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Executive Summary

The project provides the City of Madison with a comprehensive nonstructural assessment.
The nonstructural assessment is an evaluation of nonstructural flood risk reduction measures.
Nonstructural flood risk management measures are proven methods and techniques for
reducing flood risk and flood damages in floodprone areas. The project is a Silver Jackets
cooperative project between USACE, SD OEM, Lake County, City of Madison, and FEMA.

The project had the following deliverables:

e Discussion of study methodology

e Hydrologic relationships used in the study

e Elevation data for approximately 397 structures
e Property types and values for the study area

e Structure Risk Assessment

e Economic analysis of nonstructural measures

¢ Risk Communication/Outreach Session

This assessment will be used to prioritize mitigation options, address any repetitive loss
properties, and provide flood risk reduction guidance to individual homeowners. The results
of this study showed that there are numerous structures in the community at notable flood
risk, and nonstructural measures were both feasible and cost effective. The final results of
this effort were incorporated into a community education and outreach effort.

The project will provide an example for nonstructural mitigation for other communities in
South Dakota and improve the understanding of flood risk for the City of Madison and
property owners. The data used in this assessment will be used in developing flood response
plans by the local community, which will assist in directing response efforts to the most at-
risk properties. The following sections discuss the methodology and results of the
assessment.
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1 Introduction

A nonstructural flood risk management assessment has been conducted by the U.S. Army
Corps of Engineers, Omaha District, (USACE) in collaboration with the South Dakota Office
of Emergency Management (SD OEM), Lake County, City of Madison and the Federal
Emergency Management Agency (FEMA) Region VIII. The assessment was completed as
an Interagency Project through the USACE Silver Jackets Program. Silver Jackets
Interagency Projects encourage the completion of studies that result in collaborative flood
risk management. The intent of this study is to analyze and develop nonstructural flood risk
mitigation measures for structures along Park Creek, Park Creek Tributary and Silver Creek
in Madison, South Dakota.

Nonstructural flood mitigation measures include activities that alter the consequence of
flooding. Typical nonstructural measures include elevation, relocation, wet floodproofing,
and dry floodproofing. These strategies differ from structural measures (levees, floodwalls,
and dams that alter flood characteristics (stage and discharge). Each building assessed may
require a different nonstructural mitigation measure. While this nonstructural assessment
relies heavily upon an inventory of data collected in the field for implementation, it should be
noted that this is a screening level assessment and more detailed review could be needed for
implementation.

This study contains the detailed technical assessment used for investigating the feasibility of
incorporating nonstructural mitigation measures into structures vulnerable to flooding within
the project area. There are a total of 397 structures assessed as part of this study. Surveys
and building data were collected for each structure. This information included the depth of
flooding, the first floor elevation, the total square footage, structure value and other structure
characteristics. The building survey information was also used by the Federal Emergency
Management Agency (FEMA) to conduct a Hazus Level 11 analysis. The Hazus Level 1l
analysis estimated losses from flooding for both the 1- and 0.2-percent annual chance flood
events.

The process of conducting a nonstructural assessment starts with collecting structure surveys
and hydrologic and hydraulic data. The Flood Damage Reduction Analysis (HEC-FDA)
program uses this data to calculate expected damages from flood events of various recurrence
intervals. Once structure damages have been calculated, the team selects appropriate
nonstructural floodproofing measures then calculates the costs and any residual damages.
The results of the study include pre- and post-project damages, costs, recommended
nonstructural measures, and benefit-to-cost ratios. Figure 1 shows the steps in a
nonstructural assessment.

1
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Structure Data Damage
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Hydraulics AN

Identify
Calculate costs nonstructural
meaures

Calculate residual Determine Benefit-
damages to-Cost Ratios

Figure 1. Nonstructural Assessment Process

The nonstructural measures recommended for implementation in this study support the
Executive Order 11988. Executive Order 11988 was issued by President Carter on 24 May
1977. Executive Order 11988 requires federal agencies to avoid to the extent possible the
long and short-term adverse impacts associated with the occupancy and modification of flood
plains and to avoid direct and indirect support of floodplain development wherever there is a
practicable alternative. In 2015, Executive Order 13690 was established, which amends
Executive Order 11988. While this study does not take these updates into account, the results
and intent are consistent with Executive Order 13690.
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2 Background

The City of Madison, South Dakota is located in the southeast portion of the State of South
Dakota. It is the county seat of Lake County. The estimated total population of the city as of
2014 is 7,126 persons. Potential flood sources for the City of Madison include Park Creek,
Park Creek Tributary and Silver Creek.

The assessment study area is shown in Figure 2.
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Figure 2. City of Madison, South Dakota and the Floodplain Boundary

The primary cause of flooding is intense rainfall-runoff from thunderstorms occurring over
the basin.

The community has experienced two recent flood events. The first major flooding occurred
on July 3, 1993. This flood event damaged homes and businesses along Park Creek and
Silver Creek. The flood resulted in damages to the city’s infrastructure. Additional flood
damages occurred outside the city limits of Madison along the shoreline of Lake Herman,
Lake Madison and Brant Lake. After the 1993 flood, the City of Madison completed a
Federal Emergency Management Agency (FEMA) buyout and relocation program. There
were 114 homes that participated in the program after the 1993 flood, but many more at-risk
structures remain in the community.

The second and more recent event occurred on May 5, 2012. This event was of
approximately the same magnitude as the 1993 event and flood damages occurred.

3
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Approximately 90 homes were damaged from the 2012 flood event and there was one fatality
when an individual attempted to cross a flooded stream.

A Drainage Basin Storage and Soil Erosion Prevention Study was completed in 1995 by
Banner Associates to address the concerns of the community following the 1993 flood event.
Throughout this document, this study will be referred to as the 1995 Banner study. The study
included completing hydrologic and hydraulic modeling of the watershed and also
developed several comprehensive plans that included a detention pond, a detention dam and
improvement to existing drainage structures. The community was able to employ portions of
the comprehensive plan, such as improving existing drainage structures at specific problem
locations.

The community is interested in reducing their long-term flood risk. After the 2012 flood
event, a Local Emergency Planning Committee (LEPC) sub-committee was formed to
discuss long-term solutions. The sub-committee produced a Flood Mitigation Report which
provided recommendations to elected officials and outlined opportunities for nonstructural
flood risk adaptive measures that align with the City of Madison 2008: Comprehensive Plan.

The City of Madison participates in the National Flood Insurance Program and is a Class 8
Community Rating System community.

3 Hydrologic Data Development

As part of this study, existing data from flood insurance studies, flood hazard mitigation
plans, county assessor’s evaluation database, hydraulic modeling, and the repetitive loss
database were collected and organized for the study area. The following section discusses
the water surface elevations used as the design flood elevations.

Hydrologic data for this assessment came from the existing Flood Insurance Study (FIS),
titled the Flood Insurance Study for Lake County, South Dakota and Incorporated Areas,
Flood Insurance Study number 46079CV000A, September 2, 2009. The map panel numbers
associated with this FIS are 46079C0163C and 46079C0251C.

Park Creek, Silver Creek and Park Creek Tributary drain an area of approximately 176.4
square miles of eastern South Dakota. The majority of the watershed is rural cropland and
the only large urban area is the City of Madison. The study area has no long-term stream
gage and flows are impacted by the lakes within the watershed. The source of most major
historic floods on Park Creek, Silver Creek and Park Creek Tributary were high intensity
thunderstorms. In the City of Madison, the streams are contained during low flow within a
stone-walled channel. Damages begin shortly after the capacity of this channel is exceeded
and the typical warning time for citizens would be measured in minutes to hours.

Eight water surface profiles were required to complete the economic modeling in HEC-FDA.
The 10, 2, 1, and 0.2 percent annual chance of exceedance (ACE) flood events (10, 50, 100,
and 500 year) were available from the FIS. The 4 percent ACE flood event (25-year) was
available from the 1995 Banner Study used to produce the FIS, but was not published in the
FIS. Through interpolation, the available profiles were used to develop the 50, 20, and 0.5
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percent ACE flood events (2, 5, 200 year). Table 1 shows the discharges used in the
economic analysis.

Table 1. Discharge Summary Table for Profiles used in Economic Analysis

Discharges (cfs)

Location 2-yr' [ 5-yr' [ 10-yr* |25-yr* |[50-yr* |100-yr® | 200-yr" | 500-yr’

Park Creek

Just Upstream of the
Confluence with Park 550 1,320 | 2,400 2,880 3,650 4,340 5,110 6,000
Creek Tributary

Just Upstream of the
Confluence with Silver 600 1,440 | 2,680 3,090 3,860 4,620 5,400 6,400
Creek

Just Downstream of the
Confluence with Silver 890 2,120 | 3,900 4,580 5,740 6,860 8,040 9,000
Creek

Park Creek Tributary 220 520 890 1,090 1,360 1,610 1,880 2,140

Silver Creek 360 850 1,530 1,800 2,250 2,670 3,120 3,350

! Discharges estimated based on HEC-1 Model results and Log Pierson Type 111 distribution with of 0.6 skew
2 Discharges from 2009 FEMA Flood Insurance Study
® HEC-1 Model Completed in 1995 by Banner and Associates

As a separate study effort, a hydrology study was completed in May 2016 by USACE that
updates the flow frequencies for streams and the pool-elevation frequencies for lakes in the
vicinity of Madison, South Dakota. Streams included in the analysis are Park Creek, the Park
Creek tributary and Silver Creek. Lakes and water bodies include Lake Herman, Lake
Madison, Long Lake, Bourne Slough and Redfield Slough. Flow frequencies include the
500-, 100-, 50-, 10- and 2-year peak flows and pool elevations. The hydrologic model for
Lake County, South Dakota was updated with current data and processes. The updated model
includes the use of LIiDAR elevation data, SSURGO soils data, lake capacity and discharge
curves updated with LIDAR data, and NOAA Atlas 14 precipitation depths. The SCS Unit
Hydrograph and SCS Curve Number methods were replaced with the Kinematic Wave
rainfall-runoff transform and the Green and Ampt soil loss method. A comparison of the
results of the 2015 USACE study and the 2009 FIS are included in Table 2 and shows that
the results of the studies are similar. The effective FEMA regulatory data are typically the
standard for mitigation projects; therefore, this nonstructural assessment used the 2009 FIS
discharges.

5
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Table 2. Comparison with new study

100-yr Discharge (cfs)

Park Creek
Just Upstream of the Confluence with Park Creek Tributary 4,160 4,340
Just Upstream of the Confluence with Silver Creek 5,430 4,620
Just Downstream of the Confluence with Silver Creek 7,710 6,860
Park Creek Tributary 2,160 1,610
Silver Creek 2,440 2,670

4  Flood Damage Analysis (HEC-FDA) Development

The economic analysis conducted in this study utilized the Hydrologic Engineering Center
Flood Damage Analysis (HEC-FDA) software, version 1.2.5a. The model was used to
calculate expected flood damages for various flood events. This data was then used to
develop expected annual damages (EAD) for the buildings under consideration for
nonstructural measures.

4.1 Structure Inventory

The economic components of the HEC-FDA model include a structure inventory and a set of
occupancy types. The Hazus Level Il analysis also requires structure information in order to
estimate flood losses. The structure inventory contains properties in the floodplain that could
be damaged, including homes, businesses and public facilities. A survey of structures in the
study area was led by the USACE Omaha District in cooperation with SD OEM and the City
of Madison. The inventory includes all structures within the 0.2 percent (500 year) ACE
floodplain as well as structures lying just outside the floodplain to ensure a complete
inventory was included. There were a total of 397 structures identified. A team of four
persons used survey equipment to determine elevations and took field notes.

Each structure is assigned attributes required by HEC-FDA. These attributes are listed in the
structure inventory and contain the following: a structure identification number, stream
station assignment, lowest adjacent ground elevation, foundation height, depreciated
structure replacement value, the value of contents as a proportion of the structure value, a
category name, stream bank location, and an occupancy type. The stream station
assignments for each structure were based on the nearest hydraulic cross-section or
interpolated between cross-sections. Other structure information was collected at the same
time as the survey and photographs were taken of the structures. First floor elevations were
not collected at all structures, so LIDAR and photos taken in the field were used to estimate
the first floor elevations.

Items including structure type, size, and construction material were determined by the
USACE based off surveyed data. The Lake County Assessor provided additional data that
was used to check the survey data provided by the USACE and fill in items, such as effective
age, where needed. Depreciated replacement values (DRV) for buildings in the floodplain
were calculated using the Marshall Valuation Service 2014 text for commercial and public

6
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structures and the RSMeans Square Foot Costs 2014 text for residential structures. Both
valuation services use square foot cost to approximate the value of a new structure, which
then has a depreciation and locality factor applied, resulting in a depreciated replacement
value.

Each structure was assigned a study damage category and a structure occupancy type
formatted for HEC-FDA. Table 3 lists the study damage categories used in flood damage
analysis.

Table 3. Damage Categories

Category Name | Category Description
C Commercial
P Public
R Residential

A structure occupancy type in HEC-FDA is a subcategory of damage categories and is
assigned to structures using the same depth-percent damage functions, first-floor
uncertainties, structure value uncertainties and content-to-structure value ratios. The codes
and corresponding occupancy types are contained in Table 4.

