need to be purchased or
leased. The cost of this lafurchase)s included in theroject cost estimates for the storage option$he

acreage needed is shownTable4.

Table4d
Acreage Needed for Storage Alternatives

ACRES

INUNDATED DAM
AREA FOOTPRINT TOTAL

Flood Retention RCC 1,052 4 1,056
Multipurpose RCC with CHTR Hstssage 1,510 8 1,517
Multipurpose RCC with Conventional Fishway 1,510 8 1,517
Multipurpose Rockfill with Experimental Fishway 1,501 31 1,532

The value of acreage is based on current market rates for timber land sales. Both current land sales as well as
historic sales were evaluated to determine a normalized price for timberland. Timberland is valued at a range of
$1,221 to $8,108 per acren the expectedcase, the value is assumed at $4,p48 acre Table5 shows the

resulting timber and land value for trexpected case More information can be founih Appendix H.

Tableb
Timber and Land Values

NET PRESENT VALU&L#2

Flood Retention RCC $4,480,000
Multipurpose RCC with CHTR Fish Passage $6,440,000
Multipurpose RCC with Conventional Fishway $6,440,000
MultipurposeRockfill with Experimental Fishway $6,510,000

The above cost estimates assume the land is purchased. In practice the land may be leased or have some other
agreement with the current landowner.

LY FTRRAGAZ2YZ GKS { G poficiewlll retjdiréickmpygrsaiosy yhifigatiofartha 3 G A 2 y
temporary and permanent impacts of maintaining a reservoir to the various habitat types in the inundated area
via protection or acquisition of habitat elsewhere at a ratio of 1:1 or greafée cost®f implementing
compensatory mitigation have not been incorporated into this analysis, but should be anticipated in a future
phase.
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5.5 ESTIMATEDA@STS

The Project Team engineers provided a range of costs for each project configuration. The operation,
maintenance, and replacement (OM&R) are annualized costs needed to keep the project operating for-the 100
year stug period. DG calculated based on the construction spending schedule provided b§ HID&R.
construction schedules are the same across stog@®ns for each cost estimate (lower bound, upper bound,
and expected).The lower bound costs represent a reasonable minimum cost that would be incurred to
implement the projectather thanthe lowest possible cost. Similarly, upper bound cost estimstiesvn in

Table6 represent a reasonable cost higher than what is expected based on today's prices. The upper bound
cost estimate is not the highest possible cost.

Table6
Upper Chehalis Storage Estimated Project Costs

$2014

ANNUAL INTEREST DURIN
EXPECTED CAPITAL OM&R CONSTRUCTION
Flood Retention RCC $280,250,000 $793,000 $4,568,075
Multipurpose RCC with CHTR Fish Passage $370,350,000 $1,539,000 $6,040,000
Multipurpose RCC with Conventional Fishway $405,350,000 $1,391,000 $6,610,000
Multipurpose Rockfill with Experimental Fishw $574,100,000 $1,624,000 $9,360,000
LOWER BOUND | |
Flood Retention RCC $227,500,000 $725,000 $3,708,250
Multipurpose RCC with CHTR Fish Passage $302,700,000 $1,385,000 $4,930,000
Multipurpose RCC with Conventional Fishway $332,700,000 $1,252,000 $5,420,000
Multipurpose Rockfill with Experimental Fishw $479,100,000 $1,462,000 $7,810,000
UPPER BOUND | |
Flood Retention RCC $333,000,000 $862,000 $5,427,900
Multipurpose RCC with CHTR Fish Passage $443,000,000 $1,693,000 $7,220,000
Multipurpose RCC with Conventional Fishway $494,000,000 $1,530,000 $8,050,000
Multipurpose Rockfill with Experiment&ishway $687,100,000 $1,786,000 $11,200,000

6HDR, Inc. Chehalis Basin Strategy: Red&tingl Damage and Enhancing Aquatic Species. Dam Design Technical Memorandum. Draft March 2014,
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6 Flood Proofing

Floodproofingincludesraising homes anéloodproofingcommercial buildings within the 10@arfloodplain
These structures are thgmrotected in a 106/ear event reduing structure, content, and inventory damages as
well as someleanupcosts. Raising buildings reduces flood damages related to the structures; however, no
other damage categories are affected. For example, flood waters might still surround a home os$€gsicte
that households would need to be relocated or businesses would need to d¢isedproofingconsists of the
following

1 Raising residential buildings to avoid damages from ayBa® event. The cost is based on $&5
square foot plus permittingcontractor fees, and incidental costs of 20%.

Floodproofingcommercial and industrial buildings to avoid 3$ar flood event damages. The cosFtdod
proofingis based on costs published by the Federal Emergency Management Agency’ (REIMINg luilding
floodwalls, interior drainage, and closures. The costs amount to $4.67/square foot of flood wall surface plus
$10,000 per building for permitting, backflow prevention, and contingerfcies.
Floodproofingand structue raising costs are limited by¢ value of the structure plus the landf.the structure
plus land value is less than the cost to flood proof, the property would be purchased instead.

7 Flood ProofingAchievability

TheFloodproofingcomponent of the Project Alternatives includes ragsail residential homes within the 100
yearfloodplain If the cost to raise a home is greater than the value of the structure plus land, the value of the
structure plus land is included in the cost fdoodproofing Essentially, these homes and profyes would be
acquired.

For other buildings (commercial, industrial, government, schools) the expected case assumes tha¥afly 25
the buildings within the 10§earfloodplainare flood proofed. This lower achievability rate was selected based
on conversations with commercial property owners. While some buildings,diegarof flood level, would be
flood proofed, some building owners would not flood proof based on one oembthe following factors:

1. Floodproofingis not costeffective. The cost dkloodproofingis too high compared with thperceived
risk.

2. Floodproofingis not feasible. The property or business is not conducidodproofingmeasures
such as wallderms, or levees due to lack of space or business function.

3. Otherlocation specifi¢actors.

The cost for commerci&lloodproofingis based on 2Z&of the total cost to flood proof all commercial buildings.
Note that a coseffectiveness evaluation for each building is not part of the study scope. Phabevability

rate is the best approximation for achievability, cost, and impacts. In addiithe expectedtase, lonand

high achievability rateareanalyzed. A low achievability rate of%® selected and a high rate of %&s also
analyzed.This range is based on conversations with local building owners regarding the applicabilibdef
proofing The high value represents a high achievability gaten theissues raised by building ownerghe
selectedrange of achievability reflects the uncertainty related to how many commercial building owners would
implementFloodproofingif provided with the opportunity. The results with low and high achievability rates are
presented as part of the uncertainty analysis.

7 Southern Tier Central Regional Planning and Development Board. Selecting Floodproofing Tegligunesal Considerations. FEMA. Floodproofing
Info #1Q

8 Floodproofing costs developed by Larry Karpack, Watershed Science & Engineering. Email dated March 5, 2014.
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Table7 shows the estimated numbef structures that would be raised or flood proofed within the @ar
floodplainin the Baseline and ieachof the Project Alternatives.

Table7
Floodproofing: Number of Buildings ancCosts

EXPECTED CASE
100% RESIDENTIAL A28% ACHIEVABILITYRERONRESIDENTIAL

$2014 :
BUILDINGS INOG- WITHI-5 WITH WITHI-5 PROJEC
YEAR FLOODPLAIN BASELINE | PROJECT STORAGE| AND STORAGE
Residential Buildings 677 677 653 368 354
Non-Residential Buildings 446 112 95 71 64
Total Building$lood Proofed 789 748 439 418
Cost, Millions $91.5 $87.3 $49.0 $46.8

It is important to note that even after flood proofing, propertied! still be flooded and structures may be
damaged depending of the severity and location of the flood.

8 EnhancemenProjects

Severaknhancementprojects were evaluated in the ASEP in conjunction with other Project Alternative
components.Table 8 provides a summary of these enhancement actidhs. following projects were
evaluated:

1 NMFRRiparian2@50 ¢ Increase the modeled riparian attributes by 20% in the noemaged forests in
50% of Spring Chinook spawning reachstential examples of actions that would be included are
removal of invasive vegetation, riparian plantings, and preservation of exisid)riparian areas.

1 NMFRRIiparian60/50¢ Increase the modeled riparian attributes by 60% in the-ntanaged forests in
50% of Spring Chinook spawning reachstential examples of actions that would be included are
removal of invasive vegetation, riparighantings, and preservation of existing good riparian areas.

1 NMFRIiparian20/75¢ Increase the modeled riparian attributes by 20% in the-nmamaged forests in
75% of Spring Chinook spawning reachestential examples of actions that would be included ar
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas.

1 NMFRIiparian60/75¢ Increase the modeled riparian attributes by 60% in the-nmamaged forests in
75% of Spring Chinook spawning reachegtentialexamples of actions that would be included are
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas.

1 NMFRLWM50/50 ¢ Increase the modeled instream wood attributes by 50% in 50% of Spring Chinook
spawning reacks. Examples include log cribs, installation of log jams, root wads, and wood structure to
trap gravel and/or sediment.

