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1.0  EXECUTIVE SUMMARY  
 
In 1992, the Natural Resources Conservation Service (NRCS) completed a 
Watershed Plan and Environmental Impact Statement (EIS) for the Lower Mud 
River Basin.  This plan identified several flood damage reduction alternatives for 
the City of Milton in Cabell County, West Virginia, including impoundments, levee 
/ floodwall alignments, snagging and clearing operations, and channel 
modifications.  Pursuant to Section 580 of the Water Resources and 
Development Act (WRDA) of 1996, the Lower Mud River Basin study was 
transferred to the Corps of Engineers.  Within this authorization, Congress 
directed the Secretary of the Army to conduct a limited reevaluation of the 
watershed plan prepared by NRCS.  Section 340 of WRDA 2000 modified this 
authorizing language to direct the Secretary of the Army to carry out the project. 
 
In 2004, a combined Limited Reevaluation Report and Supplemental 
Environmental Impact Statement (LRR / SEIS), which was prepared by the U.S. 
Army Corps of Engineers, Huntington District in accordance with the Planning 
Guidance Notebook (ER 1105-2-100) and the requirements of the National 
Environmental Policy Act (NEPA), was submitted to higher Corps authority for 
review and approval.   
 
The primary planning objective of this flood damage reduction study was to 
develop the most economically feasible and the most environmentally and 
socially acceptable plans for providing flood protection in Milton.  This objective 
was accomplished by evaluating and screening flood damage reduction 
alternatives in three different phases– initial, intermediate, and final.  The final 
array of alternatives – No Action, Plan B (250-year Level of Protection Levee with 
Channel Modification), and Plan D (20-year Level of Protection Levee along 
River Bank) – were evaluated using more detailed design and cost estimates, 
economic analysis, and social and environmental impacts assessments.  From 
the results of this evaluation, the 2004 LRR / SEIS recommended Plan B, the 
identified National Economic Development (NED) plan, for implementation. 
 
Since three fiscal years have elapsed since the report was originally submitted, 
an economic reevaluation is required by ER 1105-2-100.  Like the original 
economic analysis, this Economic Update only focuses on the final array of three 
alternatives.  During the economic reevaluation effort, benefits and costs were 
revised in accordance with Principles and Guidelines and standard economic 
practices to reflect current price levels (FY 2008) and discount rates.   
 
After refining the original structure inventory, HEC-FDA (Flood Damage 
Analysis), which is the officially recognized Corps economic model for flood 
damage reduction evaluations, was used to evaluate residual flood damages 
associated with each alternative.  For Plan B and Plan D, respectively, residual 
annual damages were estimated to be $820 and $1.7 million.  Since the total 
average annual damage for the without project condition, or the No Action 
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alternative, is approximately $5.0 million, the expected annual benefits for Plan B 
are $5.0 million and Plan D are $3.2 million.  
 
Separately, the feasibility cost estimates, as presented in the original report, were 
updated using MCACES Second Generation (MII) estimating software.  A 
detailed methodology for escalating cost to the current price level, expanding the 
definition of the project scope based on current knowledge, and refining the 
methodology employed during the development of the original cost estimates is 
documented within this Economic Update.  Overall, the total baseline project cost 
for Plan B is $65,466,265, and the total baseline project cost for Plan D is 
$54,294,625. 
 
Using the revised cost estimates, the net benefits were determined and the 
benefit-to-cost ratio was calculated for each alternative in the final array.  Overall, 
the net benefits for Plan B and Plan D were estimated to be $1.05 million and 
$127,000 respectively.  Since the NED plan is the plan which reasonably 
maximizes net expected annual benefits consistent with the Federal objective, 
Plan B was determined to be the NED plan. 
 
Subsequent to the preparation and independent technical review of this 
Economic Update, WRDA 2007 provided additional authorizing language 
associated with flood damage reduction measures in Milton, West Virginia.  
Section 3170 of WRDA 2007 specifically authorizes construction of the 
recommended plan presented in the draft LRR / SEIS dated May 2004.  Also, 
within this language, the Federal and non-Federal total costs are estimated 
reflecting a non-Federal contribution of 25%. 
 
Overall, this Economic Update is provided to support the cited decision document 
and the development of the Project Cooperation Agreement (PCA) package.  
The results of this update effort confirm the findings presented in the May 2004 
LRR / SEIS.  While both Plan B and Plan D are economically justified, Plan B 
provides a higher level of protection and much greater net benefits than Plan D.  
Therefore, the recommended plan has not changed from the original LRR / SEIS.  
Plan B remains the recommended plan. 
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2.0  PURPOSE 
 
The primary purpose of this analysis is to provide reasonable estimates of 
economic justification to non-Federal sponsors, Congress, and Federal decision 
makers.  The final array of alternatives established in the Limited Reevaluation 
Report / Supplemental Environmental Impact Statement (LRR / SEIS) dated May 
2004 will be reevaluated to confirm project feasibility.  Once National Economic 
Development (NED) benefits and costs are updated, the NED plan will be 
identified and compared to the recommendations documented in the original 
analysis. 
 
 
3.0  BACKGROUND 
 
In 1992, the Natural Resources Conservation Service (NRCS) completed a 
Watershed Plan and Environmental Impact Statement (EIS) for the Lower Mud 
River Basin.  This plan identified several flood damage reduction alternatives for 
the City of Milton in Cabell County, West Virginia, including impoundments, levee 
/ floodwall alignments, snagging and clearing operations, and channel 
modifications.  The final recommendation documented in the NRCS report 
consisted primarily of channel improvements along the Mud River in the vicinity 
of Milton. 
 
Pursuant to Section 580 of the Water Resources and Development Act (WRDA) 
of 1996, the Lower Mud River Basin study was transferred to the Corps of 
Engineers.  Within this authorization, Congress directed the Secretary of the 
Army to conduct a limited reevaluation of the watershed plan prepared by NRCS.  
Section 580 of WRDA 1996 reads as follows: 
 

“The Secretary shall conduct a limited reevaluation of the watershed plan 
and the environmental impact statement prepared for the Lower Mud 
River, Milton, West Virginia, by the Natural Resources Conservation 
Service pursuant to the Watershed Protection and Flood Prevention Act 
(16 U.S.C. 1001 et seq.) and may carry out the project.” 