Table 4. Structure Occupancy Types

R01 Homes - 1WB - (1 Story With Basement) NR21 Medical Office Engineered

R02 Homes - 2WB - (2 Story With Basement) NR23 Non-Fast Food Restaurant Engineered
R03 Homes - SPL WB - (Split Level With Basement) NR25 Office Building Engineered

R04 Homes - 1NB - (1 Story No Basement) NR27 Protective Services Engineered

RO5 Homes - 2NB - (2 Story No Basement) NR29 Recreational Facility Engineered

R06 Homes - SPL NB - (Split Level No Basement) NR31 Religious Facility Engineered

RO7 Mobile Homes NR33 School Engineered

NRO3 Convenience Store Engineered NR35 Service Station Engineered

NR13 Grocery Engineered NR37 Warehouse, Non-Refrigerated Engineered
NR19 Industrial Light Manufacturing Engineered

4.2 Risk Analysis

The FDA model is typically used to incorporate uncertainty into flooding scenarios to reflect
the uncertainty around collected data and the potential for flood events to be smaller or larger
than those modeled. However, this program is limited in that it models damage reduction
uncertainty only for an entire study area, not on an individual structure by structure basis
within that study area. This nonstructural assessment looked at structures on an individual
basis. While the FDA model is able to determine damage incurred at individual structures, it
can only do so without incorporating uncertainty.

The FDA model also computes expected annual damages (EAD) to compare against the
annual cost of proposed alternatives, which assists in computing benefit to cost ratios
(BCRs). The EAD damage figure is the amount of damages expected in any given year.

7
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While there are some years where there are no damages, there are years where that are large
amounts of damages. The EAD uses these differing damage points to compute an annual
damage figure. However, the model only annualizes flood damages for the entire study area
or by study area reaches. Damage reaches are explained in Section 4.4 below. Individual
structure EADs were computed using Microsoft Excel.

4.3 Analysis Years and Period of Analysis

Typically, as part of the planning process, an inventory and forecast of existing and future
without project conditions is made (ER 1100-2-100). The future-without project condition
provides the basis from which various project alternatives will be compared. The base year
for a given project is defined as the year a specified project is scheduled to be completed.

Because this analysis is a screening level assessment, no future development was included.
For the purposes of this analysis, a 50 year period of analysis was used and it is assumed that
the existing level of development will remain the same and that no existing structures will be
significantly modified for the period of analysis under future without-project conditions.

The costs for the modeled nonstructural methods were computed as outlined in Section 7.0.
The cost estimating on each structure was completed by the USACE Flood Risk and
Floodplain Management Section. A contingency of 10 percent was included, which is
assumed to include the interest accrued during construction.

4.4 Interest Rate and Price Level

The fiscal year (FY) 2015 Federal interest rate of 3.375 percent is used for this analysis based
on guidance from Economic Guidance Memorandum 15-01, Federal Interest Rates for Corps
of Engineers Projects for Fiscal Year 2015. All of the structure information collected was
gathered in the summer of 2014 and was updated using a BCI index to be expressed at FY15
price levels.

45 Selected Reaches and Index Locations

The study area includes three streams: Park Creek, Park Creek Tributary and Silver Creek.
Figure 3 displays the approximate location of the streams included in this analysis.

8
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Park Creek
Tributary

Figure 3. Stream Approximate Location

All three of the streams studied in this analysis were divided into reaches based on the
characteristics of the water surface profiles. Culvert locations were the main features used to
distinguish reaches as they tend to affect hydraulic parameters. Reaches are defined by
beginning and ending stations, which are defined by the distance feet above the mouth of the
river. Park Creek, Silver Creek, and Park Creek Tributary were divided into 7, 3 and 4
reaches respectively.

After the damage reaches were identified, a representative index location was chosen within
each reach. The hydraulic engineer assigned to the study also provided the proper index
location. The index locations are used to relate the computed stage, discharge and damage
within each damage reach. Index locations were generally chosen at the middle point of each
reach.

9
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Table 5 below is a list of the damage reaches used in the FDA model.

10
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Table 5. Damage Reaches for HEC-FDA Model

Park Creek
Beginning Ending
Reach Name Location (Downstream) (Upstream)
Station® Station®
At Confluence with Silver
Reach 1 Creek 388 2079
Reach 2 At Railroad 2079 3196
Reach 3 At 2" St Culvert 3196 7778
Reach 4 At Harth Ave Culvert 7778 9256
At Confluence with Park
Reach 5 Creek Tributary 9256 10821
Reach 6 At 9™ St Culvert 10821 12145
Reach 7 Upstream End of Model 12145 14222
Park Creek Tributary
Beginning Ending
Reach Name Location (Downstream) (Upstream)
Station Station
Reach 1 At Union Ave Culvert 89 1032
Reach 2 At Olive Ave Culvert 1032 2741
Reach 3 At US Hwy 81 Culvert 2741 3800
Reach 4 Upstream End of Model 3800 4013
Silver Creek
Beginning Ending
Reach Name Location (Downstream) (Upstream)
Station2 Station
Reachl At State Hwy 34 Culvert 124 3141
Reach 2 At Union Ave Culvert 3141 6610
Reach 3 Upstream End of Model 6610 9704

I Distance in feet above corporate limits
2 Distance in feet above confluence with Park Creek

4.6 Content Value

The value of contents in a residence was assumed to equal 100 percent of the structure value.
This percentage is similar to the percentages used by local casualty insurance companies for
homeowners’ policies and is consistent with previous survey data from the Omaha District.
Mobile homes had a content value equal to 139 percent of the structure value based on
professional judgment and the New Orleans district in the “Final Report: Depth-Damage
Relationships for Structures, Contents, and Vehicles and Content-To-Structure Value Ratios
(CSVR) in Support of the Donaldsonville to the Gulf, Louisiana, Feasibility Study.” This
New Orleans District report was used because the reported damage curve CSVR for mobile
homes is applicable across the county. Morton-Style sheds on some residential lots had their
contents valued like non-refrigerated warehouses, or 37% of the structure value.
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Non-residential contents include assets such as office equipment, major production
equipment, and rolling stock, as well as inventory items including raw materials, work in
progress, and finished goods. All properties in this analysis were assigned content values in
terms of a contents-to-structure-value ratio. Content values ranged from 6.5 percent to 70
percent of a given structure value. The CSVRs were based on the specific type of use of the
structure, using survey data taken from the 2008 report “Solicitation of Expert Opinion
Depth-Damage Function Calculations for the Benefit-Cost Analysis Tool” prepared by the
URS Group Inc. with the assistance of the Federal Emergency Management Agency (FEMA)
and USACE.

4.7 Structure Value

A summary of the number of structures and investment value for all structures in the 0.2
percent ACE event floodplain (500 year) of the City of Madison are displayed in Table 6.

Table 6. Investment Value in the 0.2 Percent ACE Floodplain

St'.’l%c;g re Str-Il-J?::([ilres Structure Value | Content Value | Total Value
Commercial 34 $9,925,870 $3,521,152 $13,447,022
Public 8 $3,332,500 $225,096 $3,557,596
Residential 354 $22,153,170 $22,285,778 $44,438,948
Total 396 $35,411,540 $26,032,026 $61,443,566

Table 7 is a summary of the number and type of structures in the City of Madison that are

damaged by floods at different return periods.

Table 7. Buildings Affected by Flooding

Average Return

Annual Chance

Period of Exceedance Residential Commercial
10-year 10-percent 76 9
25-year 4-percent 105 10
50-year 2-percent 151 14
100-year 1-percent 199 17
500-year 0.2-percent 275 26

5 Hazus Level 2: Site Specific Structures and User Defined Depth Grids

USACE provided flood depth grids for the 1% and 0.2% annual flood events and site-
specific structure data for Madison, SD. Data was imported into Hazus 2.1 and site specific
loss estimates were generated for the 1% annual chance and 0.2% annual chance flood
events.

The following attributes were used to define the structures in the model: first floor height,
building value, foundation type, occupancy, number of stories, latitude and longitude.
Building value was null for 22 structures, so these were calculated with an RS means
calculation using square footage and occupancy type. Contents values were calculated as a
percent of structure value based on occupancy type, as described in the Hazus Flood
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Technical Manual. Slight edits were made to occupancy type to exactly match Hazus
attributes.

Estimated loss to buildings and contents by occupancy type, for the 100 and 500—year events,
is shown in Table 8 below.

Table 8. Building and Content Losses by Occupancy Type

100-Year 500-Year

Commercial $174,800 $550,590

Education - $247,970

Government $15,036 $18,045

Industrial $6,954,042 $7,799,938
Religious $1,107,736 $2,332,335
Residential $1,284,949 $2,915,995
Total $9,536,562 $13,864,873

6 Specific Nonstructural Measures Considered

This nonstructural assessment considered flood risk reduction measures for residential,
nonresidential. Each building shown to be damaged by a flood event was analyzed based
upon data collected in the field, available city and county records, and study team
assumptions developed to accommodate situations where no data existed. To be considered
economically feasible, benefits of a flood risk reduction measure (mainly flood damages
prevented) must exceed the costs of the measure. This is also expressed in terms of a
Benefit-to-cost Ratio (BCR) greater than one.

BecOause of limited study resources, the entire menu of nonstructural measures was not
evaluated for each building for which a detailed benefit/cost analysis was conducted. The
most appropriate methods were selected based on whether the buildings were residential or
non-residential and the physical characteristics of the buildings.

The nonstructural measures considered for residential buildings were elevation on extended
foundation walls and filling basements in conjunction with constructing a main floor
addition.

Non-residential buildings (including commercial and public buildings) were assessed for dry
floodproofing and wet floodproofing. Dry floodproofing was selected for buildings with
furnished interior space that could not be readily made flood resistant, such as offices. Wet
floodproofing was selected for buildings that were mostly unfurnished or that had large
openings in the exterior walls, such as multiple overhead doors for vehicles.

Quantities for cost estimates were developed for each building that was evaluated for
nonstructural measures in detail. Costs for each nonstructural technique were developed
using data gather from nonstructural mitigation efforts occurring in other regions of the
United States and should only be used for the purpose of screening various techniques. Cost
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estimate information is provided in Section 7. Prior to implementing a nonstructural
measure, additional detailed design data and costs will be required to be developed.

7 Nonstructural Evaluation Plan Alternatives with Cost Calculations

Since nonstructural flood risk reduction measures can be implemented for individual
buildings, these measures were evaluated across the entire study area. In order to determine
the nonstructural plan that provided the highest net economic benefits, three nonstructural
plan alternatives were evaluated across the study area. The three alternatives had the design
flood elevation (DFE) set at the profile of the 2-, 1- and 0.2-percent ACE flood events at each
building location. The height of the DFE above the normal ground varies according to the
depth of each flood event at a specific location. Cost estimates were completed for each
nonstructural measure assessed at each structure. The following sections outline how the
costs were determined for each measure.

7.1 Residential Elevation on Extended Foundation

This measure involves elevating the entire building from its original foundation to the design
flood elevation. This technique was used on residential buildings, with and without
basements. To calculate the vertical distance of rise for each building, the elevation of the
DFE was used (2-, 1-, or 0.2-percent ACE flood elevation. The elevation of the first floor
was subtracted from the design flood event to determine the floodproofing height required.
Since flood depths did not exceed 8-foot, all residential buildings with significant flood
damages for flood events less than the 0.2-percent ACE flood event were evaluated. Figure
4 illustrates an example of a residential building without a basement before and after
incorporation of this nonstructural flood reduction technique.

Elevate Structure without Basement on Extended Walls

BEFORE AFTER

Residential without Basement Residential Elevated

Main Floor

\f“ O O

DFE
Ground
Ground

Extended Foundation

Figure 4. Schematic of Elevated Building without Basement on Extended Foundation
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The cost to elevate residential buildings was estimated by utilizing equations based upon
building square footage, floodproofing height and foundations type. The equation for
computing residential elevation costs was developed by Omaha District Cost Engineering
from a cost estimate procedure developed for FEMA’s Hazard Mitigation Grant Program
(HMGP) and given in:

“Office of Community Development, Disaster Recovery Unit, Hazard Mitigation Grant
Program; Procedure Number 1, Revision Number 11; January 15, 2013”

The Omaha District Cost Engineering formula for determining costs for elevating a
residential building for flood risk reduction is:

Elevation Cost = (HCF + AUC + SRC) x ACF x SF

Where: HCF = FEMA HMGP cost per square foot, based on foundation type and
height of raise, see Table 9
AUC = Additional utility cost per square foot = 1.50
SRC = Site restoration cost per square foot = 3.50
ACF = Area cost factor = 0.99
SF = Footprint of residence to be raised, square feet

Table 9. Residential Elevation Cost Factors (cost per square foot)

Foundation Type
Raise, Feet | Open Foundation Slab Separation Slab Raise
1.50-2.49 $50.53 $60.53 $70.53
2.50-3.49 $51.58 $61.58 $71.58
3.50-4.49 $52.63 $62.63 $72.63
4.50-5.49 $55.63 $65.63 $75.63
5.50-6.49 $58.63 $68.63 $78.63
6.50-7.49 $61.63 $71.63 $81.63
7.50-8.49 $64.63 $74.63 $84.63

Open foundation elevation costs are applicable to buildings on basement walls or on
foundation walls with a crawl space. Slab separation is a technique for raising a slab-on-
grade residence by separating the building superstructure from the foundation slab. A slab
raise involves raising the foundation slab and the superstructure as one unit. For structures in
the study area slab separation type elevation would be more common and was used for cost
estimating purposes.