T NMRLWM5S0/75 ¢ Increase the modeled instream wood attributes by 50% in 75% of Spring Chinook
spawning reachesExamples include logibs, installation of log jams, root wads, and wood structure to
trap gravel and/or sediment.

1 Culvertl00c Passage at all artificial barriers = 100%&move the 169 barriers that are in the EDT model
to allow access above the barriers.
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Table8
EnhancemenfAction Summary

ANNUAL #
PROJECT NAME CAPITAL O&M? TOTAL PV COS
NMFLWN50/50 $17,550,000 $95,000 $18,420,000
NMRLWMB0/75 $27,800,000 $143000 $29,110,000
NMFRiparian20/50 $43,240,000 $216,000 $45,220,000
NMFRiparian20/75 $64,860,000 $324,000 $67,830,000
NMFRiparian60/50 $43,240,000 $216,000 $45,220,000
NMFRiparian60/75 $64,860,000 $324,000 $67,830,000
Culvert100 $29,970,000 $158,000 $31,420,000

Notes:
1. Includes80% contingency
2. O&M isrequired for 10 years following project implementation.

Theenhancementctionsfrom Table8 were combined in low and high enhancement scenarios for the Project

Alternatives no Upper Chehalis storagédpod Control Only structure, andVulti-purpose structure.Table9
shows the combinations @nhancementctions for each Project Alternative scenarithe COA analysis
assumes that each of the Project Alternatives includes eitber or HiglEnhancemenactions. ThéP\for
enhancementosts (capital, O&M}ps summarized below assuming a discount rate of %63

Table9
EnhancemenfActions Combinations

RIPARIA# RIPARIAN| RIPARIAN RIPARIAN LWM | LWM | CULVER

SCENARIO 20/50 60/50 20/75 60/75 50/50 | 50/75 100 TOTAL PV CO
Low Enhancement X X X $95,060,000
Only
High Enhancement X X X $128,350,000
Only

9 ProjectAlternative Costs

Figure2 summarizes the total project cost for each of tRmjectAlternativesassuming a discount rate of 1.63
percentand LowEnhancemenéctions Figure3 shows the same information for Higilnhancemenactions.
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Figure2
Project Alternatives Expected Cost Summary with LBwhancement100Year NPV
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The above costs are included in 8®Aanalysis. Annual OM&R costs are calculated over the full study period
andare included in the above figurégsNPWerms.
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10 Hydropowe

In addition to theProjectAlternatives above, the option of adding a small hydropower unit MP&dam is
analyzed separatelyTable10 shows the range of estimated capital coatswell as annual OM&R costs.

Tablel10
Hydropower Cost Estimates

INTEREST DURING CORISCTION

CAPITAL NPV
Expected $22,500,000 $485,000 $623000
Lower Bound $20,000,000 $485,000 $554000
Upper Bound $25,000,000 $485,000 $693,000

Thecosts abovencluderegulatory and permitting for the proposedmbegawatthydropower unit. The
evaluation of this pra@ct is provided in Appendix J.
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4Project Alternative Impacts

1 Introduction

This sectiordescribeghe methodology and assumptions behind the Project Alternative impact evaluations.
Impact evaluation assumptions may differ across perspectives. These differences areeddateitwithin

each perspective section. Qualitative impacts @seussedn the following section Impacts are separated into
those related to flood damage armather impactsnot related to flood damages(g.,sport fishing impacts are not
directly rehted to flood damages).

All Project Alternatives are compared to the sanBaseline TheBaselinds defined as current conditions plus
any projects that are currently fundedmpacts related to ppulation growth or development within the
floodplainare excluded from the analysis.

2 Quantified Impacts

The following project impacts are quantifigdthis study
Flood damage to structures, contemind inventory
Cleanupcosts for buildings and agricultural acreage
Vehicledamages

Loss of agriculture crops orop damage
Transportation delays okb

Temporary relocation costs for evacuated residents

Publicassistance for emergency protective measures for bridges, utilities, water control facilities, or
debris removal.

=A =4 =4 =4 -4 -4 4

Businessnterruption
Economicdevelopment
Commerciafishing
Sportfishing

Tribal Fishing
Environmental Nofuse

= =4 =4 =4 -4 =9

Qualitative impacts are discussed in the next section.

3 Project Impacts on Flood Damages: Methodology

The value of flood damages for several flood return intervals (2, 10, 12a60800 yeas) is calculated for the
Baseline and each Project Alternative. A graph relating flood damage estimates with flood return intervals is
referred to as a damage curv&igure4 is an example of a damage cumwbere the area under the curve is the
expected damage for a given flood hazaKigure 4demonstrates that as the exceedance probability of a flood
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decreases, damages increase. In other word€)Gayear event is much more severe and causes much more
damage compared with a 3ear event.

Figured
Example Damage Curve

$ Damages

500-Year 2-Year
Probability of Exceedance

Once a flood reduction project is introduced, the damage curve will shift such that damages @ceded

increased in some or all flood eventsdividual damage curves are estimated for Baseline aadhProject
Alternative scenarioThe difference between the Project Alternative curve and the Baseline curve is the impact
of the projectalternative Impacts include values such as avoided damages to building structures and contents,
agriculture products and equipment, avoidelanupcosts, and avoided costs due to transportation delays and
detours. Figureb shows a sample shift. The expected annual benefit (in dollars) of the flood reduction project is
the area between the curves (blue shadinglrigures.
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Figureb
Example of Reduction in Damage Curve

- Project Impact

Without Project

/

With Project

$ Damages

500-Year Probability of Exceedance 2-Year

The above methodology is used to estimate Project Alternative impacts to flood damages. The resulting impacts
are in expected annual values. Therefore, the COA is a probabilistic analysis based on flood return intervals and
related damages.

Note that flood damage reduction impacts are the same for all four storage facility configuratioasessitbwn
as suchtiroughout the report.

4 Structure Content and Inventory

Flood damages to structurese estimated in HAZU®ased on depreciated building values and average flood

depth by census block. HAZUS used flood depth damage curves for each structure type to estimate the percent
of the depreciated building value that is damaged. Flood depth damage curves relaté ifaataation with

percent of building damage depending on the structure type. These damage curves are developed from
national data; however, because the curves are applied to regional buildingaygdsasin specific hydrology

the resultsare applicablgo the basin Content and inventory damages are based on structure value and

structure type. For example, a residential structure may Haeercentof its home value in contents while a

hospital may have 15@ercentof its structure value in contents.

Both depreciated replacement value and full replacement value for structure and content damages are
estimated. Business inventory (goods for res@éaot depreciated. Generally, flood damage reduction
analyses present only depreciated replacemealuie; however, due to interest in the full replacement value,
the State and Basinwide perspective resultare presentd forboth depreciated and nodepreciatedstructure
and content valus. Non-depreciated replacement values are provided in Appendix O.

Floodproofingcommercial and residential buildings to a 3¥ar flood events included in each of the Project
Alternativesunless noted otherwiselt is assumed thaksidentialstructure, content, and inventory losses in

the 100year event are avoetl. Since all residential buildings are flood proofed (raised), all residential structure
and content damages can be avoided in a-46@r event. In the Expected case, onl9428 nonresidential

9 Please refer to appendix B and C.
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buildings(commercial, industrial, government, schools¢ #iood proofed(refer to section 6 in the Project
Alternative Cost chapter of this report)rherefore, only Z&of the nonresidential structure, content, and
inventory damages are avoided. In additiomysture, content, and inventory losses for th@(Gyear event
would likely be reduced with thEloodproofing however, theamount of damage reduction has not been
modeled in HAZUS andrist included in the COATherefore, the benefits dfloodproofingmay be
underestimated.

5 CleanupCosts

Cleanupcosts include the labor and materials needed to remove debris and to clean a structure or property
after a flood event. The following three components are included irctbanupcost estimates:

1. Debris removal

2. Buildingcleanupcosts (commercial, residentjal

3. Agriculture fieldcleanupand enhancement

HAZUS provides the tons of debris generated from a flood, mainly damaged structures and contents. The cost
to remove debris is between $123 and $137 per.tdBuildingcleanupcosts are estimated at $5/square foot.

The number of buildings damaged and the average square foot for each building type damaged is also provided
by HAZUS. Buildings that are dabsially damaged (more than 89 are excluded irtleanupcosts as these

buildings would be demolished. Demolished builditeanupcosts are included in the debris removal costs.

Agriculture fieldcleanupcost andenhancements based on the number of acres flooded (per HAZUS) and
$500/acre to restore the fields to plantycondition. In addition reeeding costs of $180 per acre are
included*

Similar to structure, content, and inventory, buildidganupcosts whenFloodproofingis includedare
avoided in the 10&ear eventfor the buildingghat areflood proofed The modeling assumes theleanup
costs in a 50§ear event would still be requiresincehomes and businesses are not flopeofed to the 500
year event.

6 Vehicle Damages

Historically, during severe flood events, vehicle damages have occurred. HAG#Eessiehicle damages
much the same way as structure damages are estimalinage estimates are calculated according to depth
damage functions andehicledepreciatedreplacement values. The COA analysis relies on default data within
HAZUS to estimateehicle damages for the 108nd 500year events. It is assumed that no damages occur for
flood events that are less severe.

