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GDP Gross Domestic Product  

GHG greenhouse gas 

HAZUS Natural Disaster Model by FEMA  

H&H hydraulic/hydrology 

I-5 Interstate 5  

IO input-output 

IDC interest during construction  

IMPLAN Economic Impact model developed by MIG, Inc.  

LWM Large woody material 

MPD Multi-purpose Dam 

MPF Multi-purpose Facility 

MW Megawatt  

MWh Megawatt hours 

NASS National Agricultural Statistics Service  

NED National Economic Development  

NEEA Northwest Energy Efficiency Alliance 

NFIP National Flood Insurance Program 

NPV Net Present Value 

NMF non-managed forest 

OMB Office of Management and Budget 

OFM Washington Office of Financial Management 

O&M operation and maintenance 

OM&R operation, maintenance, and replacement 

PFMC Pacific Forest Management Council 
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PHABSIM Physical Habitat Simulation System 

PSAP Puget Sound and Pacific Railroad 

PV Passive-use value 

RCC roller-compacted concrete 

TCM Travel Cost Method 

TEV Total Economic Value 

TRA Temporary Relocation Assistance 

Treasury U.S. Department of the Treasury 

USDA U.S. Department of Agriculture 

UV Use Value 

WDFW Washington Department of Fish and Wildlife 

Work Group DƻǾŜǊƴƻǊΩǎ /ƘŜƘŀƭƛǎ .ŀǎƛƴ ²ƻǊƪ DǊƻǳǇ 

WSDF Washington State Dairy Federation 

WSDOT Washington State Department of Transportation 

WTP willingness to pay 
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Executive Summary 

Introduction 
This Comparison of Alternatives (COA) study is part of the Chehalis Basin Strategy: Reducing Flood Damage and 
Enhancing Aquatic Species.  The purpose of this study is to analyze the potential impacts (positive and negative) 
to the Chehalis Basin of Alternative Flood Reduction Potential and Aquatic Species Enhancement projects. The 
COA does not attempt to forecast chronological outcomes; rather, it assess the expected value1 of flooding 
impacts and aquatic species effects under different Project Alternatives. 
 
This COA is also the result of input from the Comparison of Alternatives 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, HDR, and Anchor QEA) the Work Group, and other 
stakeholders (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 of this study is to evaluate Project Alternatives that reduce risk to life, property, and economy from 
flooding while attempting to enhance habitat conditions in the Chehalis River Basin (Chehalis Basin), recognizing 
that these goals may not always be aligned.  The results of this analysis can be ǳǎŜŘ ōȅ ǘƘŜ DƻǾŜǊƴƻǊΩǎ /ƘŜƘŀƭƛǎ 
Basin Work Group and others to aid in the determination of a combination of future projects that can be 
implemented to reduce flood damage and enhance aquatic species in the basin.  
 

Project Alternatives 
Several Project Alternatives are evaluated, including various combinations of projects.  Project Alternative 
components are described below: 

¶ Flood Retention Facility (FRO) ς This option consists of a flood water retention facility on the Upper 
Chehalis (Upper Chehalis Storage).  The purpose of this alternative is exclusively flood protection.  The 
retention facility will only retain water in the case a flood event is predicted. 

¶ Multi -purpose Facility (MPD) ς The MPD facility provides the same level of flood protection as the Flood 
Retention Facility; however, this alternative also enables river flow augmentation, at least on a seasonal 
basis.  The retention facility will not only retain water when flood events occur, it can also release water 
accumulated during the wet season to augment summer flows, assuming accumulation is sufficient for 
such seasonal release.  Three different fish passage options are evaluated for the MPF.  In addition, the 
economic viability of adding hydropower to this facility is examined assuming the operation of the 
retention facility is optimized for downstream benefits rather than optimized for power generation.   

¶ Airport Levee ς An airport levee would protect the Chehalis Airport, businesses in the area and a portion 
of I-5 during a flood event of 100-year magnitude. 

                                                           
1 CƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘ ά9ȄǇŜŎǘŜŘ ±ŀƭǳŜέ ǊŜŦŜǊǎ ǘƻ ŀ ǇǊŜŘƛŎǘŜŘ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀ ǾŀǊƛŀōƭŜΦ  Lǘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ sum of possible values multiplied 
by the probability of its occurrence. 
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¶ Interstate 5 Project ς The Washington State Department of Transportation (WSDOT) is currently 
exploring options for preventing the flooding of Interstate 5 (I-5).  The current option under 
consideration is a series of levees, walls, and berms that would protect I-5 during a 100-year flood event.  

¶ Flood-Proofing ς The Flood-proofing component of the Project Alternatives includes raising all 
residential homes within the 100-year floodplain.  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 for Floodproofing.  
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 100-year 
floodplain are 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 more of the following factors: 

1. Floodproofing is not cost-effective.  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 Floodproofing 
measures such as walls, berms, or levees due to lack of space or business function. 

3. Other location specific factors. 

¶ Aquatic Species Enhancement Programs ς Enhancement programs provide species-specific 
improvements through habitat restorative actions in the basin. 

 
These project components are combined into basin-wide solutions, identified as Project Alternatives for this 
study.  The main report includes the following Project Alternatives: 
 

1. Flood Proofing Only 

2. Low Enhancement Only 

3. High Enhancement Only 

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

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

6. Flood Retention Only Storage plus Airport Levee, Flood Proofing, and Low Enhancement 

7. Flood Retention Only Storage plus Airport Levee, Flood Proofing, and High Enhancement 

8. Multipurpose Storage plus Airport Levee, Flood Proofing, and Low Enhancement 

9. Multipurpose Storage plus Airport Levee, Flood Proofing, and High Enhancement 

10. Flood Retention Only Storage, I-5 Project, Airport Levee, Flood Proofing, and Low Enhancement 

11. Flood Retention Only Storage, I-5 Project, Airport Levee, Flood Proofing, and High Enhancement 

12. Multipurpose Storage, I-5 Project, Airport Levee, Flood Proofing, and Low Enhancement 

13. Multipurpose Storage, I-5 Project Airport Levee, Flood Proofing, and High Enhancement 

 
The Flood Retention Only option includes the construction of a trap-and-haul facility for upstream fish passage 
during the storage and release of flood waters.  The results for the Multi-purpose facility are shown for three 
fish passage design options.  The 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 Project Alternative 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 condition is defined 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 not consider population growth and development within 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.  Impacts may be either positive or negative.   
 
Project implementation costs are compared with project impacts resulting in net benefits over the study period.  
Benefit-cost ratios are also reported for informational purposes.  An uncertainty analysis is provided to 
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 
qualitative impacts that 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: 
 

¶ State ς State of Washington 

¶ Basin-wide ς includes Lewis, Thurston, and Grays Harbor Counties 

¶ Federal ς 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 State vs. the basin since not all traffic on Interstate 5 is 
confined to the basin (through trips have consequences to the State but not necessarily to the basin). 
 

GENERAL ASSUMPTIONS 

A 100-year study period 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 value calculations and these discount rates may vary 
across perspectives.  An average risk-free market interest rate of 1.63 percent was used to discount costs and 
impacts for the State and Basin perspective based on the average of a 30-year U.S. Treasury Inflation-Protected 
Security and the 2014 30-year 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 ALTERNATIVE COSTS 

Project Alternative costs include the capital costs needed to implement the project, annual operation and 
maintenance costs needed to operate and maintain the project over the entire 100-year study period, and 
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interest costs during the project construction phase.  Interest during construction is calculated based on project 
construction schedules and a borrowing rate of 3.5%.  Capital costs are provided in current 2014 dollars.  Table 
ES-1 provides the initial capital costs and estimated annual operating costs.   
 

Table ES-1  
Project Alternative Initial Capital Costs and Annual O&M ($2014) 

  CAPITAL COSTS ANNUAL O&M1 

Flood Proofing Only2 $91,500,000  $0  

Low Enhancement Only $90,760,000  $470,000 

High Enhancement Only $122,630,000  $625,000 

I-5 Project3 $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 Rockfill with Experimental Fishway $574,100,000 $1,624,000 

I-5 PROJECT ALTERNATIVE VARIATIONS     

I-5 Alternative + Airport Levee + Flood Proofing + Low Enhancement $282,510,000  $483,000  

I-5 Alternative + Airport Levee + Flood Proofing + High Enhancement $314,380,000  $638,000  

UPPER CHEHALIS STORAGE ALTERNATIVE VARIATIONS     

Storage + Airport Levee + Flood Proofing + Low Enhancement     

Flood Retention RCC with CHTR Fish Passage $424,510,000  $1,271,000  

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 RCC with CHTR Fish Passage $456,380,000  $1,426,000  

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  

UPPER CHEHALIS STORAGE + I-5 PROJECT ALTERNATIVE VARIATIONS     

Storage + I-5 Alternative + Airport Levee + Flood Proofing + Low 
Enhancement 

    

Flood Retention RCC with CHTR Fish Passage $504,131,345  $1,276,000  

Multipurpose RCC with CHTR Fish 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 + I-5 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 with Experimental 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 for I-5 is incremental to current O&M performed 

 
 
Figures ES-1 and ES-2 summarize the Project Alternative Costs for the state perspective. 
 

Figure ES-1  
Project Alternatives Expected Cost Summary with Low Enhancement, 100-Year NPV 
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Figure ES-2  
Project Alternatives Expected Cost Summary with High Enhancement, 100-Year NPV 

 
 
 

PROJECT ALTERNATIVE IMPACTS (POSITIVE AND NEGATIVE) 

The following project impacts are quantified in this study: 

¶ Flood damage to structures, content, and inventory 
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¶ Vehicle damages 

¶ Loss of agriculture crops or crop damage 

¶ Transportation delays on I-5 

¶ Temporary relocation costs for evacuated residents 

¶ Public assistance for emergency protective measures for bridges, utilities, water control facilities, or 
debris removal 

¶ Business interruption 

¶ Tribal Fishing 

¶ Commercial fishing 
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¶ Economic  Development 
 
In addition, environmental non-use values are quantified for informational purposes and are not included in the 
study's analysis of net benefits.  The environmental non-use values measure the value of fish/aquatic 
species/habitat from the perspective of all of Washington State residents.  The environmental non-use values 
are so large that their inclusion would result in all Project Alternatives being highly cost-effective.  See appendix 
K for the non-use values. 
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FLOOD DAMAGE REDUCTION IMPACTS 

Flood damage reduction impacts were estimated for five flood events (2, 10, 20, 100, and 500-year).  Based on 
the avoided damages and probability of each flood event, expected annual impacts were calculated for each 
Project Alternative.  Figure ES-3 demonstrates the breakdown of Project Alternative-expected annual flood 
reduction impacts in 100-year net present value from the State Perspective.  Note that the flood reduction 
impacts are the same regardless of storage facility configuration (flood control vs. MPD facility).  Enhancement 
projects are excluded from the figure as they do not result in flood reduction impacts. 
 
The most significant flood reduction impacts for Project Alternatives with storage options are due to avoided 
structure, content, and inventory damages for both residential and commercial structures.  While Flood-
proofing avoids residential structure, content, and inventory damages as well as building cleanup costs, it only 
impacts a portion of the non-residential structures, content and inventory damages.  Finally, an I-5 Project 
reduces some damages to property; however, the primary impact is due to avoided I-5 closure costs. 
 

Figure ES-3  
State Perspective: 100-Year NPV Expected Annual Flood Reduction Impacts 
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ENVIRONMENTAL IMPACTS 

Impacts to commercial, tribal and sport fisheries (salmonid species) were estimated for each of the 
Enhancement Plans (Low Enhancement and High Enhancement) as well as for each flood water storage facility 
(flood control or MPD).  Even with fish passage facilities, the flood storage facilities have negative impacts on 
salmonid populations.  Figure ES-4 illustrates the environmental impacts monetized in this study (use values 
only).   
 

Figure ES-4  
State Perspective Environmental Impacts, Use Values 

 
 
 

Results 
Table ES-2 compares the Project Alternative implementation costs with the Project Alternative impacts for the 
state perspective.  Table ES-3 provides the comparison for the Federal perspective.  Flood damage reduction 
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impacts shown in Table ES-1 are a result of the best available information and subsequent model output 
ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǇǳōƭƛŎŀǘƛƻƴΦ  ¢ƘŜ ŜǎǘƛƳŀǘŜǎ ƛƴ ¢ŀōƭŜ 9{-1 represent the expected impacts and 
costs but should not be interpreted as representing the 50th percentile for the costs and impacts.  With the 
exception of flood return intervals, the Project Alternative impacts are not based on probability distributions. 
 