7.2 Basement Fill and Main Floor Utility Addition

Filling in the basement is an appropriate flood risk reduction measure when elevating
residential buildings that have basements. The filled basement resists damage to the building
foundation from hydrostatic forces and raises the threshold of flood damages to the main
floor elevation, whether existing or elevated. Residential buildings which are subject to
flood damages with a main floor elevation above the DFE only need the basement to be
filled, assuming the project is not considered a substantial improvement according to
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floodplain management regulations. The basement is filled with clean sand or other suitable
material and the top of the fill is covered with a vapor barrier. To compensate for a portion
of the lost basement area and provide a location for relocation of the utilities (furnace, water
heater, water softener, washer and dryer) that may reside in the basement, an above ground
addition is assumed to be constructed onto the building at the DFE. For purposes of this
analysis an addition size of 50 square feet was used. A small, unfinished area of the
basement may be able to be left unfilled to be used as a storm shelter, however, this may only
be allowable if the project is not a substantial improvement and does not use federal grant
funds. If HMGP, PDM, or FMA is used then the FEMA guidance would not allow a shelter
to remain below the BFE. In these situations a tornado “safe room” may be considered.
Hardened storm shelters should be put above the BFE of the first floor to compensate for the
lost protection from tornadoes. Figure 5 illustrates a simplified example of removing a
basement by adding fill material and constructing an addition to the residence to house
utilities.

Fill Basement with Addition on Main Floor

Before After
Residential with Full Basement Residential with Filled in Basement
and Addition
Main Floor Main Floor
Ground ] ] ] L] i
/ ;
DFE \\ /

DFE
/ J New Addition
Lowest Floor Storm Shelte Ground

Figure 5. Schematic of Filled Basement with Main Floor Addition

Relocation of the furnace and water heater provides the property owner an opportunity at
his/her expense to replace these items with new units that are more efficient. In that situation,
the estimated cost of relocating the existing furnace and water heater would be applied to the
cost of installing the replacement units.

Cost estimates for the fill and the loss of the basement and the cost of the addition are
summarized in Table 10. The loss of useable basement area is considered an additional cost.
The value of a useable basement was estimated based on the total value of the structure. For
finished basements their value was estimated to be 37.5% of the total structure value and for
unfinished basements their value was estimated to be 13.0% of the total structure value.
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Table 10. Cost Parameter for Filling Residential Basement

Item Cost/Units Quantity Calculation
Sand Fill $1.40/cubic foot Basement Area x 8 feet
Addition $6,250 each 50 square feet

7.3 Dry Floodproofing for Commercial Buildings

Dry floodproofing of commercial and other non-residential buildings involves applying a
water resistant sealant around the building to prevent flood water from entering. The sealant
layer is then protected with a brick veneer or similar material. Doorways and windows are
sealed with flood shields or by similar application. A backflow prevention valve is installed
on the sanitary sewer line into the building to prevent floodwaters from backing up through
the sewer. A sump pump or skimmer pump (portable pumps may be used) to remove
floodwater that leaks into the building. A schematic of the dry floodproofing technique is
shown in Figure 6.

Dry Flood Proofing

BEFORE
Commercial Structure
without Flood Proofing

AFTER
Commercial Structure
with Flood Proofing

Depth of 4 foot
or less

Depth of flooding Water resistant barrier

less than 4 feet. Ground

Figure 6. Schematic of Commercial Dry Floodproofing

Buildings constructed of poured concrete, concrete masonry or brick are most suitable for dry
floodproofing. The floodplain building inventory of the study area found a number of non-
residential buildings with walls of prefabricated steel panels. Since these panels may not be
of sufficient strength to resist the hydrostatic load and may leak through the joints between
the steel panels, an alternate method of dry floodproofing was proposed for metal buildings.
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To provide sufficient wall strength, new “short walls” of concrete masonry units (CMU) with
interiors of the masonry blocks filled with waterproof grout and with steel reinforcements
would be built on a new foundation footing immediately outside of the existing steel walls.
The waterproof sealant and brick veneer is applied to the CMU wall. Closures for openings
into the building are also built into the CMU wall.

Buildings could be evaluated for nonstructural measures that are designed to be partially dry
floodproofed and partially wet floodproofed. In this situation, the interior walls of the dry
floodproofed area need to be waterproofed as well as the exterior walls. In this analysis
structure were only assessed for one measure or the other. A more detailed analysis would
be required to if multiple measures to one structure are to be assessed.

Cost estimates for dry floodproofing were developed for commercial buildings without
basements and design flood depths of 3 feet or up to 4 feet with a structural analysis. A
structural engineer will be required to thoroughly review the adequacy of the building to
withstand hydrostatic and possibly dynamic floodwater loading onto the walls of the building
prior to implementation.

The various costs used in the dry floodproofing estimate are summarized in Table 11. The
perimeter of the dry floodproofing for evaluated buildings was determined by estimating
building dimensions from available data, such as building plans in the county assessors’
records. The perimeter was estimated by taking the square root of the area and then
multiplying by four. The number and size of closure panels were estimated from photos
taken during the structure inventory or from the Google Earth Street View map application.
The floodproofing height was calculated by subtracting the foundation elevation from the
design flood elevation. Residential buildings cannot be removed from insurance or
floodplain management requirements by dry floodproofing. An individual homeowner may
choose to flood proof their home, but the lowest floor will not change for insurance or
permitting.

Table 11. Cost Parameters for Dry Floodproofing

Item Unit of Measure Unit Cost (Dollars)
Waterproofing SF 0.93
Masonry Veneer SF 13.30
Closure Panels SF 185.20
CMU Wall SF 14.83
Wall Foundation LF 109.00
Pumps GPH 0.24
Sewer Backflow Valve LS 9,590.00

7.4 Wet Floodproofing Commercial Buildings.

As a stand-alone measure, wet floodproofing requires all construction materials and finishing
materials located below the DFE to be water resistant. Flood vents are installed in the walls
to allow floodwaters into the building and equalize the hydrostatic forces. It is recommended
that one square inch of flood vent area be provided for each square foot of the wet
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floodproofing area. All utilities, such as heating, lighting, electrical panels and outlets must
be elevated above the DFE or be located inside flood resistant closures.

Since wet floodproofing allows floodwaters into a building, it is not recommended for
finished residential buildings. Wet floodproofing is quite applicable to commercial and
industrial buildings when combined with a flood warning, preparedness and response plan.
While it may be used as a retrofitting technique, wet floodproofing may not be able to be
used to achieve compliance of the building for minimum state and federal floodplain
management standards. A wet floodproofing proposal should be discussed with the local
floodplain manager prior to implementation. In Madison, wet floodproofing was
recommended for buildings that were constructed of concrete, masonry, or metal and did not
have furnished interiors, such as warehouses and garages. To protect the contents during
flooding, damageable items would be elevated permanently or temporarily above the DFE.

The various costs used in the wet floodproofing estimate are summarized in Table 12. The
total structure square footage was used along with the unit cost information to determine
cost. These costs could vary significantly from structure to structure and would depend on
the structure’s functional purpose. For estimating purposes the structure perimeter was used
to estimate the length of electrical utilities that would need to be relocated. The
floodproofing height was calculated by subtracting the foundation elevation from the design
flood elevation.

Table 12. Cost Parameters for Wet Floodproofing

Item Unit of Measure | Unit Cost (Dollars)
Demo interior wall SF 1.05
Insulation and wains coat SF 8.47
Raise electric utilities LF 12.88
Flood vents SF 51.34
Sewer backflow valve LS 9,590.00

8 Maintenance and Operations of Nonstructural Measures

The regular maintenance required for elevated residential buildings would be identical to
normal building maintenance. The increased maintenance related to the added height of the
foundation and steps will be minimal. Since elevated residential buildings have no flood risk
reduction features that require operation, there are no operational considerations. Residents
of all buildings in a flood hazard area along the Park Creek, Park Creek Tributary, and Silver
Creek should be encouraged to develop an individual flood preparedness plan.

The maintenance of commercial buildings with wet floodproofing would mainly be periodic
inspection and maintenance of the building flood vents, which would be a minor activity
compared to normal building maintenance. Operations for wet floodproofed buildings when
flooding is imminent would be limited to elevating or removing the building contents that are
not permanently located above the design flood elevation. There should be a building flood
preparedness plan that is regularly updated by the owners/managers and communicated to the
employees.
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Buildings with dry floodproofing would require more regular maintenance. Cracks in
floodproofed walls would have to be repaired. Closure panels need to be checked
periodically to make sure they fit properly and that gaskets remain water-tight. Drainage
systems and pumps would need regular maintenance.

Buildings with dry floodproofing need to install closures and activate the drainage systems
when flooding is imminent. Owners/managers should prepare and regularly update a
detailed flood preparedness plan for the installation of the closures and operation of the
floodproofing measures. The responsible employees should be familiarized with the plan.
Installation of closures panels and operation of the floodproofing should be practiced on an
annual basis.

While the local sponsor will not directly operate or maintain the nonstructural measures, the
sponsor should take the lead in providing flood preparedness information to the community
and in dissemination of flood warnings. The sponsor should also specifically monitor
properties where nonstructural measures have been installed and through the permitting and
inspection process not allow alterations to the nonstructural measures that would degrade the
flood risk reduction provided.

For all nonstructural measures, the USACE National Nonstructural Flood Proofing
Committee (NFPC) advocates buildings with nonstructural flood risk reduction measures,
maintain flood insurance.

9 Nonstructural Economic Analysis

After compiling and entering all the necessary data into HEC-FDA, the model was executed
and used to estimate flood damages for future with and without-project scenarios. The model
was then calibrated and rerun as necessary, following review and discussion with the team.
The following sections explain the methodology used to calculate structure damages for this
nonstructural assessment.

9.1 Depth Percent Damage Functions

Depth-percent damage functions are used in HEC-FDA to model damages to items such as
structures and contents. In addition, depth-percent damage functions exist to estimate
damages to appurtenant uses (automobiles, landscaping, etc.), infrastructure (roads, bridges,
etc.) and agriculture (crop damages). In this study, only the depth-percent damage functions
for structures and contents were considered; as these are the damageable assets for which the
nonstructural measures would manage flood risk.

9.1.1 Residential Depth Damages

Each occupancy type has its own stage-percent of value damaged curves for structure and
contents. The generic structure and content depth-damage curves for residential structures
provided in the Economic Guidance Memorandum (EGM) 04-01, Generic Depth-Damage
Relationships for Residential Structures with Basements (which also contain generic depth-
damage relationships for residential structures without basements) represented the depth-
damage functions for residential structures in Madison. This EGM summarizes data
developed by the Institute for Water Resources (IWR) using post-flood residential damage
claim records provided by the Federal Emergency Management Agency (FEMA). The
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functions account for both structural and content damage to homes. A depth-damage curve
for mobile homes is not included in EGM 04-01. Instead, the damage curve for mobile
homes was based on 2006 data from the New Orleans district in the “Final Report: Depth-
Damage Relationships for Structures, Contents, and Vehicles and Content-To-Structure
Value Ratios (CSVR) in Support of the Donaldsonville to the Gulf, Louisiana, Feasibility
Study.” This curve was used because it is reasonable to assume that mobile homes across the
nation would face similar depth-damage functions from various heights of short duration
fresh water flooding.

9.1.2 Non-Residential Depth Damages

The damage curves for non-residential structures and contents were taken from the 2008
report “Solicitation of Expert Opinion Depth-Damage Function Calculations for the Benefit-
Cost Analysis Tool” prepared by the URS Group Inc. with the assistance of the Federal
Emergency Management Agency (FEMA) and USACE.

These damage curves were created through the process of expert-opinion elicitation or the
formal process of obtaining information or answers to specific questions about issues such as
failure rates, failure consequences and expected service lives. Through this process industry
experts gave detailed information in face-to-face meetings with FEMA and USACE officials
which was used to construct the non-residential depth damage curves. These damage curves
have been used in other USACE studies and were therefore deemed acceptable for this study.

9.2 Entering Alternatives and BCR Computation

As noted earlier, each structure is modeled individually to evaluate nonstructural alternatives
in the HEC-FDA software. The software is primarily used to study structural alternatives and
will compile damages by reaches. To model on a structure by structure basis, an output file
from the software was modified to incorporate changes to individual structures. This same
output file was then used to identify how these changes affect flood damages to individual
structures. It is noteworthy that the particular output file used does not incorporate any risk
or uncertainty.

Three different inventories were created for this analysis which were used to model
nonstructural alternatives that would likely be implemented for 2, 1 and 0.2 percent (50, 100
and 500 year) ACE levels of protection.

The damages that incurred at modeled levels of protection were then annualized and
subtracted from the annualized damages from the without-project scenario. The results were
the net benefits for each of the differing levels of protection.

The annualized cost of each nonstructural measure was then subtracted from the net benefits.
If this calculation was positive it meant that the proposed nonstructural measure had positive
net benefits and a BCR greater than 1.0. If negative, it meant that the measure had negative
net benefits and a BCR less than 1.0.

9.3 Potential Nonstructural Project Scenarios

Three nonstructural plans were evaluated to determine the plan with the highest net economic
benefits. The plans were designated the 0.02, 0.01 and 0.002 ACE nonstructural plans

21

Madison Nonstructural Assessment; June 2016



referring to annual probability of the design flood. The flood profile of the design flood
established the DFE for each building in each plan through the hydraulic analysis conducted
for the feasibility study.