 
Section 340 of WRDA 2000 modified this authorizing language to direct the 
Secretary of the Army to carry out the project.  Section 340 of WRDA 2000 reads 
as follows: 
 

“The project for flood damage reduction, Lower Mud River, Milton, West 
Virginia, authorized by section 580 of the Water Resources Development 
Act of 1996 (110 Stat. 3790), is modified to direct the Secretary to carry 
out the project.” 

 
In 2004, a combined LRR / SEIS was submitted to higher Corps authority for 
review and approval.  Since three fiscal years have elapsed since the report was 
originally submitted, an economic reevaluation is required by ER 1105-2-100. 
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Subsequent to the preparation and independent technical review of this 
Economic Update, WRDA 2007 provided additional authorizing language 
associated with flood damage reduction measures in Milton, West Virginia.  
Section 3170 of WRDA 2007 reads as follows: 
 

“The project for flood control at Milton, West Virginia, authorized by 
section 580 of the Water Resources Development Act of 1996 (110 Stat. 
3790) and modified by section 340 of the Water Resources Development 
Act of 2000 (114 Stat. 2612), is modified to authorize the Secretary to 
construct the project substantially in accordance with the draft report of the 
Corps of Engineers dated May 2004, at an estimated total cost of 
$57,100,000, with an estimated Federal cost of $42,825,000 and an 
estimated non-Federal cost of $14,275,000.” 

 
While Section 3170 of WRDA 2007 specifically authorizes construction of the 
recommended plan presented in the draft LRR / SEIS dated May 2004, an 
Economic Update is required to support the cited decision document and the 
development of the Project Cooperation Agreement (PCA) package. 
 
 
4.0  ECONOMIC STUDY AREA 
 
The Mud River originates in Boone County, West Virginia, and flows 
approximately 58 miles in a northwesterly direction to its confluence with the 
Guyandotte River at Barboursville, West Virginia.  The Mud River drainage basin 
consists of 360 square miles and lies within the Appalachian Plateau.  The 
overall topography of the watershed is dominated by steep ridges and narrow 
floodplains, particularly in the upper portion of the basin.   
 
The upper watershed consists of about 96 square miles and is controlled by a 
small multiple purpose reservoir, which was constructed by NRCS in January 
1993.  The lower watershed consists of about 263 square miles and extends 
from the mouth of Mud River to its confluence with Middle Fork at Hamlin, West 
Virginia.  The topography of this lower area, particularly within the Milton vicinity, 
is more moderate than the upper portion of the basin, with less steep hills and 
wider floodplains.   
 
Milton, which is located approximately 19 miles above the mouth of the Mud 
River, is the major flood damage center in the basin.  During preliminary 
investigations, the 0.2 percent annual chance (500-year) floodplain within the 
Milton vicinity was used to evaluate various flood damage reduction measures.  
The city limits of Milton, as shown in Figure 1, are located predominately north of 
the Mud River.  According to the US Census conducted in 2000, approximately 
2,200 people live within this 1.58 square mile area.  The areas immediately 
surrounding Milton are primarily rural and sparsely populated. 
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Figure 1:  500-year floodplain in the vicinity of Milton, West Virginia 
 
During the initial and intermediate levels of screening, formulation efforts 
determined flood damage reduction measures south of the Mud River were not 
economically feasible.  Since the original economic analysis only focused on the 
final array of alternatives, the study area identified in the Economic Appendix was 
limited to “the city limits of the town of Milton, West Virginia.”  For consistency, 
these boundaries were maintained during the reevaluation effort, and the 
economic study area was confined to structures within the 500-year floodplain 
north of the Mud River in the Milton vicinity. 
 
 
5.0  METHODOLOGY 
 
Methodology employed for this economic reevaluation is in accordance with 
Principles and Guidelines and standard economic practices.  Benefits and costs 
were revised to reflect current price levels (FY 2008) and discount rates.  
Discount rates are published annually by USACE Headquarters as an Economic 
Guidance Memorandum (EGM).  According to EGM 08-01, the published 
discount rate for formulation and economic evaluation of water resource related 
projects in fiscal year 2008 is 4 7/8 percent. 
 
During the original economic analysis, @RISK, a risk analysis software, was 
used to estimate average annual flood damages within the defined study area.  
Since HEC-FDA (Flood Damage Analysis) is the officially recognized Corps 
economic model for flood damage reduction evaluations, the decision was made 
to deviate from the original analysis and evaluate flood damages associated with 
each alternative using HEC-FDA. 
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HEC-FDA was designed to aid the formulation of flood damage reduction plans 
by integrating economic and hydraulic parameters.  Using risk-based analysis 
methods, the HEC-FDA program estimates equivalent annual damages using a 
Monte Carlo simulation process over a specified analysis period.  During this 
reevaluation effort, HEC-FDA Version 1.2 was used to evaluate flood damages 
over an analysis period of 50 years with a base year of 2008. 
 
In addition to evaluating the annual damages associated within each plan 
(alternative), the data can be further dissected by stream and damage reach.  
The only stream necessary to model during this analysis was the Mud River.  In 
order to account for changes in elevations within the study area, the stream was 
delineated into three damage reaches.  Details of the stream reach delineation 
are shown in Table 1. 
 

Table 1:  Stream Reach Delineation Details 
Reach 
Name Stream Beginning 

Stream Mile
Ending 

Stream Mile 
Index 
Point 

Lower Mud River 18.45 18.90 18.70 
Middle Mud River 18.90 19.40 19.10 
Upper Mud River 19.40 20.50 19.80 

 
After configuring the layout of the study area, three major inputs – structure 
inventory, water surface profiles, and depth damage curves – were used to 
estimate annual flood damages in multiple iterations for each plan, analysis year, 
and damage reach. 
 
