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Project Background

Agolf course in a flood-prone area
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The Proposed Project: Inwood Forest Detention Basin

Located in northwest
Houston in the Inwood
neighborhood.

Concept is to use a former
golf course to create a
series of 12 interconnected
basins to act as stormwater
detention.

Community outreach efforts
began in August 2018 as
the design process began.
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Project Size/Funding
Initial estimates for the project cost were in HARRIS COUNTY

the range of ~$47M FLOOD CONTROL
Large-scale project that clearly involves a lot DISTRICT

of coordination

Multiple Local-Level Partners
Harris County Flood Control District

City of Houston — Public Works

Agency Coordination || 1
TDEM HOUSTON
FEMA PUBLIC WORKS
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Hurricane Harvey HMGP Funding

FEMA Hazard Mitigation Grant Program
Funding becomes available post-disaster
Projects aimed specifically at reducing future risk

Typically, the cost share is 75% federal funds and
25% non-federal funds

o Hazard Mitigation
Must demonstrate that the project is cost-effective, Assistance Guidance
which often requires performing a Benefit-Cost

- Hazard Mitgation Grant Program, Pre Disaster Migation
Analysis Program, and Flood Mitigation Assistance Program

Application for HMGP Funding
Post-Harvey, the City of Houston put in an application for several large-scale infrastructure
projects through the HMGP program.
Initial project applications must include information on... @
Scope of Work
Budget
Project Schedule 0
Benefit-Cost Analysis b el
BUT, this information is often conceptual at application stage and therefore potentially
subject to change through the life of a large project.

SO, for large-budget projects without a finalized design, the project is often phased and local
governments can receive funding to complete design prior to the award/commitment from
FEMA of construction dollars.




PROJECT IDH E500-21-00-E002; BOND ID C-59 =

Phase | Funding EXCAVATION O IIGOD FOREST STOMATER

City received funding for Phase | in the amount of around i
$7-8M. -

9
This allowed for the development of an engineered :
project design that moved past the conceptual level. E
How does this fit into BCA? N

With the initial project application, the City used Hazus,
which is a FEMA-damage estimation software to

calculate the potential project benefits.

This estimate allowed for approval of Phase | funding,
but was not detailed enough (census block vs building
level) for FEMA to approve as a final BCA. So as part of
its Phase | Deliverables, the City needed to provide a
more detailed BCA using the updated design information.
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BCA Basics

FEMA Benefit-Cost Calculator

V.6.0 (Build 20230103.1822 | Release Notes)
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LOSSES  compares  PROJECT
AVOIDED o BUDGET

(Benefits) (Costs)

At its core, a Benefit Cost Analysis is a ratio (BCR) of the benefits identified from
doing the project to the costs of completing the project.

In the disaster world, we frequently estimate losses avoided as benefits.

y

Challenges and Phase Il

Keeping the project viable through BCA
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Main Challenges

Phase | design was not completed until a couple
years after initial project application was developed.

In that time something happened...

Increase in construction costs nationwide due to
COVID-19 pandemic and related supply chain
issues. Projects were costed originally in
2018/2019 and, in the intervening years, the cost
estimates could essentially be thrown out the

window. T
FEMA's Softwale Program for. 4
Combine this with the Hazus concerns and e Lo,

essentially, we had to start from scratch to build a

new BCA.
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Data FEMA Requests as Backup B
Inwood Forest Stormwater Detention Basin

Existing and Proposed Terrain Preliminary Engincering Report (PER)

Existing and Proposed Water Surface
Elevation (WSE)

H&H Models (RAS, HMS)
Preliminary Engineering Report (PER)

unty Flood Control Disrict
orest Stormwater Detention Basins
(HCFD Project ID: £500-21-00-E001 / E521-04.00-£001)

Related Memos

Detailed BCA and Depth Damage
Function (DDF) Calculation Az s

D TN Wz

How Did We Do It?

Methodology for Creating a New BCA for Inwood
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Step 1: Creating the Structure Database

Collected the building footprints data, HCFCD
structural inventory data, HCAD available
data for individual properties, WSEL etc

Analyzing data only at building centroid does
not represent actual flooding

Analyzing data for the whole building footprint
gives more accurate result.