Existing conditions damages were determined for the without-project conditions. A modified
with-project conditions HEC-FDA input file was created for each of the three plans which
did not compute flood damages for buildings with nonstructural measures until the DFE was
exceeded. The input data was modeled in HEC-FDA to determine damages for the with-
project conditions. The difference between the without-project and with-project damages
was then designated as the project benefits. For each of the three nonstructural plans, the
annual benefits and annual costs developed for each building analyzed were used to compute
the net benefits and benefit-to-cost ratio (BCR) for each building.

9.4 Existing Conditions

The EAD for without-project conditions was calculated to be $371,013 and is displayed in
Table 13 below. This EAD figure captures all of the without-project conditions annualized
damages for the 397 structures that were included in the 0.2 percent ACE event evaluation.

Table 13. Existing Conditions EAD

Residential | Commercial Public Total EAD
Structures Structures | Structures Structures
356 33 8 397 $371,013

9.5 Possible Nonstructural Measure Scenarios

To meet the local partnering communities’ needs, three possible build-up alternatives were
evaluated to determine which structures to study if nonstructural alternatives are pursued.

These three possible build-up scenarios are listed below:
1. Include all individual structures with a BCR greater than or equal to 1.0.
2. Sort all structures by net benefits, from greatest to least, and move down the list
including structures until annual net benefits are equal to annual cost, i.e., a combined
BCR of 1.0.
3. Include all structures included in the analysis.

Table 14 shows the number and type of structures being considered for nonstructural
measures, annual benefits, annual costs, annual net benefits and BCR for all structures with
an individual BCR of at least 1.0.

Table 14. Individual Structures with BCR Above 1.0

‘Vgl’;&E Residential | Commercial Public Total Total Cost Annual Annual Net Annual BCR
Event Structures Structures Structures | Structures Benefits Costs Benefits
2 48 1 0 49 $2,556,316 | $288,202 | $108,985 | $179,217 2.64
1 40 0 0 40 $2,519,133 | $290,479 | $107,400 | $183,079 2.70
0.2 28 0 0 28 $2,273,340 | $260,762 | $96,921 $163,841 2.69
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When looking at the annual costs in Table 14, it is apparent that costs decrease when moving
from the 2 to 0.2 percent ACE flood. This seems counterintuitive because the cost to protect
a structure from a larger and less frequent flood event should be more than the cost for a
smaller event. However, some structures fall out of the analysis because their BCRs fall
under 1.0 when considering the larger flood event protection. It should be noted that the total
number of structures considered for each recurrence interval decreases with increasing flood

magnitude.

Table 15 shows the number and type of structures being considered for nonstructural
measures, annual benefits, annual costs, annual net benefits and aggregate BCR for the
maximum number of structures that could be included in the project while maintaining an
aggregate BCR of at least 1.0.

Table 15. Aggregate BCR

"/glﬁoch Residential | Commercia Public Total Total Cost Annual Annual Arll\lrifal Aggregate
Structures | | Structures | Structures | Structures Benefits Costs - BCR
Event Benefits
2 148 14 0 162 $7,748,956 | $386,748 | $330,367 | $56,381 1.17
1 176 21 6 203 $9,573,690 | $412,068 | $408,162 | $3,906 1.01
0.2 152 18 4 174 $8,484,612 | $358,910 | $357,799 | $1,111 1.00
Table 16 below shows the number and type of structures being considered for nonstructural
measures, annual benefits, annual costs, annual net benefits and BCR for the particular group
of projects.
Table 16. All Modeled Nonstructural Solutions
% ACE S . : Net
Elood Residential | Commercial Public Total Total Cost Annu_al Annual Annual BCR
Structures | Structures | Structures | Structures Benefits Costs -
Event Benefits
2 150 14 4 168 $7,748,956 | $386,748 | $330,367 | $56,381 1.17
1 187 21 5 213 $12,489,069 | $426,757 | $492,705 | ($65,948) | 0.87
0.2 269 20 5 294 $22,288,952 | $436,857 | $936,817 | ($499,960) | 0.47

The aim of this document is not to select a plan for implementation and construction, but
rather to assist the partnering communities in deciding if pursuing a potential nonstructural
plan is advisable. When comparing differing levels of protection and how many structures to
include, it appears to be in the best interest of the communities to not include every structure
in the 1 and 0.2 percent ACE scenarios. Table 16 shows that including all structures results
in negative net benefits for the 1 and 0.2 percent ACE scenarios. However, all structures that

were expected to be damaged during the 2 percent (50-yr) ACE flood event would be cost-
beneficial to mitigate. There are fewer total structures in that analysis because some
structures are not damaged by the 2 percent ACE flood event. Protecting all structures with a

BCR greater than 1.0 to the 1 percent ACE flood event provides the most net benefits, but

1.0 would allow the project proponents to mitigate the higher number of structures.
Mitigating structures using nonstructural measures to the 1 percent ACE flood event provides
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the most net benefits to individual structures. For the combined structure scenario, mitigating
to the 2 percent ACE flood event provides the most net benefits, but only because far fewer
structures are included in the analysis. Because mitigating to the 1 percent ACE flood event
would include the most structures while also achieving a BCR greater than 1.0, it is
recommended that nonstructural mitigation measures are planned for the 1 percent ACE
flood event. The structure by structure output table is included in Appendix A

10 Summary

This nonstructural assessment investigated buildings within the 0.2-percent ACE flood
inundation area along Park Creek, Park Creek Tributary and Silver Creek in and around the
City of Madison. The buildings that were determined to have expected flood damages for
floods less than the 0.2-percent ACE event where included in a detailed analysis for
nonstructural flood risk reduction. Three nonstructural plans were evaluated for different
DFE and a significant number of economically justified buildings were determined for each
plan.

This nonstructural assessment has been conducted in support of the Omaha District’s efforts
to analyze and develop flood risk reduction measures the City of Madison, SD. This study
assessed the nonstructural alternatives for Madison based upon existing Park Creek, Silver
Creek, and Park Creek Tributary flows, flood stages, and an inventory of structural data for
individual residential and commercial buildings within the 0.2-percent ACE floodplain.

The recommended nonstructural plan with the highest net benefits for the most structures is
that with the DFE at the 1-percent ACE flood profile. In addition, the recommended plan
supports the objectives of the NFIP by elevating or floodproofing the eligible buildings to the
BFE.

Due to the limitations of the study, the nonstructural measures for specific buildings were
evaluated at reconnaissance level detail. During the implementation of the nonstructural
measures (preconstruction engineering and design) more detailed evaluations will be
conducted for each building that may qualify for nonstructural flood risk reduction. This
would include site visits to properties where the owners indicate interest in participating in
nonstructural flood risk mitigation.

Site inspections will verify that the technical assumptions used for selecting the
recommended nonstructural measure for each building were appropriate or may determine a
more appropriate nonstructural measure. A preliminary design for the recommended
nonstructural measure for each building will be developed and an analysis of benefits and
costs will verify economic feasibility. During this process, some buildings deemed to be
feasible for implementation of nonstructural measures in this assessment may drop out of the
plan and other buildings may be added.

11 Funding for Nonstructural Projects

Three potential funding options for nonstructural that could be evaluated to fund future
mitigation activities. The three funding options are FEMA Flood Mitigation Assistance
(FMA) grants, FEMA Hazard Mitigation Grant Program (HMGP), and USACE Section 205.
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FEMA's FMA grant program annually provides funds for projects to reduce or eliminate risk
of flood damage to buildings that are insured under the National Flood Insurance Program.
FEMA has determined that the average benefits for any acquisition project are $276,000 and
for any elevation project are $175,000. Thus, respective projects that cost under those dollar
amounts and meet all other eligibility criteria are considered cost-effective.

FEMA’s HMGP helps communities implement hazard mitigation measures following a
Presidential major disaster declaration. Hazard mitigation is any action taken to reduce or
eliminate long term risk to people and property from natural hazards.

Section 205 of the 1948 Flood Control Act provides authority of the Corps of Engineers to
plan and construct small flood damage reduction projects that have not already been
specifically authorized by Congress. A project is accepted for construction only after
detailed investigation clearly shows its engineering feasibility, environmental acceptability,
and economic justification.

12 Future Analysis Recommendations

Acquisition or relocation of residential and nonresidential structures were not evaluated as
part of this study. However, elevation may not be an eligible mitigation activity under some
Federal programs for structures in the floodway. There are a substantial number of structures
in the floodway in Madison, approximately one hundred. Analysis of benefits and costs for
acquisition and relocation of these structures may be necessary if Federal sponsorship of a
project is sought.

13 Outreach

The data from the assessment was shared with the City of Madison and Lake County. This
data is available to the public.

14 Conclusion

The previous sections identified the project deliverables, actions, flood risk reduction
measures, and cost savings this project enabled. The results of this study showed that there
are numerous structures in the community at notable flood risk, and nonstructural measures
were both feasible and cost effective. The community has experienced two recent flood
events.

Historic floods in the community include the July 1993 and May 2012 floods along Park
Creek and Silver Creek that damaged homes and businesses. The cost benefit analysis
identifies that a nonstructural approach incorporating 201+ structures could be implemented
and would have a benefit cost ratio greater than 1.00. These are quite conservative cost
estimates and the potential for higher structure inclusion is possible. The analysis identifies
individual structures with cost benefit ratios as high as 7.50. The financial savings in lower
damages and less interagency dependency during flood event would be realized after
nonstructural measures are implemented in the community. Interim saving would be in the
form of better flood risk communication and preparedness.
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This nonstructural assessment developed specific, actionable flood risk information for
community officials and residents. By developing a benefit-to-cost ratio, the local
government, SD OEM, and SD Silver Jackets have the necessary information to make
appropriate decisions on applicable mitigation strategies. This assessment will also improve
the understanding of local flood risk for the City of Madison and property owners. The data
used in this assessment will be used in developing flood response plans by the local
community, which will assist in directing response efforts to the most at-risk properties.
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Structure Information
Structure

ID

1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1044

Property
Value

20,550.00
32,790.00
16,770.00
14,880.00
16,140.00
27,870.00
15,890.00
53,720.00
30,520.00
57,250.00
44,140.00
70,240.00
38,460.00
121,690.00
43,880.00
26,100.00
70,240.00
84,490.00
81,590.00
81,460.00
31,020.00
33,040.00
68,220.00
84,110.00
73,010.00
25,850.00
70,240.00
72,010.00
7,190.00
70,240.00
95,210.00
79,110.00
79,110.00
79,070.00
95,010.00
121,120.00
502,320.00
418,040.00
59,650.00
25,470.00
12,230.00
58,760.00

Total
Square
Feet

1249
996
676
763
812
1248
840
1502
1122
1031
1672
890
685
2930
1519
1065
988
1357
1344
1177
1642
791
869
1591
1183
765
1145
1074
968
1427
1040
1377
1377
1320
1320
816
5274
4671
1508
1400
774
1347

FFE
(NAVD
88)

1667.67
1667.09
1665.76
1664.85
1664.61
1668.42
1666.97
1668.61
1669.98
1670.12
1668.25
1668.45
1669.59
1668.68
1667.45
1667.42
1668.47
1667.68
1667.20

0.00
1665.91
1665.86
1666.30
1667.26
1667.03
1667.09
1662.81
1664.09
1662.60
1665.32
1667.31
1664.08
1660.06
1667.02
1664.87
1666.45
1665.97
1669.34
1670.80
1669.67
1668.82
1666.91

Foundation Type

Solid Wall

Solid Wall

Solid Wall

Slab

Slab

Solid Wall

Solid Wall

Solid Wall

Solid Wall
Basement (Block)
Stone

Basement (Poured)
Block

Basement (Poured)
Basement (Poured)
Slab

Basement (Block)
Stone

Basement (Poured)
Block/Stone
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Poured)
Solid Wall
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Block

Slab

Solid Wall

Solid Wall

Block

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Risk Assessment

BFE

100yr

(NAVD ' Depth

88)

1665.54
1665.52
1665.50
1665.48
1665.47
1665.52
1665.50
1665.54
1665.56
1665.59
1665.19
1665.11
1665.04
1665.04
1665.22
1665.21
1665.21
1665.25
1665.26
1665.26
1665.26
1665.25
1665.24
1665.21
1665.19
1665.20
1665.05
1665.08
1665.18
1665.05
1662.26
1662.21
1662.21
1662.25
1662.30
1665.86
1665.47
1665.54
1665.49
1665.47
1665.46
1665.44

0.73
1.62
1.86

0.35
0.39

100yr
Damage

0
6,860
6,564
3,027
3,642

0
4,561

O O O O O O o o o o o o

12,356

8,080
11,924
21,917
20,122

31,138
36,557

3,360
31,138

O O O O O O o o o o o

12,609

Annualized
Risk (EAD)

40.08
104.27
182.62

50.44

99.07

12.20

70.64

22.63

12.40

16.88

19.66

79.79

12.66

68.12

63.76

33.71

80.21
117.22
125.71
197.61
222.27
326.37
599.31
551.31
115.69

40.49

3371.66
3659.60
376.57
3371.66
0.00
0.00
0.00
0.00
0.00
0.00
151.59
0.00
0.00
0.00
0.00
704.06

