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Executive Summary

The project provides the City of Madison with a comprehensive nonstructural assessment.
The nonstructurakssessmeig an evaluation afionstructuraflood risk reductiormeasures
Nonstructural flood risk management measures are proven methods and techniques for
reducing flood risk and flood damagedloodprone areasThe projecis a Silver Jackets
cooperdéve project between USACED OEM Lake CountyCity of Madison and FEMA.

The progct had the following deliverables

1 Discussion bstudy methodology

1 Hydrologic relationships used in the study

1 Elevation data for approximately 3%fructures
1 Property types and values for the study area
1 Structure Risk Assessment

1 Economic anigsis of nonstructural measures
1 Risk Communication/Outreach Session

This assessment will be used to prioritize mitigation options, adangsspetitive loss
properties, ad provide flood risk reduction guidance to individual homeowndrs.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 eff€bivinal resuk of

this effortwereincorporated into a community education and outreach effort

The project willprovide an example for nonstructural mitigation for other communities in

South Dakotandimprovethe 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 wéksistin direcing response effort® the most at

risk propertis. The following sections discuss theethodology and resultf the

assessment.
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1 Introduction

A nonstructuraflood riskmanagememssessment has been condubtethe U.S. Army
Corps of Engineer§)mabhaDistrict, (USACE)in collaboration with th&outh Dakota Office
of Emergency Management (SD OEM), Lake Cou@lyy of Madisonand the Federal
Emergency Management Agency (FEMA) Region VIThe assessment wasropleted as

an Interagency Project through tH8ACE Silver Jackets Progran&ilver Jackets
InteragencyProjectsencouragehe completiorof studiesthat result incollaborative flood

risk managementTheintentof this study isto analyze and develomnstructuralflood risk
mitigationmeasures$or structures alongark Creek, Park Creek Tributary and Silver Creek
in Madison, South Dakota

Nonstructural flood mitigation measures include activities that alter the consequence of
flooding. Typicalnonstructural measures include elevation, relocation, wet floodproofing,
and dry floodproofing. These strategies differ from structural meaaves, floodwalls,

and damshat alter flood characteristicstége and dischargeEach building assessethy

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 moredietgilav could be needed for
implementation.

This study containthe detailed technical assessment used for investigating the feasibility of
incorporating nonstructural mitigation measures structures vulnerable to flooding within
the project areaThere are a total of 3%tructures 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 amcwtinture
characteristics. The building survey information was also used by the Federal Emergency
Management Agency (FEMA) to conduct a Hazus Level Il analysis. The Hazus Level
analysis estimated losses from floodfngboth the 1and 0.2percent anual chance flood
events.

The process of conducting a nonstructural assessment starts with collecting structuse survey
andhydrologic and hydraulic datdhe FloodDamage Reduction Analysis (HEEDA)
programuses this date calculate expected damademsn flood events of various recurrence
intervals. Once structure damages have been calculated, the team selects appropriate
nonstructural floodproofing measutbencalculates the cosaind any residual damages.

The results of the study include pendpostproject damages, costs, recommended
nonstructural measures, and bentfitost ratios.Figure 1 shows the steps in a

nonstructural assessment.

1
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Structure Data Damage

Hydrology asls_IeEsar:n[;—:‘Rt in

Hydraulics

Identify
Calculate costs nonstructural
meaures

Calculate residua Determine Benefit
damages to-Cost Ratios

Figure 1. Nonstructural Assessment Process

The nonstructural measures recomuhed for implementation in this study support the
Executive Order 1198&xecutive 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 shorterm adverse ipacts 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 Qrti8690 was established, which amends
Executive Order 11988Vhile this study does not take these updates into account, the results
and intentare consistent with Executive Order 13690.

2
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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 7,126persons. Potential flood sources for the City of Madison include Park Creek,
Park Creek Tributary and Silver Creek.

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

Theprimarycause of flooding is intense rainfalinoff from thunderstorms occurring over

the basin.

The canmunity 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
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 Agerfei 1A) buyoutandrelocation program. Ther

were 114 homes that participated in the program after the 1993 flobthany more atisk
structures remain in the community

lood damages

The second and more recent event occurred on May 5, 2012. This event was of
approximatéy the samanagnitude as the 1993&w 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 crasffooded stream.

A Drainage Basin Storage and Soil Erosion Prevention Study was complé&abiby

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 Bannerdtedstudy
included completing hydrologic and hydraulic modeling of théevged andalso

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 plasuch as improving existing drairegtructures at specific problem
locations.