 

($10)

$0

$10

$20

$30

$40

$50

$60

$70

$80

$90

I-5 Project +
Low

Enhancement

I-5 Project +
High

Enhancement

Flood Control
Only + Low

Enhancement

Flood Control
Only + High

Enhancement

Multipurpose +
Low

Enhancement

Multipurpose +
High

Enhancement

1
0

0-
Y

e
a
r 

N
P

V
, 
$

2
0

1
4

 M
ill

io
n
s

Storage Facility Impact Enhancement Program Impact



9 9 9 

 

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species τ Overview/Objective 

Table ES-2  
State Perspective Results 

100-YEAR NPV  1.63% DISCOUNT RATE ($2014), MILLIONS 

 IMPACTS 

PROJECT 
IMPLE-

MENTATION 
COSTS 

  

 

FLOOD 
DAMAGE 

REDUCTION 

ENVIRON-
MENTAL  

(USE VALUES 
ONLY) 

NET 
BENEFI

T 
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 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 Fishway $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 Fishway $651 $59 $852 -$142 0.8 

Storage + I-5 Project Alternative Variations           

Storage + I-5 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 with Conventional Fishway $710 $19 $717 $12 1.0 

Multipurpose Rockfill with Experimental Fishway $710 $19 $900 -$171 0.8 

Storage + I-5 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 Fishway $710 $59 $933 -$164 0.8 
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Table ES-3  
Federal Perspective Results 

100-YEAR NPV  3.5% DISCOUNT RATE ($2014), MILLIONS 

 IMPACTS PROJECT 
IMPLE-

MENTAT
ION 

COSTS 

  

 

FLOOD 
DAMAGE 

REDUCTION 

ENVIRON-
MENTAL  

(USE VALUES 
ONLY) 

NET 
BENEFIT 

BENEFIT/
COST 

Floodproofing Only $83 $0 $92 -$8 0.9 

Low Enhancement Only $0 $15 $95 -$80 0.2 

High Enhancement Only $0 $42 $128 -$86 0.3 

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 Fishway $401 $10 $794 -$383 0.5 

Storage + Airport Levee + Floodproofing + High Enhancement 

Flood Retention RCC with CHTR Fish Passage $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 Fishway $401 $32 $827 -$394 0.5 

Storage + I-5 Project Alternative Variations           

Storage + I-5 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 Fishway $430 $10 $877 -$436 0.5 

Storage + I-5 Alternative + Airport Levee + Floodproofing + High Enhancement 

Flood Retention RCC with CHTR Fish Passage $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 Fishway $430 $32 $910 -$447 0.5 

 
 

Uncertainty Analysis 
The results in Table ES-1 are 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 modeling and assumptions or flood damage modeling (HAZUS); uncertainty related to 
values or prices, i.e., the value of fish or the cost for cleanup of a residential building; or uncertainty related to 
number estimates such as the number of people relocated during a 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 ES-5 and ES-6 demonstrate the results of the uncertainty analysis from the State 
Perspective. 
 

Figure ES-5  
State Perspective Uncertainty Summary Low Enhancement Actions 

 

Figure ES-6  
State Perspective Uncertainty Summary High Enhancement Actions 

 
 

 

Qualitative Discussion 
In addition to the quantitative analysis, a qualitative assessment was made for several issues that were 
identified by the technical committees.  Each of these areas should be considered in combination with the 
quantitative analysis as project alternatives are reviewed.  The impacts that are considered qualitatively in this 
study are as follows: 
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¶ Rail Service ς Major flood events in the Chehalis River Basin result in floodwaters covering rail lines 

through the I-5 corridor.  Similar to closures of I-5, rail line closures have significant impact on state and 

regional economies.  These rail lines provide transportation ways for both freight and passenger trains.   

¶ Livestock ς 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 impact of project alternatives on the loss of 

livestock is therefore uncertain and was not included.  

¶ Environmental Justice ς 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 lower-income 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 post-flood cleanup.   

¶ Cultural Impacts ς 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 cultural resources directly or indirectly, such as 

disturbance from construction, inundation, filling, changes in traffic patterns, or erosion from changes in 

land exposure.   

Property Values ς Studies have shown that properties located within a floodplain have lower values 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.   

¶ Economic Growth ς Areas affected by repeat flood events are found to have long-term negative impacts 

on economic growth.  Investment in capital as well as out-migration of residents contribute to slower 

economic growth in disaster prone areas.   

¶ Health and Safety ς Project Alternatives may have multiple impacts on health and safety.  The primary 

impacts evaluated in this study include the following theories: 

o Access to I-5 during flood events may improve health and safety since emergency medical 
facilities might be easier to access. 

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

o Reduced structure damage may improve health and safety as people may be able to return to 
their homes sooner after an event with minimal cleanup.  In particular, Floodproofing a home 
may eliminate cleanup costs and the risk of contamination from flood waters or molds. 

¶ Other Fish (non-salmonid) and Non-Fish Species ς Other Fish (non-salmonid) and Non-Fish Species are 

impacted by the Project Alternatives and enhancement actions.  In particular, impacts on Other Fish and 

Non-Fish Species correlate with changes in habitat.  In general, results of model studies indicated that all 

dam alternatives reduced off-channel habitat, which would result in negative effects on aquatic and 

semi-aquatic species dependent on those habitats.  Stream flow was found to be more limiting in the 

Upper Chehalis River reaches than the lower reaches for Other Fish Species based on Physical Habitat 

Simulation System (PHABSIM) model studies.  Also, low flows during the drier summer months appeared 

to be a limiting factor for several species.   

 

Most non-salmonid species modeled, including the western toad, small and largemouth bass, large-scale 

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 decreases in modeled habitat depending on species and life 

stage.  It is important to note that very little is known about Other Fish and Non-Fish (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: 

¶ 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 suites of habitat enhancement programs analyzed is 
higher than their predicted economic value using just user values.  However, if non-use values and 
qualitative benefits are included, the economic benefits predicted far exceed the costs.   

¶ Flood proofing is a viable solution to eliminating residential damage to structure, content, and 
inventory.  However, it is unlikely to eliminate all damages to non-residential structures, content, and 
inventory.  In addition, flood proofing will not solve the issue of flooded roads 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 protect I-5 exceeds the 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 discount rate, a water-retention-only structure has a positive Benefit-Cost Analysis (BCA) when 
combined with floodproofing.  The BCA under the federal perspective is not positive for the combination 
of water retention, I-5, floodproofing, and aquatic species enhancement.  

¶ The baseline expected estimated damages over a 100-year period for the Basin is in the order of more 
than $3.5 billion.  None of the Basin-wide alternatives will mitigate all flooding damages in the Basin.  In 
addition, the study alternatives aǊŜ ŘŜǎƛƎƴŜŘ ōŀǎŜŘ ƻƴ ŦƭƻƻŘƛƴƎ ŘǳǊƛƴƎ ŀ άŘŜǎƛƎƴ млл-year flood.έ  LŦ 
project alternatives are implemented, flooding damages may still occur during floods that are different 
from ǘƘŜ άŘŜǎƛƎƴ млл-ȅŜŀǊ ŦƭƻƻŘΦέ 

¶ Including climate change assumptions increases non-environmental benefits for most project 
alternatives.  The specific results can be found in Appendix M for the non-environmental climate change 
impacts and Appendix K for the environmental climate change impacts.  
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1 Overview/Objective 

1 Introduction 
This Comparison of Alternatives (COA) study is part of the Chehalis Basin Strategy: Reducing Flood Damage and 
Enhancing Aquatic Species.  The purpose of this study is to analyze the potential effect to the Chehalis Basin of 
Alternative Flood Reduction Potential and Aquatic Species Enhancement projects.  The COA is a risk assessment 
of the expected value of flooding impacts and aquatic species effects under different Project Alternatives; it is 
not a forecast of chronological outcomes.  The study was developed for the DƻǾŜǊƴƻǊΩǎ /ƘŜƘŀƭƛǎ Basin Work 
Group (Work Group), and 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 Alternatives 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 meetings. 
 
In order for the Work Group to provide a recommendation to the Governor, the Work Group will need to be 
able to compare flood reduction and aquatic species enhancements alternatives in a clear, concise manner.  The 
potential impact of each alternative is a complex issue that is difficult to summarize.  The objective of this task is, 
therefore, to provide sufficient information so that the Work Group can compare different alternatives and 
understand the potential impact of each alternative.  The analysis is a summary of impact analysis tools that 
provides consistent information about each alternative.  The study summarizes the results of the impact 
analyses; however, the framework does not conclude which alternative is preferred.  Rather, the decision 
makers/Work Group will be deciding which alternative or alternatives are preferred based on the COA results 
and other factors. 
 

3 Restricted Scope of Study 
This ǎǘǳŘȅ ǊŜƭƛŜǎ ōƻǘƘ ƻƴ ǘŀǊƎŜǘŜŘΣ ƛƴŘŜǇŜƴŘŜƴǘ ǎǘǳŘƛŜǎ ŀǎ ǿŜƭƭ ŀǎ άōŜǎǘ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴέ ŦǊƻƳ ǘƘŜ ǊŜƭŜǾŀƴǘ 
literature.   Not all conceivable topics were addressed nor all possible analyses performed.   
 

4 Report Organization 
The model framework is described in the next section, followed 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 each alternative.  The results of the COA analysis are 
provided in three sections, or one for each perspective.  Appendices provide detailed information for each study 
component as well as more detailed results of the analysis.
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2 Model Framework 

1 Project Purpose 
The purpose of the Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species project is to 
evaluate Project Alternatives that reduce risk to life, property, and economy from flooding and enhance habitat 
conditions in the Chehalis River Basin. 
 

2 Objective 
The objective of this Study is to evaluate the risk associated with flooding in the basin and compare flood 
mitigation and aquatic species enhancement alternatives in the Chehalis Basin.  This COA is the culmination of 
the work performed by numerous technical committees and input from the technical committees and the Work 
Group, as well as stakeholder input 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 participating in the technical meetings. 
 
Because the COA analysis depends on input received from multiple technical committees, it was essential to 
define a consistent framework under which data and analysis were to be developed.  In addition, the designed 
framework takes into account lessons learned from previous Chehalis Basin studies.  In particular, the intent of 
this COA is to incorporate the following principles: 
 

¶ The COA will measure the change in Flood Damage and Aquatic Species Enhancements due to 
investments in each Project Alternative. 

¶ The COA evaluates multiple Project Alternatives including Washington State Department of 
Transportation (WSDOT) alternatives, retention facilities, Small Flood Projects (where data is available), 
and the ASEP.  This impact analyses evaluates all projects on a consistent and objective basis and 
provides a comprehensive analysis and discussion of impacts for each Project Alternative.  

¶ The COA quantifies environmental impacts and non-environmental impacts where possible and provides 
qualitative discussion of Project Alternative impacts where quantitative analysis is challenging or 
impractical. 

¶ The COA incorporates uncertainty and risks associated with cost and impact estimates for each Project 
Alternative. 

¶ The COA modeling is transparent and source data is clearly identified and documented, and calculations 
available to stakeholders.  The COA is modeled in a disaggregate manner such that information can be 
presented both in a consolidated summary fashion, but also on a disaggregated basis depending on the 
needs of the decision makers. 



16 16 16 

 

Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species τ Model Framework 

3 Overview of Comparison of Alternatives Methodology 
Figure 1 provides an overview of the COA framework that was used in this study.  The rectangle represents the 
foundation of the analysis; all of the remaining data gathering and analysis are based on this foundation.  The 
hexagon describes the task of gathering cost data for each of the alternatives.  These are the financial costs of 
implementing each alternative.  The triangle represents the determination of impacts, both positive and 
negative, for each alternative and the determination of how to value each of these impacts.  Finally, the circle 
represents the final calculation steps, which brings the analysis together and provides analysis and results that 
can be reviewed by decision makers and stakeholders.  
 

Figure 1  
COA Process 

 
 
 
Throughout the process, the COA research, analysis, and findings were 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 results to be validated and approved once finalized.  
 
