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OBJECTIVES

Tools for Nonstructural Assessments

Structure Attribute Data Table
Nonstructural FRM Matrix
nServo cost estimating software

USACE National Nonstructural Flood Proofing Committee
Website

Little Apple Nonstructural Assessment

Study Location and Authority

Study Background

Steps in Conducting the Nonstructural Assessment
Plan Formulation

Study Results

Next Steps

Find this presentation and a recording on the web (as “Evaluating the
Feasibility of Adopting Nonstructural Measures as Applied in Manhattan,
Kansas”) at

http://silverjackets.nfrmp.us/Get-Involved/More-Information/\Webinars-

Presentations

Us Army Corps
of Engineers.



http://silverjackets.nfrmp.us/Get-Involved/More-Information/Webinars-Presentations

TOOLS FOR NONSTRUCTURAL
ASSESSMENTS

Us Army Corps
of Engineers.




PROJECT MANAGEMENT & PLANNING - STEPS FOR
CONDUCTING NONSTRUCTURAL ASSESSMENTS

> Develop Hydrology (rainfall runoff)
» Develop Hydraulics (flow, depth and velocity of water)

» Conduct Structure Inventory (what gets flooded)
Structure Attribute Data Table

» ldentify Potential Flood Risk Adaptive Measure (FRAM)

Nonstructural Flood Risk Management Matrix
Field Assessment

» Perform Economic Analyses (costs and benefits)
|dentify least cost technique

|dentify financial assistance (federal / state / private)
Compare mitigation to long-term insurance

Us Army Corps
of Engineers.




STRUCTURE ATTRIBUTE

DATA TABLE

Shaded cell information is
most important to collect

Data may be available from
existing databases (Tax Assessor)

Structure Data

Data Definition

Building Identification Number

Specific to Structure (geo referenced, coordinates, etc.)

Structure Address

Specific Postal Location of Structure

Critical Facility

Yes/ No

Lowest Adjacent Ground Elevation

Elevation of Lowest Ground at Structure

First Floor Elevation

Elevation of Finished First Floor

Structure Category

Residential, Commercial, Industrial, Public

Structure Use

What is the Specific Use of Structure

Total Stories

Total Mumber of Floors Above Grade

Structure Footprint

Total Square Foot Area of At-Grade Floor

Number of Structural Corners

Total Number of Corners in Perimeter

Structure Foundation Type

Slab, Reinforced Slab, CMU, Piers. Columns, Posts, Stone

Structure Perimeter Distance

Total Length of All Exterior Sides of Structure

Exterior Wall Construction

Wood, Masonry, Brick, Mertal, Stone, Concrete, Other

Structure Visual Condition

Good / Fair / Poor

Garage Attached, Detached, None
Doorways Number of Pedestrian Doorways
Basement Full Basement, Half, Crawl Space, None

Structure Photos

Photograph of Four Sides of Structure

Utilities Location

Electrical, Gas, Water, Sewer, Oil, Propane, Coal, Other

Structure Value

Assessed Value of Structure

Fireplace

Yes /No

Structure Crwner

Who Owns the Structure

Year Structure Bualt

Year Structure was Constructed (Any Historic Sigmficance)

Water Surface Elevation

Elevation or Depth of Water at Structure (H&H activity)

Water Velocity

TTT

Ercsive Potential of Flood Waters (H&H activity)




DATA NEEDS FOR NONSTRUCTURAL
ASSESSMENTS

1. Anonstructural assessment is different than a structural assessment in that
the resulting product is an individually modified structure employing
specified techniques to reduce the structure’s vulnerability to flood risk.

2. Since the product of the nonstructural assessment is to determine
potentially feasible techniques for reducing flood risk, the data which is
specific to each structure is required to be collected.

1,200 Square-Foot Structure

30 2(0)

20

20

40 40

20

Perimeter = 140 feet Perimeter = 160 feet

Structural Corners =4 Structural Cormers =6



NONSTRUCTURAL FLOOD DAMAGE
REDUCTION MATRIX

Considering Physical Nonstructural Measures
— Elevation
— Relocation
— Acquisition
— Dry flood Proofing
— Wet Flood Proofing

Measurable Characteristics

— Flooding Characteristics
* depth
» velocity
 flashiness, Ice, and Debris
— Site Characteristics
 |ocation (coastal or riverine)
 soils (permeable or impermeable)
— Building Characteristics
» foundation type
 construction type
 condition

Us Army Corps
of Engineers.




