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1 BACKGROUND INFORMATION 

1.1 INTRODUCTION 

1.1.1 General 

This Appendix presents an economic evaluation of the riverine flood risk reduction 
measures for the Lowell Creek Flood Diversion Integrated Feasibility Report and 
Environmental Assessment (IFR/EA). The evaluation area includes the downstream 
community of Seward, Alaska. The report was prepared in accordance with Engineering 
Regulation (ER) 1105-2-100, Planning Guidance Notebook, and ER 1105-2-101, Planning 
Guidance, Risk Analysis for Flood Damage Reduction Studies. The National Economic 
Development Procedures Manual for Flood Risk Management and Coastal Storm Risk 
Management, prepared by the Water Resources Support Center, Institute for Water 
Resources, was also used as a reference, along with the User’s Manual for the Hydrologic 
Engineering Center Flood Damage Analysis Model (HEC-FDA). 

This Appendix consists of a description of the methodology used to determine National 
Economic Development (NED) damages and benefits under existing conditions and the 
project's costs. The damages and costs were calculated using Fiscal Year (FY) 2021 
price levels. Costs were annualized using the FY 2021 Federal discount rate of 2.5% 
and a period of analysis of 50 years with the year 2025 as the base year. The expected 
annual damage (EAD) and benefit estimates were compared to the annual construction 
costs and the associated Operation, Maintenance, Repair, Replacement, and 
Rehabilitation (OMRR&R) costs for each of the project measures. 

1.1.2 NED Benefit Categories Considered 

The NED procedure manuals for coastal and urban areas recognize four primary 
categories of benefits for flood risk management measures: inundation reduction, 
intensification, location, and employment benefits. The majority of the benefits attributable 
to a project measure generally result from the reduction of actual or potential damages 
caused by inundation. Inundation reduction includes the reduction of physical damages to 
structures, contents, and vehicles and indirect losses to the national economy.  

1.1.3 Physical Flood Damage Reduction 

Physical flood damage reduction benefits include the decrease in potential damages to 
residential and commercial structures, their contents, and the privately owned vehicles 
associated with these structures.  
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1.1.4 Emergency Cost Reduction Benefits 

Emergency costs are those costs incurred by a community during and immediately 
following a major storm. The cost of debris removal from inundated residential and non-
residential structures was the only emergency cost reduction benefit considered for this 
analysis. 

1.1.5 Flood Fighting Cost Reduction Benefits 

Flood fighting costs are those costs incurred by the City of Seward in combating the heavy 
sediment load exiting the tunnel outfall before entering Resurrection Bay. The flood-
fighting efforts are to save the only bridge that connects portions of the study area to 
Seward.  

1.1.6 NED Benefit Categories NOT Considered 

The NED benefit categories not addressed in this Economic Appendix include the 
following:  

• Costs associated with evacuation and reoccupation activities before, during, and
following a flood event incurred by property owners and governments

• Indirect losses to the national economy as a result of disruptions in the production
of goods and services by industries affected by the storm or riverine flooding

• The increased cost of operations for industrial facilities following a flood event
relative to normal business operations

• Costs associated with local tourism being impacted by a flood event

1.1.7 Regional Economic Development 

When the economic activity lost in a flooded region can be transferred to another area or 
region in the national economy, these losses cannot be included in the NED account. 
However, the impacts on the employment, income, and output of the regional economy 
are considered part of the Regional Economic Development (RED) account. The input-
output macroeconomic model RECONS (Regional Economic System) is used in this 
Appendix to address the impacts of the construction spending associated with the project 
alternatives.  

1.1.8 Other Social Effects 

The other social effects (OSE) account includes impacts on life safety, vulnerable 
populations, local economic vitality, and community optimism. Impacts on these topics are 
a natural outcome of civil works projects and are most commonly qualitatively discussed in 
the OSE account. HEC-LifeSim was utilized in this study to quantify the loss of life for a 
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given alternative to determine if life safety risk decreases or is induced as a result of 
Federal investment. The life safety analysis included a Semi Quantitative Risk 
Assessment (SQRA), which informed the design and optimization of the recommended 
plan.  

1.2 DESCRIPTION OF THE STUDY AREA 

1.2.1 Geographic Location 

The Lowell Creek study area includes the town of Seward and extends from the Lowell 
Creek Diversion Dam down into Resurrection Bay. The Lowell Creek measures for the 
study area were analyzed in this Economics Appendix. An inventory of residential and 
non-residential structures was developed using Kenai Peninsula Borough tax assessment 
data. The structure inventory within the Kenai Peninsula is shown in Figure 1.  

The study area was further divided into 6 study area reaches. Dividing the study area into 
reaches was done to reduce the variability within the hydraulic data that represented an 
alluvial fan floodplain. Structures located within each reach were assigned that reach code 
in HEC-FDA. The study area reach boundaries are shown in Figure 2. Of particular note 
is Reach 6, which included the area from the diversion dam to the canyon exit. This 
area receives the highest depth and velocity flows during an overtopping event and 
includes an apartment complex for the elderly and a hospital.  
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Figure 1. Lowell Creek Structure Inventory (Seward, AK)   



Lowell Creek Flood Diversion       
Appendix D: Economics   

D-5 

 
Figure 2. Study Reaches   

Table 1 presents a structure count by reach, split between residential and non-residential 
types, which includes commercial, industrial, and public structures. The study area has a 
total of 564 structures located across the 6 study area reaches. Reach 1 of the study area 
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1.3.2 Employment and Income 

According to the DLWD, 59% of resident workers were employed during 2016 (the last 
year for which statistics are available). The largest industry is Trade, Transportation, 
and Utilities with significant employment in Leisure and Hospitality, Education and 
Health Services, and State and Local Government. 
 
Median household income in Seward is approximately $76,400, compared to the 
median annual income of approximately $61,900 across the entire United States. 
Approximately 11.9% of local residents have incomes lower than the Federal poverty 
threshold. 

1.3.3 Existing Infrastructure and Facilities 

Infrastructure at risk on the Seward Creek alluvial fan includes all Seward schools, the 
Seward Long Term Care Facility, Seward Sanitary Landfill, major businesses, the 
Seward Military Resort, and several highly developed subdivisions including Forest 
Acres. According to the Seward-Bear Creek Flood Service Area Flood Hazard 
Mitigation Plan, there is only one access and evacuation route to this highly populated 
area. 

1.3.4 Cultural and Subsistence Activities 

Present-day Seward is primarily non-Native, but there is still a strong cultural tie to the 
outdoors, including both food gathering activities such as fishing, hunting, and berry 
picking, as well as non-food gathering activities such as hiking, camping, skiing, and 
motorized recreation activities. 

1.3.5 Population Projections 

The DLWD projects the Kenai Peninsula Borough as a whole to gain approximately 
6,700 residents over the next 25 years. The degree to which this increase occurs 
specifically in the greater Seward area is dependent upon several factors. The city’s 
relative proximity to Anchorage, access to marine recreation, and rural lifestyle while 
maintaining common services and conveniences makes it an attractive location for 
some future development. However, a significantly large increase in development and 
population is not expected. Because of this relatively stable environment, the prevailing 
economic and political conditions are not expected to change significantly over the 
period of analysis. 
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1.3.6 Recreational Demand 

The Alaska Statewide Comprehensive Outdoor Recreation Plan (SCORP) for 2016-
2021 divides the state into three administrative areas including Southeast, Railbelt, and 
Rural. The Seward area is located in the Railbelt region. The plan did not quantify 
surplus demand for additional recreation facilities in this region. However, trail 
improvements were the highest rated facility need in the area, and restrooms were a 
close second. The recreation facilities included in this project would address this need. 