 
5.1  STRUCTURE INVENTORY 
 
Within the original analysis, all structures within the economic study area were 
assigned a unique identification number and located with respect to River Miles 
along the Mud River.  First floor elevations were determined for each structure.  
These elevations were either obtained from NRCS data, actual field surveys, or 
topographic mapping.  Structures were categorized based on use (e.g. 
residential, commercial, public, or mobile home) and values were computed by 
averaging three sets of data.  One set of structure values was obtained by using 
Marshall & Swift valuation software, while the remaining two sets of depreciated 
replacement values consisted of existing data acquired from NRCS and the 
Cabell County Assessor’s Office. 

 
During the reevaluation effort, a field team with representatives from engineering, 
planning, and real estate was assembled to examine the validity of the original 
inventory.  Data necessary to compute Marshall & Swift estimates was collected 
for all commercial and nearly 25% of residential structures.  While collecting data, 
the field team confirmed or adjusted first floor elevations based on topographic 
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mapping, recorded structures to be added or removed from the inventory, and 
took photographs of the surveyed structures.  Once the collection effort was 
complete, the study area was visually surveyed and mapping was used to verify 
the existence of the remaining structures on which data was not collected. 
 
Structures were then divided into two categories based on use – residential or 
commercial.  Public facilities, which were previously broken out as a separate 
category, were designated as commercial structures.  Likewise, mobile homes 
were shifted to the residential category.  Occupancy codes associated with the 
depth damage curves were then assigned based on the specific type of 
residential or commercial use.  Residential storage sheds and detached garages, 
as well as structures noted to be condemned or missing, were removed from the 
inventory.   
 
After refining the inventory, depreciated replacement costs were estimated using 
Marshall & Swift valuation software – Commercial Estimator 7 and Residential 
Estimator 7.  Using current building cost data, these programs provide accurate 
cost valuations for commercial and residential real estate by interpolating 
between effective age, building quality, occupancy / construction type, and 
square footage.   In addition, local multipliers are employed to ensure estimates 
are localized and relative to current market conditions.  Local multipliers, which 
are based on zip codes, are embedded within the software and updated on a 
quarterly basis. 
 
All commercial and 25 percent of residential estimates were based upon data 
collected in the field.  For the remaining residential depreciated replacement 
values, with the exception of single-wide mobile homes, estimates were based 
on photographs available on the Cabell County Assessor’s website.  
Approximately 25 percent of depreciated replacement values associated with 
single-wide mobile homes were estimated by inputting field data into the Marshall 
& Swift residential estimator.  The average value of these estimates was 
considered representative for the remaining single-wide mobile homes. 
 
Overall, the input file containing data on structures within the economic study 
area includes the following parameters – unique structure identification number, 
location with respect to the stream (station and stream), structure value, first floor 
elevation, and structure use (category and occupancy codes). 
 
As seen in Table 2, there are 620 structures – 162 commercial and 458 
residential structures – within the 0.2 percent annual chance (500-year) 
floodplain north of the existing channel.   
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Table 2: Structure Inventory Details 
Number of 
Structures 

Study 
Area 

Lower 
Reach 

Middle 
Reach 

Upper 
Reach 

Residential 458 56 137 265 
Commercial 162 22 75 65 

Total 620 78 212 330 
 
The depreciated replacement value of the structure inventory totals 
approximately $87.3 million.  Commercial structures account for $57.4 million or 
66 percent of this total while residential structures account the remaining $29.9 
million or 34 percent of the total.  Depreciated replacement values associated 
with commercial structures range from $2,890 to $7.0 million and residential 
values range from $2,300 to $382,040.  Overall, the average structure values for 
commercial and residential structures are $354,524 and $65,222 respectively. 
 
 
5.2  HYDROLOGIC AND HYDRAULIC ENGINEERING  
 
Water surface profiles reflect hypothetical or observed stages of water along a 
given length of stream during corresponding flood events.  Within HEC-FDA, 
water surface profiles must consist of eight flood frequencies.  At each 
established stream station, a respective invert elevation, discharge value, and 
stage must be supplied for each flood frequency.   
 
During the formulation effort, water surface profiles were developed for each 
project alternative by the Engineering and Construction Division using HEC-RAS.  
The frequencies modeled within the water surface profiles and used in this 
economic analysis are listed in Table 3.   

 

Table 3:  Flood Events and Nomenclature 
Annual Chance Occurrence Year Reference 
99 or 100 % Annual Chance 1-Year Flood 

50% Annual Chance 2-Year Flood 
20% Annual Chance 5-Year Flood 
5% Annual Chance 20-Year Flood 
2% Annual Chance 50-Year Flood 
1% Annual Chance 100-Year Flood 

0.4% Annual Chance 250-Year Flood 
0.2% Annual Chance 500-Year Flood 

 
An output file from HEC-RAS was imported directly into HEC-FDA and used to 
develop exceedance probability and stage-discharge functions.  These 
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relationships are used during the simulation process to account for uncertainty 
within the hydrologic and hydraulic data. 
 
Using a “graphical” approach, the discharge exceedance probability function was 
retrieved based on the imported water surface profiles and the equivalent record 
length of 60 years.  The equivalent record length, which reflects the level of 
uncertainty within the data, was furnished by the Engineering and Construction 
Division. 
 
While the probability of a specific event occurring any given year is interpolated 
from the exceedance probability function, the stage-discharge function relates 
the elevation of water to a given discharge.  During the reevaluation effort, a 
normal distribution of error was assumed.  Based on input from the Engineering 
and Construction Division, uncertainty for 1% percent annual chance (100-year) 
flood was set to 0.5 feet.  For stages above this event, the distribution of error 
was assumed constant. 
 
 
5.3  DEPTH DAMAGE RELATIONSHIPS 
 
Depth damage functions relate the stage of water in a structure to the magnitude 
of damage endured at a specific event.   Damages are based on a percentage of 
the structure and content values.  During this analysis, content values were 
estimated based upon a percentage of the structure value. 
 