NONSTRUCTURAL FLOOD RISK MANAGEMENT
MATRIX

FLOOD DAMAGE REDUCTION MEASURES

March 2016 NONSTRUCTURAL MITIGATION MEASURES
NFIP
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USACE NATIONAL NONSTRUCTURAL FLOOD

PROOFING COMMITTEE

Chartered: 1985

NFPC Members and Advisors
Randall Behm, Chair, Omaha

Kim Gavigan, Secretary, Los
Angeles

Steve O’Leary, Huntington
Keven Lovetro, New Orleans
Lea Adams, Davis, CA

Mary Weidel, Detroit

Bob Finch, Hawalii

Brian Rast, Kansas City

Technical Resources
Nonstructural Techniques
Publications

Assessment Tools

National Flood Barrier Testing &
Certification Program

Google: NFPC
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LITTLE APPLE NONSTRUCTURAL
ASSESSMENT

Us Army Corps
of Engineers.
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LITTLE APPLE NONSTRUCTURAL ASSESSMENT

* Project Description

« Planning and Project Management
« Analysis

* Results

* Next Steps

« Take-Aways

Us Army Corps
of Engineers.
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PROJECT DESCRIPTION

Project Objectives

Evaluate structures needing nonstructural / flood proofing measures
Provide plan formulation for a first look at structures at risk

Support the state and the city in mitigation grants

Address a diversity of issues for a low budget

Raise District’s familiarity with conducting a nonstructural assessment

Apply the tools from the USACE Nonstructural / Flood Proofing
Committee

Fill [
Basement with
Main Floor
Addition

Elevaton
on Stem
Walls

Elevation
on Fill

115 Arery Coums of Enabeees T |
Wet Flood T~ ] | m l
Proofing | .
US Army Corps
L RLEE TR Hood ﬂ'r EI19|I'HEI'E»

o)
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PROJECT DESCRIPTION

Project Outcomes
1. Produced cost engineering estimates.
2. Conducted economic analysis (including a benefit-cost).
3. Evaluated four types (eight specific) flood risk adaptive measures to
supplement the city’s floodplain management planning.
— Buyout (with and without Green Space)
— Relocation (with and without Green Space)
— Elevation (1, 2, and 4-feet above BFE)
— Basement Fill
4. Presented results in a way that develops
—  property owner buy-in
— Implementation of the flood risk adaptive measures.

-

: = : Basement with
Relocation Elevation -
on Stem Elevation Main Floor

Walls on Fill Addition




PROJECT DESCRIPTION

The project does NOT include

— Costs
» A bottom line contingency

* Project management needed in design phase or implementation (like
grant management)

* 2010 baseline, should be escalated
— Assessment for these flood risk adaptive measures
» Dry flood proofing
* Wet flood proofing
» Hybrids, or combinations of various measures

=~

Wet Flood Dry Flood
Proofing Proofing

16



17

PLANNING AND PROJECT MANAGEMENT

Sampling Approach
Plan formulation
strategy for structures

 Flood hazard .
« Structure types “oq
« Demographics A
 Geography =
e Cultural F_fgb =
Il
US Army Corps

of Engineers.



PLANNING AND PROJECT MANAGEMENT

Step 1 - Identifying Problems and Opportunities

» Develop hydrology for the existing and most-likely future without project

conditions

» Develop water surface profiles and velocities for an array of discharges
* Identify the 1% and 0.2% annual exceedance flood boundaries and floodway
* |dentify short flood warning time and areas of high depth and/or high velocities

* ldentify constraints and opportunities for:
0 environment
O recreation
o cultural / societal / historically significant resources

4 A

Step 1 - Specify Problems and
Opportunities

— P

Step 2 - Inventory and Forecast
Conditions

— P

Step 3 — Formulate Alternative
Plans

—P=

Step 4 - Evaluate Alternative Plans

— ——

Step 5 - Compare Alternative
Plans

—P——

Step 6 - Select Recommended

Plan
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PLANNING AND PROJECT MANAGEMENT