The Seward area is a recreational destination for many residents of Southcentral Alaska 
and visitors from outside of the area. Multiple salmon streams, world-class halibut 
fishing, unparalleled wildlife viewing opportunities, access to state and National parks, 
the Seward Small Boat Harbor, the southern terminus of the Alaska Railroad, and the 
Alaska Sea Life Center Research Aquarium all draw visitors to the area. 
 
There is very little information about current visitation numbers to the project area. The 
project area does not lie within an established park or recreation area and visitation 
information is not available from established recreation facilities or informal recreation 
sites in the area.  

1.4 SCOPE OF THE STUDY 

1.4.1 Problem Description 

The study area is characterized as an alluvial fan of Lowell Creek. Alluvial fans are 
depositional landforms, located at the base of mountain ranges where a steep mountain 
stream emerges onto lesser valley slopes. Sediments deposited on alluvial fans are 
generally coarse-grained, composed of sand, gravels, and boulders. Lowell Creek is a 
unique alluvial fan. The river no longer actively flows over the fan but instead is diverted 
through Bear Mountain, and the entire alluvial fan is developed with the only available 
conveyance being overland flooding through the city.  

The City of Seward was rapidly developed after the tunnel and diversion dam 
construction was completed in the fall of 1940. The economic problem of the study area 
is two-fold. The first issue is the risk of inundation from events that exceed the tunnel 
capacity, which is approximately 2% AEP. The second economic problem is 
sedimentation of the diversion outlet and the City of Seward’s ability to manage 
sediment through flood-fighting efforts. These two problems are interrelated, as high 
sediment loads can increase the stage of flood flows.  

1.4.2 Project Alternatives 

The suite of alternatives carried through to the final array included: 
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• Improve Existing Flood Diversion System (Alternative 2) 
• Enlarge Existing Flood Diversion System to Convey Larger Flow (Alternative 3) 
• Construct New Flood Diversion System (Alternative 4) 
• Construct Debris Retention Basin (Alternative 5) 
• Floodplain Relocation (Alternative 6) 

The Economic Appendix only includes basic descriptions of measures carried through 
to the final array (4th planning iteration). A full description of measures included in the 
focused array (3rd planning iteration) and the final array can be found in the IFR/EA 
Main Report.  

1.4.3 Improve Existing Flood Diversion System 

Alternative 2 would refurbish the existing tunnel without enlarging the tunnel. This 
alternative would extend the outfall of the tunnel to Resurrection Bay, leading to a 
reduction in flood fighting activities associated with sediment deposition.  

1.4.4 Enlarge Existing Flood Diversion System to Convey Large Flow 

Alternative 3 would increase the size of the existing tunnel from 14-feet (ft) in diameter 
up to 24-ft in diameter to pass flood events exceeding the 0.2% AEP frequency event. 
This alternative would also extend the outfall of the tunnel to Resurrection Bay, leading 
to a reduction in flood fighting activities associated with sediment deposition. Enlarging 
the existing flood diversion system would require significant delays in flood risk 
reduction due to limited construction windows because construction activities could only 
take place during low-flow conditions. 

1.4.5 Construct New Flood Diversion System 

Alternative 4 would construct a new flood diversion tunnel (14–24 ft in diameter) and 
include a landslide mitigation feature. The new tunnel would have an extended outfall 
into Resurrection Bay, leading to a reduction in flood fighting activities associated with 
sediment deposition. This alternative provides for utilization of both tunnels, which 
would improve operation, maintenance, and rehabilitation efforts by having a dedicated 
tunnel to divert flow. The construction timeline could be expedited under this condition 
since existing flows would not have to be rerouted to complete construction.  

1.4.6 Construct Debris Retention Basin 

Alternative 5 would construct an upstream retention basin that would gather sediment 
flowing through Lowell Creek and retain the sediment during the duration of the flood 
event. The retention basin would have to be cleaned regularly to maintain effectiveness. 
This alternative would not have a measurable impact on flood damage reduction 
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benefits since sedimentation impacts the probability of tunnel blockage and impact 
velocity of sediment laden flood flows, but not necessarily flood depths, which are the 
only variable used by the HEC-FDA model to compute flood damages. The debris 
retention basis would lead to a reduction in flood fighting activities associated with 
sediment deposition.  

1.4.7 Nonstructural Acquisition and Relocation 

Nonstructural alternatives may potentially include the implementation of an early 
warning system, evacuation plan, relocation of buildings and critical infrastructure, and 
the removal of trees from the upstream watershed. Currently, there is no system or plan 
to monitor the tunnel or diversion dam, and the flashy system can be overwhelmed 
quickly with little to no warning to the downstream residents within Seward. Additionally, 
trees could be removed from the upstream watershed to reduce the likelihood of a 
surge release event that results from debris blocking the stream and temporarily 
impounding water.  

Located less than 0.1 miles from the diversion dam sits an apartment complex for the 
elderly and a hospital. These structures sit at the edge of the Lowell Creek Canyon and 
experience the full force of depth and velocity flows resulting from an event that 
overtops the diversion dam. Alternative 6 involves different nonstructural configurations 
that include relocating the entire valley and floodway along Jefferson Street, to just 
relocating the valley, to relocating the valley but excluding either/or the hospital and 
elderly apartment complex.  

While these measures do not significantly reduce flood damages, it does reduce the 
potential for life loss. The structures included in the valley and along Jefferson Street 
represent between approximately 61% of existing condition life loss across all hydraulic 
frequencies. The location of the valley’s critical infrastructure relative to the diversion 
dam is shown in Figure 3.  
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Figure 3. Seward Critical Infrastructure   

2 ECONOMIC AND ENGINEERING INPUTS TO THE HEC-FDA MODEL 

2.1 HEC-FDA MODEL   

2.1.1 Model Overview 

The HEC-FDA Version 1.4.2 Corps-certified model was used to calculate the damages 
and benefits. The economic and engineering inputs necessary for the model to calculate 
damages for the project base year (2025) include the existing condition structure 
inventory, contents-to-structure value ratios (CSVR), vehicles, first floor and ground 
elevations, depth-damage relationships, and without project and with-project stage-
probability relationships. 

The uncertainty surrounding each of the economic and engineering variables was also 
entered into the model. Either a normal probability distribution, with a mean value and a 
standard deviation, or a triangular probability distribution, with a most likely, a maximum 
and a minimum value, was entered into the model to quantify the uncertainty associated 
with the key economic variables. A normal probability distribution was entered into the 
model to quantify the uncertainty surrounding the ground elevations.  
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The number of years that stages were recorded at a given gage was entered for each 
study area reach to quantify the hydrologic uncertainty or error surrounding the stage-
probability relationships. For this study, there is not a gage on Lowell Creek, and 
therefore the hydraulic engineer interpolated values from nearby Spruce Creek. Spruce 
Creek has 43 years of recorded gage data and was scaled to fit the Lowell Creek Basin 
using the 2016 USGS method presented in Scientific Investigations Report 2016-5024, 
titled “Estimated Flood Magnitude and Frequency at Gaged and Ungaged Sites on 
Streams in Alaska and Conterminous Basins in Canada, Based on Data through Water 
Year 2012." Spruce Creek basin and the Lowell Creek basin are both located on the 
same coastal mountain range in close proximity and are of a similar slope and size, it is 
expected that the rainfall-runoff characteristics of these basin are quite similar and that 
the method of scaling the gaged data to the ungagged basin produces a good estimate 
of the Lowell Creek's basin response.  Appendix C (Hydraulics) concludes that it is 
reasonable to evaluate the flow frequency relationship uncertainty as having a 25 year 
period of record rather than 43 years to account for the remaining uncertainty of the 
conversion process.  