The community is interested in reducing their lgagn flood risk. After the 2012 flood
event,aLocal Emergency Planning Committee (LERQp-committeewas formed to

discuss longerm solutions.The subcommittee produced a Flood Mitigation Report which
provided recommendations to elected officetsl outlinedpportunities for nonstructural

flood risk adaptiveneasures 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 ofthis study,existing data from flood insurance studies, flood hazard mitigation
pl ans, c o uevaluatiomdatabase shydradlic modeling, tratepetitive loss
database were collected and organized for the study @hesfollowingsection discusses
the water surface elevations used as the design flood elevations

Hydrologic data for this assessent came from the existing Flood Insurastady(FIS),

titled theFlood Insurance Study fdrake County, South Dakotnd Incorporated Areas,
Flood Insurance Study number 46079CV000A, September 2, 2009nampanel numbers
associated with this FIS a46079C0163C and 46079C0251C.

Park Creek, Silver Creek and Park Creek Tributary draiarea of approximely 176.4

square miles of eastern South Dakotde majority of the watershed is rural cropland and

the only large urban area is the City of Madison. The study area has Aelongtream

gage and flows anenpacted by the lakes within the watershéthe source of masnajor

historic floodson Park Ceek, Silver Creek and Park Creek Tributasgrehigh intensity
thunderstorms. In the City of Madisdhe strearmare contained during low flow within a
stonewalled channel. Damages begin shortly after the capacity of this channel is exceeded
and thetypical warning timdor citizenswould be measured in minutes to hours.

Eight water surface profiles were required to complete the economic modeling HrBIEC
The 10, 2, 1, and 0.2 percarinual chance of exceedang€E) flood events (10, 50, 100,
and B0 year) were available from tikS. The 4 percent ACE flood event (3®ar) was
available from the 1995 Bann8tudyused to produce the FIS, but was not published in the
FIS. Through interpolationthe available profiles were used developthe 50, 20and 0.5

4
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percent ACE flood events (2, 5, 200 yedidble 1 shows the discharges used in the
economic analysis.

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

Discharges (cfs)
Location 2.yt |5yt [10yr® | 25yr® | 50yr* | 100yr® | 200yr | 500yr

Park Creek

Just Upstream of the
Confluence with Park 550 1,320 | 2,400 | 2,880 | 3,650 4,340 5110 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 tht
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

I Discharges estimated based on HE®lodel results and Log Pierson Type I 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 efforthgdrology study was completed May 2016by USACEthat

updates the flow frequencies for streams and thegleghtion frequencies for lakes in the
vicinity of Madison, South Dakota. Streams included in the analysis are Park Creek, the Park
Creek tribuary 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 2year peak flows and pool elevatiofi$ie hydrologic model for

Lake CountySouth Dakota was updated with current data and processes. The updated model
includes the use of LIDAR 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 includieabie 2 and shows tha

the results of the studiese 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 sudy

100yr 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 dhe 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 (HECFDA) Development

The economic analysis conducted in this study utilized the Hydrologic Engineering Center
Flood Damage Analysis (HEEDA) software, version 1.2.5a. The model was used to
calculate expected flood damadesvarious 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 HEDA model include a structure inventory and a set of
occupancy types. The Hazus Level Il anialydso 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 wat 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
inventorywas included.There were a total of 397 structures identifi@deam of four

persons used survey equipment to determine elevations and took field notes.

Each structure is assigned attributes required by-AHBB. 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 stralctere

category name, stream bank location, and an occupancy type. The stream station
assignments for each structure were based on the nearest hydraulgectmssor

interpolated between crossctionsOther structure information was collectedrs 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 werg¢ousstiimate

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, sifdcage

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 nesistenctures. 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 dawagegory and a structure occupancy type
formatted for HEGFDA. 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 HEEDA is a subcategory of damage categories and is
assigned to structures using the same dppthent damage functions, fhfsbor
uncertainties, structure value uncertainties and cofesttucture value ratios. Thedes
and corresponding occupancy types are containédbie 4.

Table 4. Structure Occupancy Types

R01Homes- 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
RO5Homes- 2NB - (2 Story No Basement) NR29 Recreational Facility Engineered

RO06 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, NoiiRefrigerated Engineered
NR19 Industrial Light Manufacturing Engineered

4.2 Risk Analysis

The FDA model is typically usett incorporate uncertainty into flooding scenatmseflect
theuncertainty aroundollected datand the potential fdtood eventgo 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 areaThis nonstructural assessméokedat structures on an individual
basis. While the FDAnodelis able to determine damage incuregthdividual structures, it
can only do so without incorporating uncertainty.

The FDAmodelalso computes expected annual damages (EAD) to coragaiest the
annual cost of proposed alternativebich assistin computingbenefit to cost ratios
(BCR9. The EAD damage figure is the amount of damaggeectedn any given year.

7
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While there are some years where there are no damages, there avéhgearhat are large
amounts of damages. The EAD uses these differing damage points to compute an annual
damage figure However, themodd only annualizes flood damages for the entire study area
or by study area reaches. Damageheaa@re explained Section 4.4elow. hdividual
structure EADsverecomputed using Microsoft Excel.

4.3 Analysis Years and Period of Analysis

Typically, a part of the planning process inventory and forecast of existing and future
without project conditions is made (ERM0-2-100). The futuravithout 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 anadis isa screening level assessmert future development was included.