Cost of FRAM to 100 year

Cost

$0
$29,701
$20,110
$49,499
$52,678
$0
$21,617
$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0
$49,980
$36,273
$27,499
$41,565
$55,610
$0

$0
$109,550
$104,325
$75,016
$92,576
$0

$0

$0

$0

$0
$57,023
$0

$0

$0

$0

$0
$43,371

Appendix A

Annualized

Cost

$1,266

$857
$2,110
$2,246

$922

$2,131
$1,546
$1,172
$1,772
$2,371

$4,671
$4,448
$3,198
$3,947

$1,849

BCR

0.07
0.20
0.02
0.04

0.07

0.08
0.12
0.23
0.28
0.21

0.70
0.79
0.12
0.84

0.37

Cost

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

96,608
84,456
57,976
50,293
54,366
30,679
67,795
43,217
30,261
39,266
41,326
28,345
84,700
123,224
69,092
43,656
127,733
118,259
114,685
126,541
70,984
89,338
143,075
111,913
66,567
114,141
106,558
80,766
94,060

102,443
36,113

117,422

Cost of FRAM to 500 year
Annualized

4118.78
3600.68
2471.71
2144.16
2317.84
1307.95
2890.37
1842.52
1290.16
1674.05

0.00
1761.88
1208.43
3611.06
5253.51
2945.63
1861.20
5445.72
5041.80
4889.45
5394.93
3026.32
3808.82
6099.83
4771.28
2838.02
4866.26
4542.97
3443.34
4010.11

1539.62

5006.15

BCR

0.01
0.03
0.07
0.02
0.04
0.01
0.02
0.01
0.01
0.01
#DIV/0!
0.05
0.01
0.02
0.01
0.01
0.04
0.02
0.02
0.04
0.04
0.11
0.16
0.09
0.02
0.01
0.69
0.80
0.11
0.84

0.10

0.14



1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090

30,140.00
42,370.00
34,800.00
35,440.00
48,800.00
23,200.00
24,210.00
46,910.00
21,100.00
68,220.00
100,880.00
47,410.00
47,410.00
71,750.00
19,920.00
44,390.00
49,180.00
52,210.00
68,220.00
29,510.00
62,420.00
41,610.00
76,040.00
58,760.00
18,390.00
40,480.00
8,910.00
3,750.00
378,310.00
84,740.00
41,430.00
82,220.00
58,010.00
19,920.00
59,890.00
89,440.00
111,850.00
31,020.00
66,330.00
60,400.00
81,080.00
241,360.00
241,360.00
52,290.00
628,240.00
84,110.00

1158
1672
1167
1142
1001
943
1240
934
828
1584
1538
1090
1090
768
910
720
896
991
1959
1199
947
592
982
1819
714
1116
1194
672
5861
1332
1439
1051
717
1130
792
1978
2118
1286
1876
1879
1666
13061
1385
2027
6378
1840

1666.98
1668.01
1666.44
1665.92
1663.74
1664.74
1664.95
1665.57
1665.15
1664.84
1665.31
1665.87
1662.92
1664.54
1664.41
1664.60
1665.95
1664.63
1671.12
1666.14
1665.58
1667.18
1669.87
1670.08
1669.66
1668.31
1665.66

0.00
1668.53
1666.81

0.00

0.00
1664.50

0.00

0.00

0.00
1665.95
1665.87
1665.17
1666.84
1667.08

0.00

0.00
1667.17

0.00

0.00

Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Solid Wall

Slab

Solid Wall

Solid Wall

Slab

Solid Wall

Solid Wall

Solid Wall

Block

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Slab

Basement (Poured)
Block

Basement (Block)
Block, Stone
Basement (Poured)
Slab

Block, Stone
Stone

Basement (Poured)
Stone

Slab

Basement (Block)
Block/Stone
Basement (Block)
Slab

Slab

Crawl

Stone

Basement (Poured)

1665.42
1665.40
1665.39
1665.37
1665.36
1665.36
1665.29
1665.27
1665.25
1665.26
1665.39
1665.07
1665.07
1665.29
1665.30
1665.31
1665.32
1665.34
1665.66
1665.54
1665.53
1665.45
1665.52
1665.51
1665.46
1665.53
1665.85
1671.96
1665.07
1665.29
1665.31
1665.43
1665.81
1666.10
1667.02
1667.17
1665.79
1665.36
1665.33
1665.31
1665.29
1667.26
1667.26
1668.12
1680.36
1677.51

0.46
2.63
1.62
1.34
0.70
1.09
1.42
1.08
0.20
3.15
1.75
1.89
1.71
0.37
1.71

0.40
0.95

1.20
1.40

231

2.16
2.27
0.84
0.49
1.16

1.42
2.76
1.95

8,431

6,700
11,193
12,981
19,623

4,698
10,823
18,215

4,846
22,139
42,590
11,942
11,942
24,749

7,052
21,379
12,847
17,907

O O O O O o o o

421
710

23,962

6,495
16,606
23,647

6,100
23,194
17,620
32,313

20,436
12,783
21,119
43,906
43,906
10,275

234.39
105.97
172.79
359.60
2288.62
79.18
297.06
499.24
89.37
609.41
1181.09
623.88
623.88
2663.10
766.45
1182.55
699.18
1016.80
0.00
80.16
133.09
90.95
0.00
0.00
0.00
18.11
7.38
1321.10
219.56
377.27
103.13
255.68
2560.85
1811.50
2946.34
1993.83
4051.14
62.26
564.22
196.67
580.41
1067.37
1067.37
607.26
0.00
103.44

$30,522
$33,070
$32,370
$32,330
$91,831
$61,177
$97,385
$34,302
$53,716
$136,653
$145,857
$32,709
$104,555
$82,903
$73,939
$70,542
$34,728
$91,408
$0
$85,593
$68,917
$0

$0

$0

$0

$0
$13,573
$52,126
$0
$52,946
$37,903
$48,854
$46,515
$26,376
$88,960
$23,290
$56,034
$83,429
$155,267
$49,945
$55,314
$22,616
$15,596
$22,339
$0

$0
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$1,301
$1,410
$1,380
$1,378
$3,915
$2,608
$4,152
$1,462
$2,290
$5,826
$6,218
$1,394
$4,458
$3,534
$3,152
$3,007
$1,481
$3,897

$579
$2,222

$2,257
$1,616
$2,083
$1,983
$1,125
$3,793

$993
$2,389

$6,620
$2,129
$2,358
$964
$665
$952

0.17
0.07
0.09
0.22
0.57
0.02
0.06
0.29
0.02
0.09
0.16
0.41
0.12
0.73
0.24
0.37
0.44
0.25

0.01
0.59

0.14
0.06
0.11
1.27
1.60
0.77
1.96
1.68

0.07
0.08
0.23
0.97
1.60
0.64

B A I A A e I < e I = I < A A IR < A < A < A < < A I IR A < A < e A = A I AR - A < A < A < A o o A - A - A =22

94,183
124,988
96,526
95,112
95,845
63,137
98,674
86,619
54,577
138,300
147,455
92,631
108,926
84,500
75,831
72,039
83,985
93,468
96,660
93,309
32,545

39,453
13,573
52,126
213,759
126,172
117,012
106,632
48,006
88,497
89,783
49,157
172,470
83,429
157,218
153,242
146,902
37,245
15,596
44,198

47,860

4015.36
5328.69
4115.26
4054.96
4086.22
2691.78
4206.85
3692.90
2326.82
5896.23
6286.57
3949.21
4643.90
3602.54
3232.95
3071.29
3580.59
3984.89

4120.96
3978.12
1387.52

1682.04

578.66
222231
9113.36
5379.19
4988.64
4546.12
2046.67
3772.97
3827.79
2095.76
7353.04
3556.88
6702.77
6533.29
6262.98
1587.87

664.93
1884.31

2040.45

0.06
0.02
0.04
0.09
0.56
0.03
0.07
0.14
0.04
0.10
0.18
0.16
0.13
0.73
0.24
0.39
0.20
0.26

0.02
0.03
0.06

0.01
0.01
0.59
0.02
0.07
0.02
0.05
1.24
0.48
0.77
0.93
0.55
0.02
0.08
0.03
0.09
0.67
1.60
0.32

0.05



1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1112
1113
1114
1115
1116
1117
1118
1119
1120
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138

68,390.00
25,730.00
36,320.00
26,480.00
17,020.00
77,550.00
38,210.00
76,870.00
68,730.00
70,870.00
92,060.00
28,630.00
63,050.00
15,560.00
55,990.00
44,530.00
24,720.00
41,640.00
76,170.00
53,190.00
44,140.00
18,410.00
68,100.00
27,420.00
94,320.00
31,780.00
41,870.00
32,160.00
56,370.00
22,570.00
72,010.00
42,120.00
84,870.00
32,660.00
32,160.00
35,810.00
12,480.00
33,920.00
86,380.00
5,740.00
20,050.00
140,350.00
65,200.00
100,880.00
110,470.00
75,570.00

946
1074
1491
1167
1004
1193
802
1168
1724
1165
1310
640
1493
576
988
1641
1923
1427
1728
1971
717
1074
1386
1443
15669
924
1076
1099
934
1002
1997
1282
1326
1122
1295
1188
613
1109
1182
2699
829
1529
992
1271
1482
1558

0.00
1670.63
1670.05
1670.40
1666.68
1667.04
1665.24
1667.53
1665.85
1664.59
1666.14
1666.48
1665.84

0.00

0.00

0.00

0.00

0.00

0.00

0.00
1669.64
1668.40

0.00

0.00

0.00
1668.95
1666.07
1664.54
1664.21
1671.73
1667.99
1667.00
1667.71
1665.37
1667.69
1665.28
1665.01
1665.29
1665.58
1663.95
1668.37
1668.82
1667.50
1666.60
1667.55
1665.74

Basement (Poured)
Solid Wall

Solid Wall

Solid Wall

Block

Solid Wall

Solid Wall
Basement (Block)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Poured)
Solid Wall

Slab

Basement (Poured)
Block

Slab

Basement (Poured)
Basement (Poured)
Slab

Basement (Poured)
Basement (Poured)
Stone

Block

Slab

Slab

Stone

Solid Wall
Basement (Block)
Block

Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Stone

Stone

Basement (Poured)
Basement (Poured)
Basement (Poured)
Poured

Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Block)
Solid Wall

1677.51
1665.62
1665.61
1665.63
1665.79
1665.57
1665.57
1665.56
1665.28
1665.28
1665.31
1665.35
1665.36
1680.91
1680.91
1670.95
1670.94
1671.40
1671.77
1671.86
1668.24
1668.15
1669.21
1670.45
1666.54
1667.73
1665.71
1665.28
1665.28
1665.68
1665.18
1665.17
1665.16
1665.21
1665.23
1665.24
1665.25
1665.26
1665.26
1665.15
1665.04
1665.04
1665.10
1665.09
1665.08
1665.04

0.11

1.34

0.43

1.69

0.17

0.52

0.38

1.73

0.69

0.75

1.07
1.24

0.63
1.74
2.07

0.84

0.96
1.24
0.98
0.68
2.20

0.30

o O O o o

22,239
12,189
18,895
25,053
24,708
31,392
9,013
17,034
0

0

0
5,102
6,809

9,645

15,555
589
9,648
7,253
11,599
11,078
20,605

13,637
13,088

10,594
5,463
13,998
33,379
1,160

o O O o o o

159.52
6.62
14.45
0.00
7.65
2429.15
2992.00
2005.61
2389.25
678.90
861.22
247.67
472.22
0.00
67.73
1.32
115.73
418.23
77.04
9.20
1216.47
341
972.01
19.69
297.76
454.67
1448.61
1189.11
2242.25
0.00
92.12
67.02
218.02
357.78
60.59
1085.03
294.38
749.11
913.77
27.38
12.05
75.94
92.69
240.86
211.94
99.31

$0

$0

$0

$0

$0
$48,693
$72,195
$47,038
$51,333
$109,920
$55,445
$24,154
$46,615
$0

$0

$0
$21,252
$27,241
$0

$0
$30,833
$77,322
$47,311
$16,209
$18,513
$28,516
$34,002
$91,036
$89,196
$0

$0

$0
$52,927
$31,064
$0
$32,984
$51,495
$31,391
$51,881
$29,333
$0

$0

$0

$0

$0

$0
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$2,076
$3,078
$2,005
$2,188
$4,686
$2,364
$1,030
$1,987

$906
$1,161

$1,315

$2,017

$691

$789
$1,216
$1,450
$3,881
$3,803

$2,256
$1,324

$1,406
$2,195
$1,338
$2,212
$1,251

1.15
0.97
0.98
1.04
0.13
0.30
0.22
0.20

0.13
0.36

0.93

0.48
0.03
0.31
0.37
0.99
0.30
0.57

0.09
0.23

0.74
0.12
0.52
0.35
0.02

B A I A A e I < e I = I < A A IR < A < A < A < < A I IR A < A < e A = A I AR - A < A < A < A o o A - A - A =22

92,885
27,928
36,569

114,278
73,029
111,248
146,109
112,342
127,461
59,338
128,693
36,117
12,142
40,270
27,241
21,754
30,833
84,225
47,311
32,222
35,965
28,516
93,155
93,321
91,138
165,405
106,881
125,824
93,912
104,006
99,529
52,132
93,511
118,090
29,333
23,054
76,006
96,345
128,188
145,747

3960.02 0.03
1190.66 0.01
1559.08 0.01
0.00 #DIV/0!
4872.08 0.50
3113.48 0.96
4742.93 0.42
6229.17 0.38
4789.55 0.14
5434.15 0.16
2529.80 0.10
5486.64 0.08
1539.79 0.04
517.65 0.00
1716.84 0.07
1161.38 0.36
0.00 #DIV/0!
927.45 0.01
1314.52 0.93
3590.84 0.00
2017.03 0.48
1373.73 0.01
1533.32 0.19
1215.76 0.37
3971.55 0.36
3978.61 0.30
3885.54 0.57
7051.81 0.01
4556.73 0.01
5364.34 0.04
4003.81 0.09
443417 0.01
4243.30 0.26
2222.59 0.13
3986.70 0.19
5034.60 0.18
1250.59 0.02
982.86 0.01
3240.42 0.02
4107.56 0.02
5465.13 0.04
6213.74 0.03
0.00 #DIV/0!