7/ Agricultural Losses
7.1 CROP DAMAGE

Damages to agricultural crops are based on either loss of currently planted crops or theslo$taseage due

to flood damageestoration Depending on the time of year a flood occurs, farmers may need to reseed fields
or they may experience total loss. Because most agricultural lands are located in or nié@odp&in flooding

can cause significant losspooduction Crop damage is estimated based on the acreage flooded, cropping

10Please refer to Appendix F.
1d.
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patterns bycounty, and value of crops by type. Cropping patterns are estimated using averages from the U.S.
Department of Agriculture Nnal Agricultural Statistics Service (NASS) databfagable 1isummarizes the
cropping patterns assumed in the analysis.

Tablell
Cropping Patterns

AVERAGE ACREAGE 2p022% :
LEWIS THURSTON GRAYS HARBO, TOTAL

Field Crops 3,996 10,433 10,533 24,963
Barley (Grain) 747 0 98 845
Corn (Silage) 843 0 1,211 2,054
Wheat 1,864 0 2,281 4,145
Peas 205 3 208
Hay 338 10,430 6,908 17,677
Oats 35 35

Vegetables 1,407 192 2,240 3,839

Share of Field Crops 87%

Shareof Vegetables 13%

The majority of acreage is in field crops. The share of crop type for each county is applied to the flooded
acreage for each county. Crop yields (cwt/aédayshel/acre) are based on average historic yields for
WashingtorStateby crop type if available, or national data when unavail&bl®rices for crops are based on
average Syear normalized national or state prices for all field crdppending on perspectiveVegetable prices
are based on the4ear average of national atate prices depending on which was availadoe the relevant
perspective

Many farms or agricultural acreage are bordered by riparian protection areas. While this acreage is included in
the estimatednumber of flooded agricultural acreagejs likely that the riparian areas will bidbooded

regardless of whetheor nota Project Alternative is implementeddecause the riparian area is included bisth

the Baselineandthe Project Alternativeases, the presence of these riparian arease unlikely tocause an
over-estimation of Project Alternative impacts.

8 Transportation Delays

8.1 INTERSTATE 5

I-5 is closed forapproximately5 days during 100yearflood event. WSDOT estimated the castOOyear
eventclosure based on behavior surveys, traffic cousteefore and during the event, and the estimated cost of
detour routes or delayed trips. WSD@Stimatesthat a 100yearevent coss a total of $11.5 million, or $2.2
million per day on average additional travel costsBased on surveyformation, this estimate assumebat

2Please refer to Appendix D.

13U.S. Department of Agriculture. Nat Agricultural Statistics Service. Lewis, Thurston, and Grays Harbor Counties.

14 CWT (hundredweight or centum weight) is a unit of mass defined in terms of pounds. A short hundredweight is 100 Ibi.oflfriass is used in the
United States.

5 Please refer to Appendix D.
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only a share of "through" traffic takes adetodr. K Sy £ f GUKNRBdzZZAKE GNI FFAO Gk 1S
amount to $20.6 million.For theexpected casscenario, the COA uses the average between the two estimates
provided ty WSDOT. Even if some travelers delay or cancel their trip, there are indirect costs to the traveler

that are not accounted for ithis estimate ($11.5 million). For example, if the detour costs $100, but the trip is
worth less than $100 to a travelehé traveler would delay or cancel the trip. Delay and cancellation costs are

not accounted for, if those costs are less than the detour cdbe WSDOT methodology therefore

underestimates the cost of the closurethre lower estimatecase.

The expead case assumption for this study is a conservative estimate for transportation delay costs according
to the U.S. Army Corps of Engineer methodoRSgWlore information on the WSDOT study can be found in
Appendix E.

9 Emergency Aid

Emergency aid is@mbination of Temporary Relocation Assistance (TRA) and Public Assistance. TRA is the cost
to house relocated families during a flood event. Public Assistance costs are emergency protective measures to
secure infrastructure such as bridges, roadwaysititities.

9.1 TEMPORARY RELOCARASSISTANCERA)

Housing costiclude reimbursementfor hotel stays or public shelter costs. Thed®o relocate to stay with

families or friends are included in the total damage estimate since the opportunity costyifigtwith family is

the cost of a public shelter or hotel. The total number of TRA claims is provided by HAZUS. HAZUS assumes that
if a census block is at least partially flooded, the residents will need to be relocated due to loss of home, access,

or utilities. The number of claims is multiplied by the estimated cost per claim. In the 2007 event, the average
claim was approximately $4,000 per relocated family. This figure is used for claims in {la@d GO0 year

events. For less severe flood et® the average claim is approximately half of the 2007 amount, or $2,100 per
claimt’. These claims are per household.

9.2 PUBLIC ASSISTANCE

Public Assistance costs are calculated based on a ratio of costs compared with TRA®stethodology is
consistent with previous studies conducted by the Corps for the Chehalis Rivet®Bapjpendix G has more
information. Theexpectedcase ratio of Public Assistance costs to TRA costs in this study is based on the 2007
flood event(ratio of 5.4)

9.3BUSNESS INTERRUPTION

Business interruption costs during a flood event include the cost to businesses or landlords for building closure
during flood events as well as the cost of delayedpening due to damages or relocation. Business
interruption costs areomposed of four parts:

1. Income (capitalelated)losses

2. Wagelosses

3. Relocation

8 WSDOT notes in their study that the U.S. Army Corps of Engineers allows for travel costs to be calculated assuminiy @il ffiodalkes a detour.
7 Please refer to Appendix G.
18 U.S. Army Corps of Engineers. Centralia, \kigsin, Flood Damage Reduction. Final General Reevaluation Report. Economics Appendix D. June 2003.
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4. Rental Incomdosses

Each of these components is described in more detail in Appendix I.

Business interruption costs are included onlyhia basinwide perspective. Frorthe Stateor Federal
Perspectivethesecosts would be recouped by other busineskrEsatedoutsidethe affected flood aredut

within the geographic boundaries of the perspectivEherefore business interruption costs are local in nature
andare not included when approaching the analysis from a wigeographic boundary

10 Other Impacts
10.1ECONOMIC DEVELOPMENT

The economic consequences of flood damage over time include both positive and negative impacts. Negative
impacts are the direct damages to propemymediately following an event. Positive impacts include the effects
of recovery and reconstructiolf. Some studies have asserted that the sh@rm impacts from a natural

disaster are negligible compared with the lerggm impacts of recovers?. While some discussion is provided

for the tradeoff between monetized positive and negative impacts, it is also recognized thatdong

economic growth is better served by the reductiofflood hazard risk.

TheEconomic Development impact mput-output (I0) analyses in this study are conducted using previously
prepared 10 modet$. This methodology is consistent with many other studies that have evaluated regional
impacts from natural disasters using previously prepared 10 m&dédlsis methodologygnores the time lag
effect for the positive and negative economic effects following a disaster. In order to mitigate for this
shortcoming, economic impacts are reported separately depending on the type of impact. For example,
structure damages are assated with immediate negative consequences followed by positive economic
impacts from repair and reconstruction. Therefore, 10 results are presented with and without structure
damage.

Project Alternative impacts on economic development are evaluatethéo6tate and Basinwide Perspectives.
Increased economic activity is measured using state and cdO@mhodels. These models and results are
discussed in detail in Appendix L.

10.2ENVIRONMENTAL

Estimation of environmental benefits (and costs) are eddb the positive (or negative) impacts on aquatic
habitats and species populations from implementing flood control structures and enhancement actions in the
basin, either singularly or in combination. Changes to aquatic habitats would affect fishfidmspecies,

but the analysis of monetized benefits and costs is limited only to changes in salmonid populations, namely
spring Chinookfall Chinook, andohosalmon andsteelheadtrout. As discussed in Appendix K, estimated
benefits are determined bgstimating a value per fish for different salmonid species and applying this value to

9 Ishikawa, Yoshimi and Toshitaka Katada. Analysis of the Economic Impacts of a Natural Disaster Using Interregiutaliripables for the Affeet

Region: A Case Study of the Tokai Flood of 2000 in Japan. 2006 IntermediatetguitModeling.

20|shikawa, Yoshimi, 2006.

2! www.implan.com

22 See for example: Ishikawa, Yoshimi and Toshitaka Katada, 2006. Analysis of the Economic Impacts of a Natural Disasteegising InpuitOutput

Tables for the Affected Region: A Case Study of the Tokai Flood of 2000 in Japan. 2006 Interrpeti@tégat Modeling. Also see: Sheets, Keith, 1998.
Traditional Uses of InpuDutput Models in Watershed Programs Planned under Principles and Guidelines. USDA Natural Resources Conservation Service.
Lincoln, Nebraska. August 1998.
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the predicted changes in fish populations from each project alternafiteltiple values per fish by species are
estimated toreflect differencesamong commercial fishhenen, recreational fishermen, local tribes, and others in
the state who do not fish but place a value on fish habifEteir respective values per fish are estimated from
economic literature and market data and include the following factors:

1 Commercial Bheries:Commercial fishery value is estimated from profits resulting from harvests of
salmon populations. In practice, benefits from population changes in a particular basin, such as the
Chehalis, are estimated using data on harvest levels and net resenweach US state (primarily Alaska,
Oregon, and Washington) and Treaty/Néreaty allocation. Fish from the Chehalis Basin that are
caught in Canada would not be considered a benefit to the US. Wherever fish are caught, total net
revenues are a functioof the total annual catch (in tons), revenue per ton (derived from wholesale
prices), and costs per ton (based often on a percentage of the wholesale price).