For residential structures, the depth-damage relationships published in 
Economics Guidance Memorandum 01-03, Generic Depth-Damage 
Relationships (for residential structures without basements) dated December 4, 
2000, and Economics Guidance Memorandum 04-01, Generic Depth-Damage 
Relationships for Residential Structures with Basements dated October 10, 2003, 
were used.  The categories within the residential depth-damage functions 
include:  one-story – no basement; one-story – with basement; two-story – no 
basement; two-story – with basement; and split-level with no basement.  Mobile 
homes were classified as one-story – no basement.   
 
Since generic depth-damage curves have not been published for commercial 
structures, the “New Orleans” commercial depth damage functions were used for 
this analysis.  The categories or occupancy codes within the commercial depth-
damage functions include the following:  eating & recreation; grocery & gas 
station; multi-family units (over 5); professional services; public facilities; repairs 
& home use; retail & personal services; and warehouses & contractors.  It is 
important to note the relationships used for commercial structures do not account 
for multiple floors.  Since the probability of water exceeding the first floor of 
commercial structures is low, depreciated replacement values were based 
predominantly upon attributes (square footage, use, exterior wall finish, etc.) of 
the first floor. 
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Within the depth damage relationships, uncertainty assumptions were developed 
for two critical parameters – first floor elevation and structure value.  Based on 
guidance contained in EM 1110-2-1619, the standard deviation of error 
associated with first floor elevations is 0.6 feet when elevations have been 
estimated using 2-foot contour mapping.  Uncertainty within estimated structure 
values was accounted for by assuming a standard deviation of 15 percent of the 
base structure value. 
 
 
6.0  WITHOUT PROJECT DAMAGES 
 
The total average annual damage for the without project condition is estimated to 
be $5.0 million.  The accumulation of all damages considered is shown in Table 4 
and the development of these damages is shown in subsequent sections. 
 

Table 4:  Without Project Condition 
Total Expected Annual Damage ($1,000s) 

Damage Category Damages 
Structure & Content Damages $4,693.60 

Automobile Damages $234.21 
NFIP Administrative Costs $30.14 

Total $4,957.95 
 
It is important to note the without project damages displayed in Table 4 are 
based solely on the economic study area.  Structures located south of the Mud 
River, particularly structures located along Georgia Avenue, will still be 
susceptible to flooding.  Prior analysis of this area concluded a viable project 
could not be identified south of the Mud River in the Milton vicinity. 
 
 
6.1  STRUCTURE AND CONTENT DAMAGES 
 
Based on the HEC-FDA analysis, structure and content damages are estimated 
to total $4.69 million annually in the economic study area under the existing or 
without project condition.  These damages are displayed by damage reach and 
structure type in Table 5.  
 

Table 5:  Without Project Condition Structure & Contents  
Expected Annual Damage ($1,000s) 

Stream Reach Name Commercial Residential Total 
Lower $542.07 $202.04 $744.11 
Middle $1,922.95 $732.38 $2,655.33 Mud River 
Upper $979.20 $314.96 $1,294.16 

Total Project Area $3,444.22 $1,249.38 $4,693.60 
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6.2  AUTOMOBILE DAMAGES 
 
During the original economic analysis, estimates for automobile damages were 
developed using vehicle depth-damage curves generated by New Orleans 
District.  To update damages associated with vehicles, the assumptions from the 
original analysis were employed during the reevaluation effort.  These 
assumptions include assigning one vehicle to each residential and commercial 
structure.  Also, in the original analysis, the first floor elevation was modified to 
correspond with the ground elevation associated with the structure.  Since 
elevation data was recently adjusted, ground elevations were estimated.  For 
commercial structures, which are commonly on a slab foundation, 0.5 feet was 
deducted from the first floor elevation.  For residential structures, which typically 
vary in foundation, the ground elevation was estimated by subtracting 1.5 feet 
from the first floor elevation.  An average vehicle value of $5,440 was assigned to 
each vehicle.  This value was obtained from the Cabell County Assessor’s Office 
and consists of the average value of personal property within the City of Milton, 
West Virginia.  Personal property records include automobiles and recreational 
vehicles such as boats, campers, and motorcycles.  Overall, expected annual 
automobile damages were computed within HEC-FDA as $234,210. 
 
 
6.3  NATIONAL FLOOD INSURANCE PROGRAM (NFIP) ADMINISTRATION COSTS 
 
Homes, which are purchased in the 1% annual chance (100-year) floodplain via 
a federally-insured loan, are required to have flood insurance from the National 
Flood Insurance Program (NFIP).  In addition, some banks mandate purchase of 
flood insurance even if the mortgage is not insured by a federal agency.  The 
amount of the premiums paid by policy holders is comprised of two components 
– funding the NFIP administrative and overhead costs, such as policy-writing and 
floodplain management, and funding for payouts after flood events.  The amount 
paid by policyholders for administrative and overhead costs represent an NED 
loss, since these are real costs and not transfers.  Economic Guidance 
Memorandum 06-04 dated April 6, 2006 provides an average cost per policy for 
administration of the NFIP in fiscal year 2006 of $192.  An updated average cost 
per policy for administration of the NFIP has not been published since fiscal year 
2006.  According to the NFIP website, 157 polices were in force in Milton, West 
Virginia as of June 30, 2007.  Assuming all policies are within the project area, 
the expected annual administrative costs for these policies total $30,144. 
 
 
6.4  OTHER RELATED NED LOSSES 
 
Damages associated with transportation and public utilities, as well as costs 
related to emergency response and cleanup efforts, were not computed due to 
lack of historical data.  While Milton has a history of flooding dating back to the 
early 1900’s, the city has yet to endure a flood event exceeding a 27-year 
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frequency.  While other related NED losses are undoubtedly associated with the 
above categories and could be substantial for higher level flood events being 
considered in this analysis, a sound method for deriving these damages is not 
available at this time.   
 
Based on findings in prior Corps studies, it is anticipated these NED losses could 
total as much as 10 to 30 percent of the expected annual structure and content 
damage.  Thus, the total expected annual damage associated with the without 
project condition could potentially include an additional $469,000 to $1.40 million 
in damage unaccounted for in this analysis. 
 