1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185

25,600.00
86,630.00
33,540.00
21,310.00
441,360.00
26,360.00
26,610.00
39,340.00
21,190.00
65,950.00
46,660.00
29,630.00
69,100.00
66,710.00
117,120.00
49,680.00
17,650.00
19,670.00
42,500.00
21,820.00
20,430.00
154,420.00
6,790.00
72,640.00
39,240.00
39,240.00
39,240.00
39,240.00
39,240.00
39,240.00
39,240.00
39,240.00
85,120.00
121,940.00
44,890.00
245,150.00
186,760.00
70,620.00
56,870.00
37,070.00
51,320.00
39,180.00
502,710.00
41,610.00
31,150.00
7,100.00

920
1108
1488
756
9834
1629
976
1256
1164
1384
1716
861
1081
900
936
768
961
951
988
1051
964
2214
1015
1402
1117
763
988
1052
1151
1131
1080
1015
1344
1040
925
2548
2146
1370
1074
902
1577
952
14908
1038
1152
387

1667.14
1671.67
1663.02
1663.74
1670.87
1665.86
1665.26
1664.67
1665.87
1665.51
1666.04
1663.47
1665.38
1664.91
1663.89
1666.32
1666.45
1667.02
1666.89
1667.98
1666.88
1665.81
1664.88
1667.96
1668.14
1667.85
1668.33
1667.47
1667.86
1668.67
1669.19
1667.82
1668.24
1689.94

0.00

0.00

0.00

0.00
1683.47

0.00

0.00

0.00
1663.82
1668.56
1667.47
1664.57

Basement (Block)
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Block

Basement (Block)
Solid Wall

Solid Wall
Basement (Block)
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Slab

Solid Wall

Solid Wall

Block

Slab

Solid Wall

Slab

Slab

Slab

Slab

Slab

Slab

Slab

Slab

Solid Wall
Basement (Poured)
Basement (Poured)
Block Stone
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Poured)
Slab

Basement (Block)
Basement (Block)
Slab

1665.04
1665.04
1665.04
1665.04
1665.04
1665.08
1665.35
1665.31
1665.30
1665.42
1665.46
1665.33
1665.05
1662.08
1662.10
1665.49
1665.48
1665.47
1665.77
1665.77
1665.77
1665.86
1664.43
1665.58
1665.94
1665.94
1665.94
1665.94
1665.94
1665.94
1665.94
1665.94
1665.52
1687.06
1681.98
1681.60
1681.34
1681.19
1681.05
1680.93
1680.91
1680.99
1664.39
1665.59
1665.56
1666.04

- 0
= 0
3.02 20,357
2.30 11,461
- 0
0.22 0
1.09 8,075
1.64 13,321
0.44 5,618
0.91 19,299
0.41 12,327
2.86 17,528
0.67 26,640
= 0
- 0
0.17 0
0.03 0
= 0
- 0
= 4,973
- 6,478
1.05 1,816
0.55 0
- 0
- 0
- 0
- 0
= 0
- 0
= 0
- 0
= 0
- 0
- 17,719
- 0
- 0
- 0
- 0
- 0
= 6,579
- 0
1.23 17,098
1.57 65,141
= 0
- 5,948
2.48 1,656

53.92
0.00
2147.44
1160.54
0.00
50.24
453.19
749.15
572.69
4285.61
1393.85
1964.77
1357.55
2412
0.00
130.17
32.15
44.58
0.00
65.90
85.56
56.25
0.13
131.87
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
235.33
0.00
0.00
43.96
0.00
54.85
91.63
14.00
3368.74
1348.99
0.00
162.76
174.01

$0

$0
$118,842
$64,269
$0

$0
$80,815
$104,118
$27,233
$46,482
$42,967
$75,233
$44,270
$0

$0
$56,602
$21,770
$0

$0
$26,204
$24,708
$64,760
$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0
$63,626
$0

$0

$0

$0

$0
$30,254
$0
$82,059
$83,020
$0
$30,834
$4,836

Appendix A

$5,067
$2,740

$3,445
$4,439
$1,161
$1,982
$1,832
$3,207
$1,887

$1,117
$1,053
$2,761

$2,713

$1,290

$3,498
$3,539

$1,315
$206

0.41
0.41

0.12
0.16
0.47
2.13
0.75
0.60
0.66

0.06
0.08
0.02

0.09

0.07

0.96
0.38

0.12
0.84

B A I A A e I < e I = I < A A IR < A < A < A < < A I IR A < A < e A = A I AR - A < A < A < A o o A - A - A =22

76,731
124,808
65,841

81,830
106,729
91,224
124,006
137,303
78,685
104,821
41,346
75,232
76,463
76,558
26,204
24,708
68,472
11,666
126,267

3271.32

5321.04
2807.05

0.00
3488.71
4550.26
3889.20
5286.82
5853.75
3354.63
4468.91
1762.74

3207.41
3259.89
3263.97

1117.16
1053.40
2919.20

497.37
5383.23

2712.59

3832.95

1688.51
1289.83
1277.95
3498.49
3935.26

1314.55
206.17

0.01

0.40
0.41
#DIV/0!
0.13
0.16
0.15
0.81
0.24
0.58
0.30
0.01

0.04
0.01
0.01

0.06
0.08
0.02
0.00
0.02

0.09

0.01

0.03
0.07
0.01
0.96
0.34

0.00
0.84



1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1209
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1233
1234

87,810.00
121,940.00
368,890.00

15,890.00

22,570.00

76,290.00

75,910.00

52,210.00

22,570.00

30,900.00

33,670.00

48,170.00

51,450.00

33,040.00
647,190.00
647,190.00

98,870.00

60,200.00

51,450.00

49,410.00

89,440.00

2,690.00

63,050.00

35,560.00

11,350.00

52,360.00

39,370.00

39,370.00

23,130.00
165,570.00

34,450.00

62,420.00

43,380.00

94,830.00

58,010.00

96,190.00

85,550.00

75,410.00

40,480.00

44,260.00

89,160.00

3,750.00

23,430.00

16,020.00

26,100.00

30,350.00

1736
1473
6260
707

1130
1162
1140
936

911

987

1259
1138
1072
1431
6964
6342
1564
756

1082
1208
2496
1995
3388
750

750

840

1399
5198
928

1596
925

1444
1160
2003
1386
1300
1416
1118
1180
868

1424
1200
1375
872

748

6040

0.00
1686.56
1664.55
1666.92
1666.65
1668.55
1666.33
1666.77
1666.54
1666.74
1670.65
1668.68
1669.84
1670.80

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
1667.55
1667.15
1668.77
1668.06
1679.83

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
1667.67
1666.31
1664.85
1664.29
1665.33
1667.59
1667.01

Brick and Pour
Basement (Block)
Solid Wall
Basement (Block)
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Solid Wall

Block

Block

Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Brick/Block

Slab

Basement (Poured)
Basement (Poured)
Solid Wall

Slab

Basement (Block)
Solid Wall, Slab
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Story)
Slab

Basment (Poured)
Solid Wall

Solid Wall

Stone

Basement (Poured)
Block

Slab

Basement (Poured)
Basement (Block)
Block

1679.98
1687.06
1659.93
1665.48
1665.50
1665.53
1665.42
1665.39
1665.38
1665.31
1665.42
1665.44
1665.45
1665.48
1680.87
1680.87
1668.15
1668.13
1668.23
1668.19
1667.17
1685.97
1686.05
1684.19
1664.54
1665.77
1665.41
1665.41
1680.81
1680.81
1680.84
1680.75
1680.67
1680.58
1680.57
1680.57
1680.66
1680.68
1680.77
1666.26
1665.29
1665.94
1665.94
1665.94
1666.12
1666.08

0.72
1.87
1.04
1.82
0.81
3.78

0.73
1.12

2.09
2.65
1.61

0.07

18,634
15,393
5,226
6,693

0.00
235.33
0.00
26.48
55.36
117.42
2065.24
816.90
145.20
102.76
0.00
19.99
16.32
0.00
0.00
0.00
7370.79
8041.33
5589.65
6544.04
1993.83
177.49
0.00
1119.83
0.00
0.00
0.00
0.00
196.96
51.97
197.10
1877.83
257.86
227.56
161.50
0.00
0.00
1506.09
1600.44
2853.72
447.10
58.89
784.85
2571.15
707.47
0.00

$0
$149,453
($21,534)
$0
$0
$0
$42,556
$36,312
$24,917
$28,892
$0
$0
$0
$0
($14,465)
($985)
$52,734
$76,031
$97,145
$66,409
$12,362
$22,005
3$0
$27,985
$0
$0
#VALUE!
$0
$0
$0
$26,516
$118,023
$35,510
$56,248
$0
$0
$0
$45,818
$92,214
$32,569
$55,634
$13,637
$15,491
$69,962
$24,415
$0

Appendix A

$6,372

$1,814
$1,548
$1,062
$1,232

-$42
$2,248
$3,241
$4,142

$527

$1,193

$0

$1,130
$5,032
$1,514
$2,398

$0

$1,953
$3,931
$1,389
$2,372

$581

$660
$2,983
$1,041

0.04

1.09
0.51
0.13
0.07

0.00
3.28
2.48
1.35

3.50

0.94

#DIV/0!

0.17
0.37
0.17
0.09

#DIV/0!

0.77
0.41
2.05
0.13
0.10
1.19
0.86
0.68

149,453
58,994
89,491
47,873

105,227
87,768
74,999
83,152
37,059
33,384

138,715
76,031
97,145
66,409
19,174

R A A A A A A R < A < s e I A A e A = A oA <

27,985

©®H H BH BH

#VALUE!

82,944
26,516
118,023
35,510
56,248

107,280
92,214
80,287

133,918
13,637
15,491
69,962
24,415

R A IR A < A A = = A A A = A - A - A - AR <
1

6371.73

2515.14
3815.34
2041.01
4486.23
3741.89
3197.48
3545.08

1579.98
1423.27

5913.92
3241.47
4141.64

817.46

1193.10

0.00
3536.19
1130.47
5031.77
1513.90
2398.06

0.00

4573.75
3931.41
3422.94
5709.41

581.38

660.42
2982.73
1040.91

0.04

0.01
0.01
0.06
0.46
0.21
0.04
0.03

0.01
0.01

1.25
2.48
1.35

2.38

0.94

#DIV/0!

0.01
0.17
0.37
0.00
0.09

#DIV/0!

0.33
0.41
0.83
0.07
0.10
1.19
0.86
0.68



1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282

17,790.00
76,270.00
2,226,300.00
2,226,300.00
2,226,300.00
34,960.00
62,840.00
117,280.00
126,990.00
83,100.00
55,170.00
107,090.00
87,180.00
126,230.00
51,200.00
63,460.00
34,170.00
86,030.00
78,060.00
19,140.00
31,780.00
100,370.00
63,680.00
122,320.00
243,000.00
132,700.00
15,760.00
110,510.00
262,800.00
51,700.00
56,870.00
42,500.00
69,860.00
59,520.00
59,770.00
41,490.00
79,700.00
149,050.00
39,470.00
21,560.00
252,210.00
68,730.00
71,190.00
75,660.00
98,110.00

1010
7128
101030
73630
79051
1045
816
1232
1040
1232
960
1152
1040
996
1484
1463
1040
672
1332
1890
1482
1555
1056
1656
1912
3163
3404
2035
2288
3200
776
832
996
900
1120
2960
960
1482
2242
1080
720
5540
1945
1520
1040
1248

1667.77
1669.08
1667.60
1667.73
1668.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1665.07
0.00
0.00
0.00
0.00
1684.49
0.00
0.00
1668.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Basement (Poured)
Solid Wall

Slab

Slab

Slab

Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Solid Wall

Solid Wall

Block

Basement (Block)
Slab

Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Slab

Block

Solid Wall (Poured)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Slab

Solid Wall

Solid Wall

Solid Wall
Basement (Block)

1667.92
1665.37
1669.43
1669.43
1669.43
1687.12
1687.08

0.00
1682.28
1682.22
1682.38
1682.38
1682.38
1682.38
1683.14
1683.33
1684.81
1684.80
1682.55
1680.86
1680.86
1680.86
1680.86
1680.88
1680.76
1680.91
1680.83
1659.98
1686.03
1685.92
1684.23
1684.26
1684.26
1684.22
1684.23
1669.37
1680.58
1680.57
1680.78
1680.40
1680.40
1671.84
1680.86
1680.85
1680.82
1669.48

