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SUMMARY FORM
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MITIGATION PROJECT



Standard Form for CDBG-MIT Applications

Harris County Flood Control District

General Information

CDBG-MIT Program: Hurricane Harvey _Hurricane Harvey State Mitigation Competition --- HUD MID

Individual or Shared (Harvey Only): Shared

Applicant (Primary): Harris County Flood Control District

SubApplicant (Secondary): City of Houston

FY End Date: 2/28/2021

Council of Governments: Houston-Galveston Area Council (HGAC)

Contact: Alan Black, P.E. (HCFCD)

Authorized Representative: Paresh Lad (COH)

Grant Administrator: Chris Fenner, P.E. (Stuart Consulting Group)

Project Information

Project Name: Brays Bayou Watershed Mitigation Project

Project Type: Mitigation

Risk Mitigated: Riverine Flooding

Street Address (nearest to project):

Street Limits on Street — From Street: D-133 from Beechnut — To Street S. Braeswood Blvd.

Zip Code: 77074
City: Houston
County: Harris

State: TX

Latitude (Decimal Degrees — 5 decimal places): 29.68413

Longitude (Decimal Degrees — 5 decimal places): -95.50739
Project Summary Narrative:

The Brays Bayou Mitigation Project is a joint effort between HCFCD and the City of Houston. The
project is composed of various drainage and flood control improvements including improved
channel conveyance and stormwater detention basins. Collectively the components of this
project are referred to as improvements to Bintliff Ditch (HCFCD Channel D133-00-00) and the
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Sharpstown Area. The project is generally located west of IH-610 between Brays Bayou to the
South, Harwin to the north, and east of Fondren Road. The area is a mix of single family
residential, institutional, commercial and multi-family parcels.

The existing drainage system in the area is primarily curb and gutter with some open ditch streets.
Bintliff Ditch drains from north to south and outfall to Brays Bayou. There is significant ponding
throughout the study boundary and flood losses closer to Brays Bayou and along Bintliff Ditch.
Approximately 65 miles of streets experience ponding greater that 6-inches affecting mobility and
4,100 parcels have greater than 3-inches of water encroaching its lots.

Analysis of the storm drainage shows that it was built in 1955 and does not adequately serve the
2-vear and Atlas 14 rainfall events. The effects of Bayou Brays also add to the ponding and
structural losses in the drainage areas.

Describe how the risk listed above is currently affecting the project area:

This project area is plagued by drainage challenges. During rain and flood events roads become
impassable & homes are flooded.

How will the Project mitigate against the risk listed above?

This project will reduce ponding and thus allow for easier access to the area not only for
residences, but also for emergency vehicles. Likewise, the number of structures that have
previously flooded will be reduced.

Does the project enhance any other mitigation efforts already underway?

This project will complement the ongoing Project Brays with overall Water Surface Elevation
reductions along the tributary channel. Project Brays is a joint effort program led by HCFCD and
the US Army Corps of Engineers along with several local stakeholders. The program consists of
over 75 projects throughout 31 miles of Brays Bayou to reduce flood risk and increase greenspace
and amenities for the community. More can be found on this ongoing program at the following
website: https://www.projectbrays.org/.

Have you procured construction services for the proposed project? No

What is the construction completion method to be used? Competitive Sealed Bid/Contract

Will acquisition of real property or any activity requiring compliance with URA be required? Yes

If yes: Provide the Estimated Number of Parcels: Three (3)

What is the status of the acquisition? Still needed.

Provide a brief narrative describing the acquisition activities required: 466 ac-ft of detention is
needed for the Project.

A vacant piece of property in the neighborhood and a general commercial vacant piece of
property have already been acquired for the project.

Three (3) additional parcels still need to be acquired.

Congressional Representative District #: 7

State Representative District #: 146

State Senator District #: 13 & 17
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Eligibility Check

Meets HUD’s definition of mitigation activities
o Long-term Vulnerability Reduction, Community Resilience

Figure 2-14: The Aspects of Mitigation

Communit
Resilience

Meets GLO Application project definition

o Reducing risk of natural hazards through infrastructure improvements
Addresses identified current and future risks; (NOTE: identified risks change per program)

o This project will reduce the current and future risk of flooding due to heavy rainfall
Meets the definition of a CDBG-eligible activity under Title | of HCDA or otherwise pursuant to a
waiver or alternative requirement

o Construction of public works
Meets a CDBG National Objective; as amended for MIT funds

o LMI National Objective
Includes a plan for the long-term funding and management of the operations and maintenance
of the project

o  This project along with all HCFCD CDBG-MIT projects will be included in the Annual

Operational and Maintenance Budget prepared and funded by the HCFCD. All cost
associated with the successful maintenance and operation of this project as well as all
other projects under the responsibility of HCFCD are included in this budget.
Cost verification controls must be in place to assure that construction costs are reasonable and
consistent with market costs at the time and place of construction
o All construction contracts will be advertised and bid publicly through Competitive
Sealed Bid/Contract, in accordance with Texas State Law and Local laws and policies.

Locally Adopted Plan

Name of Local Adopted Plan:  Harris County Flood Control District 2018 Bond Program for Flood Risk

Reduction and Resilience: Brays Bayou
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Is a copy of the plan attached? Yes
Year plan was adopted: 2018 (Updated May 2020)

project page number in plan:  Page 12 of 67 (Bond ID C-13)

Added Resiliency Measures

The proposed drainage improvements will provide the resilience of the Brays Bayou Watershed against
the risk of flooding in future storms and tropical weather events. By improving conveyance and adding
stormwater detention, ponding will be significantly reduced, protecting homes, businesses and vital
transportation thoroughfares. Additionally, the use of stormwater detention basins with vegetated side
slopes and bottoms provides for increased infiltration of stormwater as the basins slowly empty.

Covered Projects (Harvey Only)

Is this a Covered Project? Yes

Brief Project Description:

The proposed project includes various drainage improvements in the Brays Bayou Watershed to
reduce flood risks and provide resilience for this flood-prone community against future storms.
The project includes various storm sewer upgrades to provide additional conveyance for
stormwater and multiple detention basins to mitigate the additional conveyance flow and provide
temporary storage for peak runoff. With the improved drainage system, the WSE is reduced
throughout the drainage area, thus reducing ponding on 10 miles of streets and removing many
structures from potential flood damage. Reduction in right-of -way ponding also provides benefit
to Sewer Lift Station #31 along Bintliff Ditch. This lift station sustained flood damage during
Hurricane Harvey. This is a joint project between the Harris County Flood Control District and the
City of Houston.

See “Eligibility Check” section for justification for amendment to State Action Plan.

Benefit Cost Analysis (Harvey Only)

Project Benefits: $13,569,459.00

Project Cost:  $107,060,788.62

Calculated BCR: 0.13

Description of benefit cost analysis methodology: A modified version of the FEMA Tool Kit --- See
attached BCA Calculations & Description.

Citizen Participation Plan

Date Project was first posted for public comment? October 3, 2020

Date Project was last posted for public comment? TBD

Were any comments received from the public? TBD
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Were responses provided to all public comments within 15 days of receipt? Yes

Citizen Participation Plan will be included with the application once the public comment period is
complete.

Grant Management Plan

Is a Grant Management Plan attached? This document is being finalized and will be included with the final
grant submission.

Beneficiary Data

Total number of project beneficiaries: 774,180

Cost per beneficiary: _ ($107,060,788.62)/ (774,180) = $138.29

Total Population: 4,602,523

% Beneficiaries per Population: 16.82%

Does the Project benefit >51% LMI population? Yes (57.5%)

Environmental Clearance

Is this an Aggregate Project (multiple activities)? YES
Type of Aggregation (if applicable): Geographic Aggregation

What is the current status of the project? Not Yet Begun

Brief Project Narrative:

This project will improve the D-133 Bintlff Channel with a triple box system from Beechnut to
Brays Bayou along with additional drainage system under Fondren Rd from Tanager Street to
Brays Bayou outfall. Later improvements will also be done on Tanager Street and Sandpiper.

Along D-133 channel there will be 13,947 linear feet of 3-10’x12’ RCB (reinforced concrete box)
between Beechnut and Brays Bayou outfall.

Along Fondren Rd, there will be 13,888 linear feet of 3-10’x12’ RCB between D-133 and Brays
Bayou.

At various locations, there will be place over 3,171 linear feet of lateral RCP (reinforced concrete

pipe) lines.

Four (4) new detention basins will be constructed.

The benefits resulting from this project include reduction in ponding depth and duration:
reduction in structural flooding --- 169 structures will be removed from the floodplain and 10
miles of surface streets will have improved access & mobility as a result ponding reduction.

These improvements will also benefit Lift Station #31 located on Carvel Lane which was flooded
and damaged during Hurricane Harvey.
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Will the proposed project site have any negative impact(s) or effect(s) on the environment per HUD
environmental regulations as described? No

If yes, or the applicant believes an issue may exist, provide a brief narrative explaining the issue: N/A
Is the proposed project site likely to require a historical resources/archaeological assessment? No

If yes, or the applicant believes a historical resources/archaeological assessment may be needed,
provide a brief narrative explaining the issue: N/A

Is the proposed project site listed on the National Register of Historic Places? No

If yes, provide a brief narrative explaining how the historic site will be impacted: N/A
Is the proposed project site in a designated flood hazard area or a designated wetland? YES

Is the applicant participating in the National Flood Insurance Program? Yes

Is the project in a designated Regulatory Floodway? No

Is the proposed project site located in a known critical habitat for endangered species? No

Is the proposed project site a known hazardous site? No

Is the proposed project site located on federal lands or at a federal installation? No

If yes, provide a brief narrative detailing why federal land or a federal installation is required for the
proposed project. N/A

What level of environmental review is likely needed for the proposed project site? Categorical Exclusion

Provide a brief narrative to include any additional detail or information relevant to Environmental
Review: Areas that will be disturbed by this project have previously been disturbed by earlier activities.

Affirmatively Furthering Fair Housing

Harris County and Harris County Flood Control District comply with CDBG and GLO regulations for
affirmatively furthering fair housing. See attached documentation for more information

Scoring Criteria Anticipated Score
Composite Disaster Index: 5 (Top 10%) 10 points

Social Vulnerability Index: 3 - Medium 5 points

Per Capita Market Value: $529,092,108,213/4,602,523=$114,957 2 points

LMI National Objective: Yes 20 points

In a Local Adopted Plan? Yes 5 points
Applicant Management Capacity: Proc policy, single audit, recent grants 15 points
Amount per Beneficiary: $138.29 12 points

% of Beneficiaries per Population: 0.168 1.68 points
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% Non-CDBG Funds 6.6% Local 5 points

Resiliency Measures: Yes 5 points
TOTAL 80.68 points
Poverty Rate: 16.2%

List of Attachments

W N R WNRE

15.
16.
17.
18.
19.
20.