9 Sport FisheriesThe net economic value of anglers would be estimated separately for theiitiastiv
ocean, estuary, and river waters. Inthe ocean and estuary, fishing generally relies on charter and/or
privately owned boats for fishingdowever, river fishing generally can occur in or along the river bank.
Sport fishing benefits can includet only fish caught for harvest but also catch and release activities if
stocks decline enough to cause such restrictions to be imposed.

 PassiveUsd: I aaA @S dzaS aiSya y20 FNBY FAAKAY3I odzi FNP
fish exist, an be caught by someone now or in the future, have a{stagding connection to local
cultures, and are significant elements of the ecosystdine inclusion of Passive Use value in project
evaluations can be justified by the importance of salmonids sidents across the State of Washington
even for people who do not fish.

Estimablémpacts are differentiated geographically to account for differences in effort, costs of actions, and
abundance of fish. These regions include: open ocean, estuary (Guda Hand river. Commercial activities
for Treaty and NofTreaty Tribes are grouped independent of location.

Tablel2 summarizes the values pesli used in the analysis. Additional information is available in Appendix K.

Tablel2
Economic Values per Fish

SPECIES GRAYS HARBOR RIVER TREATY /
NON PASSIVE
TREATY

COMM. | SPORT : . COMM!?
Fall Chinook | $21.64 | $82.60 | $46.61 | $100.11 NA $178.47 | $21.22 | $2,232
Spr. Chinook | $46.61 | $82.60 | $46.61 | $100.11 NA $133.31 | $45.71 | $2,232
Coho $9.91 | $50.88 $9.91 $62.44 NA $141.72 |  $9.32 $2,232
Steelhead NA NA NA NA NA $165.83 NA $2,232

Notes:
1.ThiOF §S32Ne O2YoArAySa G(GKS o0SySTAaida (2 ¢KS v-AdNBl d2é& LYRALY blidAz2zy a¢NBL

Sgnificant value that cannot be monetized is the cultural value that salmonids provide to the two principal
tribes in the area: the Quinault and the &tfalis Tribe. As discussed above, an economic analysis of changes in
salmonid fisheries to these Tribeanbe estimated for commercial activities. However, the act of fishing and
subsistence harvesting is recognized as a cultuagl of lifethat is comected to their history and identity.

These types of values are beyond economic valuation, which attempts to observe value behind the choices
people make rather than to provide a definition of who people are. Instead of estimating an economic value of
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cultural impacts to salmonid population changes, it is recognized that the estimated benefits (and costs) are
incomplete insofar as cultural values are not included in these estimates.

Economic benefits and costs are determined from the change in the ingpagproject over time on salmonid
populations relative to baseline conditionBor each project, it is assumed that it can be implemented within a
one-year construction period and impacts to species populations would be realized soon after. Impacts fro
either flood retention and enhancement projects would be realized within 4 years for Chinockestitead
species and within 2 years fopho. Due to the magnitude of the enhancement efforts, it would take several
years to construct all of the projectst is difficult to predict where and when projects would be implemented
because funding sources and quantities are unknoWwnerefore, while the benefits are assumed to be realized
in the first few years, the actual benefits from the projects wouldljikake longer to be realized.

Several baseline conditions are evaluated in this anal{asa on basline populations for nagrowth and
managed foresbaseline conditions are provided Trablel3. Baseline fish populations under a {&owth

scenario remain stable and unchanged throughout the period of analfsisiever, in ananaged forest

context, the outcomes from the Forest Practices Act are expected to increase fish populations for all species
over time. Spring Chinook populations are the most affected with an increase in population of 34.3%.

Tablel3
Baselire Fisheries Population ForecasidNo Growth and Managed Forest Scenarios

SCENARIO SPECIES CURRENT| FUTURE PERCENT CHAN

Baseline with No Growth
Spring Chinook 2,448 2,448 0.0%
Fall Chinook 15,894 15,894 0.0%
Steelhead 10,417 10,417 0.0%
Coho 60,000 60,000 0.0%
Baseline with Managed Forests
Spring Chinook 2,448 2,935 19.9%
Fall Chinook 15,894 17,217 8.3%
Steelhead 10,417 11,825 13.5%
Coho 60,000 69,984 16.6%

Tablel4 shows the estimated population changes due to the implementationER&facility orMPE

Tablel14
Fish Population Changes with Structure (% Change from Projeetgulilations)
%CHANGE IN FISH POPULATION WITH % CHANGE IN FISH POPULATION \
FLOOD RETENTION FACILITY (50% Impa MULTIPURPOSE FACILITY
Spring Chinook -8.1% 6.5%
Fall Chinook -1.1% 0.3%
Steelhead -4.0% -7.4%
Coho -1.9% -0.6%
Total -2.1% -1.1%

Chehalis Basistrategy: Reducing Flood Damage and Enhancing Aquatic Speigect Alternative Impacts m



Finally,Tablel5 presents the effects on each fish species from some combination of a flood retention structure
and one or moreenhancement actions, as definedTiable8. The impacts toring Chinook differ considerably
between the structure designs in that there is an 8% decline for flood retention facility and a 6.5% increase for
the MPDoption. Steelhead populationare worse off with MPDoption. While structures cause an overall
reduction in fish populations (with the exception ofPDstructure with regard to Chinook), the combination

of structures andenhancement actions all enhanced fish populatiofite lagest overall effect is observed for
spring Chinook.The combination of ghancement projects enhances fish populations above any single action.
However, the sum of singknhancement action impacts is not equal to the combination of these actions.

Tablel5
Fish Population Changes with Combined Structure and Enhancement (% Change from Projected Populations)

(@) =
| I
= = = = = =
Zz Zz =2z + = z + =
= w = W 3 | W w I Ll L
x = x> s 0= Q= 0 =
< W o w w O w Fuw o uw
oo =0 + O a o O a o
SPECIES 2 x =z o Z x =z 2= x =z
< T < 8B < D < 3 < o<
53 o2 £ - e 1o
Jw T Ty H L E &
-] -]
S =
Spring Chinook 49.6% 184.3% 21.9% 25.8% 164.7% 109.7%
Fall Chinook 8.4% 25.2% 6.5% 5.8% 22.8% 17.9%
Steelhead 14.3% 34.6% 9.7% 3.1% 32.1% 19.3%
Coho 23.0% 60.9% 19.7% 17.1% 58.5% 49.4%
Total 20.1% 54.8% 16.2% 13.7% 51.9% 41.9%

Note that in all cases, losses to fisheffiesn flood reduction structureare assumed to be within the range of
current management practicesn addition, the losses in populations from a structure are only mitigatehis
studywhen increases from corresponding enhancement projects are considéwzbrdingly, it is assumed that

no project would by itself trigger anEndangered Species AEiSAaction. There may be a variety of

contributing factors that could cause an ESA listing, but it has been assumed tiRadjire Alternatives alone
would be unlikely to be a singular caudeis recognized that an ESA listisgch as that which occurrexsh

August 29,2014 with the Oregon spotted frog (USFWS 20&id)ld lead to significant additional economic

losses, litigation costs, and/@enhancement actions and these costs could have far greater economic costs than
those considered in this analysisowever, because this action was recettie modelingof its economic
outcomewas preventedan effort that will be necessary if this project extends beyond the feasibility phase

11 Risk and Uncertainty Analysis

The Project Alternative impacts are modeled for sameertainties. In most cases, probability distributions for
the variablesn the analysisvere not available; therefore, a risk analy#ofite Carlosimulation) could not be
conducted In addition, where probability distributionsere unavailablethe study team did not provide
probabilities associated with the projected rangdierefore, uncertainty is modeled in the COA analysis based
on high and low values without probability distributions. The term uncertainty is used because the range of

Chehalis Basistrategy: Reducing Flood Damage and EnhmnAquatic Specias Project Alternative Impacts



valuesselected for the analysis are based on available data to create low, medium, and high values. The ranges
are subjective; however, the figures were reviewed by the Tech@icaimitteesas part of the COA process.

The medium values are referred to as tlexpected values" orékpected case." These values, as presented
above and in the appendices, represent the best estimates for values over the study period; they do not
represent the 50th percentile values as there is no probability distribution assdowgth them. The low values
presented in this section are often the minimum or lowest value found in the literature for each value; however,
the low values are not necessarily the lowest possible value. The low values are used to estimate a "Low
Impact"evaluation ofProject Alternative impacts. Alternatively, the high values are often the highest values
found in the literature or through surveysihe high values are nantendedto represent the highest possible

value. The high values are modeleditHigh Impact" scenario where the impact of each Project Alternative is
estimated as the highest expected impact.