2.55

1.22

5,475

0
598,506
598,506
598,506

o O O o o o

10,649

9,492
10,190

1,945

5,969

13,342

64,474

50,658
12,641
13,783
14,897

13,945

12,883
20,417

o O O o o o

31,942

72.61
0.00
54051.87
54051.87
54051.87
0.00
0.00
0.00
0.00
0.00
0.00
2997.69
0.00
0.00
0.00
263.25
649.89
12.23
29.66
0.00
158.68
0.00
0.00
349.85
58.03
1704.84
0.00
0.00
13381.88
0.00
1583.69
19.43
1680.53
1841.13
380.56
0.00
177.84
538.82
0.00
9.62
0.00
0.00
18.42
0.00
1664.87
0.00

$55,524
$0
$249,944
$203,420
$184,067
$0

$0

$0
$119,052
$0

$0
$33,390
$0

$0

$0
$34,970
$41,696
$0
$128,041
$0
$111,498
$0

$0
$38,866
$0
$110,703
$0

$0
$201,477
$0
$32,895
$0
$33,343
$42,528
$41,114
$32,038
$22,481
$41,066
$0

$0

$0
$27,423
$0

$0
$103,444
$11,598

Appendix A

$2,367
$10,656

$8,673
$7,847

$1,424

$1,491
$1,778

$5,459

$4,754

$1,657

$4,720

$8,590

$1,402

$1,422
$1,813
$1,753
$1,366

$958
$1,751

$4,410
$494

0.03

5.07

6.23
6.89

2.11

0.18
0.37

0.01

0.03

0.21

0.36

1.56

1.13

1.18
1.02
0.22
0.00
0.19
0.31

0.38
0.00

B A I A A e I < e I = I < A A IR < A < A < A < < A I IR A < A < e A = A I AR - A < A < A < A o o A - A - A =22

55,524
269,174
218,452
201,097

119,052

34,970
41,696
26,590
128,041
111,498

38,866
72,459
284,588

201,477
36,736
36,895
33,343
42,528
41,114
22,481

122,538

29,115

27,423
53,808

103,444

2367.21

11475.89
9313.44
8573.52

1423.54

1490.90
1777.63
1133.64
5458.84

4753.59

1657.00

3089.20

12133.04

8589.73

1566.20

1572.96

1421.52

1813.11

1752.84

958.44
5224.25

1241.29

2294.02

4410.21

0.03

471
5.80
6.30

2.11

0.18
0.37
0.01
0.01

0.03

0.21

0.02

0.14

1.56

1.01

0.01

1.18

1.02

0.22

0.19
0.10

0.01

0.01

0.38



1283
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1309
1310
1311
1312
1313
1314
1315
1316
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331

74,650.00
19,920.00
94,130.00
46,410.00
72,130.00
70,240.00
46,780.00
118,290.00
72,980.00
75,410.00
66,960.00
92,560.00
65,070.00
125,350.00
61,660.00
26,990.00
74,530.00
96,970.00
89,220.00
85,170.00
59,020.00
108,830.00
80,830.00
59,270.00
7,060.00
26,360.00
29,000.00
22,820.00
43,080.00
88,700.00
88,010.00
107,570.00
82,720.00
51,950.00
128,290.00
125,520.00
146,920.00
89,250.00
82,470.00
130,120.00
53,020.00
94,700.00
52,330.00
23,960.00
54,980.00
40,480.00

1224
1562
2696
816
1288
1320
720
1974
1120
728
1196
1368
951
1400
832
660
976
1296
1576
1464
1206
1560
1080
984
371
996
900
864
720
1500
1012
1596
960
1031
2624
2648
3534
1515
1204
2480
720
1560
1740
1426
984
1932

0.00
0.00
0.00
0.00
0.00
0.00
0.00
1670.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1667.91
1668.44
1668.88
1670.18
1666.22
1666.69
1667.04
1666.89
1671.50
1680.47
1663.74
1668.68
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Poured)
Stone

Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Block)
Stone

Stone

Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Stone

Basement (Block)
Basement (Poured)
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

Solid Wall
Basement (Block)
Solid Wall, Brick
Basement (Block)
Solid Wall

Solid Wall, Brick
Solid Wall, Stone
Solid Wall, Stone
Solid Wall, Stone
Basement (Block)
Solid Wall

Stone

Basement (Block)
Basement (Poured)
Basement
Basement (Poured)
Basement (Block)
Basement (Block)

1670.66
1668.26
1668.31
1668.15
1668.16
1668.18
1668.20
1668.25
1668.34
1668.38
1668.58
1668.68
1668.23
1668.34
1667.17
1668.09
1668.11
1668.12
1668.14
1668.16
1665.63
1665.36
1665.35
1665.28
1664.72
1664.71
1664.71
1664.71
1665.90
1680.57
1659.81
1665.71
1680.57
1680.57
1680.61
1680.69
1680.78
1680.57
1680.57
1676.95
1680.51
1680.46
1674.79
1675.67
1674.81
1674.81

2.19
1.01

0
7,451
28,127
10,545
15,412
15,349
12,834

0.00
2059.14
3675.95
1326.36
3901.00
1930.14

771.49
33.67

0.00

0.00

0.00
1244.22

404.27
50.53
7353.38
3293.04
7941.34
656.79

0.00

2244.68

156.52
47.28
31.90
22.21
20.29
39.75
0.00
71.75
252.83
2887.97
16.44
0.00
216.91
335.79
0.00
26.61
32.46
3661.91
776.36
92.29
0.00
0.00
132.84
82.16
120.78
120.27

$0
$107,654
$209,405
$32,793
$43,961
$40,251
$31,857
$0

$0

$0

$0
$51,174
$41,302
$0
$84,430
$60,047
$45,130
$56,255
$0
$131,037
$41,890
$0

$0

$0
$13,053
$0

$0
$21,259
$30,469
$47,913
$0

$0
$48,022
$37,278
$0

$0

$0
$134,985
$50,661
$0

$0

$0
$35,618
$78,394
$37,888
$29,785
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$4,590
$8,928
$1,398
$1,874
$1,716
$1,358

$2,182
$1,761

$3,600
$2,560
$1,924
$2,398

$5,587
$1,786

$556

$906
$1,299
$2,043

$2,047
$1,589

$5,755
$2,160

$1,519
$3,342
$1,615
$1,270

0.45
0.41
0.95
2.08
1.12
0.57

0.57
0.23

2.04
1.29
4.13
0.27

0.40
0.08

0.04

0.08
0.19
1.41

0.11
0.21

0.64
0.36

0.09
0.02
0.07
0.09
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107,654
209,405
32,793
43,961
40,251
31,857
62,526

51,174
41,302
63,291
84,430
60,047
98,785
56,255
131,037
108,189
53,512
48,657
33,897
13,053
25,812
21,259
30,469
130,375
50,588
48,022
42,382
68,149
69,655
134,985
50,661
68,933

35,618
78,394
37,888
29,785

4589.71
8927.73
1398.09
1874.23
1716.04
1358.16
2665.70

2181.75
1760.88
2698.35
3599.56
2560.01
4211.58
2398.37

5586.57
4612.51
2281.43
2074.44
1445.16

556.49
1100.45

906.34
1299.01
5558.35
2156.76

2047.36
1806.90

2905.44
2969.67
5754.91
2159.87
2938.87

1518.52
3342.22
1615.32
1269.85

0.45
0.41
0.95
2.08
1.12
0.57
0.01

0.57
0.23
0.02
2.04
1.29
1.89
0.27

0.40
0.03
0.02
0.02
0.02
0.04
0.04

0.08
0.00
0.52
0.01

0.11
0.19

0.01
0.01
0.64
0.36
0.03

0.09
0.02
0.07
0.09



1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1375
1376
1377
1378
1380
1381

18,220.00
529,210.00
157,000.00
103,150.00

36,700.00

87,960.00

59,390.00

27,240.00

59,270.00
101,390.00

77,180.00

19,170.00

13,930.00

48,050.00

68,980.00

27,860.00

16,460.00

56,490.00

68,220.00

67,340.00

77,300.00

46,660.00

78,810.00

34,930.00

17,780.00

63,050.00
154,860.00

66,580.00

50,820.00
121,480.00
111,600.00

52,840.00

96,820.00
120,300.00
100,620.00
223,960.00

86,940.00
103,530.00

30,770.00

28,250.00
180,080.00
707,880.00

81,210.00
109,710.00

64,640.00

27,110.00

728
4859
2100
1362
1934
1371
1440
1310
1115
936
1180
688
840
1632
936
1486
624
2288
2744
936
1056
1758
960
840
840
1144
1764
1918
1105
2483
1648
832
1196
2300
10416
1904
1040
1662
1320
1392
26014
14903
1056
1120
960
1610

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1663.72
0.00
1679.74
0.00
0.00
0.00
0.00
0.00
1669.70
1668.83
0.00
1667.79
1659.65
1669.81
1666.97
1664.43
0.00
0.00
0.00
0.00

Basement (Block)
Stone

Block and Pour
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basement (Poured)
Stone

Basement (Block)
Basement (Poured)
Block, Stone
Block, Stone

Pour, Block
Basement (Poured)
Basement (Block)
Stone

Stone

Basement (Poured)
Basement (Block)
Basement (Poured)
Solid Wall, Brick
Basement (Poured)
Basement
Basement (Poured)
Basement (Poured)
Basement (Block)
Block/Brick
Basement (Block)
Pier

Solid Wall
Basement (Poured)
Slab

Solid Wall

Solid Wall

Slab

Basement (Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Solid Wall

1674.82
1675.78
1674.52
1673.90
1676.39
1672.04
1672.03
1672.01
1672.03
1672.01
1672.01
1672.01
1672.92
1672.88
1672.92
1672.88
1672.93
1672.91
1672.88
1671.02
1671.17
1671.88
1671.88
1671.90
1671.90
1671.92
1659.25
1678.27
1679.49
1680.07
1680.35
1680.38
1668.11
1668.10
1669.44
1668.12
1687.05
1665.80
1659.15
1667.97
1664.16
1665.45
1682.38
1682.29
1681.44
1680.86

2.08

9,406

7,508
14,809
9,474
6,619
11,011
21,594
15,388
5,700
3,858
12,249
19,684
7,189

13,405
30,039
13,051
15,173
8,243
589
17,422

8,702
17,134
25,244
20,363

9,471
37,527

O O O O O o o

119,585

5,599

127.19
0.00
0.00
36.97
108.59
1983.93
619.37
903.01
1489.86
2913.18
2074.54
786.17
449.02
1520.81
1295.05
477.09
37.58
56.26
66.09
184.21
1836.61
1794.33
2053.96
1122.59
1116.53
2382.46
0.00
247.58
239.44
654.87
532.36
78.22
2057.04
10161.91
18.25
406.38
0.00
0.00
13.96
0.00
5141
2965.30
0.00
0.00
0.00

146.77

$40,022
($25,701)
$0

$0
$24,941
$47,389
$36,585
$27,407
$40,158
$54,754
$48,409
$51,778
$20,882
$30,720
$42,601
$18,501
$0

$0

$0
$41,986
$47,065
$122,585
$46,556
$28,488
$46,179
$38,764
$0
$44,277
$37,684
$61,471
$56,545
$0
$55,953
$185,958
$58,559
$124,720
$0

$0
$88,673
$0
$9,340
$27,002
$0

$0

$0
$20,381
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$1,706
-$1,096

$1,063
$2,020
$1,560
$1,168
$1,712
$2,334
$2,064
$2,207

$890
$1,310
$1,816

$789

$1,790
$2,007
$5,226
$1,985
$1,215
$1,969
$1,653

$1,888
$1,607
$2,621
$2,411

$2,385

$7,928
$2,497

$398
$1,151

$869

0.07
0.00

0.10
0.98
0.40
0.77
0.87
1.25
1.01
0.36
0.50
1.13
0.70
0.57

0.10
0.92
0.34
1.03
0.92
0.57
1.44

0.13
0.14
0.25
0.22

0.86

1.28
0.01

0.00
1.50

0.17

40,022

50,173
24,941
47,389
36,585
37,622
40,158
54,754
48,409
58,967
67,060
120,439
94,057
100,193
34,304
40,247
44,377
41,986
105,118
140,083
46,556
28,488
46,179
101,655
44,277
98,431
61,471
56,545
30,142
55,953
185,958
68,573
208,705

100,211
131,891
55,727

20,381

1706.27

2139.05
1063.31
2020.35
1559.76
1603.94
1712.08
2334.39
2063.83
2513.98
2859.04
5134.75
4010.00
4271.60
1462.52
1715.86
1891.93
1790.01
4481.57
5972.24
1984.84
1214.55
1968.77
4333.94

1887.68
4196.46
2620.72
2410.71
1285.06
2385.47
7928.08
2923.53
8897.88

4272.38

5623.02
2375.84

868.92

0.07

0.02
0.10
0.98
0.40
0.56
0.87
1.25
1.01
0.31
0.16
0.30
0.32
0.11
0.02
0.03
0.03
0.10
0.41
0.30
1.03
0.92
0.57
0.55

0.13
0.05
0.25
0.22
0.06
0.86
1.28
0.01
0.05

0.00

0.01
1.06

0.17



1382
1383
1384
1385
1386
1387
1388
1390
1391
1392
1393
1394
1395
1396
2000
2001
2002
2003
2005
2006
2007
2012
2013
2014
2015
2016
2017
2018
2019
2020
2022
2023
2024