Application Summary

Project Area Map

Project Beneficiary Map

Beneficiary Data and Demographics

Site Photos

Local Adopted Plan (with Commissioners Court Adoption)

Project Cost Estimate

Project Schedule

Citizen Participation Plan Documents Final will be provided with final application after public
comment period is complete

. Grant Management Plan This document will be finalized and included with the grant application
11.
12.
13.
14.

Memorandum of Understanding (MOU) between HCFCD and City of Houston

Harris County Procurement Policy

Fair Housing Activity Information

Harris County Comprehensive Annual Financial Report for FY Ending 2/29/20 (To meet the Local
Financial Management Policies and Procedures and the Single Audit or Annual Financial Statement
requirements)

Social Vulnerability Index Data

Per Capita Market Value Data

Composite Disaster Index Data

GLO Local Certifications Form To be signed by Judge Hidalgo

SF 424 Form To be signed by Judge Hidalgo

Benefit Cost Analysis
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EXECUTIVE SUMMARY

The benefit-cost analysis performed for Brays Bayou Watershed Mitigation Project included quantification

of the following types of benefits:

e Building damages (avoided costs)

e Content damages (avoided costs)

e Residential displacement (avoided costs)

e Non-residential displacement (avoided costs)

e Mental health treatment (avoided costs)

e Worker productivity (avoided costs)

e Ecosystem services (added benefit of conversion of developed land)

Net present value benefits were calculated using a 7% discount rate. Table ES-1 summarizes benefits on

an annual basis and at present value.

Table ES-1 — Summary of Project Benefits

Present Value

Expected Benefits Annual Benefit Benefit

Structures + Contents $9,112 $ 125,748
Displacement, Residential S74 $1,028
Displacement, Non-residential S- S-
Social (Mental Health & Productivity) $ 100,792 $ 1,391,005
Environmental (Ecosystem services of converted land) $ 873,171 $ 12,050,409
Total Expected Benefits (all categories) $983,149 $ 13,568,190

Social benefits represent the expected benefits of reducing mental health impacts associated with

experiencing a disaster such as flooding. These benefits include avoided costs of:

e Health treatment for mental stress and anxiety of impacted residents
e Productivity losses by impacted residents who work full-time due to impacts on mental health

Social benefits of the Brays Bayou Watershed Mitigation Project are shown in Table ES-2.

ES-1
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Table ES-2 — Summary of Social Benefits
Number of Benefit per Present Value

Category

Persons Person Social Benefits
Number of Persons Directly Benefitted by

Mitigation of Residential Structural Flooding 151 S 2,443 S 368,893
Number of Full-time Workers Directly Benefitted
by Mitigation of Residential Structural Flooding 117 $8,736 $1,022,112

Total Social Benefit

$ 1,391,005

Environmental benefits based on the FEMA Toolkit represent the value of ecosystem services provided by
enhancement of a parcel’s land use to a use type which provides a higher level of natural environmental
benefits. The Brays Bayou Watershed Mitigation Project requires some acquisition and conversion of
developed land to undeveloped floodplain or detention space. The benefit value for Green Open Space

has been applied to these areas. Environmental benefits of the Brays Bayou Watershed Mitigation Project

are summarized in Table ES-3.

Table ES-3 — Summary of Environmental Benefits

Post Mitigation Acres Benefit per Acre per Annual Benefits Present Value
Land Use Converted Year Benefits

Green Open Space
P P 105.1 $ 8,308 $873,171 $ 12,050,409
Riparian
P 0 $ 39,545 $- $-
Wetlands
0 $6,010 $- $-
Forests
0 S 554 S- S-
Marine / Estuar
/ Y 0 $1,799 $- $-
Total Environmental
Benefit $ 873,171 $ 12,050,409

In addition to environmental benefits, social benefits, and reduced structural damages and displacement
costs, the Brays Bayou Watershed Mitigation Project represents a holistic benefit to its service area, the
Brays Bayou Watershed, by removing structures and land area from the floodplain. Table ES-4

summarizes the impacts of the mitigation project.

ES-2
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Table ES-4 — Impacts of Mitigation Project

Number of structures benefitted in any event

(estimated losses to structural damage are reduced) 47
Number of structures removed from 10% AEP (10-year) floodplain 1
Number of structures removed from 1% AEP (100-year) floodplain 25
Number of acres removed from 10% AEP (10-year) floodplain 0
Number of acres removed from 1% AEP (100-year) floodplain 0
Number of structures removed from risk* in 10% AEP (10-year) event 0
Number of structures removed from risk* in 1% AEP (100-year) event 1

*Structures “at risk” refer to those for which the modeled water surface elevation is at or above finished floor
elevation.

The Present Value Benefits, as shown in Table ES-1 and Table ES-3, were developed from Annual Benefits
using a 7% discount rate as required by the Office of Management and Budget (OMB) Circular No. A-94,
(Social benefit unit values are provided as standard Present Value amounts and are discounted using a 7%
rate to estimate Annual Benefits.) This discount rate assumes present benefits have much more value
than future benefits, which is not necessarily true for flood risk mitigation projects with a 50-year and
greater life cycle. A lower discount rate assumes present benefits are only slightly more valuable than
future benefits — a more realistic assumption when considering extended life cycle projects that provide
the same level of risk reduction from year to year. U.S. Department of Housing and Urban Development
(HUD) Notice CPD-16-06, which was created to provide guidance on benefit-cost analyses for Community
Development Block Grant Disaster Recovery (CDBG-DR) projects, notes “grantees may additionally
calculate benefits and costs using alternate discount rates (no lower than 3%) provided it also includes
justification acceptable to HUD based on the nature of the project.” For comparison purposes, Present

Value Benefits were also determined using a 3% discount rate.

Project costs as estimated for the Community Development Block Grant Mitigation (CDBG-MIT) grant
application include estimated costs of design and construction. The benefit-cost ratio was determined as
the ratio of the present value of Total Expected Benefits to Total Project Cost. Table ES-5 presents the
project cost, along with the estimated benefits and benefit-cost ratio resulting from use of both the 7%

and 3% discount rates. It is important to note that the Brays Bayou Watershed Mitigation Project will

L Circular A-94, Office of Management and Budget, last revised October 29, 1992.

ES-3
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provide many community benefits for which an economic value could not be quantified as part of this

analysis. Additional unquantified benefits are discussed further in the section on Qualitative Benefits.

Table ES-5 — Benefit-Cost Ratio
7% Discount Rate 3% Discount Rate

Present Value Total Benefits $ 13,568,190 $ 24,093,841
Present Value Total Cost $ 107,060,789 $ 107,060,789
Benefit-Cost Ratio 0.13 0.23

ES-4
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1.0 METHODOLOGY

1.1  BENEFIT-COST ANALYSIS REQUIREMENTS FOR CDBG-MIT PROJECTS

Although a benefit-cost ratio (BCR) is not a factor in the competition score as set forth by the Texas
General Land Office (GLO), applicants are required to demonstrate that the benefits of any Covered
Project outweigh its costs. As described in the Federal Register,? this requirement may be met in either

of two ways:

1. Benefit-cost ratio developed during a benefit-cost analysis (BCA) is greater than 1.0.
a. Calculations should be prepared in accordance with OMB Circular A-943.
b. BCA methodology should follow FEMA standardized methodologies unless

1) A BCA for the project has already been completed or is in progress under
guidelines of other Federal agencies, or

2) The BCA addresses a non-correctable flaw in the FEMA methodology, or
3) A new approach is proposed that is unavailable using the FEMA Toolkit.
2. Alternately, projects may have a benefit-cost ratio of less than 1.0 under these conditions:

a. ABCAis still completed following the methodologies described above.

b. The project “serves low- and moderate- income persons or other persons that are
less able to mitigate risks or respond to and recover from disaster.”

c. A qualitative description is provided for “benefits that cannot be quantified but
sufficiently demonstrate unique and concrete benefits of the Covered Project for
low- and moderate- income persons or other persons that are less able to mitigate

risks, or respond to and recover from disasters.”

The analysis presented here meets these requirements as follows:

e Inaccordance with OMB Circular A-94, a 7% discount rate was used when determining equivalent
present values of expected annual benefits and vice versa.

2 Allocations, Common Application, Waivers, and Alternative Requirements for Community Development Block
Grant Mitigation Grantees, 84 FR 169 (August 30, 2019).
3 Circular A-94, Office of Management and Budget, last revised October 29, 1992.
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The quantitative benefit-cost analysis (BCA) was based on benefit quantification methods and
assumptions used in FEMA tools such as the FEMA BCA Toolkit version 6.0* (hereafter “FEMA
Toolkit”) and HAZUS (Hazards U.S. planning-level damage and loss estimating tool). These tools
were not used directly, but the methods and assumptions in the FEMA Toolkit and HAZUS were
applied using a combination of geospatial and tabular analysis tools to more efficiently:

o Assess thousands of potentially impacted structures.
o Utilize spatially variable modeled water surface elevation data.
o Incorporate detailed information at an individual structure level.

As indicated by the beneficiary population analysis detailed in the LMI Evaluation Attachment,
over 51% of the project beneficiaries of are low- to moderate-income persons.

The Qualitative Benefits section of this report discusses benefits of the Covered Project that could
not be quantified.

QUANTITATIVE BENEFIT CATEGORIES

The benefit-cost analysis included quantification of the following types of benefits:

1.3

Building damages (avoided costs)

Content damages (avoided costs)

Residential displacement (avoided costs)
Non-residential displacement (avoided costs)
Mental health treatment (avoided costs)
Worker productivity (avoided costs)

Ecosystem services (added benefit of conversion of developed land)

INPUT DATA

A separate analysis was performed to estimate the number of residents and residential units per

structure, as well as the number of residents who are full-time workers. The primary datasets used in the

BCA are summarized in Table 1-1.