The uncertainty analysis does not include additional hydraulic modeling or additional HAZUS modeling.

12 Structure, Content, and Inventory
12.1STRUCTURE, CONTBND INVENTORY

The impact to structures estimated in tlexpectedcase is based on structure value, type, first floor elevation,
and estimated inundation levelJncertainty existsvith regard to each of these componentBor example,he

level of structure inundation includes the uncertainty inherent in several areas of study such as the hydraulic
modeling, structure location, and census block elevation data. In order to evaluate uncertainties related to the
hydraulic modeling, additimal hydrology data would be needed for HAZUS modeling; however, an uncertainty
analysis of the hydraulic model is not part of gtedy scope. Additionallychanging structure characteristic
assumptions would require additional HAZUS rwisich is also otside of thestudy scope.

Similarly, content and inventory damages are based on structure value and inundation level. In order to change
the content and inventory damages for an uncertainty analysis, additional HAZUS modeling is required.

In absence of additional hydrology data, HAZUS was run f@dkelineand dwith project events where
residential first floor elevations are adjusted either up or down by 1 #dthe resulting variance in damage
estimates to building and contents is@pximately 126between the +# 1 foot scenarios. Because this
variation does not include all uncertainty in the hydrology modeling, HAZUS modeling, and data assumptions,
two scenarios with greater changes to the impacts are modeled. The first ismapast scenario where
HAZUS output for structure, content, and inventory damages are adjusted such that the damage®af¢hg0
Expected damages for these categories. The sesoeiario is thénigh impact scenariehichassumes that
HAZUS underestimas damages by 2@ These uncertainty assumptions are based on the uncertairihe
precision offirst floor elevationsas well asincertainty for otherHAZU$nodeling assumptionshat are not
modified. The range of uncertainty is not meant to refléne full range of possibilities. Rathéne range of
uncertainty for structure, content, and inventory impacts was selected such that a reasonable amount of
uncertainty is represented without resulting in large variations that may not be useful to aleansikers.

12.2FLOODPROOFING

As mentioned in the Project Alternative Cost section of this repaopdproofingnon-residential buildings to
the 100year event is not expected to be 1%@&chievable. In the Expected case, it was assumed tlRab2the

23Based on 2 statard deviations. Watershed Science & Engineering. Chehalis Basin Strategy: Reducing Flood Damage and Enhancingesguatic Spec
Description of Structures Database/Methodology for Finished Floor Estimation. August 18, 2014. Draft Memorandum.
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non-residential buildings would be flood proofed. In a low impact scenario, ofol@onresidential
buildings are flood proofed and 3@are flood proofed in a high impact scenaribis assumed that 100 percent
of residential buildings are either flood proofed (or acquired).

13 Cleany Costs

Uncertainty related taleanupcosts is modeled by adjusting the cost for debris removal. Alternatively, or in
addition to the cost variancéhe amount of debris generated could be modeled. However, the relevant
hydraulic modeling was not available as part of the study scope. Therefore, only the adeafarpand debris
removal is varied. For debris removal, survey respondents estimhgeddst between $9and$204 per ton of
debris forfinishes(drywall, insulation, etc.and between $123 and $204 per ton for structural components
(wood, bricketc). These values are usadhigh and low impact scenariaggere the low impact scenaris the
low valueandthe high impact scenario assumes the high value.

Similarly, buildingleanupcost estimates varied from $3.33/square foot to $6.67/square foot based on informal
survey information. These values are utilized for low and high impangsios. In addition, the number of nen
residential buildings is adjusted based on the low and high impact scenariefmproofing

Agriculture fieldcleanupcost andrestorationis based on the number of acres flooded (per HAZUS) and
$500/acre to estore the fields to planting condition. In additionseeding costs of $180 per acre are

included®. A range of agricultureleanupcostsare estimated based on th@ngeof coststo cleanupfields and

for re-seeding. For fieldleanupcosts, $300/acrés assumed for the low impact scenario based on the Cbrps
2003 study in the Chehalis River Basin. The high value is based on the 2007 event and is assumed to be the
same as the expected value. Forseeding costs, the range of cost is based on rapgegded in the Lewis
County 2007 Baster Recovery Strategy repSit $100 to $260 per acre)

14 Vehicle Damages

No uncertainty analysis has been performed for vehicle damage estimates. An uncertainty analysis would
require additional hydrology data, whiés not within the scope of this study.

15 Agricultural Losses
15.1 CROP DAMAGE

Damages to agricultural crops for the expected case are based on either loss of currently planted crops or the
lost use of acreage due to flood damagstoration Depending on thdrne of year a flood occurs, farmers may
need to reseed fields or they may experience total loss. Crop damage is estimated based on the acreage
flooded, cropping patterns bgounty, and value of crops by type

In a low impact scenario, damaged fields ccaddrestored and utilized the growing season immediately
following a flood event. This scenario assumes that crop production is not lost for events equal to or of less
severity than the 10§ear event.

A high impact scenario is consistent with the Expéatase where all crops are assumed lost for the year
following an event regardless of severity.

24 Please efer to Appendix F.
25| ewis County 2007 Flood Disaster Recovery Strategy. April 2009.
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16 Transportation Delays

16.1INTERSTATE 5

The WSDOT estimated that a 3@€ar event would cost $11.5 to $20.6 million from @hdlosure. The range of
costs ishased on the share of through traffic that takes a detour rather than delays a trip. The higher figure
assumes that all through traffic would take a detour in the event of a closure. For the expected case scenario,
the COA uses the average between the estimates provided by WSDOT. The low impact scenario is modeled
assuming the low valyavhile the high impact value assumes the high value. This uncertainty analysis is
assumed for both the State and Federal Perspectives. Uncertainty is not modelled basinPerspective.

17 Emergency Aid

Emergency aid is a combination of TRA jmdlic assistance. TRA is the cost to house relocated families during
a flood event. Publiassistance costs are emergency protective measures to secure infrastructure such as
bridges, roadways, or utilities.

17.1TEMPORARY RELOCA'ASBISTANCE

Housing costs incledreimbursements for hotel stays or public shelter costs. In order to model uncertainty in
TRA impacts, the cost per claim is varied based on different claim types for the 2007 event. The low impact
scenario assumes that all claims are based on lodgingoursement costs. These claims are generally for
shorter periods of relocation. Alternatively, the high impact scenario assumes that claims are equal to the
average of rental assistance (longerm housing) and lodging reimbursemeriiablel6 summarizes the
assumptions for the Expected, High, and Low impact scenarios.

Tablel16
TRA Claim Cost Assumptions under Uncertainty

$2014/CLAIM

EVENT RETURN
INTERVAL EXPECTED HIGH

2 Year $2,098 $4,074 $2,098
10 Year $2,098 $4,074 $2,098
20 Year $2,098 $4,074 $2,098
100-year $4,074 $4,074 $2,098
500 Year $4,074 $4,074 $2,098

Uncertainty regarding the number of claims filed is not modelsdhis would require hydraulic modeling that is
not part of the study scope.

17.2PUBLIC ASSISTANCE

Public Assistance costs are calculated based on a ratio of costs compared with TRA costs. The Expected case
ratio of Public Assistance costs to TRA costsignstudy is based on the 2007 flood event. The low impact
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scenario is based on the ratio assumed in the G@PA3 study(ratio of 3.0)*® A high impact scenario is
assumed to be the same as the Expected ¢eete of 5.4)

17.3BUSINESS INTERRURTIO

Business interruption costs are included in athiy basinwide perspective. In order to estimate a range of
business interruption costs, additional hydraulic modeling would be requim@dever, this modelings not part
of the study scope.

18 Environmenta

Key drivers of uncertainty in the environmental analysis include monetary values of fisbraoastfish

populations. For the monetary values of fiskw, median, and high values were determined for each variable.

For example, commercial fish values are driven by exogenous market conditions, trends, and the fishery itself is
managed by the &cific Forestry Management CounciF{®Q. It is assumed thanarket prices respond to the
relative demand for and supply of wild caught salmon @emmed) as set by PFMC and available substitutes.

The values used in the model were determined using an average of historical, thksshistorical values

accountfor recent trends in the commercial production of salmon. Ranges for commercial salmon values were
established based on the historical high and low. However, these values do not account for the uncertainty that
may result from a closed fishery due to Ifish escapement ahESA listing.

A benefits transfer approach was used with sport and passive use values. Using estimated values from existing
literature introduces multiple sources of uncertainty related to: the age of the study, the site characteant

scale of the transfer study, and fish species types. The ocean sport value is the most site appropriate with values
as recent as 2013. Ranges were established based on characteristics cited in ti{sestulypendix KRiver

sport values are tsed on a sampling of several studies with ranges based on the low and high values from the
sample.

The fish populations for the salmon and steelhead populations were estimated using the EDT model.
Uncertainty ranges and distributions around the fistpplations could not be estimated given the limitatioofs

the EDT model. The fish populations represent an expected value into the overall analysis. Uncertainty in the
outcomes forenhancement and impacts of the dams was evaluated with low and higheigionse scenarios as
shown in theenhancement action descriptions.