48,050.00
25,470.00
34,800.00
60,730.00
69,980.00
88,940.00
67,340.00
22,450.00
62,420.00
75,510.00
19,920.00
25,220.00
23,550.00
28,250.00
19,920.00
60,660.00
101,890.00
90,420.00
18,540.00
10,970.00
27,870.00
7,500.00
58,010.00
12,360.00
23,580.00
61,660.00
21,440.00
33,540.00
48,800.00
33,290.00
11,480.00
22,450.00
44,140.00

672
622
1918
768
888
1568
1830
1616
884
1596
764
1263
1024
1424
915
992
1196
960
1050
1095
958
650
1405
961
952
650
695
1060
879
1019
911
1060
898

0.00
0.00
1673.14
0.00
0.00
1665.58
1669.14
1665.84
1665.60
1666.91
1666.29
1668.66
1670.41
1669.26
0.00
0.00
0.00
0.00
0.00
1667.15
1664.69
0.00
1666.18
1664.66
1664.96
1668.59
1663.95
1666.35
1667.33
1665.92
1663.70
1667.34
1665.47

Basement (Poured)
Stone

Basement (Block)
Basement (Block)
Basement (Block)
Basement (Poured)
Basement (Block)
Solid Wall

Solid Wall
Basement (Block)
Solid Wall
Basement (Poured)
Basement (Block)
Basement (Poured)
Basement (Poured)
Stone

Slab

Stone

Slab

Solid Wall

Solid Wall
Basement (Block)
Block/Crawl
Poured

Slab

Solid Wall
Basement (Block)
Basement (Block)
Basement (Block)
Basement (Block)
Solid Wall

Solid Wall

Solid Wall

1680.83
1672.88
1668.63
1668.76
1665.33
1665.43
1665.04
1665.49
1665.31
1664.97
1665.32
1669.09
1668.33
1665.35
1665.06
1667.91
1667.92
1680.86
1681.63
1681.62
1671.91
1665.75
1665.81
1665.21
1666.62
1667.17
1665.21
1665.29
1665.36
1665.45
1665.05
1665.04
1665.38

180.06
72.71
78.31

1792.29
97.05

716.48
33.56

965.38

666.65

834.17

393.80

1024.92
0.00
73.08
149.68
0.00
125.43
0.00
17.02
37.15
1081.29

113.64

503.71
38.56

2784.82
7353.38
8.92
1418.57
1250.85
70.26
634.70
7.63
2476.13

$31,795
$22,768
$29,436
$37,625
$0
$48,383
$0
$32,768
$39,558
$44,243
$19,544
$69,433
$0
$16,911
$23,968
$0

$0

$0
$11,762
$71,038
$7,733
$0
$43,740
$0
$62,750
$0

$0
$85,165
$34,395
$0
$70,840
$0
$32,860
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$1,356

$971
$1,255
$1,604

$2,063

$1,397
$1,687
$1,886

$833

$721
$1,022

$0
$501
$3,029
$330
$0
$1,865
$0
$2,675
$0

$3,631
$1,466

$3,020

$1,401

0.13
0.07
0.06
1.12

0.30

0.68
0.33
0.44
0.47

0.10
0.15

#DIV/0!

0.03
0.01
3.28

#DIV/0!

0.25

#DIV/0!

1.04

#DIV/0!

0.38
0.81

0.20

1.75
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31,795
22,768
29,436
37,625
42,438
136,214
51,999
121,607
89,075
44,243
23,326
69,433
16,911
75,221
57,854

71,038
7,733

120,979

62,750
22,074
87,368
82,718
86,166
75,440

82,227

1355.55

970.67
1254.97
1604.11
1809.29
5807.29
2216.89
5184.56
3797.59
1886.25

994.47
2960.19

720.99
3206.95

2466.53

3028.60
329.70
0.00
5157.79
0.00
2675.28
0.00
941.10
3724.84
3526.56
3673.57
3216.28
0.00
3505.66

0.13
0.07
0.06
1.12
0.05
0.12
0.02
0.18
0.18
0.44
0.40
0.35

0.10
0.05

0.05

0.01
3.28
#DIV/0!
0.10
#DIV/0!
1.04
#DIV/0!
0.00
0.38
0.35
0.02
0.20
#DIV/0!
0.71
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Park Creek and Park Creek Tributary
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Hazus Level 2 Flood Analysis - Madison, SD
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Nonstructural Floodproofing

Nonstructural measures are proven methods and techniques for reducing flood risk and
flood damages in floodplains. Many tens of thousands of buildings located across the
nation are reduced or removed from risk and damage due to implementation of
nonstructural measures. Besides being very effective for both short and long term flood
risk and flood damage reduction, nonstructural measures can be very cost effective
when compared to structural measures. A particular advantage of nonstructural
measures when compared to structural measures is the ability of nonstructural measures
to be sustainable over the long term with minimal costs for operation, maintenance,
repair, rehabilitation, and replacement (O&MRRR).

While participation in most nonstructural projects is voluntary, depending upon the
needs of the project and the desires of the community, a nonstructural project could be
mandatory. Voluntary is always the preferred method of implementation, but could
result in a patchwork effect of reduced flood risk due to some owners refusing to
participate in the project. The Madison nonstructural flood risk mitigation assessment
assumes that participation would be voluntary for implementation purposes.

The ability of nonstructural measures to be implemented in very small increments, each
increment providing flood risk reduction benefits, and the ability to initiate and close a
nonstructural program with relatively minimal costs are important characteristics of this
form of flood risk reduction.

1 Background of Nonstructural Flood Risk Management

Nonstructural mitigation measures are proven methods and techniques for reducing flood risk, through reducing
flood damages by adapting to the natural characteristics of flooding within the floodplain. In addition to being
very effective for both short and long term flood risk and flood damage reduction, nonstructural measures can
be very cost effective when compared to other flood risk management techniques. The following is a definition
of flood risk.

Flood Risk = f [(Probability of Flooding) x (Consequences)]

Probability of Flooding is the frequency of flooding or how often does flooding occur in a particular
location.

Consequences are the potential life loss or damages associated with flooding. Structures (residential,
commercial, critical, public, and industrial), land use (agricultural, urban, public), and infrastructure
(highways, roads, rail, utilities) are the potentially damageable assets.

Reduce the consequences of flooding and risk is reduced. Nonstructural measures are invaluable wherein the
goal is to reduce flood damages without modifying the characteristics of the flood event.

1.1 Physical Nonstructural Measures

Nonstructural flood risk management can be categorized as a set of physical or nonphysical measures utilized
for mitigating loss of life as well as existing and future flood damages. The physical measures determined to be
most commonly implemented are those which adapt to the natural characteristics of the floodplain without
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adversely affecting or changing those natural flood characteristics. Because of their adaptive characteristics to
flood risk, these measures support the National Flood Insurance Program (NFIP) as administered by FEMA and
generally cause no adverse effects to the floodplain, flood stages, velocities, or the environment. These
measures may also be considered as Flood Risk Adaptive Measures (FRAM) and can be incorporated into
existing or new structures to mitigate for potential future flood damages. The most common FRAM measures
are:

1.1.1 Elevation

Elevation consists of lifting an existing floodprone structure to an elevation which is above the appropriate
design flood elevation. In the City of Madison, the design flood elevation is the 1 percent annual chance flood
elevation; this may be a requirement if the project is a substantial improvement. For projects funded through
federal grants, compliance with EO 11988 and the recently signed EO 13690 may carry additional elevation
requirements as well. In many elevation scenarios, the cost of elevating a structure an extra foot or two is less
expensive than the first foot, due to the cost incurred for mobilizing equipment. Elevation can be performed on
extended foundation walls, on piers, post, piles and columns, and in some circumstances, using fill material.

1.1.2 Fill Basement with Main Floor Addition

This nonstructural measure consists of filling in the existing basement without elevating the remainder of the
structure. This measure could be appropriate if the structure’s first floor is located above the design flood
elevation. Constructing an addition to the structure could compensate for the lost basement space to the owner
and contain utilities such as the furnace, water heater, and water softener. If the addition is not possible or
desirable, then compensation for the lost basement space may be provided to the owner.

1.1.3 Relocation

Relocation involves physically moving the at-risk structure out of the floodplain and buying the land upon
which the structure was located. Structures are relocated from a high flood hazard area to an area that is located
completely out of the floodplain.

1.1.4  Acquisition

Acquisition consists of buying the structure and the land and converting the land to open space. The structure is
either demolished or is sold to others and moved to a site external to the floodplain. Development sites, if
needed, can be part of a proposed project in order to provide locations where displaced people can build new
homes within an established community.

1.1.5 Wet Floodproofing

Wet floodproofing is applicable as either a stand-alone measure or as a measure combined with other measures
such as elevation. Stand-alone wet floodproofing includes measures to prevent or resist flood damage while
allowing floodwaters to enter a structure. These measures generally include using flood resistant materials
below the design flood elevation, protecting mechanical and utility equipment and using flood openings. It
should be noted that to be recognized for floodplain management purposes, application of wet-floodproofing
measures are limited to enclosures below elevated structures, accessory and agricultural structures. Wet
floodproofing may be applicable to commercial and industrial structures when combined with a flood warning
and flood preparedness plan, but will not be recognized for flood insurance or floodplain management purposes.
This measure is also generally not applicable to locations with high flood depths and high velocity flows.

1.1.6 Dry Floodproofing

Dry floodproofing consists of waterproofing the structure to prevent water from entering. This measure
achieves flood insurance premium reduction for commercial structures but is not recognized by the NFIP for
flood insurance premium reduction if applied to a residential structure. A “conventional” built structure can
generally only be dry flood proofed up to three feet in elevation. A structural analysis of the wall strength is
required if flood depths exceed three feet. A sump pump and drain system should be installed as part of the
measure and closure panels used at openings. For buildings with basements or crawlspaces, the only way that
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dry flood proofing could be achieved is for the first floor to be made impermeable to the passage of floodwaters.
In these cases, while flood risk reduction benefits would be achieved, potential flood insurance cost reductions
may depend on the overall characteristics of the building after the project is completed.

1.2 Nonphysical Nonstructural Measures

Nonphysical nonstructural measures consist of management measures for the floodplain. These measures can
address flood risk through regulation and best management practices and can be considered separately or as a
combination of floodplain management and planning functions. The next subsections of the report discuss these
nonphysical measures.

1.2.1 Floodplain Mapping

The purpose of floodplain mapping is to identify flood risk, and can include maps of floodplain boundaries and
inundation maps illustrating the depth of flooding. These maps provide information related to the magnitude
and likelihood of a flood event.

1.2.2 Flood Warning System

Flood warning systems consist of stream gages, rain gages, and hydrologic computer modeling that determines
the impacts of flooding for areas of potential flood risk. A flood warning system, when properly installed and
calibrated, is able to identify the amount of time available for residents to implement emergency measures to
protect property or to evacuate the area during serious flood events.

1.2.3 Flood Emergency Preparedness Plans

Local officials are encouraged to develop and maintain a flood emergency preparedness plan that identifies
hazards, risks and vulnerabilities, and encourages the development of local flood risk mitigation. The plan
should include the community’s response to flooding, location of evacuation centers, evacuation routes, and
flood recovery processes.

1.2.4 Land Use Regulations

Land use regulations are effective tools in reducing flood risk and flood damage. The principles of these tools
are based in the National Flood Insurance Program (NFIP) which requires minimum standards of floodplain
regulation. Communities can implement voluntary higher standards that encourage further regulation and
minimization of floodplain development and flooding risks to development.

1.25 Zoning

Zoning is an important land use tool that most communities in South Dakota exercise. Indeed, the state’s
statues spell out that zoning regulations shall be based on a comprehensive development plan and those
regulations should consider reducing flood risk. The city of Madison exercises zoning authorities. A
community may determine that certain areas are too hazardous for human habitation and restrict development
from occurring via amending zoning ordinances. Establishing good zoning regulations for flood risk can help
reduce the long-term risk that a community faces from flooding.

1.2.6 Evacuation Plans

Evacuation plans require detailed hydrologic analyses for determining the rate of rise of floodwaters for various
rainfall or snowmelt events. When used in conjunction with flood warning systems, this measure can provide
significant loss of life avoidance and flood damage reduction benefits. Evacuation planning should consider
vertical evacuation as well as the traditional evacuation. This measure should only be implemented when there
is signification response and action time available for floodplain occupants to evacuate. Rally points as well as
evacuation routes should be thoughtfully planned and communicated to the public.
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1.2.7 Risk Communication

Through the development of and use of educational tools such as presentations, workshops, hand-outs, and
pamphlets, flood risk and flood risk reduction measures may be communicated to government entities and
floodplain occupants in an effort to reduce the consequences associated with flooding.

1.3 Critical Facilities

Any facility which could become inoperable during a flood event and result in additional adverse impacts on the
affected population is considered critical. Critical facilities are essential during a flood to provide human safety,
health, and welfare. Any facilities that could, if flooded, add to the severity of the disaster are considered
critical. Critical facilities are also generally those services required during the flood such as police and fire
protection, emergency operations, people evacuation sites, and medical care. Critical facilities should be
located in a low flood risk area. If this is not possible or practicable, the facility should be, at a minimum,
protected to the extent that it can function as intended during all floods up to and equal to a 0.2 percent annual
chance (500-year) event.
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