For the purposes of this analysis, ayg8@r period of analysis was used and it is assumed that
the existing level of development will remain the same and that no existing strueilbes
significantly modified for the period of analysis under future withnaject conditions.

Thecosts for the modeled nonstructural methadse computed as outlined in Sectiof.
The cost estimatingn eachstructurewas completed by theSACE Flood Risk and
Floodplain Management SectioA contingency of 10 percent was includedich is
assumed to includihe interesaccruedduring construction

4.4 Interest Rate and Price Level

The fiscal year (FY) 2015 Federal interest rate of 3.37&egpe is used for this analysis based
on guidance from Economic Guidance Memorandurd15-ederal 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 wadated using a BCI index to be expressed at FY15
price levels.

45 Selected Reaches and Index Locations

The study area otudes threstreamsPark Creek, Park Creek Tributary and Silver Creek.
Figure 3 displays theapproximate location of th&reamsncluded in this analysis

8
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Park Creek
Tributary

Figure 3. Stream Approximate Location

All three of the streamstudiedin this analysis were divided inteachedbasecdn the
characteristics ahe water surface profileCulvertlocations were the main featsnesed to
distinguish reaches as they tend to affect hydraulic parameters. Reaches are defined by
beginning and ending stations, whimte defined by the distanteet above the mouth tie
river. Park CreeksSilver Creek, anéark Creek Tributary were divided inip3 and4

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 stagaygisahd damage

within each damage reach. Index locations were generally chofemmiddle point of each
reach

9
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Table 5 belowis alist of thedamage readsused in the FDA model.
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Table 5. Damage Reachetor HEC -FDA Model

Park Creek

Beginning Ending

Reach Name Location (Downstream) (Upstream)
Statiort Statiort

At Confluence with Silver
Reachl 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 Trilutary 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)

. 2 .
Station Station
Reach 1 At Union AveCulvert 89 1032
Reach 2 At Olive Ave Culvert 1032 2741
Reach 3 At US Hwy 81Culvert 2741 3800
Reach 4 Upstream End of Model 3800 4013
Silver Creek

Beginning Ending

Reach Name Location (Downstream) (Upstream)

Statior% Statio

Reachl At State Hwy 34Culvert 124 3141
Reach 2 At Union AveCulvert 3141 6610
Reach 3 Upstream End of Model 6610 9704

I Distance in feet above corporditaits
2 Distance in feet above confluence with Park Creek

4.6 Content Value

The value of contents in a residence was assumed toEifya¢rcent of the structure value.
This percentage is similar to the percentages used by local casualty insurance cdmpanies

homeowner so
Mobile homes had a content value equal to 139 percent of the structure value based on

t he [D¢ptivDatagd e ans
Relationships for Structures, Contents, and Vehicles and Cerde®tructure Value Ratios
Donal
New Orleans District report was used because the repomeaggacurve CSVR for mobile

professional

( CSVR)

n

policies
judgment

Support of

and i s

and

t he

consi

dsonvi

stent

e

Wi

t

homes is applicable across the county. Moeftyle sheds on some residential lots had their
contents valued like nerefrigerated warehouses, or 37% of the structure value.
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Nonresidential contents include assets such aseoffquipment, 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 content®-structurevalueratio. 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 fromthé& e p o r t
DepthDamage Functioalculations forthe Benefft o st Anal ysi s Tool 0
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 investmengewvaluall structureg the 02
percentACE event floodplain500 year)f the City of Madisorare displayed ifable 6.

Table 6. Investment Value in the 02 Percent ACE Floodplain

Stflyyc;:re Stggﬁlres 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 structuréise City of Madisorthat 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 evensstand

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 structuresimibdelfirst floor height
building value foundation typeoccupancynumber of storiedatitude and longitude
Building value was null for 22 structuresothese were calculated with an RS means
calculation using square footage and occupancy t@matents 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 contdoysoccupancy type, for the 100 and b9€ar events,
is shown inTable 8below.

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 mefasusssdentia)|
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 datd. eXistee 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
Benefitto-cost Ratio (BCRyreater than one.

Beddause ofimited 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 methodgere selected based on whether the buildings were residential or
nonresidential and the physical characteristics of the buildings.

The nonstructural measures considered for residential buildings were elevation on extended
foundation walls and filling basemenisconjunction withconstructing a main floor
addition.