4 Benefit Cost Toolkit Version 6.0. FEMA. October 2019. Available at https://www.fema.gov/media-
library/assets/documents/179903.
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Table 1-1 — Input Datasets to Benefit-Cost Analysis

Source

Harris County

Flood Control

Description

attributes of individual structures in the study area,
including use, size, and look-up codes for various

District reference tables
City of I i t h
Right-of-Way Acquisition ity o parce s and impacted structures to be bought out as part
Houston of project
. City of . .
C I C r I
apital Costs Houston project capital costs
Esti f I i h li
Existing and Proposed City of stlma'ted water s‘u'r ace elevations based or‘m ydraulic
. modeling of conditions before and after project
Water Surface Elevations | Houston . .
implementation
. . 2018 ACS 5-year data related to population, average
American Community U.S. Census y ‘p pufati Y g
< household size, number of full-time workers, median
Survey Data Bureau . .
household income, and other variables
. U.S. Census .
Census Geographic Areas Bureau ! boundaries of 2010 Census tracts and block groups

The Harris County Flood Control District maintains a detailed structure inventory of all structures in Harris

County. This inventory includes data on the number of housing units in each structure, square footage,

building style, finished floor elevation, and numerous other attributes. The qualitative structure attributes

in the inventory were used to determine the appropriate depth-damage functions and content-to-

structure value ratios, and the finished floor elevation is the basis for determining damage and

displacement costs based on depth of flooding above finished floor.

Data from the 2018 American Community Survey (ACS) 5-year® data tables was used in various parts of

the BCA; the variables used are listed below. The following sections describe the use of this data in more

detail.

e Subject Table S1903 —Median Income in the Past 12 Months

e Detail Table BO1003 — Total Population

e Data Profile Table DP04 — Selected Housing Characteristics

e Detail Table B23027 — Full-Time, Year-Round Work Status in the Past 12 Months by Age for

Population 16+ Years

Table 1-2 lists the various standard values and lookup tables referenced in the calculations.

5 U.S. Census Bureau. American Community Survey, 2014-2018. Detailed Tables, Subject Tables, and Data Profile
Tables; generated by Freese & Nichols, Inc. using the U.S. Census Bureau Application Programming Interface.
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Name

Discount Rate

Purpose
calculate discount factors for converting between
annual and present value equivalent
costs/benefits

FREESE
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Source

OMB Circular A-94

Demolition Threshold

threshold above which building is assumed to be
fully lost and contents maximally lost

Useful Life

project lifetime used in discounting

Depth-Days Curve

table of days displaced for depth flooded

Disruption Cost Factor

one-time cost per square foot for non-residential
structures

Monthly Cost Factor

recurring cost per square foot per month for non-
residential structures

FEMA BCA Toolkit

Hotel per Diem Cost

daily cost per household, up to 5 people, for
lodging

v6.0

Meal per Diem Cost

daily cost per person of eating out, less average
cost of eating at home

Mental Stress and Anxiety
Unit Cost

cost of mental stress and anxiety per resident

Productivity Loss Unit Cost

productivity loss per full-time worker

Land Use Conversion Unit
Benefit

value of ecosystem services (S/acre/year)
provided by land use conversion

Replacement Cost Models

building replacement values ($/sq. ft.)

Hazus Technical

Manual®
. tables of percent damage for depth flooded given | USACE New
Depth-Damage Functions the building type Orleans District’
SFR Content-to-Structure ratio for single-family residences for 1 story, 2 | USACE New
Value Ratios stories, or mobile home Orleans District’
Other Content-to- ratio for structures other than single-family | USACE New
Structure Value Ratios residences Orleans District’

1.4

CALCULATION OF EXPECTED ANNUAL BENEFITS

For benefit categories based on avoided losses, impacts are assessed for multiple storm recurrence

intervals, and an Expected Annual Loss value is estimated from the estimated value of damages caused

by each storm and the associated probability of such a storm in a single year. This annualized value is

estimated as the area under the Damage vs Probability curve using the trapezoidal area method. This

6 Hazus-MH MR3 Technical Manual. FEMA.
7 Final Report: Depth-Damage Relationships for Structures, Contents, and Vehicles and Content-to-Structure Value
Ratios (CSVR) in Support of the Donaldsonville to the Gulf, Louisiana, Feasibility Study. U.S. Army Corps of Engineers,
New Orleans District. New Orleans, Louisiana. 2006.
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method is described in a FEMA guidance document for flood risk assessments®. Equation 1 demonstrates

how this method is applied if impacts are modeled for 10-, 25-, 50-, 100-, and 500-year storms.

1
Expected Annual Loss = <% * Losssooyr>

1 1

+ <m - %> (Losslooyr + Losssooyr)
1 1

+ (55~ 105) (Losssour + Lossionyr) Equation 1
1 1

+ <£ - %) (Losszsyr + Losssoyr)

1 1
+(E - E)(LOSSIOyr + L0SSz5y7)

Loss values are not extrapolated to storm events with recurrence intervals smaller or larger than the
events simulated in a hydraulic model. The Expected Annual Benefit (EAB) is the difference in Expected

Annual Loss under existing and post-mitigation conditions (Equation 2).

Expected Annual Benefit = (Expected Annual L0oSS) gyisting — (Expected Annual Loss) post—mitigation Equation 2

1.5 PRESENT VALUE ANALYSIS

Benefits in all categories except Social Benefits were determined on an annualized basis as described in
the previous section or using standard annual benefit values. (Social benefit unit values are provided as
standard Present Value amounts and are not discounted.) The present value of the Expected Annual
Benefits (EAB) was then determined using the standard economic equivalence factor. Equivalence factors
were determined using an annual discount rate of 7% as specified in OMB Circular A-94 and an assumed
project useful life of 50 years. Alternate factors were also determined using a lower discount rate of 3%.
Equivalence factors for converting between annual and present values are shown in Equation 3 and

Equation 4. The 50-year life was based on a table of project lifetimes within the FEMA Toolkit (Table 1-3).

Capital R Fact A AnnualValue  i(1+0)"
apital Recovery Factor (p) ~ Present Value (1+i)"—1 Equation 3

) ) P Present Value (1+i)"—-1
Uniform Series Present Worth Factor (—) = =

A Annual Value ~  i(1+ )" Equation 4

8 u

Guidance for Flood Risk Analysis and Mapping: Flood Risk Assessments.” p. 18. FEMA. February 2018.
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Table 1-3 — Standard Values for Project Useful Life in FEMA BCA Toolkit v6.0

Flood Hazard Mitigation Project Type U?i:;lr;fe

Acquisition / Relocation

Acquisition / Relocation 100
Building Elevation

Residential Building 30
Non-Residential Building 25
Public Building 50
Historic Buildings 50

Mitigation Reconstruction
Mitigation Reconstruction

Infrastructure Projects

Major Infrastructure (dams, levees) 50
Concrete infrastructure, flood walls, roads, bridges, major drainage system 50
Culverts (concrete, PVC, CMP, HDPE, etc.) with end treatment 30
Culverts without end treatment 10
Major pump stations, substations, wastewater systems, or equipment such as generators 50
Minor pump stations, substations, wastewater systems, or equipment such as generators 5

Present Value Benefits were then compared to Total Project Cost to determine the Benefit-Cost Ratio
(BCR) as shown in Equation 5.

BCR

_ (Expected Annual Benefits + Uniform Series Present Worth Factor) + Present Worth Social Benefits
- Project Capital Cost

Equation 5

In the FEMA Toolkit, project useful life is specified for each structure individually, allowing a different
factor to be applied to structures subject to buyouts, for which the useful life is assumed to be 100 years.
However, for simplicity in the preliminary BCAs, a single equivalence factor based on a 50-year life was
applied across the entire project. In other words, although the project does include acquisition and
demolition of some structures, the shorter useful life of the primary project infrastructure has been used
to apply a consistent present worth conversion factor to all components. This simplification causes a slight

underestimation of benefits, but the difference is negligible.
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2.0 QUANTITATIVE BENEFITS

2.1  BENEFITS BASED ON DEPTH OF FLOODING

A traditional BCA for flood mitigation projects assesses the difference in probable damages to a structure
and its contents under existing (baseline) conditions and post-mitigation (proposed) conditions. Baseline
and proposed impacts to a structure and its contents are assessed for multiple storm recurrence intervals
based on the depth to which the structure is inundated in each scenario. Flooding depth for each structure
is calculated as the difference in modeled water surface elevation (WSE) and finished floor elevation (FFE)
as provided in the structure inventory. For structures with missing FFE data, FFE was estimated at 6 inches
above ground elevation, using the same ground elevation data as was used in development of the

structure inventory®.

Depth-related benefit categories include traditional structural benefits as well as others that can be

related to the depth of flooding in a given storm frequency:

e Building Damages — Depth related to % of value lost.
e Content Damages — Depth related to % of value lost.
e Displacement Costs — Depth related to number of days displaced.

e Loss of Income / Loss of Function — Depth related to number of days rent payment income or
commercial function is lost.

The following sections explain how these categories were assessed in the BCA.

211 Building and Content Damages

The FEMA Toolkit requires structural damages to be calculated based on a Building Replacement Value
(BRV), not the appraised value or market value. The Unit BRV (cost per square foot) has a default value
of $100/sf in the FEMA Toolkit. This default value was replaced with a value specific to each structure’s
attributes as described in the Hazus Technical Manual'®. Hazus unit BRVs depend on building type and
number of stories. Residential unit BRVs are further broken down by construction class (economy,
average, custom, or luxury). Using Hazus methodology!!, a weighted composite building replacement

value was assigned to single-family residential structures in the project service area based on the ratio of

% Bare Earth LiDAR, HGAC 2008 Datum Adjusted. Houston-Galveston Area Council. 2008.
1% Hazus-MH MR3 Technical Manual. FEMA.
11 Hazus-MH MR3 Technical Manual. FEMA. “Section 14.2.1 — Full Building Replacement Costs.”
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median household income in each census tract to median income across Texas (median household income
determined from 2018 ACS 5-year data Subject Table $1903). Finally, the Total Building Replacement
Value of a structure is calculated by multiplying the Unit BRV by the building size (Equation 6). This
approach allowed for the use of local data to appropriately reflect structure values in the project service

area.

Total BRV = Unit BRV ($/sf) » Area (sf) Equation 6

Values documented in the Hazus Technical Manual are based on standard cost-estimation models
published in Means Square Foot Costs? and were reported in 2006 dollars. For this analysis, these values
were scaled up using the RSMeans Historical Cost Indices from 2006 to 2020 to be consistent with project

cost estimates. Building replacement values can be found in Appendix A.