Step 2 - Inventorying and Forecasting Conditions

» Develop inventory of structures for residential,
commercial, public, industrial, and critical facility buildings
on a structure by structure basis

» See Structure Inventory Attachment for pertinent
inventory requirements

Step 1 - Specify Problems and

Step 3 - Formulating Alternative Plans Opportunities

- Determine geographical, political, or cultural subdivisions — P —

Step 2 - Inventory and Forecast

 Determine all applicable FRAM measures (note inherent Conditions

constraints for some measures) :—:

Step 3 — Formulate Alternative

* Formulate plans utilizing the most appropriate and/or Plans

least cost FRAM measures (elevation, flood proofing, —

relocation, acquisition, basement removal) or combination Step 4 - Evaluate Alternative Plans

of FRAM measures :—:

Formulate on like levels of risk reduction (i.e. plans based Step 5 - Compare Alternative
c lan
upon frequency of flooding) Plans
. Plans_ must be compliant with existing statutes, ’ Stepﬁ_s,ect Recom:mended
regulations, and common law Plan

A\ J




PLANNING AND PROJECT MANAGEMENT

Step 4 — Evaluating Alternative Plans

* Alternative plans must meet requirements of EO
11988, Flood Plain Management

» Federal investment in the regulatory floodway
requires relocation or acquisition

* For each plan, compare the difference between
with- and without-project conditions with respect to
benefits and costs

 Consider the four national accounts (NED, EQ,
RED, and OSE)

Step 1 - Specify Problems and
Opportunities

B S—

Step 2 - Inventory and Forecast
Conditions

— P

Step 3 — Formulate Alternative
Plans

—P=

Step 4 - Evaluate Alternative Plans

—P

Step 5 - Compare Alternative
Plans

— P

Step 6 - Select Recommended

Plan




ANALYSIS, HYDROLOGY AND HYDRAULICS

« Leverage recently revised FEMA NFIP maps
« Hydraulic profiles
* Depth grids

Us Army Corps
of Engineers.
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ANALYSIS, COST ESTIMATING

The parametric unit cost approach

22

for the first look assumed 2) Relocation

1) Buyouts —

— County assessor’s data base, —

combing two items = structure —
appraised values + parcel land

value + _

— + $5,000 for structure demolition _

(no foundation removal)

— + $5,000 for moving expenses

Per diem costs
Storage, rental
$50 / sq ft

Hotel 60 days (applied to all, not
voluntary vs involuntary)

Moving and storage costs
New lot $30,000

Utilities $2,000

New site’s landscaping $2,000
Other $5,000

Relocation




ANALYSIS, COST ESTIMATING

3) Elevating to

Base flood elevation (BFE) plus one foot, or BFE+1
» Unit cost for Elevating $70 per square-foot
« Hotel for 60 days $4,005
* Moving and storage $1,150

BFE+2, add $2,000 to BFE+1 assumptions
BFE+4, add $6,000 to BFE+1 assumptions
Then plus minus per height (various alternatives)

4) Fill Basement

The concrete floor must be made permeable (break-up
concrete)

Move utilities, ie. gaslines, electrical box, sewer, HVAC,
appliances

$40,000 per 1,200 sq ft

Plus the reduced value of the home for lost area (small
lots had no room for an addition to offset the lost sq ft)

23

evation
on Stem
Walls

Basement with
Main Floor
Addition
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ANALYSIS, COST ESTIMATING

« Cost estimator can use a parametric unit cost approach
for a first look a basic measures and enhance the cost
estimating in future plan iterations.

e nServo software
— has been improved as a direct result of this project.

— IS continuing improvements, including efforts to enable
the tool for external partners.

Us Army Corps
of Engineers.



ANALYSIS, ECONOMICS v

The risk analysis software is a model of the community’s
building structures and rivers or streams.

 Interest rate of 3.125%
» Period of analysis of 50 years

 Plan formulation

— Planners and economists can group individual structures

— Setting up the model in the software properly from the start can
make a big difference in the team’s ability to evaluate various
measures

Us Army Corps
of Engineers.