Non-residential buildings (including commercial and public buildings) wesessed for dry
floodproofing andwet floodoroofing Dry floodproofing was selected for buildings with
furnished interior space that could not be readily made flood nesisteh 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 detailosts for each nonstructural technique were developed
using data gather fromonstructural mitigation efforts occurring in other regiaf the
United States anshould only be useir the purpose oscreening various techniqueSost
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estimate information is provided 8ection7. 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 impledfar individual

buildings, these measures were evaluated across the entire study aneer to determine

the nonstructural plan that provided the highest net economic berefts ronstructural

plan alternatives were evaluated across the stigdy al'he three alternatives had design

flood elevation (DFE)setat the profile of the 2 1- and 0.2percent ACE flood events at each
building location. The height of the DFE above the normal grouadesaccording to the

depth of each flood eveant a specific locationCost 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 ResidentialElevation on Extended Foundation

This measure imlves devating the entirduilding from its original faindationto the design
flood elevation. This technique was used on residemtigdings, with and without
basements. To calculate the vertical distance of rise forteaicling, the elevation of the
DFEwas used?2-, 1-, or 0.2-percent ACHlood elevation The elevation othefirst floor
wassubtractedrom the design flood evet determine théoodproofingheight required
Since flood depths did not exceedio®t, all residatial buildings with significant flood
damagedor flood events less than the g2rcent ACE flood eventereevaluated Figure
4 illustrates an example of a residenbaildingwithout 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 ElevatedBuilding without Basementon Extended Foundation
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The cost to elevate residentialildings wasestimatedy utilizing equations based ap

building square footagdloodproofing height and foundations typehe equation for
computing residential elevation costas developedy Omaha District Cost Engineering

fromacost estimate procedudeveloped foF E MA 6 s

(HMGP) and givenn:

Hazard

Mi tigati on

nOoOf fice of Community Devel opment, Di saster
Program; Procedue Number 1, Rasion Number 11Januaryl5,2 0 1 3 0
The OmahaDistrict Cost Engineerindprmula for determining costs for elevating a
residential building for flood risk reductiost
Elevation Cost= (HCF + AUC + SRC) x ACF x SF
Where: HCF = FEMA HMGP costper square foot, based on foundation type and

height of raiseseeTable 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 residece 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
2.503.49 $51.58 $61.58 $71.58
3.504.49 $52.63 $62.63 $72.63
4.505.49 $55.63 $65.63 $75.63
5.506.49 $58.63 $68.63 $78.63
6.507.49 $61.63 $71.63 $81.63
7.508.49 $64.63 $74.63 $84.63

Open foundatiomlevationcosts are applicable to buildings on basement walls or on

foundation walls with a crawl space. Slab separation is a technique for raisingpa-slab

grade residence by separating blodding superstructure from the foundation slabslab

raise involves raising the foundation slab and the superstructure asibrieor structures in

the study area slab separation type elevation would be more common and was used for cost

estimating purposes.

7.2 BasementFill and Main Floor Utility Addition

Filling in the basemerns an appropriate flood risk reduction measuhen elevating
residentiabuildingsthathave basement$he 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 elevatdgesidentiabuildings which areubject to
flood damages with a maftoor elevationabove the DFE onlgeedthe basement to be

filled, assuming the project is not considered a substantial improvement according to

Madison Nonstructural Assessment; June 2016
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floodplain management regulation¥he basemens filledwith clean sand osther suitable
material andhetop of thefill is coveredwvith a vapor barrier To compensate fa portion

of the lost basement areadprovide a locatiorfior relocation ofthe utilities (furnace, water
heaterwatersofteneywasher and dry@thatmayresidein the basemenanabove ground
additionis assumed to bmnstructednto thebuilding at the DFE For purposes of this

analysis an addition size B0 square feet wassed A small, unfinished area of the

basement mabeable to bdeft unfilled to be used as a storm shelte@wever, 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 allowettesh

to remain below the BFE. I n these situations
Hardened storm shelters should be put above the BFE of the first floor to compensate for the
lost protection from tornadoesgigure 5 illustratesa simpified example ofemoving a

basement by adding fill materiahdconstructingan addition to the residentehouse

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 dthe 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 woplulied & the

cost of installing the replacement units.

Cost estimates for the fill and the loss of the basearshthe cost of the additi@me

summarized iMable 10 The loss of useable basement area is considered an additional cost.
The value of aiseable 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 stralctere
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Table 10. Cost Parameter for Filling Residential Basement

Item Cost/Units Quantity Calculation
SandFill $1.40/cubic foot BasemenArea x8 feet
Addition $6,250 each 50 square feet

7.3 Dry Floodproofing for Commercial Buildings

Dry floodproofing of commercialand other nomesidential buildingsnvolves applying a

water resistant sealant around thaldingto prevent flood water from enteringhe sealant
layer is then protected with a brick veneesimilar material. Doorways and windows are
sealed with flood shields or by similapplication A backflow preventiorvalveis installed

on the sanitary sewer line into the building to prevent floodwaters from backing up through
the sewer.A sump punp or skimmer pump (portable pumps may be used) to remove
floodwater that leaks into the building\ schematic of the dry flogmloofing technique is
shown inFigure 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 Floodpoofing

Buildings constructed of poured concrete, concrete masonry ordsgakost suitable for dry
floodproofing. The floodplain building inventory of the study area found a numbeoef
residentiabuildings with walls of prefabricated steel panefsnce hese panels may not be

of sufficient strength to resist the hydrostatic load and may leak through the joints between
the steel panelsnaalternate method of dry flopdoofing was proposed for metal buildings.
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To provide sufficshetwal Wabl oftcengthtenmwsdnry
interiorsof the masonry blockfslled with waterproof grouaindwith steel reinforcements

would be builton a new foundatiofootingimmediately outside of the existing steel walls.