There are generally nine steps in the development of a COA methodology.  These steps are listed below: 
 

1. Determine Baseline 

2. Identify Alternatives 

3. Determine the perspective from which the analysis will be conducted 

4. Develop cost of Alternative  

Modeling:
Net Benefits,

Risks &

Qualitative

Descriptions

Identify Alternatives

Perspectives

Baseline Definition

Study Horizon

Determine Costs 
of Alternatives

Determine 
Positive and 

Negative 
Impacts
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5. Analyze incremental impacts of the Alternative 

o Impact with Alternative 

o Impact without Alternative 
6. Gather data about the value of impacts of Alternative 

7. Develop a deterministic model to calculate the Net Present Value (NPV) of  expected net benefits  

8. Develop a risk profile around the expected net benefit 

9. Consider qualitative impacts with the quantitative impacts to inform decision makers 

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 Baseline, or the without project scenario.  Functionally, the without project scenario is the status quo, or 
existing reality prior to any financial investment into project alternatives.  While the COA is an analysis with a 
study period 100 years into the future, and using the existing reality ignores the fact that changes take place 
over time, this methodology is preferable to comparing Alternatives based on a forecasted future.  It is very 
difficult to forecast what will happen in the future if none of the alternatives are implemented.  For this reason 
and because of the potential for bias, forecasts were not used in the COA.  
 
In deciding 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 Baseline.  Therefore, as long as the Project Alternatives 
are compared to the same Baseline, the resulting impact across alternatives will be consistently calculated and 
should allow for comparisons of Project Alternatives. 
 
The Baseline for this study was vetted and agreed upon by the Project team and is defined as the status quo, i.e., 
current reality, including currently funded and approved projects.  This methodology avoids uncertainty about 
the future (eliminating bias), while incorporating known and measurable changes. 
 

3.1.1 INTERSTATE 5  

The WSDOT is exploring actions that can be taken to reduce the risk of flooding to Interstate 5 (I-5) during the 
100-year study period.  The I-5 Project is not part of the Baseline definition since decisions regarding an I-5 
Project are being made simultaneously with decisions for other basin projects explored in this study.  
Additionally, the I-5 Project does not currently have funding or a planned construction schedule to support an I-
5 project; the preferred I-5 Project final cost and configuration may in part depend on whether or not a flood 
storage option or other small projects are pursued; and funding has not been secured, so the timing of an I-5 
Project is unknown.  Because the costs and impacts of an I-5 Project are evaluated both separately and 
combined with other Projects, the COA results do not reflect a bias in the Project Alternative impact and cost 
estimation. 
 
If the I-5 Project were to be included in the Baseline, the Project Alternative flood reduction benefits would be 
reduced mainly by the avoided I-5 closure in the 100-year flood event.  Project Alternatives where net benefits 
are less than $20 million (in 100-year net present value) would therefore be sensitive to the decision to include 
or exclude the I-5 Project in the Baseline. 
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3.1.2 AIRPORT LEVEE 

Similar to the I-5 Project, the Airport Levee is evaluated as part of each Project Alternative (except where noted 
otherwise) and as part of the I-5 Project.  Funding has not been secured for this project and it is therefore 
evaluated as part of the basin-wide approach and not included in the definition of the Baseline.  Because the 
Airport Levee was not evaluated separately from the I-5 Project or Storage options, it is unclear how much these 
Project Alternatives would be impacted if the Airport Levee were included in the Baseline definition. 
 

3.2 DEFINE PROJECT ALTERNATIVES 

Project Alternatives are potential solutions to the flood damage that occurs in the Chehalis Basin to people and 
analysis of enhancement measures on the environment.  The five components included in various combinations 
in the Project Alternatives are summarized briefly below: 
 

a) Flood Retention Facility (FRO)ς This option consists of a flood water retention facility on the Upper 

Chehalis sub-basin (Upper Chehalis Storage).  The purpose of this alternative is flood protection only.  

The retention facility would  retain water only in the case where a flood event is predicted.  The Flood 

Retention Only facility includes controlled handling, transport and, release (CHTR) for upstream fish 

passage. 

b) Multi purpose Facility (MPF) ς This option also consists of a retention facility on the Upper Chehalis.  The 

purpose of this project is flood protection and summer flow augmentation.  The retention facility would 

retain water in the case a flood event is predicted, and this facility will also hold water from the winter 

months.  The stored water would be released in the summer months to improve downstream water 

quality.  The Multipurpose facility is evaluated with three fish passage design 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 upstream passage combined with forebay collector for downstream passage. 

 

In addition, adding hydropower generation to this MPD retention 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 than optimized for power generation. 

c) WSDOT Transportation Options ς WSDOT is currently exploring options for solving the flooding of I-5.  

Several flood protection concepts are considered by WSDOT: levees and floodwalls, raising I-5, 

Interstate express lanes, and Interstate emergency bypass.  The COA evaluates the impact of the current 

option being analyzed by WSDOT (levees and walls). 

d) Suite of Basin-wide Options (Floodproofing) ς A suite of smaller local projects was developed for this 

study; however, only structure Floodproofing is evaluated in this study.  The Floodproofing component 

of the Project Alternatives includes raising all residential homes within the 100-year floodplain.  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 for Floodproofing instead.  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 100-year floodplain are 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 more of the following factors: 

1. Floodproofing is not cost-effective.  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, berms, or levees due to lack of space or business function. 

3. Other location specific factors. 
 
Flood reduction impacts for other small, basin-wide projects were unavailable at the time of this study 
and therefore could not be evaluated alongside the other alternatives presented 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 evaluated in this report. 

e) Aquatic Species Enhancement Plan and effects to the environment  ς The last set of projects that is 

evaluated in the COA is the ASEP projects.  The ASEP will provide effects from species-specific and 

ecosystem-based enhancement actions and analyses of potential effects on aquatic species from flood 

control actions in the basin. 

 
Two types of projects are evaluated: those that may impact other alternatives; and those that are independent.  
For example, a small flood project raising homes in 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 for an I-5 Project in 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 double counting of impacts occurs. 
 

3.3 DEVELOP PERSPECTIVES (GEOGRAPHIC BOUNDARY) FOR ANALYSIS 

When evaluating Project Alternatives, understanding the perspective of the stakeholders and decision makers is 
crucial to developing a useful study.  For this study, stakeholders include not only the local community in the 
Chehalis Basin and the State of Washington, but also entities that may provide funding for future projects.  
 
The three perspectives are described in more detail below: 

¶ State:  For the purposes of this study, a regional perspective is defined as the geographic area of the 
State of Washington (State Perspective).  This perspective explores the impact of each Project 
Alternative on the State of Washington and tribal lands located within Washington.  

¶ Basin-wide: The Basin-wide perspective examines each alternative based on the impacts within the 
basin.  Because the focus is narrower, this perspective may not include all impacts included in the State 
perspective, however, the basin-wide perspective may include additional social and economic impacts 
that would otherwise be excluded under the State or Federal perspective.  The basin is defined as Lewis, 
Thurston, and Grays Harbor Counties. 

¶ Federal: Federal agencies, such as the Corps of Engineers and the Bureau of Reclamation evaluate 
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 outside the basin may 
experience increases in economic activity during or following a flood event.  The Federal Perspective 
evaluates all impacts to the nation including impacts on the local Tribes. 

  
Table 1 illustrates the types of impacts included for each of the perspectives.  Blue or black circles indicate the 
impact is included.  Blue circles indicate that the impact is included and may differ between perspectives.  Black 
circles indicate that the impact is included and the estimated value is the same across perspectives. 
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Table 1  
Perspective with Included Quantified Impacts 

QUANTIFIED IMPACTS STATE BASIN-WIDE FEDERAL 

Structures, Content and Inventory    

Flood Cleanup Costs    

Loss of Agriculture Crops    

Transportation delays on Interstate 5    

Temporary Relocation Costs for Evacuated Residents    

Emergency Protective Measures    

Business Interruption    

Commercial Fishing    

Sport Fishing    

Environmental Non-Use    

Economic Growth    

 
 

The Project Alternative costs and impacts are compared within each 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 across the perspectives. 
 

3.4 DEVELOP COSTS FOR EACH ALTERNATIVE 

Cost analysis is an important element in the COA.  For each of the identified Project Alternatives the cost of 
implementing the included projects is determined over the 100-year analysis period.  The cost of each Project 
Alternative includes labor, equipment, and materials for the following cost categories: 

¶ Initial and re-investment Capital Costs including applicable taxes and financing costs 

¶ Operations expenses 

¶ Maintenance expenses 

¶ Permitting expenses 

 
3.5 DETERMINE INCREMENTAL IMPACTS FOR EACH PROJECT ALTERNATIVE 

The fifth step of the analysis is to determine the impact of each of the alternatives.  These impacts can be 
positive or negative (costs or benefits), and the impacts can be quantitative or qualitative results expected or 
resulting from the implementation of a Project Alternative.  The impacts to be evaluated for the Project 
Alternatives were determined through several technical workgroup meetings involving various state agencies.  
The impacts evaluated in this study include the following: 

¶ Commercial fisheries for salmon and steelhead 

¶ Tribal fisheries for salmon and steelhead 

¶ Recreational (sport) fisheries for salmon and steelhead 

¶ Terrestrial and non-fish aquatic habitat species 

¶ Other fish species (non-salmonids) 

¶ Other environmental benefits such as carbon sequestration and resiliency to climate change 
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¶ Structures, contents, and inventory damages 

¶ Agricultural flood damages 

¶ Cleanup costs 

¶ Transportation 

¶ Value of hydropower and its renewable qualities 

¶ Local employment and business income 

¶ Social, historic, or cultural effects 

¶ Environmental non-use value  

¶ Community health and safety 
 
The methodology and assumptions for how these impacts were evaluated in this study are described in detail 
later in this report.  These impacts are compared with the Baseline conditions described above.   
 

3.6  GATHER DATA ABOUT THE VALUE OF EACH PROJECT ALTERNATIVE 

Once the impacts have been identified, a value is determined.  There are many methods for establishing value, 
including cost avoidance, cost savings, revenue generation, willingness to pay, and others.  This step of the 
process involved a significant amount of research, analysis, and consultation with agencies and technical teams.      
 

3.7 DEVELOP DETERMINISTIC MODEL TO CALCULATE NET PRESENT VALUE OF 
EXPECTED NET-BENEFITS  

An essential impact analysis that needs to be completed for the COA task is a benefit-cost analysis (BCA).  
Traditionally, BCA is used to evaluate alternatives.  BCA 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 project are made better-off, as measured by their own willingness-
to-pay or willingness-to-accept.  In other words, central to BCA is the idea that people are best able to judge 
ǿƘŀǘ ƛǎ άƎƻƻŘέ ŦƻǊ ǘƘŜƳΣ ǿƘŀǘ ƛƳǇǊƻǾŜǎ ǘƘŜƛǊ ǿŜƭƭ-being or welfare.   
 
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 worse-off.  A project or proposal would be 
rated positively if the benefits to some are large enough to compensate the losses of others.   
 
Finally, BCA is typically a forward-looking exercise, seeking to anticipate the welfare impacts of a project or 
proposal over its entire life-cycle.  Future welfare changes are weighted against ǘƻŘŀȅΩǎ ŎƘŀƴƎŜǎ ǘƘǊƻǳƎƘ 
ŘƛǎŎƻǳƴǘƛƴƎΣ ǿƘƛŎƘ ƛǎ ƳŜŀƴǘ ǘƻ ǊŜŦƭŜŎǘ ǎƻŎƛŜǘȅΩǎ ƎŜƴŜǊŀƭ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ǘƘŜ ǇǊŜǎŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ōǊƻŀŘer inter-
generational concerns. 
 
The metric that is often used to compare alternatives is net benefit.  Net benefits are, equal to estimated 
benefits less estimated costs.  For the impacts that can be quantified, i.e., represented 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) in constant dollars.   
 
The BCA model is designed as a disaggregated model, so decision makers can understand the contribution to 
overall net benefits from each impact.  
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The specific methodology developed for this BCA is consistent with standard principles and includes the 
following general assumptions: 

¶ All costs are in 2014 dollars. 

¶ The analysis period is 100 years.2 

¶ The real discount rate used in the National Economic Development (NED) analysis (Federal perspective) 
has been determined at 3.5% for studies conducted in 2014.3 

¶ A real discount rate of 1.63% is used for the State and Basin Perspectives. 

¶ Results are also provided using a low (0%) real discount rate and a high (7%) real discount rate.4 
 

3.8 ECONOMIC BENEFITS AND ECONOMIC IMPACTS 

An often misunderstood aspect in the evaluation of project impacts is the differences between BCA and 
Economic Impact Analysis (EIA).  A BCA is the valuation of changes in societal welfare while an EIA is a measure 
of changes in expenditures resulting from a project.  The combination of the two analyses results in a complete 
measure of economic benefits.  Appendix N provides an example of the two analyses and how they are used 
together to determine the full impact of Project Alternatives in this study. 
 
This COA will 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. 
 

3.9 UNCERTAINTY AND RISK 

The risks and uncertainty associated with each Project Alternative is generally not reflected in the standard 
comparison of benefits and costs (BCA).  In order to provide the Work Group with sufficient detail needed to 
make an informed decision, the COA includes information about uncertainty and risks associated with the 
analyses.   
 