2.2 ECONOMIC INPUTS TO THE HEC-FDA MODEL 

2.2.1 Structure Inventory 

A structured inventory of residential and non-residential structures for the Lowell Creek 
study area was obtained using Kenai Peninsula Borough tax assessment data. The 
structure inventory was imported into Geographic Information System (GIS) software 
using the tax assessor’s shapefile. Each structure point was geospatially relocated to 
the structure building footprint to ensure an accurate ground surface elevation and flood 
depth extraction. Assessed values were multiplied by a factor provided by the Borough’s 
tax assessor to obtain a proxy for depreciated replacement value.  

2.2.1.1 Windshield Survey 

A vehicle-based windshield survey was conducted in March 2017 to record structural 
attributes such as foundation height, effective age, condition, story count, exterior wall 
types, and foundation types. The windshield survey sampled 100% of the structures that 
could not be properly surveyed using Google Street View. The windshield survey 
sampled a total of 489 structures. The remaining 75 mobile homes were assumed to 
have similar attributes to those of national averages. The structure count by occupancy 
type and the associated average and standard deviation of the foundation heights from 
the survey is shown in Table 2.  
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2.2.7 Elevation Data 

Elevation data associated with the ground surface, foundation heights, and first floors of 
structures are critical to the economic analysis and feasibility of studies.  

2.2.7.1 Ground Surface Elevations 

Topographical data based on Light Detection and Ranging (LiDAR) data using vertical 
datum North American Vertical Datum of 1988 was obtained by the Alaska District GIS 
department in a 5-meter resolution raster format. The 5-meter LiDAR data was used to 
assign ground elevations to structures and vehicles in the study area.  

2.2.7.2 First Floor Elevations 

The ground elevation was added to the height of the foundation of the structure above 
the ground in order to obtain the first-floor elevation of each structure in the study area. 
Vehicles were assigned to the ground elevation of the adjacent residential structures 
and did not include adjustments for foundation heights.  

2.2.8 Elevation Uncertainty 

There are two sources of uncertainty surrounding the first-floor elevations: the use of 
the LiDAR data for the ground elevations, and the methodology used to determine the 
structure foundation heights above ground elevation. The error surrounding the LiDAR 
data was determined to be plus or minus 0.5895 ft at the 95% level of confidence. This 
uncertainty was normally distributed with a mean of zero and a standard deviation of 0.3 
ft.  

The uncertainty surrounding the foundation heights for the residential and commercial 
structures was estimated by calculating the standard deviations surrounding the 
sampled mean values. An overall weighted average standard deviation for the four 
structure groups was computed for each structure category. The distribution of the 
foundation height uncertainty for each occupancy type is displayed in Table 4.  

The standard deviations for the ground elevations and foundation heights were 
combined, which resulted in a 1.21 ft standard deviation for one-story residential 
structures with basements (Oreswbsmt) structures and 1.22 ft for two-story residential 
structures without basements (Treswoutbsmt), as examples. The calculations used to 
combine the uncertainty surrounding the ground elevations with uncertainty surrounding 
the foundation height to derive the uncertainty surrounding the first-floor elevations of 
residential, commercial, and public structures are displayed in Table 5.  
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The experts were asked to estimate the percentage of the total cleanup caused by 
floodwater and to exclude any cleanup that was required by high winds.  

In order to account for the cost/damage surrounding debris cleanup, values for debris 
removal were incorporated into the structure inventory for each record according to its 
occupancy type. These values were then assigned a corresponding depth-damage 
function with uncertainty in the HEC-FDA model. For all structural occupancy types, 
100% damage was reached at 12 ft of flooding. The debris clean-up values provided in 
the report were expressed in 2010 price levels for the New Orleans area. These values 
were converted to 2021 price levels for the Lowell Creek area using the indexes 
provided by Gordian’s 2020 edition of “Square Foot Costs with RS Means Data.” The 
debris removal costs were included as the “other” category on the HEC-FDA structure 
records for the individual residential and non-residential structures and used to calculate 
the expected annual without project and with-project debris removal and cleanup costs. 

2.2.10 Debris Removal Costs Uncertainty 

The uncertainty surrounding debris percentage values at 2-ft, 5-ft, and 12-ft depths of 
flooding were based on the range of values provided by the four experts in the fields of 
debris collection, processing, and disposal. The questionnaires used in the interview 
process were designed to elicit information from the experts regarding the cost of each 
stage of the debris cleanup process by structure occupancy type. The range of 
responses from the experts were used to calculate a mean value and standard 
deviation value for the cleanup costs percentages provided at 2-ft, 5-ft, and 12-ft depths 
of flooding. The mean values and the standard deviation values were entered into the 
HEC-FDA model as a normal probability distribution to represent the uncertainty 
surrounding the costs of debris removal for residential and non-residential structures. 
The depth-damage relationships containing the damage percentages at the various 
depths of flooding and the corresponding standard deviations representing the 
uncertainty are shown within the depth-damage tables.  

2.2.11 Depth-Damage Relationships 

The USACE generic depth-damage relationships for one-story and two-story residential 
structures with no basement from EGM, 01-03, dated 4 December 2000, were used in 
the analysis. The mobile home depth-damage relationships were based on the 
relationships developed by a panel of insurance experts as part of the New Orleans 
District Morganza to the Gulf feasibility study. The vehicle depth-damage functions were 
based on the generic depth-damage curves from EGM, 09-04, generic depth-damage 
relationships for vehicles, dated 22 June 2009. The generic vehicle curves for sedans 
were used for vehicles associated with residential structures. 
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Since site-specific non-residential depth-damage relationships were not available for the 
Lowell Creek study area, depth-damage relationships developed for the 2011 Fargo-
Moorhead Feasibility Study were utilized. These curves were developed for study areas 
with freshwater riverine flooding characteristics similar to the Lowell Creek basin. The 
ideal depth-damage relationship curves would have incorporated the increase in 
damages due to sedimentation. Still, such a relationship could not be established for 
this study, and as a result, the economic damages reported from HEC-FDA are likely 
understated.  

Depth-damage relationships indicate the percentage of the total structure value that 
would be lost at various depths of flooding. For residential and non-residential 
structures, damage percentages were provided at each 1-ft increment from 2 ft below 
the first-floor elevation to 16 ft above the first-floor elevation for the structural 
components and the content components.  

2.2.12 Uncertainty Surrounding Depth-Damage Relationships 

A normal distribution with a standard deviation for each damage percentage provided at 
the various increments of flooding was used to determine the uncertainty surrounding 
the generic depth-damage relationships used for residential structures and vehicles. For 
non-residential structures and mobile homes, a triangular probability density function 
was used to determine the uncertainty surrounding the damage percentage associated 
with each depth of flooding. A minimum, maximum, and most-likely damage estimate 
was provided by a panel of experts for each depth of flooding.  