The waterproof seahtandbrick veneer ispplied to the CMU wall. Closures for openings

into the building are also built into tl@&VU wall.

Buildingscould beevaluated for nonstructural measuittest are designet be partially dry
floodproofedand partially wet floodproofedn this situation, thénterior walls of the dry
floodproofed area need to be waterproofed as well asxteor 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 floodproofingere developed for commercial hihgs without
basements and design flood depth8 &et or up tal feetwith a structural analysig\
structural engineer W be required to thoroughly review the adequacy of the building to
withstand hydrostatic and possibly dynamic floodwater loadirtg the walls of the building
prior to implementation.

Thevariouscosts used in thery floodporoofingestimate are summarizedTiable 11. The
perimeterof the dry floogbroofingfor evaluateduildings was determinedly estimating

building dimension$rom availabledata such as buil ding plans in t
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 heightwas calculated by subtracting tfu@indationelevation from the

design flood elevationResidential buildings cannot be removed from insurance or
floodplain managment requirements by dry flopbofing. An individuhhomeowner may
choose to flood prodgheir home, but the lowest floor will not change for insurance or
permitting.

Table 11. Cost Parameters for Dry Floodpoofing

ltem Unit of Measure Unit Cost (Dollars)

Waterproofing SF 0.93

MasonryVeneer 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 astandalone measure, wet flopbofing requires all construction materials and finishing
materials located below the DR&be water resistant. Flood vents are installed in the walls
to allow floodwaters into the buildirend equalize the hydrostatic forcdsis recommended
that one square inch of flood vent area be provided for each square foot of the wet
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floodproofing areaAll utilities, such as heating, lightinglectrical panels and outletsust
be elevated abowbe DFE or be located inside flood resistant closures

Since wet floogroofing allows floodwaters into a buildinigyis not recommended for

finished reidential buildings. Wet floqatoofing is quite applicable to commercial and
industrial buildings wherombined with a flood warningreparednesandresponse 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 stanais. A wet floodproofing proposal should be discussed with the local
floodplain manager prior to implementatioim Madison, wet floogroofing was

recommended for buildings that were constructed of concrete, masomngtaland did not
have furnishednteriors, 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 webflproofing estimate are summarizedTiable 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 structurés functional purpose. For estimating purposes the structuragieriwas used

to estimate the length of electrical utilities that would need to be relocaked.

floodproofing height was calculated by subtracting the foundation elevation from the design
flood elevation.

Table 12. Cost Paraneters 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 alve LS 9,590.00

8 Maintenanceand Operationsof Nonstructural Measures

Theregularmaintenance required for elevated residential buildmgsld beidenticalto

normal building maintenancé he incrasedmaintenanceelated tahe added height of the
foundation and spswill be minimal Since elevated residential buildings have no flood risk
reduction features that require operation, tlaeeso operatioal considerationsResidents

of al buildingsin a flood hazard aresong the Park Creek, Park Creek Tributary, and Silver
Creekshould be encourageto developan individualflood preparedness plan.

The maintenancef commercial buildings with wet flooproofing would mainly be periodic
inspection and maintenance of the buildirapfl vents, which would berainor activity
comparedo normal building maintenance. Operasdor wet floodoroofed buildingsvhen
flooding is imminentvould belimited to elevating or removing the building contents that are
not permanently located above the design flood elevaiibere should be lauilding flood
preparedness pldhat is regularly updated by the owners/managers and communicated to the
employees.
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Buildings with dry floogbroofing would require more regulenaintenance. Cracks in
floodproofed walls would have to be repaired. Closure Isareed to be checked
periodically to make sure they fit properly and that gaskets remain-tigiierDrainage
systems and pumps would need regular maintenance.

Buildings with dry floodproofingheed 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 installaticthe closuresand operation of the
floodproofing measuresThe responsible employees should be familiarized with the plan.
Installationof closuregpanelsand operation of the flogdoofing should be practiced on an
annual basis.

While the local sponsor will not directly operate or maintain the nonstruche@sures, the
sponsor should take the lead in providing flood preprages information to the community

and in dissemination of flood warnings. The sponsor should also specifically monitor
properties where nonstructural measures have been installed@nghtkthe 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 (NFPCadvocates buildings with nonstructural flood risk reduction measures,
maintain flood insurance.

9 Nonstructural Economic Analysis

After compiling and entering all the necessary data into H#B@, the modeivasexecuted
and used to estimate flood damagedtture with and withouproject scenarios. The model
wasthen calibrated and rer@snecessary, following review and discussion with the team.
The followingsectionexplainthe methodologyised tacalculatestructure damagédser this
nonstructural assesient.