Once depth of flooding is determined for a structure under a given scenario, the percent of the Total BRV
that is lost to damage is determined from a depth-damage function (DDF). The DDFs used in this BCA
were developed by the USACE New Orleans District!® and are illustrated in Figure 1. It should be noted
that some structures are expected to experience damage even when WSE is below FFE by up to 2 feet,

depending on structure type.

Figure 1 — Depth-Damage Functions

16

14
g 12 Metal Frame (MFM)
E 10 = Masonry Bearing (MAB)
S 8 ——Two-Story on Slab
é 6 Two-Story on Pier
£ 4 Wood or Steel Frame (WSF)
§ 5 One-Story on Slab

One-Story on Pier
0 Mobile Home
-2

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0%
Damage (% of Building Replacement Value)

12R.S. Means, 2005.

13 Final Report: Depth-Damage Relationships for Structures, Contents, and Vehicles and Content-to-Structure Value
Ratios (CSVR) in Support of the Donaldsonville to the Gulf, Louisiana, Feasibility Study. U.S. Army Corps of Engineers,
New Orleans District. New Orleans, Louisiana. 2006.
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The percent damage estimated from the DDFs is also applied to the value of the contents in the structures.
The total value of contents in each structure was estimated from content-to-structure value ratios
developed by the USACE New Orleans District'®, which specify a percentage of the building value
depending on the building type.

A demolition threshold was set to 50%, which is the default value in the FEMA Toolkit. If percent damage
based on depth and the depth-damage curve exceeded this threshold, the structure is expected to be
substantially damaged and is assumed to need replacement rather than repair. In this case, the value of
Expected Structure Damage is the Total BRV. Additionally, the value of Expected Content Losses is
assumed to be maximized at this point (not a total loss, but the maximum value on the depth-damage

curve).

Total benefits of avoided structure and content losses are summarized in the Executive Summary.

2.1.2 Displacement Costs (Residential)

Residential displacement losses represent the cost to residents of being out of their home after a flood
event. The cost of residential displacement under baseline and proposed conditions for each modeled

event was calculated using the method and standard values (shown in Table 2-1) in the FEMA Toolkit:

e Temporary lodging for each displaced household (assumes up to 5 household members per hotel
room)

e Increase in meal cost (above average cost of eating at home) for each displaced resident
Expected annual benefits depend on a relationship between number of days displaced for depth of
inundation. Using the relationship in the FEMA Toolkit, 45 days of displacement were assumed for each
foot of flooding above FFE. No displacement was assumed if WSE did not exceed FFE. Total benefits of
avoided residential displacement costs are summarized in the Executive Summary.

Table 2-1 — Residential Displacement Unit Costs
Meals per diem Cost of eating Hotel per diem per Meal cost /

per capita at home family, up to 5 people person / day
$55 $7 $94 $48
2.13 Displacement Costs (Non-Residential)

The costs of non-residential displacement, as defined by FEMA, include:
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e One-time cost of relocating business equipment
e  Monthly rental costs of new space
The same relationship between depth flooded and days displaced was used for non-residential
displacement as for residential displacement. Cost factors provided in the FEMA Toolkit as $/sg. ft. values
were used to estimate both the monthly and one-time cost components of non-residential displacement
(Table 2-2). Total benefits of avoided non-residential displacement costs are summarized in the Executive

Summary.

Table 2-2 — Non-residential Displacement Cost Factors

Disruption Rental Cost
Occupancy Class Cost Factor Factor
s (8
Retail Trade 1.09 1.16
Wholesale Trade 0.95 0.48
Personal and Repair Services 0.95 1.36
Technical Business 0.95 1.36
Banks 0.95 1.7
Hospital 1.36 1.36
Medical Office/Clinic 1.36 1.36
Entertainment and Recreation 0 1.7
Theaters 0 1.7
Heavy 0 0.2
Light 0.95 0.27
Food/Drugs/Chemicals 0.95 0.27
Metals/Mineral Processing 0.95 0.2
High Technology 0.95 0.34
Construction 0.95 0.14
Agriculture 0.73 0.73
Religious/Nonprofit/Membership Organization 0.68 0.68
Government, General Services 0.95 1.36
Government, Emergency Response 0.95 1.36
Schools/Libraries 0.95 1.02
College/Universities 0.95 1.36

10
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2.1.4 Loss of Income / Loss of Function

Loss of Income represents the loss of monthly rental income to owners of rental properties. Because
additional monthly rental costs were considered as a displacement cost to non-residential tenants,

property owner income losses were excluded from this BCA to avoid double-counting benefits.

Loss of Function represents the lost revenue due to inability to operate a business for some amount of
time after a flood event. This avoided cost benefit category requires knowledge of the operating budget
of the business for each individual non-residential structure in a project service area. As the majority of
flood mitigation benefits in the project service area are to residential structures, this category was not

assessed.

2.2 ANCILLARY BENEFITS

In addition to the benefit categories that represent avoided costs based on reduction in flooding depth,

social and environmental benefits of the project were also quantified.

2.21 Avoided Social Costs

Social benefits based on the FEMA Toolkit represent the expected benefits of reducing mental health

impacts associated with experiencing a disaster such as flooding. These benefits include avoided costs of:

e Health treatment for mental stress and anxiety of impacted residents

e Productivity losses by impacted residents who work full-time due to impacts on mental health
The calculation of social benefits replicated the method used in the FEMA Toolkit, which applies a present
value benefit amount per impacted person to estimate the avoided costs of mental health treatment and
of lost productivity (Table 2-3). These values are based on studied prevalence, severity, and course of
mental effects following a disaster®®. It should be noted that because these values are present value
benefits, they are not dependent on the annual expected probability of a storm event or the level of
flooding anticipated from a given event. Instead, these benefits represent the positive impact of a
mitigation project reducing flooding in a resident’s home, which may include an existing condition of

minor flooding compared to a post-mitigation condition of no flooding. Even when traditional benefit

1% Final Sustainability Benefits Methodology Report. FEMA. Task order HSFEHQ-11-J-1408. August 2012.

11
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estimates might indicate a very small value of saved structural and content damages, the positive impact

on residents of not having to do any repairs instead of a few repairs is significant.

Table 2-3 — Unit Values for Social Benefits as Avoided Costs of Mental Health Impacts
Benefit per Person

(Present Value) Unit

Category

Treatment for mental stress $2.443 Resident of home benefitted by

and anxiety ! project

Lost productivity $8 736 Res!dent of home benef.|tted by
project who works full-time

The present value benefits per person for treatment of mental stress and anxiety were applied to all
residents of structures which experienced a reduced modeled WSE after project implementation,
regardless of event frequency. The Population Estimate Attachment describes how ACS Table B01003
(Total Population Estimates) and ACS Data Profile DP04 (Selected Housing Characteristics) were used to
allocate numbers of residents to each structure in the watershed. The number of full-time workers in
each Census tract (B23027_001E) was compared to the total tract population (B01003_001E) to estimate
the number of full-time workers living in each structure. Costs of lost productivity were based on the
estimated number of full-time workers residing in each structure. Estimated social benefits are

summarized in the Executive Summary.

2.2.2 Environmental Benefits

Environmental benefits based on the FEMA Toolkit represent the value of ecosystem services provided by
enhancement of a parcel’s land use to a use type which provides a higher level of natural environmental
benefits. Unlike other benefit categories based on avoided costs, environmental benefits represent an
added service. Table 2-4 indicates the value of each land use type (assuming existing condition is

developed land).

Table 2-4 — Unit Benefit Values for Conversion of Developed Land to Land Use of Higher Ecosystem Value
Documented Benefit/acre/year!®

Green Open Riparian WEHEGES Forests Marine
Space /Estuary

$8,308 $39,545 $6,010 $554 $1,799

15 Help Section of B/C Analysis Toolkit v6.0, as of 01/28/2020.

12
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Expected environmental benefits are summarized in the Executive Summary.

3.0 QUALITATIVE BENEFITS

As described in the Federal Register,*® as long as a quantitative BCA has been completed, projects may
have a benefit-cost ratio of less than 1.0 when the project provides concrete benefits to “low- and
moderate- income persons or other persons that are less able to mitigate risks or respond to and recover
from disaster,” including benefits that cannot be quantified. Qualitative benefits of this project are

discussed below.

3.1  BENEFICIARIES VULNERABLE TO FLOOD RISK

This application has demonstrated that 57.5% of the beneficiaries of Brays Bayou Watershed Mitigation
Project are low- to moderate-income persons. Additionally, many of the residents of the project service
area may be considered particularly vulnerable to disasters. 38.7% of the households in the project
service area are considered to be housing cost-burdened, and 18.8% are severely housing cost-
burdened?’. These households spend 30+% and 50+% of their monthly income on housing-related costs,
respectively. This cost burden may make it particularly hard for these households to recover from
disaster, as they are less likely to have additional funds available for repairs, hotel stays, and lost wages
during and after a flood. Additionally, 24.7% of the households in the project service area have no
computer and/or no internet subscription?®. Lack of reliable internet access may reduce residents’ ability

to benefit from early warning systems in case of flooding events, making them more vulnerable.

3.2  BENEFIT OF REDUCING FLOOD IMPACTS TO PROPERTY VALUES

A review of parcel appraisal values from the Harris County Appraisal District suggests that the annual rate
of growth in property values generally slowed from 2014 to 2018 in the Brays Bayou Watershed (Figure
2). This trend could be caused or influenced by floods in 2015, 2016, and 2017, but the degree to which

local flooding impacted the value growth rates cannot be ascertained. General economic conditions in

16 Allocations, Common Application, Waivers, and Alternative Requirements for Community Development Block
Grant Mitigation Grantees, 84 FR 169 (August 30, 2019).

17 Estimates derived from data in tables B25070 (Gross Rent as a Percentage of Household Income in the Past 12
Months) and B25091 (Mortgage Status by Selected Monthly Owner Costs as a Percentage of Household Income in
the Past 12 Months). U.S. Census Bureau. American Community Survey, 2014-2018.

18 Estimate derived from data in table B28003 (Presence of a Computer and Type of Internet Subscription in
Household). U.S. Census Bureau. American Community Survey, 2014-2018.

13
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Harris County following Hurricane Harvey, as well as other external economic factors, could also
contribute to changes in property values. Although the exact impact of local flooding on property values
cannot be quantified, flood risk mitigation projects are likely to have a positive impact on the residents of
flood-prone areas, as falling property values can have a negative effect on the financial flexibility of

housing cost-burdened homeowners and even renters.