26.S. Army Corps of Engineers. Centralia, Washington, Flood Damage Reduction. Final General Reevaluation ReportAgpemuinizs June 2003.
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5Project Alternative Qualitative Impacts

1 Introduction

The qualitative impacts analyzed in this study include the following:
Railclosure

LivestocKosses

Environmentajustice

Cutural impacts

Propertyvalues

Health andsafety

Other Fish and Nefish species

=A =4 =4 4 4 4

Each of these impacts is discussed below.

2 Raildosure

Major flood events in the Chehalis River Basin result in floodwaters covering rail lines throughdbeitior.

Similar to closures of3, rail line closures have significant impactstate andregional economies. These rail

lines provide transportdon ways for both freight and passenger trains. The rail line through the Twin Cities is
classified as a major corridor and is owned by Burlington NortBamta Fd&Railroad (BNSF). Other rails lines in

the area include the Puget Sound and Pacific &zall{(PSAP) line running north out of Centralia and West

through Aberdeen, and Tacoma Rail Mountain Division originating just North of Chehalis and ending in Tacoma.

The BNSF rail line through Chehalis and Centralia is part of a major line connedtangdRord Seattle. This

corridor averages 58 freight trains per day as well as 8 Amtrak Cascades trains. Amtrak's Coast Starlight, which
connects Los Angeles and Seattle, operates once per day in each direction alo#getigdor?” One day of

closue can affect up to 68 trains.

Attempts were made to contact BNSF regarding closure costs for the railway; however, BNShdididet
comments to this study Discussions with Tacoma Rail revealed that the damages to the rail lines would be
minor and estimating the cost of rail closure would be a difficult task where the results would be challenging to
defend. Primarily, cost estimation would require a full study similar to what was completed fobttiavel

cost study where delay costs, operationaintenance, and repair costs as well as supply chain effects are
accounted for. For reference, each rail car that is delayed is the equivalent of four trucks delayed. The rail
detour around the closuresquiresroutes as far East as Walla Walla.

Information needed to monetize Project Alternative impacts on rail closures was unavailable; therefore, a
gualitative review was undertaken instead.

27Washington State Department of Transportation. Washington State-2030 Freight Rail Plan Appendices. December 2009.
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2.1 FLOODPROOFINGILY

Floodproofingbuildings would have no effect on the frequency or duration of rail closure.

2.2HABITAT ENHANCEMENNLY

Based on the aquatic species enhancement studies, neither of the Habitahcement programs (Low or High)
result in flood reduction impacts. Therefoenhancement programs would have no effect on the frequency or
duration of ral closure during flood events.

2.31-5 PROJECT

The 15 Project has the potential to either increase or decrease the frequency and duration of rail closures. The
data required to analyze potential rail closures in teRroject case was not available.

2.4H.00D STORAGE

Flood storage reduces the overall flood level and duration of flooding within the entire basin. Therefore, a flood
storage option could likely decrease the frequency and duration of rail closure.

3 Livestock

The 2007 flood event resulted in the loss of 1,600 livestock. Since 2007, five critter pads and two evacuation
routes were constructed. According to theS. Department of Agricultur€8DA, no substantial decrease in
livestock was observeduring the 209 evenf however the 2009 event was unlike the 2007 event in that the
flooding mainly occurred on the Newaukum River. With the installation of critter pads and evacuation routes, it
is difficult to estimate livestock losses for future flood eventsaddition, there are plans to add more critter

pads to help protect livestock. At the time of this draft, not enough information was available to estimate
livestock losses for the five flood events for the Baseline and each of the Project Alternatiadsglititm, the

planned buildout of critter pads increases the uncertainty related to whether or not additional flood hazard
mitigation measures would provide additional benefit.

3.1 FLOODPROOFIRGILY

Floodproofingbuildings would likely have no effect timestock loss.

3.2HABITAT ENHANCEMEMNLY

Based on the studies, neither of thabitat enhancement programs (Low or High) result in flood reduction
impacts. Thereforeenhancement programs would not affect livestock loss.

3.31-5 PROJECT

The 15 Project chages the flooding patterns in the basin but does not remove water. It will be important to
evaluate these changes in flooding patterns when installing new critter pads since the hydraulic model shows
that there is an increase in flooded agricultural aceeagsome flood events. Otherwise, it is unlikely that the

I-5 Project would impact livestock losses.
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3.4FLOOD STORAGE

Flood storage reduces the overall flood level and duration of flooding within the entire basin. Therefore, a flood
storage option couldlecrease livestock losses; however, with the installation of additional critter pads these
benefits may be reduced.

4 Environmental Justice

Natural disasters have regressive effects on affected populations. Studies have found that families with higher
incomes were more prepared for disaster, more receptive to information regarding disaster preparedness, and
experienced less damage than lowiecome families® In addition, homeownership was found to be a

predictor for the degree of structure damage. Thésdings support the theory that low income populations

are at higher risk for flood damages. The risk is further compounded since lower income families generally have
less flexibility in employment schedules and less working capital forfloast clearup.

4.1 FLOODPROOFINGILY

Floodproofingbuildings may have positive impacts on environmental justice by reducing property losses to low
income families.However Floodproofingonly may leave many buildings inaccessible during a flood event and
these regdents may still not be able to go to work.

4.2 HABITAT ENHANCEMENNLY

Based on the studies, neither of thabitat enhancement programs (Low or High) result in flood reduction
impacts. Thereforesnhancement programs would not likely affect environmeiastice.

4.31-5 PROJECT

The 15 Project changes the flooding patterns in the basin but does not remove water. Based on the hydrology
data, the net effect of the-b Project is @amallreduction in structure and content damages. Therefore, tbe |
Projectmay provide some environmental justice benefits by reducing flood damages.

4.4 FLOOD STORAGE

Flood storage reduces the overall flood level and duration of flooding within the entire basin resulting in
significant flood damage reduction potential. Tieeluced damages may positively impact environmental
justice.

5 Cultural Impacts

Cultural resources include any archeological, built, or ethnographic property. Some cultural resources may be
deemed significant to the history of the community, state, or aatand require preservation. Project

Alternatives may impact cultural resources directly or indirestlich as disturbance from construction,

inundation, filling, changes in traffic patterns, or erosion from changes in land exposure.

28Zhai G., Fukuzona T., Ikedavdeling Flood Damage: case of Tokai flood 2000. Journal of the American Water Resources Asdesfmtiary 2005:
77-92.
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The Cultural Resmces Reviet prepared for the Chehalis Basin Flood Hazard Mitigation study identified
cultural and historial resources potentially affected by each project. The Cultural Resources Review conducted
site-specific studies that identified cultural resources within the proposed project areas. Excluded from study

was a survey of cultural resources in the inundatoeas for the storage optionslablel7 below summarizes
the result of the Cultural ResoursReview. Note thaFloodproofingand Enhancement Programs were not
evduated for cultural resources

Tablel7

Potential for Encountering Cultural Resources in each Project

CULTURAL

HISTORY OF

LANDFORMS
FAVORABLE TO
CONTAIN CULTURA

POTENTIAL FOR
ENCOUNTERING
CULTURAL

PROJECT

RESOURCES PRES| ETHNOGRAPHIC U¢

RESOURCES

RESOURCES

Floodproofing Not Evaluated Not Evaluated Not Evaluated Not Evaluated
Enhancement Not Evaluated Not Evaluated Not Evaluated Not Evaluated
Programs
Multipurpose Unknown* Yes Yes High
Inundation
Flood Storage Only Unknown* Yes Yes High
Inundation
I-5 Project Yes Yes Yes High

Notes:
*Project site area was not surveyed for cultural resources.

While no documented resources were found in the flood storage project areas, the Cultural Resources Review
recommended thatdditional studies be conducted to rule out significant resources that are currently
undocumented. In addition, consultation with the local Tribes is heeded to help identify additional cultural or
historic resources.

6 Property Values

Studies have showrhat properties located within a floodplain have lower values by ne&dy°8Project
alternatives that reduce the amount of flooding will mean thaimes no longer at risk of floodimgight
experience an increase in value.

6.1 FLOODPROOFIRGILY

Floodproofingbuildings may have positive impadtsproperty values within théloodplainas the risk of
damages during a flood event are reduced.

6.2 HABITAT ENHANCEMENLY

Based on the studies, neither of thabitat enhancement programs (Low or Higlkesult in flood reduction
impacts. Thereforeenhancement programs would not likely affect property values.

29 Cascella, Melissa and J. Tait Edler. Cultural Resources Review for the Chehalis Basin Flood Hazard Mitigation Atieyrsadivdeghnical
Memorandum. June 30, 2014.

30Bin, O.and SPolasky Effects of flood hazards oN®2 LISNIi & @I f dzSayY SGARSYy OS Larsl E@MmRBiR0:42R04)4F0E@ENI | dzZNNR O
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6.31-5 PROJECT

The 15 Project changes the flooding patterns in the basin but does not remove water. Based on the hydrology
data, the net effect of th 5 Project is a reduction in structure and content damages. Therefores3Hrdject
may provide some nelbenefit to property values within thBoodplainby reducing the risk of flood damages.