 
7.0  FINAL ARRAY OF ALTERNATIVES 
 
The planning process to identify and develop flood damage reduction alternatives 
for Milton, West Virginia consisted of three levels of screening – initial, 
intermediate, and final.  During the initial level of screening, alternative measures 
were retained or eliminated based on a reconnaissance level of effort.  After the 
initial level of screening, additional information was developed for the retained 
alternatives.  During the intermediate level of screening, this information, which 
included limited detailed design and cost estimates, economic analysis, and 
social and environmental impacts assessments, was used to determine feasible 
alternatives to be considered during the final level of screening.  Additional 
information regarding the plan formulation process is available in the main report.   
 
Like the original economic analysis, this reevaluation effort only focused on the 
final array of three alternatives.  It is important to note these alternatives were not 
advanced from the LRR / SEIS dated May 2004 during this update.  Potential 
design refinements will be accomplished in accordance with the authorizing 
language and documented in the appropriate design document.   
 
 
7.1  DESCRIPTION OF ALTERNATIVES 
 
Below are descriptions of each plan in the final array of alternatives for Milton, 
West Virginia.  Additional details and figures containing each alternative’s plan 
layout can be found in Chapter 5 of the main report. 
 
 

7.1.1 No Federal Action or the without project condition assumes 
implementation of a flood damage reduction project in the vicinity of Milton will 
not be pursued by the Federal government subsequent to this decision 
document.  This condition reflects the continuation of existing economic, 
social, and environmental conditions and trends as well as the continuation of 
flood damages and threats to public safety due to recurring flooding in the 
project area.  The need for federally subsidized flood insurance, which is 
currently available through the NFIP, would remain and enforcement of local 
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floodplain management ordinances would continue.  While Federal 
expenditures would not be necessary for construction, Federal funding would 
still be needed to subsidize the flood insurance program and provide disaster 
assistance in flood emergency and recovery operations. 
 
Separate from this ongoing investigation, a statewide flood warning system is 
currently being planned within West Virginia under Section 205 of the 
Continuing Authorities Program.  This project will improve and expand the 
existing network of stream gages and connect all new and existing rainfall 
and stream-flow instruments to a satellite-based statewide flood warning 
system.  This system, which will enable the National Weather Service to issue 
credible and reliable flood warnings throughout the State, is expected to be 
operational in 2014.  
 
While this proposed flood warning system will help to alleviate threats to loss 
of life and damages to movable structure contents and vehicles associated 
with flooding, the potential for future growth and economic development in 
Milton would still be limited without a means to reduce damages to stationary 
structures, facilities, and municipal infrastructure associated with major floods.  
Residents and business owners within the Milton vicinity are expected to be 
subjected to recurring floods, similar to those that have occurred in previous 
years. Although flood insurance reimburses owners for losses to structures 
and contents, it does not cover lost business revenues or losses in excess of 
insurable limits due to closures from flooding forcing business owners to 
cover increasing flood losses on an individual basis.  In addition, many flood 
related losses to municipal infrastructure are not insurable and federal 
disaster assistance may not fully recover public costs for flood damages.  
Therefore, the residential and business district in Milton is anticipated to 
further deteriorate.  Flood insurance now available for floodplain occupants in 
the project area, while providing some economic protection, does not 
necessarily guarantee a decent, safe, sanitary, and economically viable 
community environment. 
 
 
7.1.2 Plan B (Levee with Channel Modification) includes the construction of 
an earthen levee, which would protect the majority of Milton, including the 
business district, from flooding up to the 0.4% annual chance (250-year) 
event, and the relocation of approximately 4,200 feet of the Mud River.  The 
levee would begin at the eastern edge of Milton and extend approximately 
2,000 feet southwest from US Route 60.  After crossing the existing channel, 
the levee would continue an additional 2,000 feet west intersecting the Mud 
River just before reaching Mud River Road.  The levee would continue west 
4,300 feet along the north riverbank until reaching high ground south of US 
Route 60 near Abbott Road.  Overall, the levee would span approximately 
8,300 feet and have a 10-foot wide top with side slopes of 2.5 horizontal to 
1.0 vertical.  The average height of the levee would be about 19 feet with a 
maximum height of 26 feet.  For construction, the levee would require 
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approximately 73,400 cubic yards of impervious fill and 333,100 cubic yards 
of random fill.  Construction material would come from excavation of the 
proposed channel relocation and ponding area, as well as sources identified 
within close proximity to the project.  This alignment allows construction of a 
section of levee across bottomland minimizing impacts to several businesses 
and residences along the riverbank. 
 
The project would also require two pump stations to address interior drainage 
on John’s Branch and Newman’s Branch and a gate closure on Mud River 
Road.  The gate closure requires 30 aluminum logs and would only need to 
be installed at events greater than the 1% annual chance flood.  Given the 
Mud River’s slow rate of rise, it would take approximately 12 hours to reach 
this stage.  Installation of this closure, which would stand 6.4 feet tall and 
have a width of 34.25 feet, could be accomplished by 2 people within 4 hours.    
 
 
7.1.3 Plan D (Levee Along River Bank) includes the construction of an 
earthen levee, which would protect a substantial portion of Milton, including 
most of the main business district, from flooding up to the 5% annual chance 
(20-year) event.  The levee would begin south of US Route 60 just west of 
Johns Branch.  The levee would extend west approximately 2,700 feet until 
reaching Mud River Road and continue west for approximately 4,000 feet 
along the north riverbank until reaching high ground south of US Rout 60 near 
Abbott Road.  Overall, the levee would span approximately 6,700 feet and 
have a 10-foot wide top with side slopes of 2.5 horizontal to 1.0 vertical.  The 
average height of the levee would be about 9 feet with a maximum height of 
18 feet.  For construction, the levee would require approximately 123,000 
cubic yards of impervious material, which would come from a large borrow 
area south of the Mud River and east of Mud River Road.  While Plan D does 
not require relocation of the existing channel or a gate closure, two pump 
stations would be required to address interior drainage from Perry Morris 
Square and Newman's Branch. 