ANALYSIS, ECONOMICS

Sensitivity analysis for green space
The Corps cannot do ecosystem services currently

FEMA's "Hazard Mitigation Assistance Guidance" puts the value of green space
at $7,853. Each structure removed is assumed to be 1/4 of an acre.

Table 4: Green Open Space and Riparian Benefits

Total Estimated Benefits Total Estimated Benefits'"
Land Use
(per acre per year) (per square foot)
Green Open Space $7,853 $2.57
Riparian $37.493 $12.29

" Projected for 100 years with 7 percent discount rate

INCLUSION OF ENVIRONMENTAL
BENEFITS INTO THE BCA TOOLKIT

Green open space and riparian benefits
have been |dentified and quantified for
acquisition projects. The BCR for an

acquisition project must be at least 0.75
before the environmental benefit can be
incorporated.

26




either City or
USACE team

ANALYSIS, PLAN FORMULATION

27

Inventory of Structure Data

Structure Data

I n Ve n t O r‘y O'I: Str u Ct u re (Description) Stracture Data Data Definition Comments
SERE Latmycion 1033 Specific to Structure (geo referenced, coordinates, eic.)
Data (table from NFPC)  rume i
Structure Address : !;” h;“"" XS & ” e Specific Postal Location of Structure
Most data collected Crcal Faciity | Mo [Fes/Ne
Vl rt u al |y i‘:mt:;:dl“m e, 1046, Elevation of Lowest Ground at Structure
» GoogleEarth and
Goog IeStreetVIeW Flr.;l Floor Elevation 1NS.S Elevation of Finished Flrst Floor
Structure Category Residential Residential, Commercial, Industriai, Public
O CO U nty d atab ase Stricture Use Stngle Family Residence | Whar is the Specific Use of Structure
. Toral Stories One Story Total Number of Floors Above Grade
e C |ty data Structure Footprint (sq fi 1349 | Total Square Foot Area of At-Grade Floor
.. . . . el Dootoduda F Total Number of Corners in Perimeter
* Limited field visits to ~ Jeome e
Some structures by ~ Lrmermntee ] cise gy TR

[ rore——

— Adjacent grade is
from LIDAR near
front door

— Water surface
elevations come from
recent FEMA models




ANALYSIS, PLAN FORMULATION -

BC_Ratio_aft_Elevation.2ip

 Evaluate individual structures first

« Map the benefit-cost ratios, then look at
grouping in later iterations (future project) | =~~~
* Plan formulation moves more quickly with | +

a map describing measures in

— Class breaks for benefit-cost ratio (BCR)
. BCR<1.0 A

 LIGHT GREEN, 1.0 <=BCR <=2.0

, BCR>2.0

— Specific point formats for each flood risk adaptive | s
measure evaluated -
- ELEVATION, diamond

« BUYOUTS, an “x” (BUYOUT GREEN SPACE, a cross)
« RELOCATION, pyramid (similar to up arrow)




Structure Identification Number: 1047

r Inventory of Structure Data

USACE National Nonstructural Flood Proofing Committee

Structure Data (Description) Structure Data

Data Definition

Comments

Building Identification

(Number 1047

Specific to Structure (geo referenced, coordinates, efc.)

3213 ANDERSON AVE,

e Manhattan, KS 66503

Specific Postal Location of Structure

Critical Facility No Yes / No
Lowest Adj e d ) .

or es. — 1044.6 Elevation of Lowest Ground at Structure
[Elevation
First Floor Elevation 1046.3 Elevation of Finished First Floor
Structure Category Residential Residential, Commercial, Industrial, Public
Structure Use Single Family Residence What is the Specific Use of Structure
Total Stories One Story Total Number of Floors Above Grade
Structure Footprint (sq fi) 2893 Total Square Foot Area of Ai-Grade Floor
(Number of Structural

f 8 Total Number of Corners in Perimeter

Corners
Structure Foundation Type Slab Slab, Reinforced Slab, CMU, Piers, Columns, Posts, Stone
Structure Perimet, e

.mf tire Fernmeter 233 Total Length of All Exterior Sides of Structure
Distance (ft)
(Exterior Wall Construction Wood Wood, Masenry, Brick, Metal, Stone, Concrete, Other Some brick veneer on some structures