The damage relationships for structures, contents, vehicles, and debris removal, contain 
the damage percentages at each depth of flooding along with the uncertainty 
surrounding the damage percentages, are shown in Section 8. 

2.3 ENGINEERING INPUTS TO THE HEC-FDA MODEL 

2.3.1 Stage-Probability Relationships 

Stage-probability relationships were provided for the existing without project condition 
(2021) using modified hydraulic models from previous studies. HEC-RAS version 5.0 or 
later was utilized to model the hydraulic conditions of Lowell Creek. Given the uncertain 
flow path, and large overbank flow areas, a 2D hydraulic model was set up in HEC-RAS 
to represent the hydraulic conditions of the alluvial floodplain.  

The hydraulic model provided water surface profiles for eight AEP events including the 
0.50 (2-year), 0.20 (5-year), 0.10 (10-year), 0.04 (25-year), 0.02 (50-year), 0.01 (100-
year), 0.004 (250-year), and 0.002 (500-year). The without project water surface profiles 
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assume the Lowell Creek tunnel and diversion dam are in operation and contain 2,600 
cubic feet per section (cfs), or approximately the 2% AEP event. In events larger than 
the 2% AEP, the diversion dam is overtopped, and flows follow Jefferson Street into 
Seward, eventually dumping into Resurrection Bay.  

To account for the sedimentation of Lowell Creek in the hydraulic analysis, the hydraulic 
engineer applied a bulking factor of 1.11 to increase the amount of cfs and stage 
modeled within HEC-FDA. The bulking factor is the only assumption utilized in the 
economic analysis to account for increased depth and velocities as a result of rocks, 
boulders, and other sedimentation forms. See Appendix C: Hydraulic and Structural 
Design for additional information on bulking factors.  

2.3.2 Uncertainty Surrounding the Stage-Probability Relationships 

The number of years that stages were recorded at a given gage was entered for each 
study area reach to quantify the hydrologic uncertainty or error surrounding the stage-
probability relationships. For this study, there is not a gage on Lowell Creek, and 
therefore the hydraulic engineer interpolated values from nearby Spruce Creek. Spruce 
Creek has 43 years of recorded gage data and was scaled to fit the Lowell Creek Basin 
using the 2016 USGS method presented in Scientific Investigations Report 2016-5024, 
titled “Estimated Flood Magnitude and Frequency at Gaged and Ungaged Sites on 
Streams in Alaska and Conterminous Basins in Canada, Based on Data through Water 
Year 2012." Spruce Creek basin and the Lowell Creek basin are both located on the 
same coastal mountain range in close proximity and are of a similar slope and size, it is 
expected that the rainfall-runoff characteristics of these basin are quite similar and that 
the method of scaling the gaged data to the ungagged basin produces a good estimate 
of the Lowell Creek's basin response.  Appendix C concludes it is reasonable to 
evaluate the flow frequency relationship uncertainty of a 25 year period of record rather 
than 43 years to account for the remaining uncertainty of the conversion process.  

2.3.3 Uncertainty Surrounding Sea-Level Change  

The conclusion of the sea level change analysis (documented in Appendix C) is that 
there is minimal impact to potential FRM benefits of the project.  The hydraulic engineer 
looked at three scenarios considered equally likely.  In the year 2100, sea level change 
was estimated to be -0.62 feet for the low case, 0.42 feet for the intermediate case and 
3.71 feet for the high case.  Using the high case as a reference, the maximum high tide 
would be +19.4 feet MLLW.  For reference, the Sea Life Center is at +21 feet MLLW.  
Low spots in the campground near Resurrection Bay are at about +17.5 feet MLLW. 
Therefore, it is not expected that a change in sea-level will have an effect on the NED or 
OSE conclusions of this report.  
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2.3.4 Use of HEC-GeoFDA 

The Geospatial Preprocessor for Flood Damage Reduction Analysis (GeoFDA) program 
was utilized for the Lowell Creek study. GeoFDA preprocesses hydraulic and economic 
data in a GIS format so that HEC-FDA can read non-native hydraulic data formats. For 
the Lowell Creek study, the alluvial fan could not be properly modeled using traditional 
cross-section data that HEC-FDA requires. Instead, hydraulic data was provided in a 
two-dimensional depth grid format in GIS. The GeoFDA model extracted depth of 
flooding data from the grid to each structure point and then treated it as a station within 
FDA. GeoFDA has been officially released by the Hydrologic Engineering Center and 
does not have to comply with traditional model certifications, given that it is a 
preprocessor.  

3 NED FLOOD DAMAGE AND BENEFIT CALCULATIONS 

3.1 HEC-FDA Model Calculations  

The HEC-FDA model was utilized to evaluate flood damages using risk-based analysis. 
Damages were reported at the index location for each of the 6 study area reaches for 
which a structure inventory had been created. A range of possible values, with a 
maximum and a minimum value for each economic variable (first-floor elevation, 
structure and content values, and depth-damage relationships), was entered into the 
HEC-FDA model to calculate the uncertainty or error surrounding the elevation-damage, 
or stage-damage, relationships.  

The number of years that stages were recorded at a given gage was entered for each 
study area reach to quantify the hydrologic uncertainty or error surrounding the stage-
probability relationships. For this study, there was not a gage on Lowell Creek, and 
therefore the hydraulic engineer interpolated values from nearby Spruce Creek. To 
represent the uncertainty of interpolating from a nearby gage, a gage record of 25 years 
was recommended by the hydraulic engineer.  

The possible occurrences of each variable were derived through the use of Monte Carlo 
simulation, which used randomly selected numbers to simulate the values of the 
selected variables from within the established ranges and distributions. For each 
variable, a sampling technique was used to select from within the range of possible 
values. With each sample or iteration, a different value was selected. The number of 
iterations performed affects the simulation execution time and the quality and accuracy 
of the results. This process was conducted simultaneously for each economic and 
hydrologic variable. The resulting mean value and probability distributions formed a 
comprehensive picture of all possible outcomes. 
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3.4 Expected Annual Flood Fight Cost Reductions 

The current design of the Lowell Creek Tunnel leads to discharge from the tunnel to 
flow past Lowell Point Road into Resurrection Bay. Since the tunnel has been 
completed, the City of Seward has built Lowell Point Road to connect the City of 
Seward with Lowell Point, which is a popular destination for recreational vehicles and 
campers. The only road leading to Lowell Point is the one that is impacted by outflows 
from Lowell Creek Tunnel. As a result, the City of Seward flood fights the outfall to 
maintain accessibility to Lowell Point and maintain a place for the outfall to dump. 
Without proper maintenance of the outfall, sediment would quickly deposit and lead to 
performance issues.  
 