Figure 2 — Year-to-Year Percent Change in Total Appraised Value of Property in Brays Bayou Watershed
12%

10%

8%
6%
4%
2%
» =

2015 2016 2017 2018

Percent Change in Total Appraised
Value in Brays Bayou Watershed

4.0 SUMMARY

The approach to benefit-cost analysis documented here was based on FEMA BCA methodologies and
considered various categories of benefits afforded by the Brays Bayou Watershed Covered Project.
However, as discussed in Section 2.1.1, the use of structural damages in a benefit-cost ratio, while valid,
means that a project in a lower income service area that provides flood mitigation benefits to the same
number of homes as a project in a higher-income area may have a lower calculated benefit-cost ratio due
to the lower replacement values of homes in the service area. As a result, the low- and moderate-income
populations that the CDBG-MIT funding seeks to serve may be underserved by funding sources which rely
primarily on traditional benefit-cost analysis methods. Considering this, it is important to recognize that
quantitative BCRs should not be used alone when evaluating the effectiveness of a mitigation project, and
in fact, comparing BCRs between projects may actually work against the goal of serving of CDBG-MIT

funding to serve LMI and other vulnerable populations.

14
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APPENDIX A
BUILDING REPLACEMENT VALUES
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Table A-1
Single-Family Residential Building Replacement Values (2020 dollars, assuming no basements)
Income Ratio (r)

0.5< r< 0.85<=r 1.25<=r

Numer of <1.25
Stories
1 $97.28 $107.21 $145.17 $169.60 $206.28
2 $103.51 $110.89 $141.45 $166.65 $196.43
3 $103.51 $112.50 $147.76 $172.67 $202.32
split $95.14 $102.70 $132.88 $155.34 $184.21
Table A-2
Multi-Family Residential Building Replacement Values (2020 dollars)
Unit Building
Number of Units Replacement Value
($/sf)

2 $117.00

3-4 $128.00

5-9 $228.00

10-19 $203.00

20-49 $200.00

50+ $195.00




Brays Bayou Watershed Mitigation Project

Benefit-Cost Analysis Appendix A

Table A-3

Non-Residential Building Replacement Values (2020 dollars)

Occupancy Class

Occupancy Sub Class

Unit Building
Replacement
Value ($/sf)

Manufactured Housing Manufactured Housing $52.76
Retail Trade Dept Store, 1 st $121.96
Wholesale Trade Warehouse, medium $112.10
Personal and Repair Services Garage, Repair $151.05
Prof./ Tech./Business Services Office, medium $196.93
Banks Bank $282.68
Hospital Hospital, medium $331.04
Medical Office/Clinic Med. Office, medium $242.32
Entertainment & Recreation Restaurant $251.66
Theaters Movie Theatre $180.14
Parking Parking garage $64.53
Heavy Factory, small $130.29
Light Warehouse, medium $112.10
Food/Drugs/Chemicals College Laboratory $214.11
Metals/Minerals Processing College Laboratory $214.11
High Technology College Laboratory $214.11
Construction Warehouse, medium $112.10
Agriculture Warehouse, medium $112.10
Church Church $204.52
General Services Town Hall, small $158.34
Emergency Response Police Station $245.87
Schools/Libraries High School $170.19
Colleges/Universities College Classroom $213.61

FREESE
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CDBG-MIT: Budget Justification of Retail Costs

(Former Table 2)

Cost Verification Controls must be in place to assure that construction costs are reasonable and consistent with market costs at the time and place

of construction.

Applicant/Subrecipient: Harris County Flood Control District
Site/Activity Title: Right-of-Way, Design and Construction of Conveyance Improvements along Blintliff Ditch D133+
Eligible Activity: Flood Control and Drainage Improvements
Materials/Facilities/Services $/Unit | Unit [ Quantity [ Construction | Acquisition | Total
Paving Items
Removing Existing Pavement S 9.01 |SY 37,547 | $ 338,260.62 | S - S 338,260.62
Removing existing driveways S 7.51 |SY 2,633 (S 19,769.75 | S - S 19,769.75
10" concrete S 97.60 |SY 26747| S 2,610,437.03 | S - S 2,610,437.03
Lime Stabilized Subgrade, 6" thick S 4.50 |SY 37547| S 169,130.31 | $ - S 169,130.31
Lime (6%, 7% by weight) S 240.24 |EA 465( S 111,626.00 | $ - S 111,626.00
6" Concrete Curb S 6.01 [LF 25717| S 154,457.09 | S - S 154,457.09
6" concrete for driveways S 12.01 |SY 23700| $§ 284,684.40 | S - S 284,684.40
4 1/2" concrete for sidewalks S 10.51 |SY 82293| $ 864,940.58 | S - S 864,940.58
TRAFFIC SIGNAL/INTERSECTION S 390,000.00 |Ea 1 s 390,000.00 S 390,000.00
Storm Items
Remove Storm Sewer S 31.46 (LF 3167| S 99,629.43 | S - S 99,629.43
Remove inlets S 582.01 [EA 24| S 13,968.24 | S - S 13,968.24
Remove Manholes S 613.47 |EA 15| $ 9,202.05 | $ - S 9,202.05
Cub Inlets S 4,372.94 |EA 24| S 104,950.56 | $ - S 104,950.56
MANHOLES (FOR 42" DIA. PIPE OR SMALLER) (ALL
TYPES) S 5,458.31 |EA 13| S 70,958.03 | $ - S 70,958.03
MANHOLES (FOR 48" TO 72" DIA. PIPE) (ALL TYPES) $ 9,438.00 |EA ol ¢ 18,876.00 | $ i g 18,876.00
MANHOLES (FOR 78" DIA. PIPE AND LARGER) (ALL
TYPES) S 17,303.00 |EA 58/ S 1,003,574.00 | $ - S 1,003,574.00
24-INCH RCP S 149.44 |LF 800| $ 119,538.08 | $ - S 119,538.08
36-INCH RCP S 251.68 |LF 699| S 175,914.58 | S - S 175,914.58
48-INCH RCP S 330.33 |LF 149( S 49,073.81 | S - S 49,073.81
54-INCH RCP S 42471 |LF 683| S 290,201.52 | S - S 290,201.52
72-INCH RCP S 637.07 |LF 50 S 31,853.25 | S - S 31,853.25
12x10 RCB S 1,735.50 (LF 27835| S 48,307,642.50 | $ - S  48,307,642.50
Dry detention pond S 26,000.00 (EA 466 S 12,116,000.00 | $ - $ 12,116,000.00
DEWATERING (FOR BOX CULVERTS WITH 50 SF OR
GREATER) S 39.33 |LF 27835| S 1,094,611.38 | S - S 1,094,611.38
TRENCH SAFETY SYSTEM S 3.15 [LF 27835| S 87,568.91 | $ - S 87,568.91
General Items
Traffic Signals S 250,000.00 (EA 1 s 250,000.00 S 250,000.00
Traffic Control and regulation $300,000.00 [EA 1S 300,000.00 S 300,000.00
Flagmen $100,000.00 (EA 1] s 100,000.00 S 100,000.00
Tree Protection $600,000.00 (EA 1 s 600,000.00 S 600,000.00
Mobilization (5%) S 3,489,343.41 1| S  3,489,343.41 S 3,489,343.41
Subtotal [ $  73,276,211.51
Engineering Fee (Design, Bidding, Survey,
Geotechnical, Construction Phase Services) (15%)
EA S 10,991,431.73
Environmental Investigation and Permitting (6%) S 4,396,572.69
Administrative Costs (Delivery) (6%) S 4,396,572.69
Acquisition (Detention Sites)
Site #1 S 2,000,000.00 |EA S 2,000,000.00
Site #2 $  5,500,000.00 |EA $  5,500,000.00
Site #3 S 6,500,000.00 |EA S 6,500,000.00
TOTAL $ 107,060,788.62

1. Identify and explain the annual projected operation and maintenance costs associated with the proposed activities.




This project along will be included in the Annual Operational and Maintenance Budget prepared and funded by the HCFCD and City of Houston. All

cost associated with the successful maintenance and operation of this project as well as all other projects under the responsibility of HCFCD and City
of Houston are included in this budget

2. Identify and explain any special engineering activities.

oS S ', Date: 9/29/2020
z * x5 Phone Number: 713 462 3242
* 5 B
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Signature of Registered Engineer/Aré:hitect Responsible
Seal For Budget Justification:
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TxCDBG RACE AND ETHNICITY / GEND

ER CALCULATOR

INSTRUCTIONS AND DATA SOURCE
Data Source: Most Recent ACS 5-year Est. - Table DP05
City Applicants: Enter city-wide data as refected on Table DP05
County Applicants: Enter census tract data as reflected on Table DP05

APPLICANT:|Harris County
Sex and Age ENTER DP05 DATA HERE
Male: 385872
Female: 388308
One Race
White: 381881
Black or African American: 187933
American Indian and Alaska Native: 2246
Asian: 99734
Native Hawiian and Other Pacific Islander: 416
Some Other Race: 87770
TwoO or more races: 14200
-White and Black or African American: 2605
-White and American Indian and Alaska Native: 1384
-White and Asian: 5411
-Black or African American and American Indian and Alaska Native: 402
Hispanic or Latino and Race
Hispanic or Latino (of any race): 312851
Not Hispanic or Latino: 461329
-White alone: 164643
-Black or African American alone: 183425
-American Indian and Alaska Native alone: 1087
-Asian alone: 99158
-Native Hawiian and Other Pacific Islander alone: 302
-Some other race alone: 2142
-TWO or more races: 10573
Enter Number of Project Beneficiaries: | 774180
Gender of Project Beneficiaries
Male 385872
Female 388308
Race and Ethnicity of Project Beneficiaries Hispanic Non-Hispanic
White 217238 164643
Black/African American 4508 183425
American Indian/Alaska Native 1159 1087
Asian 576 99158
Native Hawiian/Other Pacific Islander 114 302
Some Other Race 85628 2142
White and Black/African American 665 1940
White and American Indian/Alaska Native 354 1030
White and Asian 1382 4029
Black/African American and American Indian/Alaska Native 103 299
Other multi racial 1123 3275
Total: 774180




Project Information

Project Name Brays Bayou Watershed Mitigation Project

Project Service Area Description portion of Brays watershed occurring within Harris County

Beneficiary Data

Beneficiary Population and Project Impact

Total number of project beneficiaries 774,180
Total population within a jurisdiction 4,602,523
(Harris County)

Percentage of total project beneficiaries out of the total population within a 16.82%
jurisdiction(s)

Total number of project beneficiaries:

Number of residents living in structures located inside the watershed boundary and within Harris County. This is
not a sum of block group populations; instead, the number of residents were estimated at the individual
structure level.