This meant we had to combine information from
two disparate datasets. Example: structure dollar
value data was in the points dataset whereas we
needed it to be on the building footprint dataset.
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FEMA RFI

FEMA RFI essentially says: we think you're
e b S . counting square footages in your analysis
that aren’t allowed to be counted (anything
that is non-livable area can’t counted).

So, we identified two ways that might be
happening and developed a methodology to
manually edit the data and resolve potential
questions.

1) Delete Identifiable Accessory
Structures

2) Remove SqFt areas of structures that
are non-livable (e.g. covered porch)

*Always took the “conservative” route to
underestimate area being counted.

Big Questions on Structure Data!

HCAD data is not perfect!
FEMA required us to do a lot of manual editing.
Finding accessory structures

Correcting structures that are listed as one-story
and should be two-story (and vice versa).

Foundation type analysis.

Structure Limbo- How low can you go? (And
where does it end?)
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Some Non-Residential Fun

it's really just a parking Ean

structure so we can't
apply losses avoided in
the way we would a

typical COM structure
using the FEMA depth
damage functions

structure as COM

ATKINS

because itis a

*
SNCALAALLY commercial property,
but..

But really it is detached
single family homes, so
we have to edit data
since RES losses are
calculated differently
than COM

Example 2

HCAD labels this
structure as COM
(because of its size
perhaps?)

WSE data RFI

WSE value in existing and not in
proposed and vice versa

Specific to recurrence interval

Flooding before and no flooding after implementation

No flooding = WSE value is at or below
the ground surface elevation

No flooding does not mean water surface
is at elevation zero
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Existing
Condition

Proposed
Condition
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Step 2: Analyzing Losses Avoided

GIS analysis performed to gain maximum WSE

WSEs used in conjunction with Depth Damage
Functions (DDF) to calculate the expected
damages to each structure

Result: 60MB Excel spreadsheet

oo
i suding_ Content_ Dispscement
0 oo oo o
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GIS Tools Used

| Zonal Statistics | [ Viookup | [ Raster Calcutator |

| Raster to Point | [Add Join | [ Export to Excel |

| Delete Identical | [ Extract Multi Values to Points |

flood oo
Oeptn Buding _ Conent_ Dislacement Depin Budng_ Content_ Dislacement
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Challenges/Issues Faced

Damage Calculation Formula

Required Required Required Required Required Required Requi Required
Foundation First Floor
Numsto Height above | BuildingType [RSMeans 2021  RSMeansLocation
e Source of First
(stories) - | (0 dation) - | Floor Height Grade (ClassStruc) - |(Rs_Means_Sq| Factor_2021 (Standard | BRV (formula)
Column L oundation) 0or HeBRtS | (kormula - FFE]  Column P FtCost) - Value)
Column M
Ground) ColumnQ
1slab Building Footprint 0.5|Residential s 1858 084S 68535162
Automate the analysis as much as possible
Existing 5-yrs -
Required Required | Requred Calculsted o
Surface _DEM_Grid | FFE - (IF/THEN nnunda- Content
Build Damages § = Displac = Displac
(tockupand | Formula)-No tonat | Buld Damages [ Content o Damages s =8y | O
IF/THEN)-see | longera REF - | -Column AO | Structure = % Damages s | OPiclinel | BRV” Buld e | ) 308 oy
comment | ses comment WSE-FFE amses Damagesss | Perm
os.acs7s|  930ers| srmmaimen| ool mamwe  aie] 5e0s  wani|s  60w70] 50387
Damage Calculation Workbook P
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Challenges/Issues Faced
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Structures Included in Analysis

Pulling it all together in the BCA Tool

Most calculations outside of the tool
All inputs must be included for the BCR

e e
vecd - Resdan

TOTAL (SELECTED)
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Final BCR

from BCA Tool

S 81573503

sesmss s

$53309302

53309382

sro7o0Be  $5398583

suo790B 55398583




Getting Benefits toa > 1.0

For federal projects, it is important to do analysis for many different recurrence intervals

rather than just 100yr and 500yr.

This leads to more benefits and sometimes the more frequent recurrence intervals can

actually improve your BCR the most.
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Takeaways

v Finding a compromise
v Data
v Level of detail
v Resource availability/capacity issues

v/ Creative solutions

v Positive trajectory: changes to FEMA policy
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