6.4 FLOOD STORAGE

Flood storage reduces the overall flood level and duration of flooding within the entire basin resulting in
significant flood damage reduction potential. The reduced damages may positively impact property values for
properties located within théloodplah. No definitive research was found regarding dam construction impacts
on nearby property values.

7 Economic Growth in Flood Prone Areas

Areas affected by repeat flood events are found to have f@nmn negative impacts on economic growth.
Investment incapital as well as ounigration of residents contributeto slower economic growth in disaster
prone areas?! Alternatively, investment in flood mitigation efforts have resulted in significant retéfriihe
returnson the Project Alternatives in thiswsty are evaluated in thED analysis found in Appendix The
discussion below provides qualitative considerations in addition td@enalysis.

7.1 FLOODPROOFIRGILY

Floodproofingbuildings reduces flood damage; howevElgodproofingonly may leave may buildings
inaccessible during a flood event.

7.2HABITAT ENHANCEMENNLY

Based on the studies, neither of thabitat enhancement programs (Low or High) result in flood reduction
impacts. Thereforeenhancement programs would not likely affect econogiowth beyond the project
investment.

7.31-5 PROJECT

The 15 Project results in% remaining open during a 18@ar event. While the interstate is open, local
businesses within théoodplainmaystill experience closures or property losshging flooding Businesses
located outside of thdloodplainmay remain open and benefit from thelProject.

7.4FLOOD STORAGE

Flood storage reduces the overall flood level and duration of flooding within the entire basin resulting in
significant flood damageeduction potential. In particular, many buildings may no longer be flooded in a 100
year event. While damages are significantly reduced, flood storage does not solve the flooding issues for all

31 Cutler H.N. Dalsted M. Shieldsand SZahran.Economic impacts of Colorado flooding: identifying the dimensions and estimating the impacts of
reduced tourism in Estes ParRegional Economics Institute Center for Disaster and Risk Analysis, Colorado State UgR&Bity (
http://outreach.colostate.edu/REl/redocs/Economic%20issues%200f%20flood%20recovery%20Final.pdf

32Koon B.W.,D.Halsteadand M.E Anderson Economic Impact AnalgsiCtf 2 NA R S5AGA&A2Y 2F 9YSNASy@dilal yI 3SYSyi
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homes and businesses. Therefore, flood storage may imm@oweomic investment in the basin; however, the
potential amount of increased investment is not clear.

8 Health and Safety

Project Alternatives may have multiple impacts on health and safety. The primary impacts evaluated in this
study include the followig theories:

1 Access to-b during flood events may improve health and safety since emergency medical facilities
might be easier to access.

1 Reduced flooding levels improve health and safety by reducing the number of properties affected as
well as reduced dlod water levels.

1 Reduced structure damage may improve health and safety as people may be able to return to their
homes sooner after an event with minimaeanup In particularFloodproofinga home may eliminate
cleanupcosts and the risk of contamiriah from flood waters or molds.

The three factors above are evaluated for each project.

8.1 FLOODPROOFIRGILY

Floodproofingbuildings reduces flood damage adldanupcosts reducing risk of exposure to contaminated
flood waters or mold growth following an event.

8.2HABITAT ENHANCEMEMNLY

Based on the studies, neither of thabitat enhancement programs (Low or High) result in flood reduction
impacts. Thereforeenharncement programs would not likely affect health and safety when viewed from a flood
reduction perspective. Health and safety from improved environmental habitat was not evaluated.

8.31-5 PROJECT

The 15 Project results in% remaining open during a 18@arevent improving access to emergency medical
facilities. In addition, the net effect of thebIProject is a reduction in the number of buildings flooded. This
reduction may result in improved health and safety

8.4 FLOOD STORAGE

Flood storage reduces tlaverall flood level and duration of flooding within the entire basin resulting in
significant flood damage reduction potentidh particular, many buildings may no longer be flooded in a 100
year event. The reduced flood levels improve health and gdifetreducing contact with contaminated flood
water and exposure to mold after an event. In addition, lower flood levels improve access to emergency
medical facilities as more roads may be passable.

9 Other Fish and Nafish Species

OtherHsh andNon-Fsh Secies are impacted by the Project Alternatives andancement actions. In

particular, impacts oi®ther Fish and NeRishspecies correlate with changes in habit&t.general, results of
model studies indicated that all dam alternatives reducedchfinnel habitat, which would result in negative
effects onaquatic andsemiaquatic speciedependent on those habitatsStream flow was found to be more

Chetalis BasinStrategy: Reducing Flood Damage and Enhancing Aquatic SpeRiegect Alternative Qualitative Impacts m



limiting in the Upper Chehalis River reaches tHalower reaches foOther FHsh Secies based oRhysical
Habitat Simulation Syste(PHABSIYmodel studies. Also, low flows during the drier summer months appeared
to be a limiting factor for several specids. addition, proposed flows from théPFwould cause increases and
decreases to the habitat availaldier Other Fsh andNon-Fsh Specieslownstream of the proposed dam site.
Most Other Fish Species modeled, including the western toad, small and largemouth bass;deatg sucker,
and specklediace generally sustained declines in habitat in response to all dam alternaitioggver, there
were both increases and decreases in modeled habitat depending on species and lifdtstagaportant to
note that very little is known about nesalmond aquatic and sefraquatic (e.g., amphibian) species in thesin
and more information is needed to support more detailed effects analyses in the fuiven the importance
of flow and the currently poor understanding of nsalmonidspeciegother fish) in thebasin, additional data
are needed to corroborate these modeled findings.

Furthermore, the biological studies found that available information on Other Fish andistioBpecies is too
sparse to precisely direenhancementactivities that will psitively benefit themlt is expected that
enhancemenprojects that benefit juvenileoho salmon in sidehannel habitat are likely to benefit the entire

suite of Key Notfish Species that occur in sid@annel habitats (namelyorthern redlegged frogOregon

spotted frog,western pond turtle, North American beaver, and, if presavestern toad). Juvenileoho co

evolved with these species, and limited information reveals that they can be abundant there eaherare
present® Nonetheless, the Nofh & K { LIS OA S Zithanbbankargatiesiof angkind carry

uncertainty because their responses have been so rarely tracked. For this reason, it will be crucial to track the
response of Noflish Species irnhancemenprojects involving juvenileoho salmon in sidehannel habitats so

that the results can adaptively modify futuemhancemengefforts.

9.1 FLOODPROOFIRGILY
Floodproofingbuildings would likely have rneffect onOther Fish and Nofish species.

9.2 HABITAT ENHANCEMENNLY

Based on impact® juvenilecohosalmon, the Low and High Enhancement Programs would likely have positive
impacts onOther Fish and Nofish $ecies.

9.31-5 PROJECT

It would require additional studies to determine whether or not tHe Project would impaadDther Fish and
Nonfishspecies. These additional studies may be completed during the permitting process.

9.4FLOOD STORAGE

It would require additional studies to determine whether the Storage Projects would impact other fish and non
fish species. These additional studies would be completed during future phases.

3%Henning, J.A., 2004. An Evaluation of Fish and Amphibian Use of Restored and Natural Floodplain Wetlands. Washingiemt DEpat and
Wildlife, Olympia, WashingtorfrinalReport. EPA Grant €30249011:81; and
Henning, J.A., and G. Schir&2606. Amphibian use of Chehalis River floodplain wetlaridsrthwestern Naturalis87(3):209214.
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6 State Perspective

1 Assumptions

TheStatePerspectivencludes only costs and impacts as they occur tosthée as a whole. Transfers between
regions within thestate are not included. Impacts to areas outside of tBtateare not included. All dollars are
in current (2014) dollars discountering al.6346* discount rate.

For simplicity, flood reduction impacts are presented only for the Project Alternative Components that affect
flood damage reduction. In particular, the "Storagéirport Levee Floodproofing' impacts appj to all
ProjectAlternatives that include storage amdoodproofing(regardless of dam configuratian)

2 ExpectedCaseResults
2.1 STRUCTURE CONTENT WVENTORY

Table18 summarizes th@voideddepreciated structurendcontentvaluefor eachProject Alternative

Inventory value is not depreciated; however, structure and content replacement values are deprecated based
on structure age. Floodproofingalone reduces structure, content, and inventory damages in they=a0

event. Theoreticallyrloodproofingalone would also reduce structure, content, and inventory damages in a
500year event; however, as previously noted, the impactglobdproofingwere not estimated in HAZUS.
Therefore, the expected impact Bfoodproofingis likely underestimateth Tablel8.

With the addition of either a storage option or thé& IProject, additional structure, content, and inventory
impacts are estimated. These additional impaate due to the flood reduction capability of these projects in
the 500year event as well as lesser events for the-nesidential buildings that are not flood proofed (see
discussion oifrloodproofingachievability for norcommercial structures earlién this report).