To estimate the costs of flood fight activities, three economists interviewed the City of 
Seward’s Public Works Director and his team in the fall of 2019. The interview resulted 
in the ability to fill out a table that shows the amount of heavy machinery, human labor, 
fuel, and bridge repair costs that are associated with various frequency rain events. 
Flood fighting begins with as little as 3 inches of rain over 24 hours, which is expected 
to occur at least 4 times per year and results in approximately $40,000 of flood fight 
costs for the City. The City also explained the maximum extent of flood fight efforts, 
which is limited by the amount of space the city can fit heavy machinery. The maximum 
flood fight effort is a 0.8 AEP event, which is expected to lead to close to $628,000 in 
flood fight costs for the City. The costs dramatically increase as the city must also pay 
for all of the sediment to be trucked away, which can take up to 7 days of constant loads 
after a 0.8 AEP flood event concludes. Post-interview, historical photos were analyzed 
from the 1986 flood event, which was approximately a 0.04 AEP flood event and 
concluded a 60,000 cubic yard sediment load that would take Seward approximately 40 
days to clean up assuming the current rate of truck availability. This estimate of $1.2M 
in costs for a 0.04 AEP event acts as the upper bound for the flood fight costs avoided 
analysis.  
 
Expected annual reductions in flood fight costs were calculated by computing the 
average annual value of flood fighting in the existing condition and under a condition 
where flood fighting would only be required for events that exceed the tunnel capacity 
and overtop the diversion dam. The difference in average annual values between these 
conditions yielded average annual damage (AAD) reduced to $580,000. Alternative 2 
(improving the existing tunnel with a modified outfall) and Alternative 5 (debris retention 
basin) reduce sedimentation at the outfall of the tunnel enough to qualify for this benefit 
category. Calculations showing how this figure was quantified can be found in 
Section 8.  
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4 OSE ACCOUNT LIFE SAFETY CALCULATIONS 

4.1 HEC-LifeSim Model Calculations  

The HEC-LifeSim model was utilized to evaluate the potential for loss of life in the study 
area. Life Loss was aggregated at the study area level and was not broken down into 
reaches, as was conducted for the HEC-FDA modeling results. The HEC-LifeSim model 
contains both economic variables (first-floor elevation, structure and content values, and 
depth-damage relationships), and evacuation effectiveness variables (warning issuance 
delay, first alert warning, protective action initiation, hazard communication delay, 
submergence criteria, stability criteria, etc.). Each of the HEC-LifeSim assumptions 
previously listed is subject to uncertainty and can play a significant role in the HEC-
LifeSim output. Each scenario was computed within the model, sampling values for 
each parameter from these distributions, until the model reached the specified amount 
of iterations, in this case, 1,000 resulting in an output distribution that represents the 
range of possible consequences for each scenario.  

The HEC-LifeSim model computes loss of life for selected hydraulic scenarios. In the 
case of Lowell Creek, multiple hydraulic scenarios were run for Alternative 2, Alternative 
3, and Alternative 4. These scenarios included the 10%, 1%, 0.01%, 0.001%, and 
0.0000063% (Probable Maximum Flood (PMF)) AEP events. Further hydraulic 
scenarios were run for events where the diversion tunnel was blocked or for conditions 
where surge flow events were present. The HEC-LifeSim model results are organized 
using standardized incremental risk methodology, meaning the loss of life associated 
with hydraulic scenarios with an operational tunnel are subtracted from hydraulic 
scenarios with the tunnel is blocked.  

4.2 The Life Safety Story 

The Lowell Creek Dam’s location relative to the town of Seward, Alaska, provides 
unique hydraulic and consequence modeling conditions. During the PMF, the diversion 
dam will be overtopped, and floodwaters will rapidly flow through a narrow canyon less 
than a quarter of a mile in length before reaching a group of structures that includes a 
hospital and apartment complex for the elderly. If the PMF flood is combined with a 
surge release, floodwaters will reach the Lowell Canyon structures within minutes, 
supporting flood depths between 7 and 12 ft, with velocities exceeding 16 ft per second. 
Of the 16 structures in the canyon, 14 are likely to collapse from the combined depth 
and velocity forces. As the flood wave exits the canyon, its depths and velocities remain 
destructive throughout its path along Jefferson Street, leading to several more collapsed 
structures before dissipating into Resurrection Bay.  
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If a structure collapses from floodwaters, it does not guarantee that there are fatalities 
within the model. The evacuation process in HEC-LifeSim models human behavior by 
estimating when Seward will receive an evacuation warning and how households will 
react to such a warning. Historical flooding data from Seward has shown that water will 
pond behind the Lowell Creek Dam at an expedient rate, providing limited opportunities 
for emergency staff to identify the hazard and warn the town of Seward. As a result of 
these assumptions, the town of Seward has a chance to receive the warning but is 
inundated before any successful town-wide evacuations can finish occurring. In HEC-
LifeSim, Seward residents in structures that have not mobilized are considered to have 
sheltered in place. However, they are still subject to the limitations of the structure's 
story height or stability criteria (potential for collapse). Residents that have evacuated 
may find themselves in even worse conditions, given the rapid onset of life-threatening 
flows combined with the flood-prone position of being stuck in a car rather than 
sheltered within a building.  

In the case of the two structures with the highest life loss (Seward hospital & 
apartment), both structures have their stability criteria exceeded, meaning any 
occupants within the structure are subject to higher fatality rates. Vertical evacuation 
(moving to a higher floor) is not effective in the case of a collapsed structure. In order to 
ensure life loss was not overestimated, the apartment building was split into two 
structures given its size, and subsequent model runs resulted in less life loss as half of 
the building no longer collapsed. More information regarding detailed life loss results 
can be found in Appendix H: Risk Assessment.  

The alternatives presented within the Economic Appendix can limit the potential for life 
loss resulting from hydraulic scenarios that block the tunnel and/or overtop the dam. 
HEC-LifeSim has been run for the alternatives, and the reduction in incremental risk is 
presented along with traditional NED metrics such as net benefits.  

4.3 Population at Risk 

The population at risk (PAR) is defined as the number of people downstream of a dam 
that would be subject to inundation risk. In HEC-LifeSim, PAR is calculated as a 
function of both inundation extents (spatial) and warning issuance time (temporal). PAR 
changes per LifeSim iteration. The population in each structure is linearly interpolated 
between 2 AM and 2 PM, depending on when the warning is issued. 
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The primary difference between the tunnel open and tunnel blocked condition is the 
quantity of flow routing through the diversion tunnel. The tunnel’s capacity is 
approximately 2,600 cfs, or the 2% AEP event, which is why there are not any 
structures or PAR for the tunnel open scenario for the 10% and 1% AEP events. In the 
surge scenario, there are additional flows during the 10% and 1% AEP scenarios that 
exceed the tunnel's capacity and therefore lead to overtopping events.  

4.4 Incremental Life Loss Results 

 
 For Alternative 2, improving the existing tunnel, incremental 

life loss is not significantly reduced since the alternative does not create more capacity 
within the tunnel. Alternatives 3 and 4, on the other hand, increase the total capacity of 
the tunnel to over 8,400 cfs, which significantly reduces life loss within the tunnel open 
(non-fail) condition and tunnel blocked (fail) condition.  
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4.5 Total Life Loss Reduced Results 

While incremental life loss helps show the difference between the tunnel flowing as 
designed versus a rarer condition where the tunnel is blocked, total life loss helps show 
the benefit of investing in an alternative from a total life loss reduced perspective. 

 
Alternative 2 only 

rehabilitates the tunnel without increasing capacity for flows, leading to zero reduction in 
loss of life for both tunnels open and tunnel blocked conditions.  