9.1 Depth Percent Damage Functions

Depthpercent damage functions are used in HHIA to model damages to items such as
structures and contents. In addition, dgmthcent damage functions exist to estimate

damages to appurtenant uses (automobileds&aping, etc.), infrastructure (roads, bridges,

etc.) and agriculture (crop damages). In this study, only the-geptent damage functions

for structures and contents were considered; as these are the damageable assets for which the
nonstructural meases would manage flood risk.

9.1.1 Residential Depth Damages

Each occupancy type has its own stpgecent of value damaged curves for structure and
contents. The generic structure and content de@thage curves for residential structures
provided in the Ecomaic Guidance Memorandum (EGM) @4, Generic Deptbamage
Relationships for Residential Structures with Basements (which also contain generc depth
damage relationships for residential structures without basements) represented the depth
damage functions faesidential structes in Madison This EGM summarizes data
developed by the Institute for Water Resources (IWR) usingfloagt residential damage
claim records provided by the Federal Emergency Management Agency (FEMA). The
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functions account for bbtstructural and content damage to homes. A deathage curve

for mobile homes is not included in EGM-04. Instead, the damage curve for mobile

homes was based on 2006 data from the New Orl
Damage Relationshggfor Structures, Contents, and Vehicles and CofiterBtructure

Value Ratios (CSVR) in Support of the Donaldsonville to the Gulf, Louisiana, Feasibility

Study. o This curve was used because it is re
nation would face similar deptdamage functions from various heights of short duration

fresh water flooding.

9.1.2 Non-Residential Depth Damages

The damage curves for noesidential structures and contents were taken fhen2008

report fASol i ci torabeptkDamagefFunEtinnpCalcutatiort for time Benefit

Cost Analysis Tool o prepared by the URS Group
Emergency Management Agency (FEMA) and USACE.

These damage curves were created through the process ofapipien 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 faoeface meetings with FEMA and USACE officials

which was used to construct the rr@sidential 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 earliereach structure is modeled individuaid/evaluatenonstructural alternatives

in the HEGFDA software. The software is primarily used to study structural alternatnces
will compile damages by reaches.model on astructure by structure bases output file

from the software wasodifiedto incorporate changes to individual structures. This same
output filewasthen used to identify how these changes affect flood damages to individual
structures. It is noteworthiat the particular output file used does not incorporate any risk
or uncertainty.

Three different inventories were created for this amahich were used to model
norstructural alternatives that would likely be implementedfdrand 0.2percent50, 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 wi{i@jg:ct scenario. The results were
the net benefits for each thfe differing levels of protection.

The annualized cost of each stmctural measure was then subtracted from the net benefits.
If this calculation was positivié meant that the proposed rstructural measure had positive
net benefits and a BCR greatkan 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 plars were designated the 0.02, 0.01 and 0.002 ACE nonstructural plans
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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 withmjéct conditions.A modified
with-project conditions HEG-DA 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 HEEDA to determine dangges for the with
project conditions.The difference between the withguitoject and witkproject damages

was then designated as the project benefits. For each of the three nonstructural plans, the

annual benefits and annual costs developed for eachrnguddalyzed were used to compute
the net benefits and benefit-cost ratio (BCR) for each building.

9.4 Existing Conditions

The EAD for withoutproject conditions was calculated to [8¥$,013and is displayed in
Table 13 below. This EAD figure captured af the withoutproject conditions annualized
damages for th897 structures that weracluded in the 0.percentACE eventevaluation.

Table 13. Existing Conditions EAD

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

9.5 Possible Nonstructural Measure Scenarios

To

me et

t he |

oc al

evaluatedo determine Wich structures to study if netructural alternatives are pursued.

Thesethreepossible buildup 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 considereabfmtructural

measuresannual beefits, annual costs, annual net benefits and BCRIfstructures with
an individual BCR of at least 1.0

Table 14. Individual Structures with BCR Above 1.0

p a,thtee pogsiblabyilde adtemativesvere i e s 0

nee

% ACE
Flood
Event

Residential
Structures

Commercial
Structures

Public
Structures

Total

Structures

Total Cost

Annual
Benefits

Annual
Costs

Net Annual
Benefits

BCR

48

1

0

49

$2,556,316

$288,202

$108,985

$179,217

2.64

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 costsTable 14, it is apparent that costs decrease when moving
from the 2 td0.2 percent ACE flood. This seems counterintuitive because the cost to protect
a structure from a larger and less frequent floaghegshould 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 considdrior each recurrence interval decreases with increasing flood
magnitude.

Table 15 shows the number and type of structures being considered for nonstructural
measuresannual 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. AggregateBCR

% ACE

Flood Residential | Commercia Public Total Total Cost Annual Annual AnNneJaI 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
measuresannual benefits, annual costs, annual net benefits and BCR for the particular group

of projects.