Structure Visnal Condition Excellent to Good

Good / Fair / Poor

Garage None Artached, Detached, None See columns for Attached Garages.
Doorways 2 Number of Pedestrian Doorways Assumed 2; update this in foture analysis iterations; $
[Basement Slab Full Basement, Half, Crawl Space, None Check cell text matching definition
Structure Photos Photograph of Four Sides of Structure Complete in future revisions of nonst.asmt.
Utilities Location Electrical, Gas, Water, Sewer, Ofl, Propane, Coal, Other
Structure Value 534,300 Assessed Value of Structure
Fireplace Yes Yes / No Assumed 1; update this in foture analysis iterations; $
Structure Owner [ d |Who Owns the Structure
Year Structure Built 1957 Year Structure was Constructed (Any Historic Significance)
Water Surface Elevation (1% e ; . - , . -
icE) ! ‘ 1050.0 Elevation or Depth of Water at Structure (Hd&H activity)
Water Surface Elevation , ] . . . . -
o 1 1049.8 Elevation or Depth of Water at Structure (H&H activity)
(50% ACE) i -
Water Velocity (1% ACE) 0.9 Erosive Potential of Flood Waters (H&H activity)
Water Velocity (50% ACE) 0.8 Erosive Potential of Flood Waters (H&H activity)
ist Floor-BFE= -3.6

Print Data: 1/25/2016

lofl

150929 Data Inventory.xlsx



ANALYSIS, PLAN FORMULATION

Nonstructural Flood Risk Management Matrix

The nonstructural / flood proofing measures appear in the

column headers on the next page. Evaluative criteria are in
the colorized rows.

Us Army Corps
of Engineers.
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500 ft Kansas Hazard Mitigation Team

Image from USACE SimSuite webviewer.
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NONSTRUCTURAL ASSESSMENT FOR KANSAS’ LITTLE APPLE THE NONSTRUCTURAL PLAN FORMULATION MAP

This approach is great during outreach
and engages the public in the ﬁVhat’s What? The \

This map presents benefit-cost ratios for multiple frequencies at select points. Cost engineers and architects use the

USACE “nServo” cost tool, specifically enabled by the National Flood Proofing Committee for elevating structures. This “ W e .
first iteration evaluates 50 structures. The next iteration of plan formulation will do the remaining 250 at risk structures. decision making process! symbols tied to each
3 structure vary,
| _ ‘ Eenzﬁm&m_ dcpondin oh which
Structure Green Is Good. Three colors are used et 5 S . flood risk management
number . 3 o b Py + 0.00 - 0.99 dall th
) with classes ranges of benefit-cost ratios to measure and allows the
1,047.0 15 - | improve visibility during plan formulation. e ; U200 map users to more
not feaSlble .- ok S . L : i. 200-9.00 qmckly make
to elevate. 2o S _-_ - : decisions on next
Planners can engage Buyouts steps, and getting
| property owners could — property' OWIners on
find economies of scale 5 e board with measures
{ in banding together on / e that have. more
; Next L 5 A one measure. , g 2.00-9.00 strength in numbers. /
iteration . B L i >
will 4 : - . | Basement Fill
evaluate y | TR - 2 : s o = B 000-099
remaining | = . & ' 5. e T : B g 099200

structures.

. 2.00-900

Credit for Green Space. FEMA grants allow credit for | : R Elevate 4-feet
| open space associated with buyouts. Corps must account | - _c‘ @ 000-099
for this under recreation or ecosystem restoration. G s ek SRS ST O 099-200

<> 2.00-9.00 -)

National Flood Hazard Layer (NFHL)
Flood Hazard Zones

. B 1% Annual Chance Flood Hazard
38 LI 200 ft Kansas Hazard Mitigation Team

Image from USACE SimSuite webviewer.



RESULTS 36

Out of the 49 structures evaluated...

9 structures are feasible for a buyout with green space

4 structures are feasible for a buyout without green space

23 structures are feasible for a relocation with green space

17 structures are feasible for a relocation without green space
35 structures are feasible for basement fill

13 structures are feasible for being elevated four feet (also evaluated
one foot and two feet)

Other measures for future planning iterations
Wet flood proofing
Dry flood proofing

Us Army Corps
of Engineers.