Tablel8
State Perspective Depreciated Structure, Content, and Inventory

EXPECTED IMPACT,-YEAR NPV $201MILLIONS

INVENTORY

STRUCTURE CONTENT
Floodproofing $64.1 $64.8 $4.6 $133.4
I-5 Project #loodproofing+ Airport Levee $49.3 $89.0 $14.1 $152.4
Storage +#-loodproofing+ Airport Levee $150.3 $247.9 $24.9 $423.1
Storage +-b Project Floodproofing+ Airport Levee $158.3 $256.4 $29.3 $444.0

34 See Appendix A.
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2.2CLEANUEBOSTS

Tablel9
Clearup Costs

PROJECT ALTERNATMEACT NET PRESEMLVE $201AMILLIONS

DEBRIS NON
REMOVAL| RESIDENTIA RESIDENTIA AGRICULTURA TOTAL
Floodproofing $7.1 $6.7 $0.4 $0.0 $14.2
I-5 Project #loodproofing+ Airport Levee $12.2 $10.1 $0.8 $0.0 $23.0
Storage +#loodproofing+ Airport Levee $18.1 $15.9 $0.8 $16.1 $51.0
Storage +-b Project +Floodproofing+
Airport Levee $26.9 $13.3 $1.4 $16.2 $57.8
2.3VEHICLE DAMAGE
Table20

Vehicle Damage

PROJECT ALTERNATWEACTNET PRESENT VALUELE2MILLIONS ‘

Floodproofing $0.0
I-5 Project #loodproofing+ Airport Levee $19.3
Storage +Floodproofing+ Airport Levee $44.5
Storage +-b Project #loodproofing+ Airport Levee $48.1

2.4 AGRICULTURAL LOSSES

2.4.1CROP DAMAGE

Prices for crops are based on averaggear normalized state prices for all field crops. Vegetable prices are
based on the 4/ear average of national or state prices depending on which was available.

Table21
Agriculture: Crop mage

PROJECT ALTERNATWEACT NET PRESEMLWE $2014MILLIONS

Floodproofing $0.0
I-5 Project #loodproofing+ Airport Levee ($0.1)
Storage +loodproofing+ Airport Levee $49.7
Storage +-b Project #loodproofing+ Airport

$60.0
Levee
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2.5TRANSPORTATION DBELAY

Table22
Transportation (15)

PROJECT ALTERNATMEACT NET PRESEMLVE $201AMILLIONS

Floodproofing $0.0
I-5 Project #loodproofing+ Airport Levee $20.7
Storage +Floodproofing+ Airport Levee $16.2
Storage +-b Project #Floodproofing+ Airport Levee $21.0

2.6 EMERGENCY AID

2.6.1 TEMPORARY RELOCATASSISTANCE

Table23
Temporary Relocation Assistance

PROJECT ALTERNATMEACT NET PRESEMLVE $201AMILLIONS

Floodproofing $0.0
I-5 Project #loodproofing+ Airport Levee $2.6
Storage +Floodproofing+ Airport Levee $7.9
Storage +-b Project #loodproofing+ Airport Levee $9.5

2.6.2PUBLIC ASSISTANCE

Table24
Public Assistance

PROJECT ALTERNATMWEACT NET PRESEMRLVE $2014AMILLIONS

Floodproofing $0.0
I-5 Project #loodproofing+ Airport Levee $17.6
Storage +loodproofing+ Airport Levee $52.9
Storage +-b Project #loodproofing+ Airport Levee $63.9
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2.7 ENVIRONMENTAL

Table25
Environmentallmpacts Low Enhancement

PROJECT ALTERNATMEACT NET PRESEMLWVE $2014MILLIONS

LOW STORAGE TOTAL
LOW STORAGE TOTAL | ENHANCEMEN IMPACT | IMPACT
ENHANCEMEN1 IMPACT IMPACT IMPACT, PASSIVE| PASSIVE| TOTAL IMPAC
IMPACT, USE USE USE | PASSIVEUSE USE
VALUES VALUES = VALUE VALUES VALUES | VALUES
Floodproofing NA NA NA NA NA NA NA
-5 Project $27.8 $0.0 $27.8 $953 $0 $0 $28
Storage, Flood
St $22.5 ($2.6) $20.0 $771 ($99) $673 $693
Storage, $19.6 ($0.6) | $19.0 $649 ($47) $602 $621

Multipurpose
Storage, Flood

Retention +-b $22.5 ($2.6) $20.0 $771 ($99) $673 $693
Project
Storage,
Multipurpose + $19.6 ($0.6) $19.0 $649 ($47) $602 $621
I-5 Project

Table26

Environmental ImpactsHigh Enhancement

PROJECT ALTERNATMEACT NET PRESEMLWE $2014, MILLIGN

HIGH STORAGE TOTAL
HIGH STORAGE TOTAL| ENHANCE | IMPACT | IMPACT  TOTAL
ENHANCEMEN! IMPACT | IMPACT MENT IMPACT PASSIVE PASSIVE  IMPACT
IMPACT, USE,  USE USE | PASSIVEUSE USE USE | (USE+PASSI
VALUES VALUES VALUES  VALUES | VALUES VALUES  USE)
Floodproofing NA NA NA NA NA NA NA
I-5 Project $77.5 $0.0 $77.5 $2,630 $0 $0 $78
Storage, Flood
Retention G ($2.6) | $70.9 $2,493 ($99) | $2,395 $2,466
Storage, $59.9 ($0.6) | $59.3 $2,018 $47) | $1,972 $2,031

Multipurpose
Storage, Flood

Retention +-b $73.5 ($2.6) $70.9 $2,493 ($99) $2,395 $2,466
Project

Storage,

Multipurpose + $59.9 ($0.6) $59.3 $2,018 ($47) $1,972 $2,031
I-5 Project
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3 StateExpectedCaseResuls Summary

Table27 summarizes Project Alternative Costs, Impacts, Net Benefit, and Benefit/Cost rajpendixO
shows the results for the Project Alternatives whHenodproofingandenhancementactions ae excluded.

Table27

State Perspective Results

EXPECTED, DEPREMATALUES 100EAR NPV 1.63% DOBONT RATE ($201MILLIONS

IMPACTS
ENVIRONM PROJECT
FLOOD ENTAL IMPLEMEN
DAMAGE (USE ATION N[=] BENEFIT
REDUCTION VALUES) COSTS | BENEFIT COST

Floodproofing Only $148 $0 $92 $56 1.6
Low Enhancement Only $0 $28 $95 -$67 0.3
High Enhancement Only $0 $78 $128 -$51 0.6
I-5 Project Alternative Variations
I-5 Alternative + Airport LeveeHoodproofing+
Low Enhancement $236 $28 $289 -$26 0.9
I-5 Alternative + Airport LeveeHoodproofing+
High Enhancement $236 $78 $322 -$9 1.0
Upper Chehalis Storage Alternative Variations \
Storage + Airport LeveeHoodproofing+ Low Enhancement
FloodRetention RCC with CHTR Fish Passage $651 $20 $477 $194 1.4
Multipurpose RCC with CHTR Fish Passage $651 $19 $608 $62 1.1
Multipurpose RCC with Conventional Fishway $651 $19 $636 $34 1.1
Multipurpose Rockfill with Experimental Fishway $651 $19 $819 -$149 0.8
Storage + Airport LeveeHoodproofing+ High Enhancement
Flood Retention RCC with CHTR Fish Passage $651 $71 $511 $211 1.4
Multipurpose RCC with CHTR Fish Passage $651 $59 $641 $69 1.1
Multipurpose RCC with Conventional Fishway $651 $59 $669 $41 1.1
Multipurpose Rockfill with Experimental Fishway $651 $59 $852 -$142 0.8
Storage +-b Project Alternative Variations \
Storage +-b Alternative + Airport LeveeHoodproofing+ Low Enhancement
Flood Retention RCC with CHTR Pibsage $710 $20 $559 $171 1.3
Multipurpose RCC with CHTR Fish Passage $710 $19 $689 $40 1.1
Multipurpose RCC with Conventional Fishway $710 $19 $717 $12 1.0
Multipurpose Rockfill with Experimental Fishway $710 $19 $900 -$171 0.8
Storage +-b Alternative + Airport LeveeHoodproofing+ High Enhancement
Flood Retention RCC with CHTR Fish Passage $710 $71 $592 $189 1.3
Multipurpose RCC with CHTR Fish Passage $710 $59 $722 $47 1.1
Multipurpose RCC with Conventional Fishway $710 $59 $750 $19 1.0
Multipurpose Rockfill with Experimental Fishway $710 $59 $933 -$164 0.8
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4 Risk and Uncertainty Analysis

Several cost and impact scenario combinations were analyzed to determine a range of net benefits. The
following scenarios wermodeled for each Project Alternative:

Expected Costs and Expected Impacts (presented in main body of report)
Expected Costs with low and high impacts

Lower Bound Costs with low, expected, and high impacts

Upper Bound Costs with low, expectehd high impacts

=A =4 =4 =

Figures 6 and Below summarize the range of net benefits for Project Alternatives includingHotvancement
and HighEnhancemenactions respectively (usealues only).

Figure6
State Perspective Uncertainty Surmary Low Enhancement Actions
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Figure7
State Perspective Uncertainty Summary High Enhancement Actions
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