In order to understand risks and uncertainties related to each alternative, the technical team used probability 
distributions where historic data is available and used deterministic analysis (high/medium/low) and ranges 
where data is not available.  
 

3.10 CONSIDER QUALITATIVE IMPACTS WITH THE QUANTITATIVE IMPACTS TO 
INFORM DECISION MAKERS 

The BCA, discussed above, includes only those 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 
qualitative impacts may have significant importance in decision-making and they were included in the COA so 
they can be considered by the Work Group and others.   
 
The technical team provided a description of qualitative measures and impacts based on input from the 
technical committees.  The information on both qualitative and quantitative impacts is presented separately so 
Decision Makers can apply their own judgment.  

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

1 Project Alternatives 
Several Project Alternatives are evaluated in a benefit-cost framework.  These alternatives include: 

1. Floodproofing Only 

2. Low Enhancement Only 

3. High Enhancement Only 

4. I-5 Project plus Airport Levee, Floodproofing, and Low Enhancement 

5. I-5 Project plus Airport Levee, Floodproofing, and High Enhancement 

6. Flood Control Only Storage plus Airport Levee, Floodproofing, and Low Enhancement 

7. Flood Control Only Storage plus Airport Levee, Floodproofing, and High Enhancement 

8. Multipurpose Storage plus Airport Levee, Floodproofing, and Low Enhancement 

9. Multipurpose Storage plus Airport Levee, Floodproofing, and High Enhancement 

10. Flood Control Only Storage, I-5 Project, Airport Levee, Floodproofing, and Low Enhancement 

11. Flood Control Only Storage, I-5 Project, Airport Levee, Floodproofing, and High Enhancement 

12. Multipurpose Storage, I-5 Project, Airport Levee, Floodproofing, and Low Enhancement 

13. Multipurpose Storage, I-5 Project Airport Levee, Floodproofing, and High Enhancement 

Floodproofing, Enhancement Actions, and the Airport Levee are included in all Project Alternatives; however, 
Floodproofing and Enhancement Actions are also evaluated separately in Appendix O.  The Multipurpose 
Storage option includes three configurations, which are described in this section.   
 

2 Project Cost Assumptions 
Project capital costs are provided in current, 2014 dollars.  These capital costs are not discounted, levelized, or 
otherwise transformed.  Interest during construction is calculated based on a borrowing rate of 3.5% for all 
Perspectives.  The costs provided in this section account for the incremental cost for implementing and 
operating a Project Alternative.  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 a preferred Project Alternative is selected, funding sources will need 
to be evaluated and borrowing costs estimated.  Finally, the cost for potential litigation in each of the Project 
Alternatives is not estimated and not included.  Generally, BCA analyses do not include potential litigation costs 
because these are highly speculative. 
 

3 I-5 Project: Levees and Berms 
WSDOT is evaluating several alternatives that would keep I-5 open during a 100-year flood event.  Without any 
improvements it is estimated that I-5 would be closed for 5 days during a 100-year event.  Without an I-5 
project, but with a storage option (either FRO or MPF), it is estimated that I-5 would be closed for 1 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 COA framework.  The selected project, I-5 Alternative 1, consists of a series of levees, walls, and berms to 
keep I-5 open during a 100-year flood event.  The I-5 Project evaluated in the COA differs slightly from the I-5 
Project impacts evaluated at the time of this report's publication.  Because the I-5 Project has changed 
somewhat from what is evaluated in the hydraulic model and subsequently in the flood damage reduction 
model (HAZUS), impacts 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 undertaken. 
 
The cost of the I-5 Project is shown in Table 2 as provided by WSDOT.  WSDOT provided lower and upper bound 
cost estimates to encompass the project variations that could be implemented.  For the purposes of this study, 
the expected cost is the average of upper and lower bounds provided by WSDOT.  The operation and 
maintenance (O&M) costs are annualized costs required to maintain the project throughout the entire 100-year 
study period. 
 

Table 2  
Interstate 5 Project Cost Estimates 

$2014 

I-5 PROJECT CAPITAL COSTS ANNUAL O&M 
INTEREST DURING 
CONSTRUCTION 

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 WITH 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 I-5 project is modeled along with storage in the Upper Chehalis Basin (either FRO or MPF), the I-5 
option has lower costs.  The height for the levees, walls, or berms required to keep I-5 dry during a 100-year 
event is lower when paired with a storage option.  Therefore, the I-5 project costs are also lower when 
combined with a water storage project.   
 
Interest during construction (IDC) is calculated based on a 4-year 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) regardless of whether or not a storage option 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 100-year event.  When paired with Upper Basin storage alone, I-5 would close for 1 day 
during a 100-year event (compared to nearly 5 days of closure with neither option).  WSDOT prepared a range of 
cost estimates for the airport levee as shown in Table 3.  The expected cost is the average of the lower and 
upper bound.  IDC is calculated based on a 4-year 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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Table 3  
Airport Levee Cost Estimates 

$2014 

 CAPITAL COSTS ANNUAL O&M 
INTEREST DURING 
CONSTRUCTION 

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 Chehalis Storage 
Storage in the Upper Chehalis Basin can be accomplished by either a single-purpose structure or MPD structure.  
Both structures store up to 65,000 acre-feet of flood water.  In addition, the MPD structure stores water year-
round to augment low flows during the summer months.  The single purpose project does not store water 
except during a flood event.  The Project Team's engineers (HDR) evaluated several options for both structure 
purposes as described in the Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species.  
Dam Design Technical Memorandum.  All 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 
 

5.1 SINGLE PURPOSE: FLOODING RETENTION ONLY 

The single-purpose FRO structure is assumed to be a roller-compacted concrete (RCC) structure.  RCC is a blend 
of concrete with different ratios of ingredients and generally less water making it much less susceptible to 
slump.  The dam footprint 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 of river.  Fish passage for 
the single purpose project would include a CHTR facility for upstream passage.   
 

5.2 MULTI-PURPOSE RCC 

One option for the MPD structure is an RCC structure.  Its footprint is approximately 10 acres with a total height 
of 287 feet from base to crest.  The reservoir resulting from utilizing maximum flood storage is 1,307 acres along 
7.5 miles of river. 
 
HDR developed two options for fish passage under the MPD RCC dam scenario.  The first is a CHTR facility for 
upstream passage with combination collector facilities for downstream passage.  The upstream fish passage for 
this first option is known more commonly as άtrap and haul.έ  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 fish ladder consisting of 220 pools including 25 resting pools. 
 

5.3 MULTI-PURPOSE ROCKFILL 

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

                                                           
5 For the full description of structure options, please refer to: HDR, 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 consists of a 2,300-foot-long fishway or 
transition to the reservoir from the downstream side of the dam.  This fishway results in an 80-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 area are 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 land (purchase) is included in the project cost estimates for the storage options.  The 
acreage needed is shown in Table 4. 
 

Table 4  
Acreage Needed for Storage Alternatives 

ACRES 

 
INUNDATED 

AREA 
DAM 

FOOTPRINT 
TOTAL 

Flood Retention RCC  1,052 4 1,056 

Multipurpose RCC with CHTR Fish Passage 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 acre.  In the expected case, the value is assumed at $4,248 per acre.  Table 5 shows the 
resulting timber and land value for the expected case.  More information can be found in Appendix H. 
 

Table 5  
Timber and Land Values 

NET PRESENT VALUE $2014 

Flood Retention RCC $4,480,000 

Multipurpose RCC with CHTR Fish Passage $6,440,000 

Multipurpose RCC with Conventional Fishway $6,440,000 

Multipurpose Rockfill 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.   
 
Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ {ǘŀǘŜ ƻŦ ²ŀǎƘƛƴƎǘƻƴΩǎ ƳƛǘƛƎŀǘƛƻƴ policies will require compensatory mitigation for the 
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 greater.  The costs of implementing 
compensatory mitigation have not been incorporated into this analysis, but should be anticipated in a future 
phase. 
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5.5 ESTIMATED COSTS 

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 study period.  IDC is calculated based on the construction spending schedule provided by HDR.6  The 
construction schedules are the same across storage options 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 project rather than the lowest possible cost.  Similarly, upper bound cost estimates shown in 
Table 6 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. 
 

Table 6  
Upper Chehalis Storage Estimated Project Costs 

$2014 

EXPECTED CAPITAL 
ANNUAL 
OM&R 

INTEREST DURING 
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 Fishway $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 Fishway $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 Experimental Fishway $687,100,000 $1,786,000 $11,200,000 

 
 

                                                           
6 HDR, Inc.  Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species.  Dam Design Technical Memorandum.  Draft March 2014. 
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6 Flood Proofing 
Flood-proofing includes raising homes and Flood-proofing commercial buildings within the 100-year floodplain.  
These structures are then protected in a 100-year event reducing structure, content, and inventory damages as 
well as some cleanup costs.  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 or business such 
that households would need to be relocated or businesses would need to close.  Flood-proofing consists of the 
following: 

¶ Raising residential buildings to avoid damages from a 100-year event.  The cost is based on $35 per 
square foot plus permitting, contractor fees, and incidental costs of 20%. 

Flood-proofing commercial and industrial buildings to avoid 100-year flood event damages.  The cost of Flood-
proofing is based on costs published by the Federal Emergency Management Agency (FEMA)7 including building 
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 contingencies.8 
Flood-proofing and structure raising costs are limited by the value of the structure plus the land.  If the structure 
plus land value is less than the cost to flood proof, the property would be purchased instead. 
 

7 Flood Proofing Achievability 
The Flood-proofing component of the Project Alternatives includes raising all residential homes within the 100-
year floodplain.  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 for Flood-proofing.  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 100-year floodplain are 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 more of the following factors: 

1. Flood-proofing is not cost-effective.  The cost of Flood-proofing is too high compared with the perceived 
risk. 

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

3. Other location specific factors. 
 
The cost for commercial Flood-proofing is based on 25% of the total cost to flood proof all commercial buildings.  
Note that a cost-effectiveness evaluation for each building is not part of the study scope.  The 25% achievability 
rate is the best approximation for achievability, cost, and impacts.  In addition to the expected case, low and 
high achievability rates are analyzed.  A low achievability rate of 10% is selected and a high rate of 50% is also 
analyzed.  This range is based on conversations with local building owners regarding the applicability of Flood-
proofing.  The high value represents a high achievability rate given the issues raised by building owners.  The 
selected range of achievability reflects the uncertainty related to how many commercial building owners would 
implement Flood-proofing if 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 Techniques ς Financial Considerations.  FEMA.  Floodproofing 
Info #10. 
 
8 Floodproofing costs developed by Larry Karpack, Watershed Science & Engineering.  Email dated March 5, 2014. 
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Table 7 shows the estimated number of structures that would be raised or flood proofed within the 100-year 
floodplain in the Baseline and in each of the Project Alternatives. 
 

Table 7  
Flood-proofing: Number of Buildings and Costs 

EXPECTED CASE  
100% RESIDENTIAL AND 25% ACHIEVABILITY FOR NON-RESIDENTIAL 

$2014 

 
BUILDINGS IN 100-
YEAR FLOODPLAIN BASELINE 

WITH I-5 
PROJECT 

WITH 
STORAGE 

WITH I-5 PROJECT 
AND STORAGE 

Residential Buildings 677 677 653 368 354 

Non-Residential Buildings  446 112 95 71 64 

Total Buildings Flood 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, properties will still be flooded and structures may be 
damaged depending of the severity and location of the flood.  
 

8 Enhancement Projects 
Several enhancement projects were evaluated in the ASEP in conjunction with other Project Alternative 
components.  Table 8 provides a summary of these enhancement actions.  The following projects were 
evaluated:  

¶ NMF-Riparian20/50 ς Increase the modeled riparian attributes by 20% in the non-managed forests in 
50% of Spring Chinook spawning reaches.  Potential examples of actions that would be included are 
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas. 

¶ NMF-Riparian60/50 ς Increase the modeled riparian attributes by 60% in the non-managed forests in 
50% of Spring Chinook spawning reaches.  Potential examples of actions that would be included are 
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas. 

¶ NMF-Riparian20/75 ς Increase the modeled riparian attributes by 20% in the non-managed forests in 
75% of Spring Chinook spawning reaches.  Potential examples of actions that would be included are 
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas. 

¶ NMF-Riparian60/75 ς Increase the modeled riparian attributes by 60% in the non-managed forests in 
75% of Spring Chinook spawning reaches.  Potential examples of actions that would be included are 
removal of invasive vegetation, riparian plantings, and preservation of existing good riparian areas. 