Alternative 3 performs well in reducing total life loss in both conditions but lags behind 
Alternative 4 during the tunnel blocked condition during non-surge flows. During the 
tunnel open condition, both Alternative 3 and Alternative 4 perform nearly equal, with 
Alternative 4 only showing an advantage during the 0.001% event with a surge.  
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4.6 Nonstructural Life Loss Summary 

The HEC-LifeSim model was run for the four different nonstructural measures (Alt 6A, 
B, C, D) previously identified in this Economic Appendix. 
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6.5 Benefit Exceedance Probability Relationship 

Based on the information and inputs available at this point in the study, there is a high 
likelihood that the net benefits associated with the structural alternatives presented will 
remain negative. The cost estimates have been conservative, combined with the fact 
that the alternatives with the highest reduction in damages assume that nearly all 
damage in rare frequency events will be fully mitigated.  

The exception to this statement is that the sedimentation issue that the study area 
experiences is currently underrepresented in the economic analysis. The risks that 
remain from this is that proper quantification of the sedimentation issue could lead to 
additional NED benefits. A sensitivity analysis could be performed using existing depth-
damage relationships to determine what escalation of damages would have to occur to 
justify one of the alternatives that reduce structural damages. With this said, it is highly 
likely that even with aggressive depth-damage relationships showing high damages at 
low stages, the NED analysis would still result in average annual costs exceeding AADs 
reduced.  

6.6 Residual Risk 

The flood risk that remains in the floodplain after the proposed alternatives are 
implemented is known as the residual flood risk. For Lowell Creek, the residual risk 
depends on the alternative selected. For the recommended plan, Alternative 4A, risk to 
life safety is limited to extremely remote events that exceed 0.0003% AEP event. The 
risk to infrastructure and structural damage is also greatly reduced and would only occur 
in events that the tunnel or diversion dam did not perform as designed. Incorporation of 
a fragility curve in HEC-FDA would be one way to quantify the residual risk associated 
with infrastructure that may not perform as designed.  

Quantifying the residual risk for the recommended plan (Alt 4A), is challenging because 
the HEC-FDA model is constrained to hydraulic events less than the 0.01% AEP event 
(10,000-YR) and therefore benefits associated with the PMF for remote events are too 
infrequent to be computed in HEC-FDA. Regardless, the residual risk associated with 
economic damages is extremely low for the recommended plan.  

6.7 Project Performance 

Project performance can best be described by translating each of the with project 
conditions relative to tunnel diameter to a level of risk reduction through the lens of 
Annual Exceedance Probability (AEP). Table 27 shows the level of risk reduction for 
various with project conditions, as well as the existing and PMF frequencies. The table 
helps show that even the smallest alternative analyzed (tunnel enlargement) provides a 
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floodplain. Reach 2, 3, 4, 5, and 6 are all outside of the designated floodplain. Portions 
of Reach 1 are inside the designated floodplain, but the only structures impacted are 
temporary recreational vehicles and mobile homes that are not designated as a built 
structure. The Federal Emergency Management Agency (FEMA) flood insurance rate 
map for Seward and the designation of the AE Zone near the edge of the study area 
impacts only personal property and not built structures is shown in Figure 6.  
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Figure 6. Seward FEMA Flood Insurance Rate Map   
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6.9 Surge Flow Sensitivity Analysis 

The current condition of the economic analysis for Lowell Creek assumes that there is 
no potential for surge flows within the HEC-FDA output that computes AAD. To model 
surge flows, the economics team examined the joint probability for surge flow defined by 
two variables with the potential to change: 

1. Stage increase as a result of surge flow 
2. The associated decrease in the frequency of the surge flows occurring 

The first condition was incorporated in HEC-FDA by overlaying the structure inventory in 
GIS with the max depth grid for the 10% (10YR) AEP frequency for the with and without 
surge conditions. The flood depths were extracted to each structure to determine what 
the change in flood stage would be with and without the surge flows. This same 
procedure was followed for the 1% (100YR) AEP frequency. Increases in flood stage for 
the 1% (100YR) AEP frequency averaged between 0.5 and 1.5 ft depending on the 
location of flooding.  

To independently model the first condition, the water surface profiles for each structure 
were modified as if the increased stage associated with surge flow were the existing 
condition, with no change to the frequency of the surge flow occurring. Isolating 
increased stages to represent surge flow resulted in a condition where the Lowell Creek 
diversion tunnel could no longer retain flows from events exceeding the 10% (10YR) 
AEP frequency. This change in modeling conditions leads to a spike in AAD from 
$899,840 (existing condition) to $8,193,360 (surge condition with no frequency Δ). The 
order of magnitude jump in AADs occurred due to highly frequent flood events (10%, 
4%, 2%, etc.) now being able to inundate the town of Seward. Where in events without 
surge, these frequencies would ordinarily be contained by the Lowell Creek diversion 
tunnel.  

Damages associated with the first condition (surge condition with no frequency Δ) were 
high enough to justify structural alternatives. Therefore, a decrease in frequency 
associated with surge flows needed to be added to the HEC-FDA model to account for 
the likelihood of the flows occurring. Exact surge flow-frequencies could not be 
incorporated into HEC-FDA. Therefore, the second modeling condition assumed the 
joint probability of a surge flow during a 10% (10YR) AEP frequency event could not 
occur at a rate more frequent than a 1% (100YR) AEP frequency. 

To model the second condition (surge condition with frequency Δ), the HEC-FDA model 
was modified to change the Lowell Creek diversion tunnel capacity to be able to pass 
surge flows up to the 1% (100YR) AEP frequency event. By adjusting the stage-
frequency curve, the HEC-FDA model resulted in a condition where damages 
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associated with surge flow events can only occur at frequencies larger than the 1% 
(100YR AEP) frequency event. This change in modeling conditions resulted in a smaller 
increase in AADs from $899,840 (existing condition) to $1,021,150 (surge condition with 
frequency Δ).  

Both conditions are visually explained in Figure 7. The flood stage on the Y-axis and 
flows frequency on the X-axis (defined as the return interval, 10-YR for 10% AEP, etc.) 
is shown in Figure 7. The blue line represents the existing condition, where there are no 
increases in stage and, therefore, no additional AAD. The red line represents the first 
surge condition with an increase in stage from surge flow, but no change in frequency. 
As shown in the figure, nearly all of the increased AADs come from flows occurring 
before the 1% (100YR AEP) frequency (red box). The dashed black line represents the 
second surge condition where an increase in stage from surge flow, and a decrease in 
frequency only leads to an increase in AADs for events less frequent than the 1% 
(100YR AEP) frequency (black box).  

 
Figure 7. Surge Flow Stage-Frequency Curve 
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7 RED ACCOUNT 

When the economic activity lost in a flooded region can be transferred to another area 
or region in the national economy, these losses cannot be included in the NED account. 
However, the impacts on the employment, income, and output of the regional economy 
are considered part of the RED account. The input-output macroeconomic model 
RECONS can be used to address the impacts of the construction spending associated 
with the project alternatives. The RECONS model utilizes a total construction cost of a 
project that is attributable to contracts being awarded to complete the construction of 
the project. This cost excludes USACE labor associated with planning, engineering, and 
design, as well as economic costs like interest during construction. The costs also 
include real estate and cultural resources costs since the disbursement of Federal funds 
are expected to be spent within the region of the study area. An example of this would 
be using Uniform Relocation Act funding to pay a tenant to temporarily relocate to a 
hotel while their home is being elevated. Tables 28-51 present to RECONS model 
results for each alternative evaluated. The Tables for each alternative show both 
Impacts to Local, State, and National Economy and Local Impacts to Specific Industries. 