NEXT STEPS

« Public meeting (in this scope)

» Collect more elevation data (by others) and get
Elevation Certificates wherever possible

* Enhance plan formulation (not limited to USACE)

Us Army Corps
of Engineers.
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QUESTIONS

Let's go mitigate!

Us Army Corps
of Engineers.
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TAKE-AWAY S

« Several tools from NFPC that simplify the nonstructural /
flood proofing analysis

* Project management plans (PMP) should be set up to
analyze the full menu of FRM measures, and this can
reinforce, for example, that

— HEC-FDA s applied correctly at beginning and setup in a way to
address individual structures and groupings

— Groups of structures may be justified as feasible, similar to past
studies for structural plans like levees

e Success is only possible with proper understanding and
budgeting the plan formulation of nonstructural and flood
proofing assessments in the beginning with the PMP

 The map acts as a guide to the next plan formulation
iterations

— colorized points for measures
— class breaks for final benefit-cost ratios

39



USEFUL LINKS

USACE, National Nonstructural/Flood Proofing Committee
— http://www.usace.army.mil/Missions/CivilWorks/ProjectPlanning/nfpc

.aspx
— Nonstructural Flood Risk Reduction Matrix

— |nventory of Structure Data spreadsheet

USACE, Silver Jackets Program Webinars

— http://silverjackets.nfrmp.us/Get-Involved/More-
Information/\Webinars-Presentations

USACE, Silver Jackets Kansas webpage
— http://silverjackets.nfrmp.us/State-Teams/Kansas

Little Apple Nonstructural Assessment project poster

— http://silverjackets.nfrmp.us/Portals/0/KS LilAppleNonstrAsmt 11-
12-15.pdf?ver=2015-11-16-165501-537

Us Army Corps
of Engineers.

(usanw |



http://www.usace.army.mil/Missions/CivilWorks/ProjectPlanning/nfpc.aspx
http://cdm16021.contentdm.oclc.org/cdm/ref/collection/p16021coll11/id/708
http://silverjackets.nfrmp.us/State-Teams/Kansas
http://silverjackets.nfrmp.us/Get-Involved/More-Information/Webinars-Presentations
http://silverjackets.nfrmp.us/State-Teams/Kansas
http://silverjackets.nfrmp.us/Portals/0/KS_LilAppleNonstrAsmt_11-12-15.pdf?ver=2015-11-16-165501-537

ADDITIONAL MAPS

Us Army Corps
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COMPARING MEASURES, INDIVIDUAL STRUCTURE’'S =

BENEFIT-COST RATIO
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Kansas Hazard Mitigation Team

Image from USACE SimSuite webviewer.



NONSTRUCTURAL ASSESSMENT FOR KANSAS’ LITTLE APPLE

This map presents benefit-cost ratios for muitiple frequencies at select points. Cost engineers and architects use the
USACE “nServe™ cost tool. specifically enabled by the National Flood Proofing Committee for elevating structures. This
first iteration evaluates 50 structures. The next iteration of plan formulation will do the remaining 250 at risk structures.
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THE NONSTRUCTURAL PLAN FORMULATION MAP

This approach is great during outreach
KNHAT’S WHAT? \

making process!

and engages the public in the decision
The symbols vary,

TAKING STOCK. Structure
identification number (ie.

GREEN IS GOOD. The colors are
setup in classes with ranges that allow
users to more quickly see opportunities

using Xs, Diamonds,
or Callout Squares to
show the results and

ﬁ ’Zr" g 1,026.0) are a first step in

doing inventory and are one

<

e = ;

.
s )

ws Kansas Hazard Mitigation Team

Image from USACE SimSuite webviewer.

for improving measures in better
alternatives in the plan formulation.

allows the map users

Buyouts to more quickly make
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COMPARING MEASURES, INDIVIDUAL STRUCTURE’S

BENEFIT-COST RATIO
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RESULTS

The recommendations
Buyouts

Relocations

Elevate the structure

Flood warning
Wet flood proofing (not in first look iteration, but team
should survey structures and evaluate in next round)

S PG o

Us Army Corps
of Engineers.