¶ NMF-LWM50/50 ς Increase the modeled instream wood attributes by 50% in 50% of Spring Chinook 
spawning reaches.  Examples include log cribs, installation of log jams, root wads, and wood structure to 
trap gravel and/or sediment. 

¶ NMF-LWM50/75 ς Increase the modeled instream wood attributes by 50% in 75% of Spring Chinook 
spawning reaches.  Examples include log cribs, installation of log jams, root wads, and wood structure to 
trap gravel and/or sediment.  

¶ Culvert100 ς Passage at all artificial barriers = 100%.  Remove the 169 barriers that are in the EDT model 
to allow access above the barriers. 
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Table 8  
Enhancement Action Summary 

PROJECT NAME CAPITAL1 
ANNUAL 
O&M2 TOTAL PV COST 

 

NMF-LWM50/50  $17,550,000  $95,000  $18,420,000   

NMF-LWM50/75  $27,800,000  $143,000  $29,110,000   

NMF-Riparian20/50  $43,240,000  $216,000  $45,220,000   

NMF-Riparian20/75  $64,860,000  $324,000  $67,830,000   

NMF-Riparian60/50  $43,240,000  $216,000  $45,220,000   

NMF-Riparian60/75  $64,860,000  $324,000  $67,830,000   

Culvert100  $29,970,000  $158,000  $31,420,000   

Notes: 
1. Includes 30% contingency 
2. O&M is required for 10 years following project implementation. 

 
 
The enhancement actions from Table 8 were combined in low and high enhancement scenarios for the Project 
Alternatives: no Upper Chehalis storage, Flood Control Only structure, and Multi-purpose structure.  Table 9 
shows the combinations of enhancement actions for each Project Alternative scenario.  The COA analysis 
assumes that each of the Project Alternatives includes either Low or High Enhancement actions.  The NPV for 
enhancement costs (capital, O&M) is summarized below assuming a discount rate of 1.63%. 
 

Table 9  
Enhancement Actions Combinations 

SCENARIO 
RIPARIAN 

20/50 
RIPARIAN 

60/50 
RIPARIAN 

20/75 
RIPARIAN 

60/75 
LWM 
50/50 

LWM 
50/75 

CULVERT 
100 TOTAL PV COST 

Low Enhancement 
Only 

X    X  X $95,060,000  

High Enhancement 
Only  

   X  X X $128,350,000  

 

9 Project Alternative Costs 
Figure 2 summarizes the total project cost for each of the Project Alternatives assuming a discount rate of 1.63 
percent and Low Enhancement actions.  Figure 3 shows the same information for High Enhancement actions. 
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Figure 2  
Project Alternatives Expected Cost Summary with Low Enhancement, 100-Year NPV 

 
 

Figure 3  
Project Alternatives Expected Cost Summary with High Enhancement, 100-Year NPV 

 
The above costs are included in the COA analysis.  Annual OM&R costs are calculated over the full study period 
and are included in the above figures in NPV terms. 
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10 Hydropower 
In addition to the Project Alternatives above, the option of adding a small hydropower unit on a MPD dam is 
analyzed separately.  Table 10 shows the range of estimated capital costs as well as annual OM&R costs. 
 

Table 10  
Hydropower Cost Estimates 

$2014 

 
CAPITAL OM&R 

INTEREST DURING CONSTRUCTION 
NPV 

Expected $22,500,000 $485,000 $623,000 

Lower Bound $20,000,000 $485,000 $554,000 

Upper Bound $25,000,000 $485,000 $693,000 

 
 
The costs above include regulatory and permitting for the proposed 5 megawatt hydropower unit.  The 
evaluation of this project is provided in Appendix J. 
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4 Project Alternative Impacts 

1 Introduction 
This section describes the methodology and assumptions behind the Project Alternative impact evaluations.  
Impact evaluation assumptions may differ across perspectives.  These differences are described later within 
each perspective section.  Qualitative impacts are discussed in the following section.  Impacts are separated into 
those related to flood damage and other impacts not related to flood damage (e.g., sport fishing impacts are not 
directly related to flood damages). 
 
All Project Alternatives are compared to the same Baseline.  The Baseline is defined as current conditions plus 
any projects that are currently funded.  Impacts related to population growth or development within the 
floodplain are excluded from the analysis. 
 

2 Quantified Impacts 
The following project impacts are quantified in this study: 

¶ Flood damage to structures, content, and inventory 

¶ Cleanup costs for buildings and agricultural acreage 

¶ Vehicle damages 

¶ Loss of agriculture crops or crop damage 

¶ Transportation delays on I-5 

¶ Temporary relocation costs for evacuated residents 

¶ Public assistance for emergency protective measures for bridges, utilities, water control facilities, or 
debris removal.  

¶ Business interruption 

¶ Economic  development 

¶ Commercial fishing 

¶ Sport fishing 

¶ Tribal Fishing 

¶ Environmental Non-use 
 
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, 12, 100, and 500 years) 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 curve.  Figure 4 is an example of a damage curve where the area under the curve is the 
expected damage for a given flood hazard.  Figure 4 demonstrates that as the exceedance probability of a flood 
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decreases, damages increase.  In other words, a 100-year event is much more severe and causes much more 
damage compared with a 10-year event.   
 

Figure 4  
Example Damage Curve 

 
 
 
Once a flood reduction project is introduced, the damage curve will shift such that damages are reduced or 
increased in some or all flood events.  Individual damage curves are estimated for Baseline and each Project 
Alternative scenario.  The difference between the Project Alternative curve and the Baseline curve is the impact 
of the project alternative.  Impacts include values such as avoided damages to building structures and contents, 
agriculture products and equipment, avoided cleanup costs, and avoided costs due to transportation delays and 
detours.  Figure 5 shows a sample shift.  The expected annual benefit (in dollars) of the flood reduction project is 
the area between the curves (blue shading) in Figure 5.   
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Figure 5  
Example of Reduction in Damage Curve 

 
 
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 configurations and are shown 
as such throughout the report. 
 

4 Structure, Content, and Inventory 
Flood damages to structures are estimated in HAZUS9 based 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 relate feet of inundation 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 building types and basin specific hydrology, 
the results are applicable to the basin.  Content and inventory damages are based on structure value and 
structure type.  For example, a residential structure may have 50 percent of its home value in contents while a 
hospital may have 150 percent of its structure value in contents.   
 
Both depreciated replacement value and full replacement value for structure and content damages are 
estimated.  Business inventory (goods for resale) is not depreciated.  Generally, flood damage reduction 
analyses present only depreciated replacement value; however, due to interest in the full replacement value, 
the State- and Basin-wide perspective results are presented for both depreciated and non-depreciated structure 
and content values.  Non-depreciated replacement values are provided in Appendix O. 
 
Flood-proofing commercial and residential buildings to a 100-year flood event is included in each of the Project 
Alternatives unless noted otherwise.  It is assumed that residential structure, content, and inventory losses in 
the 100-year event are avoided.  Since all residential buildings are flood proofed (raised), all residential structure 
and content damages can be avoided in a 100-year event.  In the Expected case, only 25% of non-residential 

                                                           
9 Please refer to appendix B and C. 
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buildings (commercial, industrial, government, schools) are flood proofed (refer to section 6 in the Project 
Alternative Cost chapter of this report).  Therefore, only 25% of the non-residential structure, content, and 
inventory damages are avoided.  In addition, structure, content, and inventory losses for the 500-year event 
would likely be reduced with the Flood-proofing; however, the amount of damage reduction has not been 
modeled in HAZUS and is not included in the COA.  Therefore, the benefits of Flood-proofing may be 
underestimated. 
 

5 Cleanup Costs 
Cleanup costs 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 in the cleanup cost estimates: 

1. Debris removal 
2. Building cleanup costs (commercial, residential) 
3. Agriculture field cleanup and 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 ton.10  Building cleanup costs 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 substantially damaged (more than 50%) are excluded in cleanup costs as these 
buildings would be demolished.  Demolished building cleanup costs are included in the debris removal costs.   
 
Agriculture field cleanup cost and enhancement is based on the number of acres flooded (per HAZUS) and 
$500/acre to restore the fields to planting condition.  In addition re-seeding costs of $180 per acre are 
included.11 
 
Similar to structure, content, and inventory, building cleanup costs, when Flood-proofing is included, are 
avoided in the 100-year event for the buildings that are flood proofed.  The modeling assumes that cleanup 
costs in a 500-year event would still be required since homes and businesses are not flood proofed to the 500-
year event. 
 

6 Vehicle Damages 
Historically, during severe flood events, vehicle damages have occurred.  HAZUS estimates vehicle damages 
much the same way as structure damages are estimated.  Damage estimates are calculated according to depth 
damage functions and vehicle depreciated replacement values.  The COA analysis relies on default data within 
HAZUS to estimate vehicle damages for the 100- and 500-year 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 the lost use of acreage due 
to flood damage restoration.  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 near the floodplain, flooding 
can cause significant loss to production.  Crop damage is estimated based on the acreage flooded, cropping 

                                                           
10 Please refer to Appendix F. 
11 Id. 
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patterns by county, and value of crops by type.  Cropping patterns are estimated using averages from the U.S. 
Department of Agriculture National Agricultural Statistics Service (NASS) database.12  Table 11 summarizes the 
cropping patterns assumed in the analysis. 
 

Table 11  
Cropping Patterns 

AVERAGE ACREAGE 2002-201213 

  LEWIS THURSTON GRAYS HARBOR 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% 

Share of 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/acre,14 bushel/acre) are based on average historic yields for 
Washington State by crop type if available, or national data when unavailable15.  Prices for crops are based on 
average 5-year normalized national or state prices for all field crops depending on perspective.  Vegetable prices 
are based on the 4-year average of national or state prices depending on which was available and the relevant 
perspective. 
 
Many farms or agricultural acreage are bordered by riparian protection areas.  While this acreage is included in 
the estimated number of flooded agricultural acreage, it is likely that the riparian areas will be flooded 
regardless of whether or not a Project Alternative is implemented.  Because the riparian area is included both in 
the Baseline and the Project Alternative cases, the presence of these riparian areas are unlikely to cause an 
over-estimation of Project Alternative impacts. 
 

8 Transportation Delays 

8.1 INTERSTATE 5 

I-5 is closed for approximately 5 days during a 100-year flood event.  WSDOT estimated the cost a 100-year 
event closure based on behavior surveys, traffic counters before and during the event, and the estimated cost of 
detour routes or delayed trips.  WSDOT estimates that a 100-year event costs a total of $11.5 million, or $2.2 
million per day on average in additional travel costs.  Based on survey information, this estimate assumes that 

                                                           
12 Please refer to Appendix D. 
13 U.S. Department of Agriculture.  National 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 lbs.  This unit of mass is used in the 
United States. 
15 Please refer to Appendix D. 
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only a share of "through" traffic takes a detour.  ²ƘŜƴ ŀƭƭ άǘƘǊƻǳƎƘέ ǘǊŀŦŦƛŎ ǘŀƪŜǎ ŀ ŘŜǘƻǳǊΣ ǘƘŜ ŎƭƻǎǳǊŜ Ŏƻǎǘǎ 
amount to $20.6 million.  For the expected case scenario, the COA uses the average between the two estimates 
provided by WSDOT.  Even if some travelers delay or cancel their trip, there are indirect costs to the traveler 
that are not accounted for in this estimate ($11.5 million).  For example, if the detour costs $100, but the trip is 
worth less than $100 to a traveler, the traveler would delay or cancel the trip.  Delay and cancellation costs are 
not accounted for, if those costs are less than the detour cost.  The WSDOT methodology therefore 
underestimates the cost of the closure in the lower estimate case.   
 
The expected case assumption for this study is a conservative estimate for transportation delay costs according 
to the U.S. Army Corps of Engineer methodology.16  More information on the WSDOT study can be found in 
Appendix E.   
 

9 Emergency Aid 
Emergency aid is a combination 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, roadways, or utilities. 
 

9.1 TEMPORARY RELOCATION ASSISTANCE (TRA) 

Housing costs include reimbursements for hotel stays or public shelter costs.  Those who relocate to stay with 
families or friends are included in the total damage estimate since the opportunity cost of staying with 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 the 100- and 500- year 
events.  For less severe flood events, the average claim is approximately half of the 2007 amount, or $2,100 per 
claim17.  These claims are per household. 
 

9.2 PUBLIC ASSISTANCE 

Public Assistance costs are calculated based on a ratio of costs compared with TRA costs.  This methodology is 
consistent with previous studies conducted by the Corps for the Chehalis River Basin.18  Appendix G has more 
information.  The expected case ratio of Public Assistance costs to TRA costs in this study is based on the 2007 
flood event (ratio of 5.4).   
 