The total cost input into the RECONS model for the recommended plan (4A) was 
$122,928,000, which again excludes pre-construction engineering and design (PED), 
construction management, and IDC. A flood risk management construction spending 
profile was utilized. Of this total expenditure, $89,730,000 will be captured within the 
local area. The remainder of the expenditures will be captured within the state and the 
nation. These direct expenditures generate additional economic activity, often called 
secondary or multiplier effects. The direct and secondary impacts are measured in 
output, jobs, labor income, and gross regional product (value added) as summarized in 
the following tables. The RED effects are shown for the local, state, and national impact 
areas. In summary, the expenditures $122,928,000 support a total of 1,498 full-time 
equivalent jobs, $83,281,000 in labor income, $90,403,000 in the gross regional 
product, and $146,576,000 in economic output in the local impact area. More broadly, 
these expenditures support 2,407 full-time equivalent jobs, $163,206,000 in labor 
income, $196,345,000 in the gross regional product, and $339,749,000 in economic 
output in the nation.  
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8 SUPPLEMENTAL TABLES 

Supplemental Table 1. Lowell Creek Flood Diversion IFR/EA. Depth – Damage 
Relationships for Structures, Contents, and Vehicles, including Debris Removal. 

-8.0 0.0 0.0 -9.0 0.0 0.0 -2.0 0.0 0.0 -2.0 0.0 0.0
-7.0 0.7 1.3 -8.0 1.7 2.7 -1.0 2.5 2.7 -1.0 3.0 4.1
-6.0 0.8 1.1 -7.0 1.7 2.7 0.0 13.4 2.0 0.0 9.3 3.4
-5.0 2.4 0.9 -6.0 1.9 2.1 1.0 23.3 1.6 1.0 15.2 3.0
-4.0 5.2 0.9 -5.0 2.9 1.8 2.0 32.1 1.6 2.0 20.9 2.8
-3.0 9.0 0.9 -4.0 4.7 1.7 3.0 40.1 1.8 3.0 26.3 2.9
-2.0 13.8 0.9 -3.0 7.2 1.6 4.0 47.1 1.9 4.0 31.4 3.2
-1.0 19.4 0.8 -2.0 10.2 1.5 5.0 53.2 2.0 5.0 36.2 3.4
0.0 25.5 0.9 -1.0 13.9 1.4 6.0 58.6 2.1 6.0 40.7 3.7
1.0 32.0 1.0 0.0 17.9 1.3 7.0 63.2 2.2 7.0 44.9 3.9
2.0 38.7 1.1 1.0 22.3 1.4 8.0 67.2 2.3 8.0 48.8 4.0
3.0 45.5 1.4 2.0 27.0 1.5 9.0 70.5 2.4 9.0 52.4 4.1
4.0 52.2 1.6 3.0 31.9 1.8 10.0 73.2 2.7 10.0 55.7 4.2
5.0 58.6 1.9 4.0 36.9 2.0 11.0 75.4 3.0 11.0 58.7 4.2
6.0 64.5 2.1 5.0 41.9 2.3 12.0 77.2 3.3 12.0 61.4 4.2
7.0 69.8 2.4 6.0 46.9 2.6 13.0 78.5 3.7 13.0 63.8 4.2
8.0 74.2 2.5 7.0 51.8 2.9 14.0 79.5 4.1 14.0 65.9 4.3
9.0 77.7 2.7 8.0 56.4 3.1 15.0 80.2 4.5 15.0 67.7 4.6

10.0 80.1 2.8 9.0 60.8 3.4 16.0 80.7 4.9 16.0 69.2 5.0
11.0 81.1 2.9 10.0 64.8 3.7

11.0 68.4 4.2
12.0 71.4 5.0
13.0 73.7 6.2
14.0 75.4 7.8

-9.0 0.0 0.0 -8.0 0.0 0.0 -2.0 0.0 0.0 -2.0 0.0 0.0
-8.0 0.1 1.6 -7.0 1.0 2.3 -1.0 2.4 2.1 -1.0 1.0 3.5
-7.0 0.8 1.2 -6.0 2.3 1.8 0.0 8.1 1.5 0.0 5.0 2.9
-6.0 2.1 0.9 -5.0 3.7 1.5 1.0 13.3 1.2 1.0 8.7 2.6
-5.0 3.7 0.8 -4.0 5.2 1.4 2.0 17.9 1.2 2.0 12.2 2.5
-4.0 5.7 0.8 -3.0 6.8 1.3 3.0 22.0 1.4 3.0 15.5 2.5
-3.0 8.0 0.8 -2.0 8.4 1.2 4.0 25.7 1.5 4.0 18.5 2.7
-2.0 10.5 0.7 -1.0 10.1 1.1 5.0 28.8 1.6 5.0 21.3 3.0
-1.0 13.2 0.7 0.0 11.9 1.1 6.0 31.5 1.6 6.0 23.9 3.2
0.0 16.0 0.7 1.0 13.8 1.1 7.0 33.8 1.7 7.0 26.3 3.3
1.0 18.9 0.8 2.0 15.7 1.2 8.0 35.7 1.8 8.0 28.4 3.4
2.0 21.8 1.0 3.0 17.7 1.4 9.0 37.2 1.9 9.0 30.3 3.5
3.0 24.7 1.2 4.0 19.8 1.7 10.0 38.4 2.1 10.0 32.0 3.5
4.0 27.4 1.4 5.0 22.0 1.9 11.0 39.2 2.3 11.0 33.4 3.5
5.0 30.0 1.6 6.0 24.3 2.2 12.0 39.7 2.6 12.0 34.7 3.5
6.0 32.4 1.8 7.0 26.7 2.4 13.0 40.0 2.9 13.0 35.6 3.5
7.0 34.5 2.0 8.0 29.1 2.6 14.0 40.0 3.2 14.0 36.4 3.6
8.0 36.3 2.1 9.0 31.7 2.8 15.0 40.0 3.5 15.0 36.9 3.8
9.0 37.7 2.3 10.0 34.4 3.0 16.0 37.2 4.2

10.0 38.6 2.4 11.0 37.2 3.5
11.0 39.1 2.5 12.0 40.0 4.1

13.0 43.0 5.1
14.0 46.1 6.4
15.0 49.3 8.1

Debris 
Depth

Debris 
Percent 
Damage

Debris 
Variance 

Lower

Debris 
Variance 

Upper
0.5 5.8 5.2 6.4 Note: the same Debris Depth-Damage Relationships were used for all  residential structures
1.0 7.5 6.8 8.3
2.0 9.1 8.2 10.0
3.0 10.7 9.6 11.8
4.0 12.4 11.2 13.6
5.0 14.0 12.6 15.4
6.0 15.7 14.1 17.3
7.0 17.3 15.6 19.0

Depth in 
Structure

Contents 
Percent 
Damage

Contents 
Standard 
Deviation

Depth in 
Structure

Contents 
Percent 
Damage

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Contents 
Standard 
Deviation

Depth in 
Structure

Contents 
Percent 
Damage

Contents 
Standard 
Deviation

Depth in 
Structure

Contents 
Percent 
Damage

Contents 
Standard 
Deviation

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Residential - Oreswbsmt Residential - Treswbsmt Residential - Oreswoutbsmt Residential - Treswoutbsmt
One Story, With Basement Two Story, With Basement One Story, No Basement Two Story, No Basement
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Supplemental Table 2. Lowell Creek Flood Diversion IFR/EA. Depth – Damage 
Relationships for Structures, Contents, and Vehicles.  