Table 16. All Modeled Nonstructural Solutions

% ACE . . . . Net
Flood Residential | Commercial Public Total Total Cost Annuql 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 notselecta plan for implementation and construction, but
rather to assist the partnering communities in degid pursuing a potential natructural
plan is advisable. When comparing differing levelpmitection 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 scenaribable 16 shows that including all structures results

in negativenet benefitgor the 1 and 0.2 percent ACE scenarios. However, all structures that
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were expected to be damaged during the 2 percentr{30CE flood event would be cost
beneficial to mitigate. There are fewer total structures in that analysis because some
structures areot damaged by the 2 percent ACE flood evéhttecting all structures with a
BCR greater than 110 the 1 percent ACE flood event provides the most net benefits, but
combining structures based on highest net bertefashieve an aggregaB€R of rowghly
1.0would allow the project proponents to mitigate the higher number of structures.
Mitigating structures usingorstructural measurde thel percenACE flood event provides




the most net benefite 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 fiood eve
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 assessmenvestigateduildings within the 0.2percent ACE flood
inundation arealongPark Creek, Park Creek Tributary and Silver Crieeknd aroundhe
City of Madison The buildings that wredetermined to have expected flod@images for
floods less than the Gf2ercent ACE event where included in a detailed analysis for
nonstructural flood risk reductiorThree nonstructural plans were evaluated for different
DFE and a significant number of economically justified buildingsendetermined for each
plan.

This nonstructural assessment has been conducted in suppp&t@hahd®i st ri ct 6s ef f o
to analyze and develop flooidk reduction measureéle City of Madison, SDThis study

assessed theonstrictural alternative for Madisonbased upon existingark Creek, Silver

Creek, and Park Creek Tributdtgws, flood stages, and an inventory of structural data for

individual residential and commerciadildings within the0.2-percent ACEloodplain.

Therecommendedonstructural plan with theighestnet benefitdor the most structuras
that with the DFE at th&-percent ACE flood profile. In addition, thecommendeglan
supports the objectives of thé=IP by elevating or flogoroofing the eligible buildings tthe
BFE.

Due to the limitations of the study, the nonstructural measures for sgagifilings were
evaluated at reconnaissance ledetail. During the implementation of the nonstructural
measures (preconstruction engineering and designg detaileavaluations will be
conductedor each building that may qualify for nonstructural flood risk reduction. This
would include site visits tproperties where the owners indicate interest in participating in
nonstructural flood risk mitigation.

Site inspetions will verify thatthetechnicalassumptionsised for selecting the
recommendedonstructural measure for each buildmgre appropriate or may determine a
more appropriate nonstructural measukepreliminary design for the recommended
nonstructurameasure for each building will be developed and an analysis of benefits and
costs will verify economic feasibilityDuring this pocess some buildingsleemed to be
feasible foimplementation ohonstructural measures in this assessment may drop dt of t
plan and other buildings may be added.

11 _Funding for Nonstructural Projects

Threepotentialfunding options for nonstructurtitat ould beevaluatedo fund future
mitigation activities The three funding optiorereFEMA Flood Mitigation Assistance
(FMA) grants FEMA Hazard Mitigation Grant Program (HMGR)nd USACE Sedion 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 Insuragcan®.

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
amountsand meet all other eligibility criteriare consideredosteffective

FEMAG BIMGP 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 naturadiuisz

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 construartly 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 noamdhbs

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. Asialgf benefits and costs for
acquisition and relocation of these structures may be necessary if Federal sponsorship of a
project is sought.

13 OQutreach

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

14 Conclusion

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

Historic floods in thecommunityincludethe July 1993 and May 2012 floods along Park
Creek and Silver Cregkat damaged homes and businessEse cost benefit analysis
identifiesthat a nonstruaral approach incorporatir@p1+ structures coultheimplemented
andwould have a benefit cost ratio greater than 1.00. Thespiaeeconservative cost
estimatesnd the potential for higher structure inclusion is possible. The analysis identifies
individual strictures with cost benefit rati@s high as B0. The financial savings in lower
damages and less interagency dependency during flood event would tedratibr
nonstructural measures are implemented in the communiigtrim saving would be in the
form of better flood risk communication and preparedness.
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This nonstructural assessmel@veloped specific, actionable flood risk information
community officials and residents. Bigvelopingabenefitto-costratio, the local

government, SD OEM, and SD Silver Jackets have the necessary information to make
appropriate decisions on applicable mitigation strategiéss assessment will also ingue
theunderstanding dbcalflood 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 willassistin direcing response effort® the most atisk properties.
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Structure Information
Structure Property

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

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
9088
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 Walll

Solid Walll

Solid Walll

Solid Wall

Solid Wall

Risk Assessment
BFE 100yr
(NAVD  Depth
88)

1665.54 -
1665.52 -
1665.50 0.73
1665.48 1.62
1665.47 1.86
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 -