Total Population Within a Jurisdiction:
Population of Harris County, based on ACS 2014-2018 5-year estimate

Percentage of total project beneficiaries out of the total population within a jurisdiction(s):
Equal to (total number of project beneficiaries) / (total population of Harris County)

LMI Evaluation
Number of LMI Persons (numerator for LMI %) 413,675

Persons with the potential for being deemed Low-, Moderate- and Middle- 719,100
income (denominator for LMI %)

Percent LMl in project beneficiary area 57.5%

HUD guidance indicates that Percent LMl is to be determined with the variable “Persons with the potential for
being deemed Low-, Moderate- and Middle-income” as the denominator (not total population). Subsequently,
this variable was used, rather than the Total Number of Project Beneficiaries, as the denominator in the
determination of Percent LMI. Furthermore, all population estimates for this project were estimated from ACS
5-year 2014-2018 data (the most recent ACS data available), but the LMI Spatial Dataset (LMISD) generated by
HUD for use in FY 2020 is based on 5-year 2011-2015 ACS data. More information is available at
https://www.hudexchange.info/news/updates-to-low-moderate-income-summary-data-now-available/. These
variables and the process for calculating them is described in further detail in the LMI Evaluation Attachment.



https://www.hudexchange.info/news/updates-to-low-moderate-income-summary-data-now-available/

ATTACHMENT 2

PROJECT AREA MAP



Waller

Harris

Fort Bend

Montgomery

Brazoria

&

Galveston
o)
\/24:00,,,
(@
0729-00-00
= _00-00 (Brays
> 0100:0 s
e S =
3 | 3
IO_O
= 8 D126:00:00
™
) o
Q o
D732_00‘00 8|
| D122-00-00 D122:00-00 S 3
S (I 2 B
N
D1200000 L ©

Project Detention

Pond Club Creek

Project Detention

Pond D
210: S
= —T C—_J: Harris
S
— i O
D133-00-0 3 J0g.
S0 = S 2y
S = R
o @)
o S
T S O
= o 2 > D105-00-00
CRO, g %
3 o %
S
o S |o | DP115-00-00 L
< * o— S
g 2 g LL B
% 2 @ <
&S 1~ - ©
5 = B2 5O
@) \ S o e
=Y \\ o =
= 2
: s
5 E 2
(o))
(se)
0 ~
77 l Q N = n
2 .
20-00 Project Benef|C|ary
Storm Sewer
o | A Area
S
o Project Detention
\

FN PROJECT NO.

SCG17357
9/28/2020

NAD83 State Plane (feet) Texas South Central

DATUM & COORDINATE SYSTEM

DATE CREATED
FILE NAME

Brays_Project Area_Map

PREPARED BY

AMJ

STUART CONSULTING GROUP

CDBG-MIT
Brays Bayou Watershed - Project Area Map

REESE
NICHOLS

)
2
E

STUART =z

CONSULTING
GroupP

EXHIBIT

) Pond A
Legend
jﬁ{ Brays Project

- Proposed Detention Improvements
e Proposed Storm Sewer Improvements N N N

0100-00-00 (Brave B Project Area Latitude Longitude

700-00 (Brays Bayou) Pond A 2967753  -95.50958
Channels "
Detention Pond D 29.69032

N -95.50708
D Brays Bayou Beneficiary Area

i L Proposed Storm Sewer 29.68413 -95.50739 0 1
Total Project Beneficiaries - 774,180 - I
Pond Club Creek Detention 29.68008 -95.54603 Fort Bend Feet
] Brazoria

Date Saved: 9/28/2020 8:35:49 PM Path: HASTORMWATER\CDBG_MIT_Projects\Working\D100_Brays_Bayou\Brays Application Exhibits\Project_Area\Brays_Project_Area_Map.mxd




T

gLegend

zProposedStormSewer
S 24" RCP

G 30" RCP

36" RCP

42" RCP

48" RCP

54" RCP

G 8'x 6' RCB
s 3 - 12 x 10' RCB
[ Detention Pond
.' = ProjectBoundary
= Streams

-0, (Tributary 2I>.8

Augustine D

e Park Dr

1 Dr

mer

4
Lt

Troulon D

Need to Construct
.| 70% of Pond D Volume
‘| (151 acre-feet)

pd

1 inch = 1,000 feet

8' x 8' Restrictor [~

78" RCP Restrictor;
40’ wide V-shaped Overflow Weir

Carew St

Darnell St

3 H .| 8" x 6" Restrictor
~ : 2 2 7
< , 3 A & e Rd s
x ~ o f & 3
‘ V4 I | St ©
~ &) o £ =
j E » ; ja :
2 ‘\l ™ > Birdwood
6 X = o Birdw .
S i‘ ’ £ sl 0@ o 1 8' x 5' Restrictor
o = S o =
- S & g I g 5
Club_Creek P >
- & R ’
Q
- | Need to Construct 12' x 10" Restrictor
‘[ All of Pond A
r | (105 acre-feet)
Need to Construct ! \ o
All of Club Creek Pond l ! 1S
(210 acre-feet) an 0719-00-00 § et
04 = ‘_‘-l—‘-l St IC) 1
& D118. ~ £ D118:03.0, - = na2
e QJ’ : ‘é‘l z
Sood A2 L s £2' x 10’ Restrictor ot L
A Ponders 5
: ; ° 9 Queensl| h Dr
_00-00%, ST S &
= o , AA8-00-90 (@] B £ o)
= rong.Of . BayQy) - 2 £ )
Eloahsy = SEUS > g 5 o
Al %\: : - L =] ?3
<|D R e 700-00 00 (Brays Ba\jou) 0z | ér
= Sources Esri, HERE, Garmin, USGS Intermap INCREMEﬁTP NRCan! Esri Japan, METI, Esri China (Hong Kon % Esri Korea, Esri (Thailand), NGCC, (c)
B OpenStreetMap contnbutors and the GIS User Commun|t§/ !:_? umfries Dr e
#* CobbFendley
Texas Registration No. 274

13430 Northwest Freeway, Suite 1100

Houston, Texas 77040
713.462.3242 | fax 713.462.3262
www.cobbfendley.com

Date: July 2020

Sharpstown Drainage Masterplan
Package 1 Proposed Improvements

EXHIBIT 1



https://fendley.com

I Clarewgod Di I8) s c Hiawatha Di ‘: e°v g e
@ Hiawath? 5 = 5 Bellaire BIvd & =
B Legend : BenEire B e =N
Q.
v Bellaire Blvd Edgemd
- | ProposedStormSewer o | 5 % ; ‘
* ek c : Wipipmin! ;
= . . © — O Tarn 1
“ | Pipe Size PLEEr 5} S 2, : N i o !
c - £ , O “Oby, “Mbner Ry A v
- | w— 24" RCP 5 ! 2D or <k = 5
2 | MoRUL Sharpstown \O ‘\o‘\ S Ne; = .
%| e 30" RCP = ;_—’ {1 St , * o & S 8
= 36" RCP c = o RowaniLn ~ { Neff St ALy =
|| — 5 o < C & gsf., R R ot ¥ 1 inch = 1,500 feet
" > |© = ) R 3 St { s
e 42" RCP 2 — ;j‘ 5 4 | 2nsda & g"' |
2 48" RCP 4Dr 8 | =2/~ X s = i
g v Q o= = T :— S
T 54" RCP : 5 , E
n h- ] | Q\ i
60" RCP |
= 0 ‘.“J
66" RCP : snarperest Ln AL IR\ bine St
Pr— 72!! RCP ‘3\ ~ j—_‘ \ ‘”‘qm.m Ln O ; £ 2
N %l 5 v e St Mall Q> E Valerie St
a— 78" RCP m] Hendon : onc ‘ ; /
2 [ 3 Hazen St : 5 P Flack D1
e 84" RCP r Py Ngdon L n : S St Holly St Hazen St n 5
m CohEh; Z g @) e =R
=== Package 1 Improvements o Ea = ) Sy S e N s
Haver a 5 N aple St T‘ y £ 3
SubProject 2 ey : ‘* 5 g 2
< L S = — » Cypress St] ¢
3 Nidchnut St = w I B ( - Y 8
Z’ g :‘ Troulon Dr - ~ i ‘1" T L D‘1 33-01'00 i B &
5 & recboagy ~ = 2 gl — Need to Construct Remaining
7 S el I 4 3 aamel 30% of Pond D Volume
8 DQ;Q,Q / o sk woed SIY B %, " il Lot (65 acre-feet)
(\l N ® = = S @ ~ { £ ¥ —s Do=2
q§ % S¢S y ; O e 0 yckw 1St -
ﬂﬁ—@b q;gnt on Pond = 2 i 2 ¥
% L =z ) U3 a8
_# ﬁ rojectBoundary o © PG o ® - mogene St E S
..2‘ ‘ — bird % - \ el A Q = ¢
— Streams 5} .;@ X " “é AT [ Ariel St Gl 5
- - e Q9 o “; o E‘ ark v
o 2, 3 < @ L E E &5 ‘ Negd to Construct Kuldell Dr =
gl * “Club.Creek s\ & Tk THE qﬁ%f‘iﬁ' I
pus ~ CX N 1z -4 “f = Cy 1L
e :,u ree N z 5 BAos (2%(; an acre-feet) |
< S < Q \\/Q‘\ A N m " A ‘e,
w ,'4,“ x % * Y 3 praesvd
o “amp R QG"
v L ©
C & -
,: l.? ) o : -
Lansdale D 7 gy = l déw Braesheather Dr ,’I: Q
D118:03;0p—qgn » W | W =2 B Hridge Dr - =8 Picass?
2N o Bayou ori —
Westwood BISS 52 Paisley S
ponderosaln — 5 '8 joch D
lw) e L o= Queensloch U1
> Alberene DT = T ans! g‘ﬂ a Rutherglenn Dr
O.o Albe } K\(}Qg c‘,o _: 2 g - Ru gle v
= - P > = \ =Lk gith [ Py e
> RondaLn 3 00-00 (Brays B%’@%% SsPESTi, HERE Garmin, USG?S Intermap, INCREMENT P, NRCcV ri Japan:METI, Esri China (Hong wong),lEsri Korea, Esri (Thailand), NGCC, (c)
= 8 2 e F /*OpenStreetMap contnbutors and t@ GIS'User Commumty Il > i e D =2 v 2
III