9.3 BUSINESS 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 delayed re-opening due to damages or relocation.  Business 
interruption costs are composed of four parts: 

1. Income (capital-related) losses 

2. Wage losses 

3. Relocation 

                                                           
16 WSDOT notes in their study that the U.S. Army Corps of Engineers allows for travel costs to be calculated assuming all through traffic takes a detour. 
17 Please refer to Appendix G. 
18 U.S. Army Corps of Engineers.  Centralia, Washington, Flood Damage Reduction.  Final General Reevaluation Report.  Economics Appendix D.  June 2003. 
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4. Rental Income losses 

 
Each of these components is described in more detail in Appendix I.   
 
Business interruption costs are included only in the basin-wide perspective.  From the State or Federal 
Perspective, these costs would be recouped by other businesses located outside the affected flood area but 
within the geographic boundaries of the perspective.  Therefore business interruption costs are local in nature 
and are not included when approaching the analysis from a wider geographic boundary. 
 

10 Other Impacts 

10.1 ECONOMIC DEVELOPMENT 

The economic consequences of flood damage over time include both positive and negative impacts.  Negative 
impacts are the direct damages to property immediately following an event.  Positive impacts include the effects 
of recovery and reconstruction.19  Some studies have asserted that the short-term impacts from a natural 
disaster are negligible compared with the long-term impacts of recovery.20  While some discussion is provided 
for the trade-off between monetized positive and negative impacts, it is also recognized that long-term 
economic growth is better served by the reduction of flood hazard risk. 
 
The Economic Development impact or input-output (IO) analyses in this study are conducted using previously 
prepared IO models21.  This methodology is consistent with many other studies that have evaluated regional 
impacts from natural disasters using previously prepared IO models22.  This methodology ignores 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 associated with immediate negative consequences followed by positive economic 
impacts from repair and reconstruction.  Therefore, IO results are presented with and without structure 
damage. 
 
Project Alternative impacts on economic development are evaluated for the State- and Basin-wide Perspectives.  
Increased economic activity is measured using state and county IO models.  These models and results are 
discussed in detail in Appendix L.   
 

10.2 ENVIRONMENTAL 

Estimation of environmental benefits (and costs) are related to 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 fish and non-fish species, 
but the analysis of monetized benefits and costs is limited only to changes in salmonid populations, namely 
spring Chinook, fall Chinook, and coho salmon and steelhead trout.  As discussed in Appendix K, estimated 
benefits are determined by estimating a value per fish for different salmonid species and applying this value to 

                                                           
19 Ishikawa, Yoshimi and Toshitaka Katada.  Analysis of the Economic Impacts of a Natural Disaster Using Interregional Input-Output Tables for the Affected 
Region: A Case Study of the Tokai Flood of 2000 in Japan.  2006 Intermediate Input-Output Modeling. 
20 Ishikawa, Yoshimi, 2006. 
21 www.implan.com  
22 See for example: Ishikawa, Yoshimi and Toshitaka Katada, 2006.  Analysis of the Economic Impacts of a Natural Disaster Using Interregional Input-Output 
Tables for the Affected Region: A Case Study of the Tokai Flood of 2000 in Japan.  2006 Intermediate Input-Output Modeling.  Also see: Sheets, Keith, 1998.  
Traditional Uses of Input-Output Models in Watershed Programs Planned under Principles and Guidelines.  USDA Natural Resources Conservation Service.  
Lincoln, Nebraska.  August 1998. 
 
 

http://www.implan.com/
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the predicted changes in fish populations from each project alternative.  Multiple values per fish by species are 
estimated to reflect differences among commercial fishermen, recreational fishermen, local tribes, and others in 
the state who do not fish but place a value on fish habitat.  Their respective values per fish are estimated from 
economic literature and market data and include the following factors: 

¶ Commercial Fisheries: 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 revenues in each US state (primarily Alaska, 
Oregon, and Washington) and Treaty/Non-Treaty 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 function of 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). 

¶ Sport Fisheries: The net economic value of anglers would be estimated separately for their activities in 
ocean, estuary, and river waters.  In the ocean and estuary, fishing generally relies on charter and/or 
privately owned boats for fishing.  However, river fishing generally can occur in or along the river bank.  
Sport fishing benefits can include not only fish caught for harvest but also catch and release activities if 
stocks decline enough to cause such restrictions to be imposed. 

¶ Passive Use: tŀǎǎƛǾŜ ǳǎŜ ǎǘŜƳǎ ƴƻǘ ŦǊƻƳ ŦƛǎƘƛƴƎ ōǳǘ ŦǊƻƳ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜǎŜ 
fish exist, can be caught by someone now or in the future, have a long-standing connection to local 
cultures, and are significant elements of the ecosystem.  The inclusion of Passive Use value in project 
evaluations can be justified by the importance of salmonids to residents across the State of Washington 
even for people who do not fish. 

 
Estimable impacts are differentiated geographically to account for differences in effort, costs of actions, and 
abundance of fish.  These regions include: open ocean, estuary (Grays Harbor), and river.  Commercial activities 
for Treaty and Non-Treaty Tribes are grouped independent of location.  
 
Table 12 summarizes the values per fish used in the analysis.  Additional information is available in Appendix K. 
 

Table 12  
Economic Values per Fish 

SPECIES  OCEAN GRAYS HARBOR RIVER TREATY / 
NON-
TREATY 

ANNUAL 
PASSIVE 
USE 

COMM. SPORT COMM. SPORT COMM. SPORT COMM.1 

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. This ŎŀǘŜƎƻǊȅ ŎƻƳōƛƴŜǎ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƻ ¢ƘŜ vǳƛƴŀǳƭǘ LƴŘƛŀƴ bŀǘƛƻƴ ά¢ǊŜŀǘȅέ ŀƴŘ /ƘŜƘŀƭƛǎ ¢ǊƛōŜ άbƻƴ-ǘǊŜŀǘȅέ 

 
 
Significant value that cannot be monetized is the cultural value that salmonids provide to the two principal 
tribes in the area: the Quinault and the Chehalis Tribe.  As discussed above, an economic analysis of changes in 
salmonid fisheries to these Tribes can be estimated for commercial activities.  However, the act of fishing and 
subsistence harvesting is recognized as a cultural way of life that is connected 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 impact of a project over time on salmonid 
populations relative to baseline conditions.  For 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 from 
either flood retention and enhancement projects would be realized within 4 years for Chinook and steelhead 
species and within 2 years for coho.  Due to the magnitude of the enhancement efforts, it would take several 
years to construct all of the projects.  It is difficult to predict where and when projects would be implemented 
because funding sources and quantities are unknown.  Therefore, while the benefits are assumed to be realized 
in the first few years, the actual benefits from the projects would likely take longer to be realized. 
 
Several baseline conditions are evaluated in this analysis.  Data on baseline populations for no-growth and 
managed forest baseline conditions are provided in Table 13.  Baseline fish populations under a No-Growth 
scenario remain stable and unchanged throughout the period of analysis.  However, in a managed 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%.  
 

Table 13  
Baseline Fisheries Population Forecasts ς No Growth and Managed Forest Scenarios 

SCENARIO SPECIES CURRENT FUTURE PERCENT CHANGE 

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% 

 
 
Table 14 shows the estimated population changes due to the implementation of a FRO facility or MPF.  
 

Table 14  
Fish Population Changes with Structure (% Change from Projected Populations) 

SPECIES 
% CHANGE IN FISH POPULATION WITH  

FLOOD RETENTION FACILITY (50% Impact) 
% CHANGE IN FISH POPULATION WITH 

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% 
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Finally, Table 15 presents the effects on each fish species from some combination of a flood retention structure 
and one or more enhancement actions, as defined in Table 8.  The impacts to spring 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 MPD option.  Steelhead populations are worse off with a MPD option.  While structures cause an overall 
reduction in fish populations (with the exception of a MPD structure with regard to Chinook), the combination 
of structures and enhancement actions all enhanced fish populations.  The largest overall effect is observed for 
spring Chinook.  The combination of enhancement projects enhances fish populations above any single action.  
However, the sum of single enhancement action impacts is not equal to the combination of these actions. 
 

Table 15  
Fish Population Changes with Combined Structure and Enhancement (% Change from Projected Populations) 
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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 fisheries from flood reduction structures are assumed to be within the range of 
current management practices.  In addition, the losses in populations from a structure are only mitigated in this 
study when increases from corresponding enhancement projects are considered.  Accordingly, it is assumed that 
no project would, by itself, trigger an Endangered Species Act (ESA) action.  There may be a variety of 
contributing factors that could cause an ESA listing, but it has been assumed that the Project Alternatives alone 
would be unlikely to be a singular cause.  It is recognized that an ESA listing, such as that which occurred on 
August 29, 2014 with the Oregon spotted frog (USFWS 2014), would lead to significant additional economic 
losses, litigation costs, and/or enhancement actions and these costs could have far greater economic costs than 
those considered in this analysis.  However, because this action was recent, the modeling of its economic 
outcome was prevented, an 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 some uncertainties.  In most cases, probability distributions for 
the variables in the analysis were not available; therefore, a risk analysis (Monte Carlo simulation) could not be 
conducted.  In addition, where probability distributions were unavailable, the study team did not provide 
probabilities associated with the projected ranges.  Therefore, 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 
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values selected 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 Technical Committees as part of the COA process.   
 
The medium values are referred to as the "expected values" or "expected 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 associated with 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 of Project Alternative impacts.  Alternatively, the high values are often the highest values 
found in the literature or through surveys.  The high values are not intended to represent the highest possible 
value.  The high values are modeled in a "High 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 

12.1 STRUCTURE, CONTENT, AND INVENTORY 

The impact to structures estimated in the expected case is based on structure value, type, first floor elevation, 
and estimated inundation level.  Uncertainty exists with regard to each of these components.  For example, the 
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, additional hydrology data would be needed for HAZUS modeling; however, an uncertainty 
analysis of the hydraulic model is not part of the study scope.  Additionally, changing structure characteristic 
assumptions would require additional HAZUS runs, which is also outside of the study 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 for the Baseline and άwith projectέ events where 
residential first floor elevations are adjusted either up or down by 1 foot.23  The resulting variance in damage 
estimates to building and contents is approximately 12% between 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 is a low impact scenario where 
HAZUS output for structure, content, and inventory damages are adjusted such that the damages are 70% of the 
Expected damages for these categories.  The second scenario is the high impact scenario which assumes that 
HAZUS underestimates damages by 20%.  These uncertainty assumptions are based on the uncertainty in the 
precision of first floor elevations as well as uncertainty for other HAZUS modeling assumptions  that are not 
modified.  The range of uncertainty is not meant to reflect the full range of possibilities.  Rather, the 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 decision makers. 
 

12.2 FLOODPROOFING 

As mentioned in the Project Alternative Cost section of this report, Flood-proofing non-residential buildings to 
the 100-year event is not expected to be 100% achievable.  In the Expected case, it was assumed that 25% of the 

                                                           
23 Based on 2 standard deviations.  Watershed Science & Engineering.  Chehalis Basin Strategy: Reducing Flood Damage and Enhancing Aquatic Species ς 
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, only 10% of non-residential 
buildings are flood proofed and 50% are flood proofed in a high impact scenario.  It is assumed that 100 percent 
of residential buildings are either flood proofed (or acquired). 
 

13 Cleanup Costs 
Uncertainty related to cleanup costs is modeled by adjusting the cost for debris removal.  Alternatively, or in 
addition to the cost variance, the amount of debris generated could be modeled.  However, the relevant 
hydraulic modeling was not available as part of the study scope.  Therefore, only the cost for cleanup and debris 
removal is varied.  For debris removal, survey respondents estimated the cost between $90 and $204 per ton of 
debris for finishes (drywall, insulation, etc.)  and between $123 and $204 per ton for structural components 
(wood, brick, etc.).  These values are used in high and low impact scenarios where the low impact scenario is the 
low value and the high impact scenario assumes the high value. 
 
Similarly, building cleanup cost 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 impact scenarios.  In addition, the number of non-
residential buildings is adjusted based on the low and high impact scenarios for Flood-proofing. 
 
Agriculture field cleanup cost and restoration is based on the number of acres flooded (per HAZUS) and 
$500/acre to restore the fields to planting condition.  In addition re-seeding costs of $180 per acre are 
included24.  A range of agriculture cleanup costs are estimated based on the range of costs to cleanup fields and 
for re-seeding.  For field cleanup costs, $300/acre is assumed for the low impact scenario based on the CorpsΩ 
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.  For re-seeding costs, the range of cost is based on ranges provided in the Lewis 
County 2007 Disaster Recovery Strategy report25 ( $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, which is 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 damage restoration.  Depending on the time 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 by county, and value of crops by type 
 
In a low impact scenario, damaged fields could be restored 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 100-year event. 
 