-1.0 0 0 0.0 -8.0 0.0 0 0 -8 0 0.0 0 0
0.0 1 0 0.5 -1.0 0.0 0 0 -1 0 0.4 0.0
1.0 12 5 1.6 0.0 0.0 0 0 0 0 0.6 0.0
2.0 20.4 1.6 1.0 10.0 2 0 1 0 15.3 0 5
3.0 25 9 1.8 2.0 14.0 2 8 2 0 26.1 0.7
4.0 31.7 1.9 3.0 26.0 5 2 3 0 33.0 1 3
5.0 33 5 2.0 5.0 29.0 5 8 5 0 44.0 1.4
6.0 37 5 2.1 10.0 46.0 9 2 10 0 60.0 2 3
7.0 39.4 2.2 15.0 50.0 10 0 15 0 75.0 2 5
8.0 42 2 2.4
9.0 45 0 2.4

-1.0 0 0 0.0 -8.0 0 0 0 0 -8 0 0.0 0 0
0.0 0 0 0.5 -1.0 0.0 0 0 -1 0 0.0 0 0
1.0 21.7 2.1 0.0 0.0 0 0 0 0 0.0 0 0
2.0 30.4 3.8 1.0 33 0 6.6 1 0 25.5 0.1
3.0 39 0 4.4 2.0 40 0 8 0 2.0 39.0 0.1
4.0 45 0 5.1 3.0 50 0 10 0 3.0 50.0 0 2
5.0 47 9 5.7 5.0 50 0 10 0 5.0 62.0 0 2
6.0 51 9 6.3 10.0 50 0 10 0 10.0 80.0 0.4
7.0 55.7 6.7 15.0 50 0 10 0 15.0 100.0 0.4
8.0 59 3 7.1
9.0 60.6 7.6

Structure 
Standard 
Deviation

Depth in 
Structure

Contents 
Lower 

Percent

Contents 
Percent 
Damage

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Depth in 
Structure

Structure 
Percent 
Damage

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

One Story, No Basement One Story, No Basement One Story, No Basement

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Standard 
Deviation

Residential - Apartment Public - Pub2 Public - School
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Supplemental Table 3. Lowell Creek Flood Diversion IFR/EA. Depth-Damage 
Relationships for Structures, Contents, and Vehicles. 

-2.0 0 0 0.0 0.0 -2.0 0.0 0 0 0.0 0 0 0.0 0 0 0.0
-1.0 1.1 0.0 9.9 -1.0 0.0 0 0 0.0 0 5 0.0 0 0 0 0
0.0 17 2 10.2 38.9 0.0 0.2 0.1 0.3 1 0 100.0 100 0 100 0
1.0 45.4 40.5 49.4 1.0 7.6 5.7 9.5 1 5 100.0 100 0 100 0
2.0 49 2 44.6 53.8 2.0 8.3 6 2 10.4 2 0 100.0 100 0 100 0
3.0 49 2 44.6 53.8 3.0 11.4 8.6 14.2 3 0 100.0 100 0 100 0
4.0 51.7 47.2 86.8 4.0 15.0 12 8 17.2 4 0 100.0 100.0 100 0
5.0 57.1 52.7 56.2 5.0 15.8 13.4 18.2 5 0 100.0 100.0 100 0
6.0 57 9 53.5 61.5 6.0 15.8 13.4 18.2 6 0 100.0 100.0 100 0
7.0 57 9 53.5 62.3 7.0 15.8 13.4 18.2 7 0 100.0 100.0 100 0
8.0 66 3 62.2 62.3 8.0 22.2 18 9 25.5 8 0 100.0 100.0 100 0
9.0 66 3 62.2 70.4 9.0 26.6 22.6 30.1 9 0 100.0 100.0 100 0

10.0 66 3 62.2 70.4 10.0 28.7 24.4 30.1 10 0 100.0 100.0 100 0
11.0 66 3 62.2 70.4 11.0 28.7 27 3 30.1 11 0 100.0 100.0 100 0
12.0 66 3 62.2 70.4 12.0 28.7 27 3 30.1 12 0 100.0 100.0 100 0
13.0 66 3 62.2 70.4 13.0 32.4 30.1 34.0 13 0 100.0 100.0 100 0
14.0 66 3 62.2 70.4 14.0 39.7 37.7 41.7 14 0 100.0 100.0 100 0
15.0 66 3 62 2 70.4 15.0 41.2 39.1 43.3 15 0 100.0 100.0 100 0

16 0 100.0 100.0 100 0

-2.0 0 0 0 0 0.0 -2.0 0.0 0 0 0.0
-1.0 0.0 0 0 0.0 -1.0 0.0 0 0 0.0
0.0 0.0 0 0 0.0 0 0 0.0 0 0 0.0
1.0 38.8 26.7 49.7 1 0 35.3 15 3 55.3
2.0 53.7 34 2 61.4 2 0 48.2 28 2 68.2
3.0 75.2 43.4 86.8 3 0 54.1 34.1 74.1
4.0 77.2 57.1 86.8 4 0 54.3 34 3 74.3
5.0 84.5 66 3 90.9 5 0 54.8 34 8 74.8
6.0 84.5 67.4 90.9 6 0 54.8 34 8 74.8
7.0 84.5 67.4 90.9 7 0 54.8 34 8 74.8
8.0 84.5 67.4 90.9 8 0 54.8 34 8 74.8
9.0 84.5 67.4 90.9 9 0 54.8 34 8 74.8

10.0 84.5 76 3 90.9 10 0 98.9 78 9 100.0
11.0 84.5 76 3 90.9 11 0 99.9 79 9 100.0
12.0 84.5 76 3 90.9 12 0 100.0 80 0 100.0
13.0 84.5 76 3 90.9 13 0 100.0 80 0 100.0
14.0 84.5 76 3 90.9 14 0 100.0 80 0 100.0
15.0 84.5 76 3 90.9 15 0 100.0 80 0 100.0

Depth in 
Structure

Contents 
Lower 

Percent

Contents 
Percent 
Damage

Contents 
Higher 
Percent

Contents 
Lower 

Percent

Contents 
Percent 
Damage

Contents 
Higher 
Percent

Depth in 
Structure

One Story, No Basement One Story, No Basement Vehicles

Depth in 
Structure

Structure 
Lower 

Percent

Structure 
Percent 
Damage

Structure 
Higher 
Percent

Depth in 
Structure

Structure 
Lower 

Percent

Structure 
Percent 
Damage

Structure 
Higher 
Percent

Depth in 
Structure

Structure 
Percent 
Damage

Structure 
Percent 
Damage

Structure 
Higher 
Percent

Residential - Mobile Home Commercial - Retail Auto
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Supplemental Table 4. Lowell Creek Flood Diversion IFR/EA. Flood Flight AADs Reduced. 



Lowell Creek Flood Feasibility Study 
Appendix D: Economics  

D-77

9 REFERENCES 