P CobbFendley Sharpstown Drainage Masterplan

Texas Registration No. 274

Additional Sub-Project Proposed Improvements
13430 Northwest Freeway, Suite 1100

Houston, Texas 77040
713.462.3242 | fax 713.462.3262

www.cobbfendley.com Date: July 2020

EXHIBIT 2



https://fendley.com

TR S ] P a
n Langdon L < 2 id
= 3 Holcomt LT 2 E
& \ g > N
3 ncho St Z ; @
o 2 Dr £
— Hendon Ln K. ;
: =
g Hazer
c‘g “angdon Lp a e & Beryl
¥ = gechnul.St 2 g
% ) ;, Be ) >
2 5 & - s, & .
o e % 2\ Beechnut St et =
B S S ¥ ) ; Beechnd 3
- S Hazen st = 774, g /] . _
2 5 . 's -4 1 inch = 1,000 feet
) g c M e & ToRCDr
8 : L: * i _fy > Troulon D P~
Beechnut St e = e - = )
-+ - ~ e o) © - £ Tanager St =
3 Trouion D & ¢ 5 3 ¢ | 2 D13301-00 g
E l: i > § = o @ “; Tanager St
8 E~ Tanager St E, ‘ , nham Park @ Carew St
Q’ 3 O ~ arew St
P ¥ ' Darnell St
v
W . i oL
9 ; ; ¢ s == convm P | e
a [=] - o 1 4
= < ackwood St - O 3 = .
3 5 0l S 5 2 : :
| L ’ f i e ,
& < 2 4 b @ ©
S A ® , 3 r o i
< “ 9 = o
Oge ® Ly Jacky . =
S * ~ @ < 3 &
2 L4 : K s
s : e AR ~
S = o
= ' & Im - mogene St raeburn ..
:g N ‘:J Arjas & O - ; uﬁ‘?“: NS ; 5 1 Ariel St
(@] { % 3¢ BraeAcs® = A2 9 © Ariel S c 5 ¥
/758 & e\ ~ - 2 ® 2
} : R £ 2 u G Birdwood Rd__ & 3
=3 N “hag, = & £ = 2 Wy i =
7 5 3t £ 3 £ - e
N~ S “ns R < =
Club_Creek K
o
A4
~
\\/Q
-
€ek Dy ) = = t
- 2 c e 3 Tennis Ctr
! ;: Altamont Dr ? u:3
- Legend
S i —\-‘, =TSt g
A ‘ | \m1 Bls = -
" AT ) N = ProjectBound -
6‘,;4 . ~00 [ rojecibounaary B
et S * =
Bissoi A~ Streams :
Westwood S y St
o Ln .
¥ > Pond i ( Detention
- $ [\ -
o 1 : , [ Parcel
s ) Alberene Df o ) 3 z .
Bl w8 3 g . Side Slope; Top Bank
Alberene [ BN D z .
P = g—e
oL G 5
o @ Ronda Ln T

penStreetMap contributors, and‘the GIS User Commumty s

Westwind Ln

W\E)sn SFERER @armin, USGS, Intermap, INCREMENT g NRCan, Esri Japan METI, Esri China (Hong Kong),

@e@,%‘a'ﬁhanand), NGCC, (d)

st CobbFendley

Texas Registration No. 274

13430 Northwest Freeway, Suite 1100
Houston, Texas 77040
713.462.3242 | fax 713.462.3262
www.cobbfendley.com

Date: July 2020

Sharpstown Drainage Masterplan
Proposed Detention Facilities

EXHIBIT 3



https://fendley.com

ATTACHMENT 3

PROJECT BENEFICIARY MAP



1
11
g0y 13 27
: 115
o L28s §1297127 114 i 2 8/773 12 fae S
A 47
377 132 124888125 119 / 7 B o
131 120 | gl17) 11 Gum52 48 - ~
| 262 1 49 i & 13 21 23
' 394|398 1395| F, 130133 139 70 S5 595 450 q Z 18)517- 22 29\ 30
379 380 | 389 399 371 392 397 T3SE 137k 20 I 142 AN56 58/57 . 19
o B 396 s AD A8 onn 135 a3 155 143 5 C8re @ @l o 20 33 32
468 381 388 393 a00) 3998 2P o 16357 131} & 65 * *
- 384 386 PR, .y 20 g 217 a2 12 B oS SR 1 ' LG 67 sy 63 /62 | 43 40
152
383 33808340 , 22988238 8237 148 39
470 33 387 202 405 o 337 334 ez o 235 166 1D B 7 69 38
469 465 401 342 3291 M330 234 213 161 149 68 [t 37
408 407 403 227, 236 1585799 71 70
343 335 [336)em 332 40225 232 .
409, 411 | 410 341 208 N 73 X
464 461 o 404 s A5 - F o 200 167 175~ 181 FSRI147 92 84 RSO .o
463 462 350| 352 | 353 <289 209, 180 )
ML 20101 a4 427 347 27 L 163173176 RS /103 99194/ g9 83 = 76 J12
182 .
459 o 415 414 4,18 425 oo T 351 354 290 85 o 211 169, 17777 96 93 88 85 82 78 00
4371 417 BaioN 4221| 423 346 291 250 185 183/101| 104 | [95(97 36 79 111
355 o 284,281 56 20588 |- 81 ,
452 4290043006 356 292 223]4 5% 2077 98| /91,190 87, Rl
3 450 446 362 245 | 2497 s 171 L2180 34 %100) 102 1079 109
4451 449 | 147 363 295 29880 283 . 1L
453 0 247, 20300202 191 190 | 187
457 Wasgl451 448 428 [ IROSOMRISS e gD CE -8, o
366 188
454|444/ 422WE39) 1435 367 222 306 | 307 7000278025300 520 )3 R 0 W 193
436 S0 3058303308
SSSNG 365 00 o S S e 3~
e | o G Beneficiary
3243 i el 273 st] 257 208l 196 1 A
&33 317 | 315 | 314 b rea
o 267 | 269 258 199
369 3161 312 263266, 1260 | | 197
N0 3N 259
321 7
262
370~ 319
320
Legend

7,':( Brays Bayou Projects
LMI Percentage

B > 75%
L 151%-75%

L 25%-51%
B <25%

I:] Excluded from Calculation

Number of Block Total Persons
Project Service | Groups Included| Count of LMI with Potential | Percentage of
Area in the LMI Persons for Being LMI Persons
Calculation Deemed LMI
Brays Bayou
Watershed in 442 413,675 719,100 57.5%
Harris County

288

35

FN PROJECT NO.

SCG17357
9/28/2020
AMJ

Brays_Project Area_Map_LMI_1

NAD83 State Plane (feet) Texas South Central

DATUM & COORDINATE SYSTEM

DATE CREATED
FILE NAME
PREPARED BY

(=B
(4]
=
(4]
(D]
=
<
> )
=
«
u
-
=
= |3
] 3
cg| |
Z m ﬁ
S Al =
° Ol
m H
< 1)
e | 2
&
=]
S,
3]
/M
2
1]
=
/M
("]
ha ﬂ%
g2 N
g2 3,
ws %m:
' 3Z0
= O
g wvoo
EXHIBIT
2
(10f2)

Date Saved: 9/28/2020 8:31:44 PM

Path: HASTORMWATER\CDBG_MIT_Projects\Working\D100_Brays_Bayou\Brays Application Exhibits\Project_Area\Brays_Project_Area_Map_LMI_1.mxd




LMI_2
AMJ

9/28/2020

SCG17357

Brays_Project Area_Map.