 
 
8.0  RESIDUAL DAMAGES  
 
Residual damages were calculated for Plan B and Plan D employing the same 
methods used to develop the without project condition.  Modified water surface 
profiles were incorporated in the model and the top of levee was assigned 
according to the respective level of protection.  The top of levee was furnished by 
the Engineering and Construction Division and is based upon the estimated 
elevation of water at a given level of protection.  Superiority was also taken into 
account.  For this analysis, three feet of superiority was assumed.  Overall, the 
residual expected annual damages for Plan B and Plan D were estimated to be 
$820 and $1.7 million respectively.  
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Table 6 illustrates residual expected annual damages (EAD) associated with 
each plan considered in the final array of alternatives. As previously mentioned, 
damages within this analysis only reflect flood damages associated with the 
economic study area.  Structures located south of the Mud River, mainly the 85 
residential structures located along Georgia Avenue within the 1% annual chance 
(100-year) floodplain, will still be susceptible to flooding.  During the initial and 
intermediate screening process, a levee alignment providing low-level protection 
to the residences on Georgia Avenue was considered.  However, this alternative 
was eliminated during the intermediate screening process as it was not 
economically viable.   
 
Detailed investigations verify the increment of flood risk resulting from induced 
damages in the Milton vicinity is insignificant.  A limited amount of this risk will be 
alleviated by a statewide Flood Warning System, which is currently being 
implemented under the Section 205 continuing authorities program.  Additional 
information regarding this Section 205 project is available under the description 
of the No Federal Action alternative. 
 

Table 6:  EAD for All Damage Categories  
by Alternative ($1,000s) 

Category No Action Plan B Plan D 
Structure & Content $4,693.60 $0.80 $1,648.70 

Automobile Damages $234.21 $0.02 $62.00 
NFIP Administrative Costs $30.14 $0.00 $30.14 

Total EAD $4,957.95 $0.82 $1724.70 
 
 
9.0  TOTAL BENEFITS 
 
In addition to damages associated with residential and commercial structures, 
annual benefits associated with automobiles and NFIP administration costs are 
expected.  Table 7 displays the expected annual benefits for all damage 
categories considered and provides a total expected annual benefit (EAB) for 
each plan. 
 

Table 7:  EAB for All Damage Categories  
by Alternative ($1,000s) 

Category No Action Plan B Plan D 
Structure & Content $0 $4,692.79 $3,044.90 

Automobile Damages $0 $234.19 $172.21 
NFIP Administrative Costs $0 $30.14 $0 

Total EAB $0 $4,957.12 $3,217.11 
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10.0  COST ESTIMATE METHODOLOGY  
 
The intent of this effort was to update the feasibility cost estimates for the Lower 
Mud, Milton LPP as presented in the May 2004 LRR / SEIS and the supporting 
Engineering Appendix.  The May 2004 LRR / SEIS presented feasibility cost 
estimates for Plan B (250-yr protection) and Plan D (20-yr protection).  The 
update effort employed MCACES Second Generation (MII) estimating software 
along with a detailed methodology for escalating cost to the current price level as 
well as revisited scope and task development.  Estimate revisions can be 
grouped into three categories: general cost escalation, expanded scope 
definition, and estimate methodology. 
 
 
10.1  GENERAL COST ESCALATION  
 
The primary intent of the estimate update effort was to escalate the Plan B and D 
feasibility estimates (comprised of labor, equipment, and material) to the current 
price level.  Construction labor rates were updated to current Davis-Bacon wage 
determinations for Heavy Construction in Cabell County, West Virginia.   The 
original estimate referenced equipment from the 2001 Construction Equipment 
Ownership and Operating Expense Schedule (EP-1110-1-8).  Ownership costs 
were updated using the current Federal Capital Cost of Money (FCCM) rates as 
published by the Department of the Treasury.  Operating expenses (including 
gasoline, diesel, and electricity) were updated with current year-average prices.  
All materials were updated with a general escalation factor based on the Civil 
Works Construction Cost Indexing System (CWCCIS).  Special escalation was 
applied to steel and concrete items as the markets for these materials have 
experienced large price increases beyond general escalation.  Special escalation 
was developed based on current pricing obtained from vendor quotes and recent 
pricing from similar jobs. Prior expenditures for study labor were also collected 
and incorporated into the estimate to capture expenditures since the preparation 
of the May 2004 estimates. 
 
 
10.2  EXPANDED SCOPE DEFINITION  
 
During the update effort, great care was taken to maintain the scope of work as 
presented in the May 2004 LRR / EIS and the supporting Engineering Appendix.  
However, a few obvious discrepancies in scope and cost development required 
acknowledgement and revision.  The most significant example of such changes 
is associated with Pumpkin Festival parking mitigation.  The requirement for this 
mitigation had been recognized in the LRR / SEIS dated May 2004 and Plan B 
Cost Estimate; however, the extent of this scope of work was not well defined.  
The scope for this item has since been better defined and supported in the cost 
estimate. 
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10.3 ESTIMATE METHODOLOGY  
 
The estimating methodologies of the original estimates were revisited to ensure 
the appropriate items of work were considered and developed in adequate detail.  
Significant items that were revisited include assignment of borrow material and 
supporting hauling / handling tasks, material shrink / swell factors, switchgear 
costs for pump stations, real estate administrative costs, and contractor 
assignments for utility relocation work.  Engineering and Design and Supervision 
and Administration costs were also updated commensurate with increased 
construction costs. 
 
 
10.4 RISK-BASED CONTINGENCY ANALYSIS (COST RISK ANALYSIS) 
 
A formal cost risk analysis has not been performed for the Lower Mud project.  
The PDT recognizes the value of risk-based contingency development and 
intends to pursue opportunities for further scope evaluation prior to developing a 
detailed Project Schedule and Risk Analysis.  Once the Risk Analysis is 
completed it will be made available to the Walla Walla Cost Engineering Center 
of Expertise for a follow-on Risk ITR. 
 
 
11.0  UPDATED FEASIBILITY ESTIMATES 
 
Listed below are comparisons of the original and updated cost estimates.  As 
seen in Table 8, the total baseline project cost for Plan B, including contingency, 
is $65,466,265 (Price Level 1-Oct-07).  The detailed cost estimate for Plan B is 
contained in Appendix A. 
 