100yr
Damage

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

0
4,561

O O OO 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 OO 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
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Annualized BCR

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

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 of FRAM to 500 year
Annualized

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

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

0

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 - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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

N ool PO
©
©

.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

OO 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
3.41
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

Appendix A

$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 - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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
1190.66
1559.08

0.00
4872.08
3113.48
4742.93
6229.17
4789.55
5434.15
2529.80
5486.64

1539.79
517.65
1716.84
1161.38
0.00
927.45
1314.52
3590.84
2017.03
1373.73
1533.32
1215.76
3971.55
3978.61
3885.54

7051.81
4556.73
5364.34
4003.81
4434.17
4243.30
2222.59
3986.70
5034.60
1250.59
982.86
3240.42
4107.56
5465.13
6213.74
0.00

0.03
0.01
0.01
#DIV/0!
0.50
0.96
0.42
0.38
0.14
0.16
0.10
0.08

0.04
0.00
0.07
0.36
#DIV/0!
0.01
0.93
0.00
0.48
0.01
0.19
0.37
0.36
0.30
0.57

0.01
0.01
0.04
0.09
0.01
0.26
0.13
0.19
0.18
0.02
0.01
0.02
0.02
0.04
0.03
#DIV/O!



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)
Basemen{Poured)
Block Stone
Basement (Poured)
Basement (Poured)
Basement (Poured)
Basement (Block)
Basemen{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

3.02
2.30

0.22
1.09
1.64
0.44
0.91
0.41
2.86
0.67

0.17
0.03

1.23
1.57

2.48

20,357
11,461
0

0
8,075
13,321
5,618
19,299
12,327
17,528
26,640

o O O o o o

4,973
6,478
1,816

O O OO O O o o o o o

17,719

O O O O o

6,579
0
17,098
65,141
0
5,948
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
24.12
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 - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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)
Basemen{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
$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/O!

0.17
0.37
0.17
0.09

#DIV/O!

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

IR A = A A - A A = A A A < A A = A < A - A < A AR A < A

27,985

@B B B P

#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 e A A s A A s A A s A < A A - A - AN - A < A~

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/O!

0.01
0.17
0.37
0.00
0.09

#DIV/O!

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)
Basemen{Poured)
Basement (Block)
Basement (Block)
Basement (Block)
Basemen{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 Walll

Solid Walll

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
0

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 $55,524
0.00 $0
54051.87  $249,944
54051.87  $203,420
54051.87  $184,067
0.00 $0
0.00 $0
0.00 $0
0.00 $119,052
0.00 $0
0.00 $0
2997.69 $33,390
0.00 $0
0.00 $0
0.00 $0
263.25 $34,970
649.89 $41,696
12.23 $0
29.66 $128,041
0.00 $0
158.68  $111,498
0.00 $0
0.00 $0
349.85 $38,866
58.03 $0
1704.84  $110,703
0.00 $0
0.00 $0
13381.88  $201,477
0.00 $0
1583.69 $32,895
19.43 $0
1680.53 $33,343
1841.13 $42,528
380.56 $41,114
0.00 $32,038
177.84 $22,481
538.82 $41,066
0.00 $0
9.62 $0
0.00 $0
0.00 $27,423
18.42 $0
0.00 $0
1664.87  $103,444

0.00 $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 - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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

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

4,71
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

B A - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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 Walll

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  $40,022
0.00 ($25,701)
0.00 $0

36.97 $0
108.59  $24,941
1983.93  $47,389
619.37  $36,585
903.01  $27,407
1489.86  $40,158
2013.18  $54,754
207454  $48,409
786.17  $51,778
449.02  $20,882
1520.81  $30,720
1295.05  $42,601
477.09  $18,501
37.58 $0
56.26 $0
66.09 $0
184.21  $41,986
1836.61  $47,065
1794.33  $122,585
2053.96  $46,556
112259  $28,488
111653  $46,179
2382.46  $38,764
0.00 $0

24758  $44277

239.44  $37,684

654.87  $61,471

532.36  $56,545

78.22 $0
2057.04  $55,953
10161.91  $185,958
18.25  $58,559

406.38  $124,720

0.00 $0
0.00 $0
13.96  $88,673
0.00 $0
51.41 $9,340
2965.30  $27,002
0.00 $0
0.00 $0
0.00 $0

146.77  $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

B A - A A s A A A A < A A s A A A AR = A < A e o A R - A - A - A A = A < A A = A A - < A I = A - A e < A AN - A < A e N o

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)
Basemen{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/O!

0.25

#DIV/O!

1.04

#DIV/O!

0.38
0.81

0.20

1.75

R A A s A A I AR AN = A - A o o A A = A A e - A A e < A e I s A AR = A - A A - A AN A < A R A

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/O!
0.10
#DIV/O!
1.04
#DIV/O!
0.00
0.38
0.35
0.02
0.20
#DIV/0!
0.71
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BCR and Hazus Maps
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