A high impact scenario is consistent with the Expected case where all crops are assumed lost for the year 
following an event regardless of severity. 

                                                           
24 Please refer to Appendix F. 
25 Lewis County 2007 Flood Disaster Recovery Strategy.  April 2009. 



45 45 45 

 

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

 

16 Transportation Delays 

16.1 INTERSTATE 5 

The WSDOT estimated that a 100-year event would cost $11.5 to $20.6 million from an I-5 closure.  The range of 
costs is based 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 two estimates provided by WSDOT.  The low impact scenario is modeled 
assuming the low value, while the high impact value assumes the high value.  This uncertainty analysis is 
assumed for both the State and Federal Perspectives.  Uncertainty is not modeled for the basin Perspective. 
 

17 Emergency Aid 
Emergency aid is a combination of 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, roadways, or utilities. 
 

17.1 TEMPORARY RELOCATION ASSISTANCE 

Housing costs include reimbursements 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 lodging reimbursement 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 (longer-term housing) and lodging reimbursement.  Table 16 summarizes the 
assumptions for the Expected, High, and Low impact scenarios. 
 

Table 16  
TRA Claim Cost Assumptions under Uncertainty 

$2014/CLAIM 

 EVENT RETURN 
INTERVAL 

EXPECTED HIGH LOW 

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 modeled as this would require hydraulic modeling that is 
not part of the study scope. 
 

17.2 PUBLIC 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 costs in this study is based on the 2007 flood event.  The low impact 
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scenario is based on the ratio assumed in the CorpsΩ 2003 study (ratio of 3.0).26  A high impact scenario is 
assumed to be the same as the Expected case (ratio of 5.4). 
 

17.3 BUSINESS INTERRUPTION 

Business interruption costs are included in only the basin-wide perspective.  In order to estimate a range of 
business interruption costs, additional hydraulic modeling would be required; however, this modeling is not part 
of the study scope. 
 

18 Environmental 
Key drivers of uncertainty in the environmental analysis include monetary values of fish and forecast fish 
populations.  For the monetary values of fish, low, 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 Pacific Forestry Management Council (PFMC).  It is assumed that market prices respond to the 
relative demand for and supply of wild caught salmon (non-farmed) as set by PFMC and available substitutes.  
The values used in the model were determined using an average of historical values; these historical values 
account for 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 low fish escapement and ESA 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 characteristics and 
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 the study (see Appendix K).  River 
sport values are based 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 fish populations could not be estimated given the limitations of 
the EDT model.  The fish populations represent an expected value into the overall analysis.  Uncertainty in the 
outcomes for enhancement and impacts of the dams was evaluated with low and high fish response scenarios as 
shown in the enhancement action descriptions. 
 

                                                           
26 U.S. Army Corps of Engineers.  Centralia, Washington, Flood Damage Reduction.  Final General Reevaluation Report.  Economics Appendix D.  June 2003. 
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5 Project Alternative Qualitative Impacts 

1 Introduction 
The qualitative impacts analyzed in this study include the following: 

¶ Rail closure 

¶ Livestock losses 

¶ Environmental justice 

¶ Cultural impacts 

¶ Property values 

¶ Health and safety 

¶ Other Fish and Non-fish species 
 
Each of these impacts is discussed below. 
 

2 Rail Closure 
Major flood events in the Chehalis River Basin result in floodwaters covering rail lines through the I-5 corridor.  
Similar to closures of I-5, rail line closures have significant impact on state and regional economies.  These rail 
lines provide transportation 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 Northern Santa Fe Railroad (BNSF).  Other rails lines in 
the area include the Puget Sound and Pacific Railroad (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 connecting Portland and 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 along this I-5 corridor.27  One day of 
closure can affect up to 68 trains. 
 
Attempts were made to contact BNSF regarding closure costs for the railway; however, BNSF did not provide 
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 for the I-5 travel 
cost study where delay costs, operation, maintenance, 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 closure requires routes as far East as Walla Walla. 
 
Information needed to monetize Project Alternative impacts on rail closures was unavailable; therefore, a 
qualitative review was undertaken instead.  

                                                           
27 Washington State Department of Transportation.  Washington State 2010-2030 Freight Rail Plan Appendices.  December 2009. 
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2.1 FLOODPROOFING ONLY 

Flood-proofing buildings would have no effect on the frequency or duration of rail closure. 
 

2.2 HABITAT ENHANCEMENT ONLY 

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

2.3 I-5 PROJECT 

The I-5 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 the I-5 Project case was not available.   
 

2.4 FLOOD 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 the U.S. Department of Agriculture (USDA), no substantial decrease in 
livestock was observed during the 2009 event; 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 events.  In addition, 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 Alternatives.  In addition, the 
planned build-out of critter pads increases the uncertainty related to whether or not additional flood hazard 
mitigation measures would provide additional benefit.  
 

3.1 FLOODPROOFING ONLY 

Flood-proofing buildings would likely have no effect on livestock loss. 
 

3.2 HABITAT ENHANCEMENT ONLY 

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

3.3 I-5 PROJECT 

The I-5 Project changes 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 acreage in some flood events.  Otherwise, it is unlikely that the 
I-5 Project would impact livestock losses.   
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3.4 FLOOD STORAGE 

Flood storage reduces the overall flood level and duration of flooding within the entire basin.  Therefore, a flood 
storage option could decrease 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 lower-income families.28  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 post-flood cleanup.   
 

4.1 FLOODPROOFING ONLY 

Flood-proofing buildings may have positive impacts on environmental justice by reducing property losses to low 
income families.  However, Flood-proofing only may leave many buildings inaccessible during a flood event and 
these residents may still not be able to go to work.  
 

4.2 HABITAT ENHANCEMENT ONLY 

Based on the studies, neither of the habitat enhancement programs (Low or High) result in flood reduction 
impacts.  Therefore, enhancement programs would not likely affect environmental justice. 
 

4.3 I-5 PROJECT 

The I-5 Project changes the flooding patterns in the basin but does not remove water.  Based on the hydrology 
data, the net effect of the I-5 Project is a small reduction in structure and content damages.  Therefore, the I-5 
Project may 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.  The reduced 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 nation and require preservation.  Project 
Alternatives may impact cultural resources directly or indirectly, such as disturbance from construction, 
inundation, filling, changes in traffic patterns, or erosion from changes in land exposure.   
 

                                                           
28 Zhai G., Fukuzona T., Ikeda S.  Modeling Flood Damage: case of Tokai flood 2000. Journal of the American Water Resources Association.  February 2005: 
77-92. 
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The Cultural Resources Review29 prepared for the Chehalis Basin Flood Hazard Mitigation study identified 
cultural and historical 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 inundation areas for the storage options.  Table 17 below summarizes 
the result of the Cultural Resources Review.  Note that Flood-proofing and Enhancement Programs were not 
evaluated for cultural resources. 
 

Table 17  
Potential for Encountering Cultural Resources in each Project 

PROJECT 
CULTURAL 

RESOURCES PRESENT 
HISTORY OF 

ETHNOGRAPHIC USE 

LANDFORMS 
FAVORABLE TO 

CONTAIN CULTURAL 
RESOURCES 

POTENTIAL FOR 
ENCOUNTERING 

CULTURAL 
RESOURCES 

Flood-proofing Not Evaluated Not Evaluated Not Evaluated Not Evaluated 

Enhancement 
Programs 

Not Evaluated Not Evaluated Not Evaluated Not Evaluated 

Multipurpose 
Inundation 

Unknown* Yes Yes High 

Flood Storage Only 
Inundation 

Unknown* Yes Yes High 

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 that additional studies be conducted to rule out significant resources that are currently 
undocumented.  In addition, consultation with the local Tribes is needed to help identify additional cultural or 
historic resources. 
 

6 Property Values 
Studies have shown that properties located within a floodplain have lower values by nearly 8%.30  Project 
alternatives that reduce the amount of flooding will mean that homes no longer at risk of flooding might 
experience an increase in value.   
 

6.1 FLOODPROOFING ONLY 

Flood-proofing buildings may have positive impacts to property values within the floodplain as the risk of 
damages during a flood event are reduced. 
 

6.2 HABITAT ENHANCEMENT ONLY 

Based on the studies, neither of the habitat enhancement programs (Low or High) result in flood reduction 
impacts.  Therefore, enhancement programs would not likely affect property values. 

                                                           
29 Cascella, Melissa and J. Tait Edler.  Cultural Resources Review for the Chehalis Basin Flood Hazard Mitigation Alternatives Analysis.  Technical 
Memorandum.  June 30, 2014. 
30 Bin, O. and S. Polasky.  Effects of flood hazards on pǊƻǇŜǊǘȅ ǾŀƭǳŜǎΥ ŜǾƛŘŜƴŎŜ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ IǳǊǊƛŎŀƴŜ CƭƻȅŘΦέ  Land Economics 80:4 (2004): 490-500.  
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6.3 I-5 PROJECT 

The I-5 Project changes the flooding patterns in the basin but does not remove water.  Based on the hydrology 
data, the net effect of the I-5 Project is a reduction in structure and content damages.  Therefore, the I-5 Project 
may provide some net-benefit to property values within the floodplain by 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 the floodplain.  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 long-term negative impacts on economic growth.  
Investment in capital as well as out-migration of residents contributes to slower economic growth in disaster 
prone areas.31  Alternatively, investment in flood mitigation efforts have resulted in significant returns.32  The 
returns on the Project Alternatives in this study are evaluated in the IO analysis found in Appendix L.  The 
discussion below provides qualitative considerations in addition to the IO analysis. 
 

7.1 FLOODPROOFING ONLY 

Flood-proofing buildings reduces flood damage; however, Flood-proofing only may leave many buildings 
inaccessible during a flood event.  
 

7.2 HABITAT ENHANCEMENT ONLY 

Based on the studies, neither of the habitat enhancement programs (Low or High) result in flood reduction 
impacts.  Therefore, enhancement programs would not likely affect economic growth beyond the project 
investment. 
 

7.3 I-5 PROJECT 

The I-5 Project results in I-5 remaining open during a 100-year event.  While the interstate is open, local 
businesses within the floodplain may still experience closures or property losses during flooding.  Businesses 
located outside of the floodplain may remain open and benefit from the I-5 Project.   
 

7.4 FLOOD STORAGE 

Flood storage reduces the overall flood level and duration of flooding within the entire basin resulting in 
significant flood damage reduction potential.  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. Shields, and S. Zahran.  Economic impacts of Colorado flooding: identifying the dimensions and estimating the impacts of 

reduced tourism in Estes Park.  Regional Economics Institute Center for Disaster and Risk Analysis, Colorado State University (2013): 

http://outreach.colostate.edu/REI/rei-docs/Economic%20issues%20of%20flood%20recovery%20Final.pdf 

 
32 Koon, B.W., D. Halstead, and M.E. Anderson.  Economic Impact Analysis, CƭƻǊƛŘŀ 5ƛǾƛǎƛƻƴ ƻŦ 9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘΩǎ .ǳǊŜŀǳ ƻŦ aƛǘƛƎŀǘƛƻƴ (2011). 

http://outreach.colostate.edu/REI/rei-docs/Economic%20issues%20of%20flood%20recovery%20Final.pdf
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homes and businesses.  Therefore, flood storage may improve economic 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 following theories: 

¶ Access to I-5 during flood events may improve health and safety since emergency medical facilities 
might be easier to access. 

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

¶ Reduced structure damage may improve health and safety as people may be able to return to their 
homes sooner after an event with minimal cleanup.  In particular, Flood-proofing a home may eliminate 
cleanup costs and the risk of contamination from flood waters or molds. 

 
The three factors above are evaluated for each project.   
 

8.1 FLOODPROOFING ONLY 

Flood-proofing buildings reduces flood damage and cleanup costs reducing risk of exposure to contaminated 
flood waters or mold growth following an event.  
 

8.2 HABITAT ENHANCEMENT ONLY 

Based on the studies, neither of the habitat enhancement programs (Low or High) result in flood reduction 
impacts.  Therefore, enhancement 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. 
 