Table 8:  Plan B (250-yr Levee & Channel Modification) 
Cost Estimate Comparison 

Feature Account Original Cost 
(PL 1-Oct-03) 

Updated Cost 
(PL 1-Oct-07) 

01 Lands and Damages $4,475,000 $6,108,592 
02 Relocations $4,538,000 $4,409,616 
06 Fish and Wildlife Facilities $1,562,000 $3,335,700 
09 Channels and Canals $902,000 $968,247 
11 Levees, Floodwalls, and Floodproofing $18,466,000 $26,292,216 
13 Pumping Plant $3,811,000 $7,407,436 
18 Cultural Resource Preservation $298,000 $387,000 
19 Buildings, Grounds, and Utilities $518,000 $518,363 
22 Feasibility Studies $4,350,000 $6,904,476 
30 Engineering and Design $4,380,000 $5,924,969 
31 Supervision and Administration $2,200,000 $3,209,650 
Total Project Cost $45,500,000 $65,466,265 
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Table 9 presents a similar comparison for Plan D. The total baseline project cost 
for Plan D, including contingency, is $54,294,625 (Price Level 1-Oct-07).  The 
detailed cost estimate for Plan D is contained in Appendix B. 
 

Table 9:  Plan D (20-yr Levee)  
Cost Estimate Comparison 

Feature Account Original Cost 
(PL 1-Oct-03) 

Updated Cost 
(PL 1-Oct-07) 

01 Lands and Damages $4,434,000 $5,687,500 
02 Relocations $4,538,000 $5,095,884 
06 Fish and Wildlife Facilities $1,562,000 $1,815,360 
11 Levees, Floodwalls, and Floodproofing $14,007,000 $20,252,653 
13 Pumping Plant $3,811,000 $6,247,478 
18 Cultural Resource Preservation $246,000 $246,000 
19 Buildings, Grounds, and Utilities $518,000 $518,874 
22 Feasibility Studies $4,350,000 $6,904,476 
30 Engineering and Design $3,615,440 $4,968,000 
31 Supervision and Administration $1,944,000 $2,558,400 
Total Project Cost $39,025,440 $54,294,625 
 
 
12.0  EXPECTED ANNUAL PROJECT COST 
 
The total project cost of both flood damage reduction alternatives is based on 
estimates for study costs and structural flood protection measures.  Using the 
estimates provided by the Engineering and Construction Division, the baseline 
economic project cost of each alternative was calculated by deducting the sunk 
costs from the respective non-fully funded baseline cost estimate.  According to 
ER 100-2-500, sunk costs include all prior study expenditures including PED 
costs.  Interest during construction (IDC), which was calculated using the current 
interest rate (4 7/8 percent) over the respective construction period divided into 
monthly payments, was added to the corresponding baseline economic project 
cost estimate.  The result of this computation yields the total net investment.  The 
total net investment for each plan was annualized using the current discount rate 
of 4 7/8 percent over a 50-year analysis period.   
 
The expected annual project costs (EAPC) reflects the sum of the annual project 
cost including annual interest during construction and the average annual 
OMRR&R required if the project is constructed.  The average annual OMRR&R 
estimate is documented in Appendix C.  Overall, the average annual project cost 
for Plan B is $3.91 million while the average annual cost for Plan D is $3.09 
million.  Table 10 outlines the development of the EAPC. 
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Table 10:  Total Expected Annual Project Costs 
by Alternative ($1,000s) 

 Plan B Plan D 
Fully-Fully Funded Baseline Cost $74,014 $60,597 
Non-Fully Funded Baseline Cost $65,466 $54,295 
Sunken Cost (Prior Expenditures) $6,754 $6,754 
Baseline Economic Project Cost $58,712 $47,541 
Interest During Construction (4.875%) $12,780 $8,944 
Net Investments $71,492 $56,485 

Annualized (4.875%, 50 years) $3,841 $3035 
Annual OMRR&R $68 $55 

Total EAPC $3,909 $3,090 
  
 
13.0  PROJECT NET BENEFITS 
 
Table 11 displays the benefit cost analysis for Plan B and Plan D including the 
expected annual benefits, expected annual costs, net benefits, and the resulting 
benefit-cost ratio.  The No Action Plan is not discussed in this section as it does 
not result in any net economic benefits. 
 

Table 11:  Benefit-Cost Analysis ($1,000s) 

 Plan B Plan D 
Expected Annual Benefits $4,957 $3,217 

Expected Annual Project Costs $3,909 $3,090 
Net Expected Annual Benefits $1,048 $127 

Benefit-Cost Ratio 1.27 to 1.00 1.04 to 1.00 
 
The NED plan is the plan which reasonably maximizes net expected annual 
benefits consistent with the Federal objective.  During this reevaluation effort, 
Plan B was confirmed as the NED plan.   
 
 
14.0  RISK ANALYSIS 
 
Table 12 displays a low range, high range, and most likely estimates for the 
damages reduced to structures and contents for Plans B and D. 
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Table 12:  Expected Annual Damage Reduced and Probability ($1,000s) 

Expected Annual Damages Probability EAD Reduced 
Exceeds Indicated Values Plan Without 

Plan 
With 
Plan 

Damage 
Reduced .75 .50 .25 

Plan B $0.80 $4,692.79 $3,120.72 $4,365.56 $5,941.53
Plan D $4,693.60 $1,648.70 $3,044.90 $2,304.52 $2,955.60 $3,723.40

 
 
14.1  EXPECTED ANNUAL TARGET STAGE EXCEEDANCE PROBABILITY 
 
The Target Stage represents the elevation at which significant damages begin to 
occur.  For without project conditions, this stage represents the elevation at 
which the channel’s capacity is exceeded.  Likewise, when levees or floodwalls 
are being considered, this stage corresponds to the top of protection.  Table 13 
illustrates there is a 0.01 annual percent chance of exceeding the levee proposed 
in Plan B and a 2.2 annual percent chance of exceeding the level of protection 
outlined in Plan D.  Under the without project condition, there is a 31.4 annual 
percent chance the capacity the channel will be exceeded within the established 
middle reach of the Mud River. 
 
 
14.2  LONG TERM RISK 
 
Long Term Risk represents the probability of the Target Stage being exceeded 
during a given period.  Table 13 displays the long-term risk for 10, 20 and 50-
year periods for each plan considered during this analysis.  As seen in Table 13, 
there is a 99.97% chance the project area will flood over the 50-year period of 
analysis.  In addition, this table shows there is a 0.5 to 4.78 percent chance of 
exceeding the levee proposed in Plan B and over a 66 percent chance of 
exceeding the levee proposed in Plan D over the 50-year period of analysis. 
 
 
14.3  CONDITIONAL NON-EXCEEDANCE PROBABILITY BY EVENT 
 
The Conditional Non-Exceedance Probability by Event represents the chance of 
containing a given exceedance probability within the target stage, should that 
event occur.  For Plan B, Table 13 shows there is over a 99 percent chance a 0.2 
percent (500-year) flood would be contained should this event occur.  There is 
less than a 2 percent chance Plan D would contain a 0.2 percent flood. 
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Table 13:  Risk Analysis Results 

Long Term Risk (years) Conditional Non-Exceedance Probability by Event 
Plan Damage 

Reach 

Expected 
Target Stage 

Annual 
Exceedance 
Probability 10 25 50 10% 4% 2% 1% .4% .2% 

Lower 15.00% 80.33% 98.28% 99.97% 16.43% 0.76% 0.15% 0.03% 0.00% 0.00% 
Middle 31.40% 97.71% 99.99% 100.00% 0.26% 0.00% 0.00% 0.00% 0.00% 0.00% Without 
Upper 8.90% 60.62% 90.27% 99.05% 62.92% 8.54% 1.36% 0.03% 0.00% 0.00% 
Lower 0.00% 0.10% 0.25% 0.50% 99.99% 99.98% 99.97% 99.93% 99.37% 99.27% 
Middle 0.00% 0.10% 0.25% 0.50% 99.99% 99.98% 99.97% 99.93% 99.36% 99.27% Plan B 
Upper 0.10% 0.98% 2.42% 4.78% 100.00% 100.00% 99.99% 99.94% 99.36% 99.24% 
Lower 2.10% 19.44% 41.74% 66.06% 99.99% 90.89% 53.73% 21.05% 2.78% 1.83% 
Middle 2.10% 19.49% 41.84% 66.18% 99.99% 90.81% 53.48% 20.87% 2.73% 1.82% Plan D 
Upper 2.20% 19.84% 42.47% 66.90% 99.99% 90.08% 52.22% 20.18% 2.63% 1.75% 
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15.0  RECOMMENDED PLAN 
 
The primary planning objective of the Lower Mud flood damage reduction study, 
as identified in the LRR / SEIS dated May 2004, was to develop the most 
economically feasible and the most environmentally and socially acceptable 
plans for providing flood protection in Milton, West Virginia.   
 
During this economic reevaluation effort, Plan B, which was recommended for 
implementation in the 2004 LRR / SEIS, was identified as the NED plan.  Corps 
planning guidance stipulates the recommended plan must have incremental 
benefits in excess to cost (net benefits and positive BCR) and provide the 
maximum net benefits unless there are overriding reasons for proposing another 
plan.   
 
Overall, the results of this Economic Update confirm the findings presented in the 
LRR / SEIS dated May 2004.  While both Plan B and Plan D are economically 
justified, Plan B provides a higher level of protection and much greater net 
benefits than Plan D.  While significant environmental impacts associated with 
construction of Plan B were identified during the original formulation process, 
special measures were developed for environmental design features and in the 
mitigation plan to address these impacts. 
 
In summary, Plan B provides the highest level of flood protection, has the 
greatest net benefits, and incorporates special project features to mitigate all 
significant environmental impacts.  Therefore, the recommended plan has not 
changed from the original LRR / SEIS.  Plan B remains the recommended plan. 
 
 
16.0  ABILITY TO PAY ANALYSIS 
 
Without specific congressional direction, cost sharing requirements are based on 
Section 103 of WRDA 1986, which was amended by Section 202 of WRDA 1996.  
According to these provisions, an “Ability-to-Pay” determination is required for all 
flood control projects to determine if the project is eligible for a reduction in the 
non-Federal cost share. 
 
Within Section 3170 of WRDA 2007, the Federal and non-Federal total costs are 
estimated reflecting a non-Federal contribution of 25%.  Since the cost sharing 
requirements for this project are specified within the authorizing language, an 
Ability-to-Pay analysis is no longer needed.  Therefore, based on the fully funded 
project cost, the non-Federal share is 25 percent or approximately $18.5 million, 
while the Federal share is 75 percent or approximately $55.5 million. 
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17.0  RECOMMENDATIONS 
 
The analysis documented in this Economic Reevaluation Report confirms the 
recommendations outlined in the Limited Reevaluation Report and Supplemental 
Environmental Impact Statement (LRR / SEIS) dated May 2004.  In relation to 
the planning objectives, the most feasible plan to reduce flood damages in 
Milton, West Virginia is determined and fully documented in the LRR / SEIS.   
 
The LRR / SEIS, this supplemental Economic Update, and the recommended 
plan fully comply with the legislative requirements of Section 580 of the 1996 
Water Resource Development Act (Public Law 104-303), Section 340 of the 2000 
Water Resources Development Act, (Public Law 106-541), and Section 3170 of 
the 2007 Water Resources Development Act, (Public Law 110-114).  The 
recommended plan fully satisfies the institutional requirements for economic 
justification and is in accordance with current Corps of Engineers policy and 
budgetary priorities, and the National Environmental Protection Act.  
 
The recommended plan provides a high level of flood protection for the City of 
Milton. The flood damage reduction project is strongly supported by the State of 
West Virginia, Cabell County, and the City of Milton and its residents.  
 
Therefore, I recommend Plan B, which is further defined in the draft LRR / SEIS 
dated May 2004, be approved for implementation. 
 
 
 
 
 
        

DANA R. HURST 
       COLONEL, Corps of Engineers 
       Commanding 