8.3 I-5 PROJECT 

The I-5 Project results in I-5 remaining open during a 100-year event improving access to emergency medical 
facilities.  In addition, the net effect of the I-5 Project 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 the overall flood level and duration of flooding within the entire basin resulting in 
significant flood damage reduction potential.  In particular, many buildings may no longer be flooded in a 100-
year event.  The reduced flood levels improve health and safety by reducing 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 Non-fish Species 
Other Fish and Non-Fish Species are impacted by the Project Alternatives and enhancement actions.  In 
particular, impacts on Other Fish and Non-Fish species correlate with changes in habitat.  In general, results of 
model studies indicated that all dam alternatives reduced off-channel habitat, which would result in negative 
effects on aquatic and semi-aquatic species dependent on those habitats.  Stream flow was found to be more 
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limiting in the Upper Chehalis River reaches than the lower reaches for Other Fish Species based on Physical 
Habitat Simulation System (PHABSIM) model studies.  Also, low flows during the drier summer months appeared 
to be a limiting factor for several species.  In addition, proposed flows from the MPF would cause increases and 
decreases to the habitat available for Other Fish and Non-Fish Species downstream of the proposed dam site.  
Most Other Fish Species modeled, including the western toad, small and largemouth bass, large-scale sucker, 
and speckled dace generally sustained declines in habitat in response to all dam alternatives.  However, there 
were both increases and decreases in modeled habitat depending on species and life stage.  It is important to 
note that very little is known about non-salmonid aquatic and semi-aquatic (e.g., amphibian) species in the basin 
and more information is needed to support more detailed effects analyses in the future.  Given the importance 
of flow and the currently poor understanding of non-salmonid species (other fish) in the basin, additional data 
are needed to corroborate these modeled findings. 
 
Furthermore, the biological studies found that available information on Other Fish and Non-fish Species is too 
sparse to precisely direct enhancement activities that will positively benefit them. It is expected that 
enhancement projects that benefit juvenile coho salmon in side-channel habitat are likely to benefit the entire 
suite of Key Non-fish Species that occur in side-channel habitats (namely, northern red-legged frog, Oregon 
spotted frog, western pond turtle, North American beaver, and, if present, western toad).  Juvenile coho co-
evolved with these species, and limited information reveals that they can be abundant there where coho are 
present.33  Nonetheless, the Non-fƛǎƘ {ǇŜŎƛŜǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ enhancement approaches of any kind carry 
uncertainty because their responses have been so rarely tracked.  For this reason, it will be crucial to track the 
response of Non-fish Species in enhancement projects involving juvenile coho salmon in side-channel habitats so 
that the results can adaptively modify future enhancement efforts. 
 

9.1 FLOODPROOFING ONLY 

Flood-proofing buildings would likely have no effect on Other Fish and Non-fish species. 
 

9.2 HABITAT ENHANCEMENT ONLY 

Based on impacts to juvenile coho salmon, the Low and High Enhancement Programs would likely have positive 
impacts on Other Fish and Non-fish Species. 
 

9.3 I-5 PROJECT 

It would require additional studies to determine whether or not the I-5 Project would impact Other Fish and 
Non-fish species.  These additional studies may be completed during the permitting process.  
 

9.4 FLOOD 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.  
 

                                                           
33Henning, J.A., 2004.  An Evaluation of Fish and Amphibian Use of Restored and Natural Floodplain Wetlands.  Washington Department of Fish and 
Wildlife, Olympia, Washington.  Final Report.  EPA Grant CD-97024901-1:81; and 
Henning, J.A., and G. Schirato, 2006.  Amphibian use of Chehalis River floodplain wetlands.  Northwestern Naturalist 87(3):209-214. 
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6 State Perspective 

1 Assumptions 
The State Perspective includes only costs and impacts as they occur to the state as a whole.  Transfers between 
regions within the state are not included.  Impacts to areas outside of the State are not included.  All dollars are 
in current (2014) dollars discounted using a 1.63%34 discount rate. 
 
For simplicity, flood reduction impacts are presented only for the Project Alternative Components that affect 
flood damage reduction.  In particular, the "Storage + Airport Levee + Flood-proofing" impacts apply to all 
Project Alternatives that include storage and Flood-proofing (regardless of dam configuration). 
 

2 Expected Case Results 

2.1 STRUCTURE CONTENT AND INVENTORY 

Table 18 summarizes the avoided depreciated structure and content value for each Project Alternative.  
Inventory value is not depreciated; however, structure and content replacement values are deprecated based 
on structure age.   Flood-proofing alone reduces structure, content, and inventory damages in the 100-year 
event.  Theoretically, Flood-proofing alone would also reduce structure, content, and inventory damages in a 
500-year event; however, as previously noted, the impacts of Flood-proofing were not estimated in HAZUS.  
Therefore, the expected impact of Flood-proofing is likely underestimated in Table 18.   
 
With the addition of either a storage option or the I-5 Project, additional structure, content, and inventory 
impacts are estimated.  These additional impacts are due to the flood reduction capability of these projects in 
the 500-year event as well as lesser events for the non-residential buildings that are not flood proofed (see 
discussion on Flood-proofing achievability for non-commercial structures earlier in this report). 
 

Table 18  
State Perspective Depreciated Structure, Content, and Inventory 

EXPECTED IMPACT, 100-YEAR NPV $2014, MILLIONS 

 STRUCTURE CONTENT INVENTORY TOTAL 

Flood-proofing $64.1 $64.8 $4.6 $133.4 

I-5 Project + Flood-proofing + Airport Levee $49.3 $89.0 $14.1 $152.4 

Storage + Flood-proofing + Airport Levee $150.3 $247.9 $24.9 $423.1 

Storage + I-5 Project + Flood-proofing + Airport Levee $158.3 $256.4 $29.3 $444.0 

 
 

                                                           
34 See Appendix A. 
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2.2 CLEANUP COSTS 

Table 19  
Cleanup Costs 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

 
DEBRIS 

REMOVAL RESIDENTIAL 
NON- 

RESIDENTIAL AGRICULTURAL TOTAL 

Flood-proofing $7.1 $6.7 $0.4 $0.0 $14.2 

I-5 Project + Flood-proofing + Airport Levee $12.2 $10.1 $0.8 $0.0 $23.0 

Storage + Flood-proofing + Airport Levee $18.1 $15.9 $0.8 $16.1 $51.0 

Storage + I-5 Project + Flood-proofing + 
Airport Levee 

$26.9 $13.3 $1.4 $16.2 $57.8 

 
 

2.3 VEHICLE DAMAGE 

Table 20  
Vehicle Damage 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

Flood-proofing $0.0 

I-5 Project + Flood-proofing + Airport Levee $19.3 

Storage + Flood-proofing + Airport Levee $44.5 

Storage + I-5 Project + Flood-proofing + Airport Levee $48.1 

 
 

2.4 AGRICULTURAL LOSSES 

2.4.1 CROP DAMAGE 

Prices for crops are based on average 5-year normalized state prices for all field crops.  Vegetable prices are 
based on the 4-year average of national or state prices depending on which was available. 
 

Table 21  
Agriculture: Crop Damage 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

Flood-proofing $0.0 

I-5 Project + Flood-proofing + Airport Levee ($0.1) 

Storage + Flood-proofing + Airport Levee $49.7 

Storage + I-5 Project + Flood-proofing + Airport 
Levee 

$60.0 
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2.5 TRANSPORTATION DELAYS 

 

Table 22  
Transportation (I-5) 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

Flood-proofing $0.0 

I-5 Project + Flood-proofing + Airport Levee $20.7 

Storage + Flood-proofing + Airport Levee $16.2 

Storage + I-5 Project + Flood-proofing + Airport Levee $21.0 

 
 

2.6 EMERGENCY AID 

2.6.1 TEMPORARY RELOCATION ASSISTANCE 

Table 23  
Temporary Relocation Assistance 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

Flood-proofing $0.0 

I-5 Project + Flood-proofing + Airport Levee $2.6 

Storage + Flood-proofing + Airport Levee $7.9 

Storage + I-5 Project + Flood-proofing + Airport Levee $9.5 

 
 

2.6.2 PUBLIC ASSISTANCE 

Table 24  
Public Assistance 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014, MILLIONS 

Flood-proofing $0.0 

I-5 Project + Flood-proofing + Airport Levee $17.6 

Storage + Flood-proofing + Airport Levee $52.9 

Storage + I-5 Project + Flood-proofing + Airport Levee $63.9 
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2.7 ENVIRONMENTAL 

Table 25  
Environmental Impacts: Low Enhancement 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014,  MILLIONS 

  

LOW 
ENHANCEMENT 

IMPACT, USE 
VALUES 

STORAGE 
IMPACT 

USE 
VALUES 

TOTAL 
IMPACT 

USE 
VALUES 

LOW 
ENHANCEMENT 

IMPACT, 
PASSIVE USE 

VALUES 

STORAGE 
IMPACT 
PASSIVE 

USE 
VALUES 

TOTAL 
IMPACT 
PASSIVE-

USE 
VALUES 

TOTAL IMPACT 
(USE+PASSIVE 

USE) 

Flood-proofing NA NA NA NA NA NA NA 

I-5 Project $27.8 $0.0 $27.8 $953 $0 $0 $28 

Storage, Flood 
Retention 

$22.5 ($2.6) $20.0 $771 ($99) $673 $693 

Storage, 
Multipurpose 

$19.6 ($0.6) $19.0 $649 ($47) $602 $621 

Storage, Flood 
Retention + I-5 
Project 

$22.5 ($2.6) $20.0 $771 ($99) $673 $693 

Storage, 
Multipurpose + 
I-5 Project 

$19.6 ($0.6) $19.0 $649 ($47) $602 $621 

 
 

Table 26  
Environmental Impacts: High Enhancement 

PROJECT ALTERNATIVE IMPACT NET PRESENT VALUE $2014,  MILLIONS 

  

HIGH 
ENHANCEMENT 

IMPACT, USE 
VALUES 

STORAGE 
IMPACT 

USE 
VALUES 

TOTAL 
IMPACT 

USE 
VALUES 

HIGH 
ENHANCE-

MENT IMPACT, 
PASSIVE USE 

VALUES 

STORAGE 
IMPACT 
PASSIVE 

USE 
VALUES 

TOTAL 
IMPACT 
PASSIVE-

USE 
VALUES 

TOTAL 
IMPACT 

(USE+PASSIVE 
USE) 

Flood-proofing NA NA NA NA NA NA NA 

I-5 Project $77.5 $0.0 $77.5 $2,630 $0 $0 $78 

Storage, Flood 
Retention 

$73.5 ($2.6) $70.9 $2,493 ($99) $2,395 $2,466 

Storage, 
Multipurpose 

$59.9 ($0.6) $59.3 $2,018 ($47) $1,972 $2,031 

Storage, Flood 
Retention + I-5 
Project 

$73.5 ($2.6) $70.9 $2,493 ($99) $2,395 $2,466 

Storage, 
Multipurpose + 
I-5 Project 

$59.9 ($0.6) $59.3 $2,018 ($47) $1,972 $2,031  
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3 State Expected Case Results Summary 
Table 27 summarizes Project Alternative Costs, Impacts, Net Benefit, and Benefit/Cost ratios.   Appendix O 
shows the results for the Project Alternatives when Flood-proofing and enhancement actions are excluded.   
 

Table 27  
State Perspective Results 

EXPECTED, DEPRECIATED VALUES 100-YEAR NPV  1.63% DISCOUNT RATE ($2014), MILLIONS 

  IMPACTS 

PROJECT 
IMPLEMENT

ATION 
COSTS 

  

  

FLOOD 
DAMAGE 

REDUCTION 

ENVIRONM
ENTAL  
(USE 

VALUES) 
NET 

BENEFIT 
BENEFIT/

COST 

Flood-proofing 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 Levee + Flood-proofing + 
Low Enhancement $236 $28 $289 -$26 0.9 

I-5 Alternative + Airport Levee + Flood-proofing + 
High Enhancement $236 $78 $322 -$9 1.0 

Upper Chehalis Storage Alternative Variations           

Storage + Airport Levee + Flood-proofing + 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 Fishway $651 $19 $819 -$149 0.8 

Storage + Airport Levee + Flood-proofing + 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 + I-5 Project Alternative Variations           

Storage + I-5 Alternative + Airport Levee + Flood-proofing + 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 with Conventional Fishway $710 $19 $717 $12 1.0 

Multipurpose Rockfill with Experimental Fishway $710 $19 $900 -$171 0.8 

Storage + I-5 Alternative + Airport Levee + Flood-proofing + 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 were modeled 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, expected, and high impacts 

 
Figures 6 and 7 below summarize the range of net benefits for Project Alternatives including Low Enhancement 
and High Enhancement actions, respectively (use-values only). 
 

Figure 6  
State Perspective Uncertainty Summary Low Enhancement Actions 
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Figure 7  
State Perspective Uncertainty Summary High Enhancement Actions 
















































































































































































































































































































