NAD83 State Plane (feet) Texas South Central

DATUM & COORDINATE SYSTEM

FN PROJECT NO.
DATE CREATED
FILE NAME
PREPARED BY

STUART CONSULTING GROUP
CDBG-MIT
Brays Bayou Watershed Beneficiary Area Table
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1] 48201310100: 937 2,283 21% No 39.6% 61 482013128002 1,015 1,015 100% Yes 84.3% 121 482014109001 970 1171 83% Yes 47.1% 181| 482014132022 3,068 3,068 100% Yes 33.9%
2| 482013102001 1,692 1,830 92% Yes 28.2% 62| 482013129001 2,655 2,655 100% Yes 66.5% 122| 482014109002 1,082 1,082 100% Yes 16.5% 182 | 482014133001 1,901 1,901 100% Yes 35.0%
3| 482013103001 671 671 100% Yes 48.4% 63| 482013120002 1,367 1,367 100% Yes 47.0% 123] 482014100003 616 616 100% Yes 32.6% 183| 482014133002 2,835 2,835 100% Yes 24.3%
4| 482013103002 678 678 100% Yes 21.5% 64 482013130001 801 801 100% Yes 63.2% 124] 482014110001 1,427 1,506 89% Yes 20.7% 184] 482014133003 1,526 1528 100% Yes 7.9%
5] 482013103003 1,190 1,190 100% Yes 81.1% 65| 482013130002 1,016 1,016 100% Yes 56.1% 125| 482014110002 2,197 2,232 98% Yes 17.0% 185]| 482014133004 836 836 100% Yes 17.5%
6| 482013103004 890 890 100% Yes 56.7% 66| 48201313000 786 786 100% Yes 66.7% 126 482014110003 1,470 1,470 100% Yes 23.5% 186 482014133005 679 679 100% Yes 0.0%
7] 482013103005 632 632 100% Yes 30.9% 67| 482013131001 2,887 2,887 100% Yes 28.7% 127| 482014111003 718 1,218 59% No 20.8% 187 | 482014201001 1,855 1,855 100% Yes 55.5%
8| 482013103006 798 798 100% Yes 36.1% 68 48201313100 674 674 100% Yes 35.6% 128] 482014114002 197 853 23% No 0.0% 188 482014201002 1,079 1,079 100% Yes 81.8%
9| 482013104002 547 862 63% Yes 81.2% 69| 482013132001 1,032 1,034 100% Yes 43.9% 129| 482014114003 357 624 57% No 1.3% 189 | 482014202001 1,104 1,106 100% Yes 41.9%
10| 482013104003 654 802 82% Yes 72.0% 70| 482013132002 648 648 100% Yes 60.6% 130| 482014115011 725 2,532 29% No 26.9% 190 | 482014202002 1,630 1,630 100% Yes 41.6%
11| 482013105001 727 885 82% Yes 49.4% 71| 48201313200 1,641 1643 100% Yes 83.9% 131] 482014115021 991 991 100% Yes 7.7% 191| 482014203001 1,605 1,605 100% Yes 35.8%
12| 482013105002 1,850 1,850 100% Yes 74.4% 72| 482013132004 677 677 100% Yes 15.7% 132| 482014115022 724 760 95% Yes 12.3% 192 | 482014203002 832 832 100% Yes 9.9%
13| 482013105003 479 1772 27% No 69.7% 73] 482013133001 898 898 100% Yes 65.1% 133] 482014115023 393 621 63% Yes 36.3% 193] 482014203003 1,357 1,357 100% Yes 9.0%
14| 482013106001 1,065 1,068 100% Yes 56.3% 74| 48201313300: 1,544 1,546 100% Yes 54.2% 134| 482014115024 1,639 1,639 100% Yes 17.5% 194 | 482014204001 1,097 1,097 100% Yes 22.9%
15| 482013106002 2,034 2,037 100% Yes 65.4% 75| 482013134001 875 875 100% Yes 54.7% 135| 482014117002 2,104 2,104 100% Yes 23.5% 195| 482014204002 1,588 1,588 100% Yes 24.7%
16 482013106003 671 671 100% Yes 77.4% 76| 482013134002 2,277 2,277 100% Yes 69.4% 136 482014118001 1,078 1,078 100% Yes 67.7% 196 | 482014204003 962 962 100% Yes 42.6%
17| 482013106004 595 595 100% Yes 61.3% 77| 482013135001 872 872 100% Yes 83.3% 137 482014118002 1,499 1,499 100% Yes 12.4% 197 | 482014205001 1,183 1,183 100% Yes 70.9%
18| 482013106005 1,503 1,503 100% Yes 69.4% 78| 482013135002 1,021 1,021 100% Yes 74.9% 138 482014118003 1,556 1,556 100% Yes 18.6% 198 | 482014205002 1,114 1,114 100% Yes 100.0%
19| 482013107001 2,050 2,053 100% Yes 67.8% 79| 482013135003 969 969 100% Yes 73.1% 139 482014118004 956 956 100% Yes 25.0% 199| 482014205003 1,628 1,628 100% Yes 99.6%
20| 482013107002 2,249 2,249 100% Yes 43.4% 80| 482013136001 1,081 1,081 100% Yes 76.0% 140| 482014119001 904 904 100% Yes 20.9% 200 482014206001 701 701 100% Yes 23.3%
21 482013108001 1,186 1,186 100% Yes 87.5% 81 482013136002 1,587 1,587 100% Yes 64.9% 141 482014119002 967 967 100% Yes 7.5% 201 | 482014206002 1582 1582 100% Yes 22.4%
22| 482013108002 1,418 1,418 100% Yes 71.3% 82| 482013136003 1,943 1,952 100% Yes 83.8% 142| 482014119003 1,302 1,302 100% Yes 36.0% 202 | 482014207001 626 626 100% Yes 6.9%
23| 482013100002 1,139 1139 100% Yes 79.8% 83| 482013137001 876 876 100% Yes 80.6% 143] 482014120001 1,520 1,520 100% Yes 22.2% 203| 482014207002 481 481 100% Yes 2.7%
24| 482013109003 1,234 1,237 100% Yes 90.8% 84| 482013137002 1,389 1,389 100% Yes 45.6% 144 482014120002 1,436 1,436 100% Yes 10.8% 204 482014207003 1,891 1,891 100% Yes 10.5%
25| 482013109004 484 484 100% Yes 91.2% 85| 482013138001 1,040 1,040 100% Yes 85.5% 145| 482014120003 1,102 1,102 100% Yes 3.7% 205 482014208001 599 599 100% Yes 12.0%
26| 482013109005 1558 1,558 100% Yes 68.6% 86| 482013138002 725 725 100% Yes 93.0% 146 482014121001 2768 2,768 100% Yes 0.0% 206 482014208002 1.042 1.042 100% Yes 6.9%
27| 482013110002 5 925 1% No 94.7% 87| 482013138003 715 715 100% Yes 91.2% 147 482014122001 688 688 100% Yes 15.4% 207 | 482014208003 707 707 100% Yes 11.0%
28| 482013110005 1,437 1,656 87% Yes 68.7% 88| 482013138004 2,283 2,283 100% Yes 73.2% 148] 482014122002 916 016 100% Yes 3.5% 208| 482014200001 1071 1,071 100% Yes 9.4%
29[ 48201311100 1,179 1,179 100% Yes 73.2% 89| 482013139001 2,617 2,617 100% Yes 46.1% 149 482014122003 2,016 2,016 100% Yes 13.3% 209 482014209002 2,046 2,046 100% Yes 10.0%
30| 482013111003 1,620 1,626 100% Yes 69.9% 90| 482013139002 1,135 1,135 100% Yes 33.8% 150| 482014122004 2,289 2,294 100% Yes 20.2% 210| 482014209003 1,843 1,846 100% Yes 3.0%
31] 482013111004 1,250 1,668 75% Yes 69.3% 01 482013139003 802 802 100% Yes 57.8% 151 482014123001 1,453 1,453 100% Yes 9.1% 211 482014200004 2,008 2,008 100% Yes 4.3%
32| 482013112001 1,790 1,790 100% Yes 65.1% 92| 482013140011 83 83 100% Yes 0.0% 152 | 482014123002 1,520 1,520 100% Yes 5.7% 212| 482014210001 1,101 1,101 100% Yes 9.1%
33] 48201311200 1,909 1,909 100% Yes 81.3% 03| 482013140012 614 614 100% Yes 72.1% 153] 482014123003 1215 1217 100% Yes 14.6% 213| 482014210002 1,821 1,824 100% Yes 13.2%
34| 48201311200 1176 1,176 100% Yes 73.4% 04| 482013140013 2,108 2,108 100% Yes 37.6% 154 482014123004 1,665 1,665 100% Yes 0.0% 214 482014211011 831 831 100% Yes 21.8%
35| 482013114001 725 1,541 47% No 55.8% 95| 482013140021 1,537 1,537 100% Yes 72.9% 155| 482014123005 1,166 1,166 100% Yes 4.3% 215| 482014211012 2,397 2,397 100% Yes 80.6%
36| 482013117002 0 2,425 0% No 68.6% 96| 482013140022 839 839 100% Yes 40.7% 156 482014124001 700 700 100% Yes 6.6% 216| 482014211021 3,427 3,427 100% Yes 88.6%
37| 482013118001 1,473 1,473 100% Yes 77.3% 97| 482013140023 1,096 1,096 100% Yes 51.5% 157 | 482014124002 1,485 1,485 100% Yes 1.9% 217 482014211022 1,500 1,500 100% Yes 70.7%
38| 48201311800 1,651 1,651 100% Yes 57.8% 08| 482013140024 981 081 100% Yes 58.3% 158| 482014124003 891 891 100% Yes 0.8% 218| 482014211023 821 821 100% Yes 90.5%
39| 48201311800« 1,341 1,341 100% Yes 93.5% 99| 482013140025 2,164 2,164 100% Yes 50.3% 159 | 482014124004 1,661 1,661 100% Yes 3.8% 219| 482014212011 2,202 2,202 100% Yes 76.3%
40| 482013119001 1,228 1,228 100% Yes 72.7% 100| 482013143001 769 769 100% Yes 96.3% 160| 482014125001 916 916 100% Yes 2.2% 220| 482014212012 2,542 2,542 100% Yes 81.4%
21 48201311900 1372 1372 100% Yes 67.8% 101 482013143002 984 084 100% Yes 47.8% 161] 482014125002 680 680 100% Yes 40.2% 221 482014212013 689 689 100% Yes 79.1%
42| 482013120001 1,037 1,040 100% Yes 45.1% 102 | 482013143003 2,510 2,510 100% Yes 59.5% 162 | 482014126001 1,551 1,551 100% Yes 9.4% 222| 482014212021 2,524 2,524 100% Yes 98.8%
43| 482013120002 2,556 2,556 100% Yes 49.8% 103 | 482013144001 1,004 1,004 100% Yes 48.4% 163 | 482014126002 1,621 1,621 100% Yes 8.4% 223| 482014212022 2,266 2,266 100% Yes 97.8%
44 482013122001 582 588 99% Yes 93.3% 104| 482013144002 2,258 2,258 100% Yes 39.2% 164 482014126003 769 769 100% Yes 10.7% 224| 482014212023 221 221 100% Yes 76.7%
45| 482013122002 933 933 100% Yes 91.5% 105| 482013311004 0 1,538 0% No 75.6% 165| 482014127001 1,233 1,233 100% Yes 18.1% 225| 482014213001 2,687 2,687 100% Yes 83.3%
46| 482013122003 481 481 100% Yes 67.5% 106| 482013321001 761 1,728 24% No 77.9% 166 482014127002 2,314 2,314 100% Yes 16.6% 226 482014213002 2,930 3,021 97% Yes 95.4%
47| 482013123001 1,065 1,065 100% Yes 75.0% 107 | 482013321002 968 1,696 57% No 83.8% 167 | 482014128001 2,466 2,473 100% Yes 6.4% 227 482014213003 1,509 1,509 100% Yes 89.0%
48| 482013123002 829 829 100% Yes 72.8% 108 | 482013322001 1,403 1,403 100% Yes 69.9% 168| 482014128002 1,347 1,347 100% Yes 3.2% 228| 482014214011 1,544 1,544 100% Yes 92.0%
49 482013124001 1,040 1,047 99% Yes 55.1% 109| 482013322002 2,657 3,145 84% Yes 72.9% 169 482014128003 1,441 1,441 100% Yes 9.7% 2290| 482014214012 2,398 2,308 100% Yes 91.5%
50| 482013124002 544 544 100% Yes 85.5% 110| 482013322003 681 681 100% Yes 61.7% 170| 482014129001 1,420 1,420 100% Yes 36.2% 230 482014214021 1,999 1,999 100% Yes 90.0%
51| 482013124003 621 621 100% Yes 81.9% 111] 482013327002 1,236 1,701 73% Yes 74.3% 171] 482014129002 1,647 1,647 100% Yes 50.6% 231| 482014214022 1,802 1,802 100% Yes 97.1%
52| 482013125002 749 1,269 59% No 39.1% 112| 482013328001 807 1,398 58% No 85.5% 172| 482014129003 1,011 1,011 100% Yes 16.4% 232| 482014214031 1,420 1,420 100% Yes 78.8%
53| 482013126001 3,456 3,456 100% Yes 23.5% 113| 482013341002 5,622 10,021 6% No 50.7% 173| 482014130001 1,725 1,725 100% Yes 3.0% 233| 482014214032 1,998 1,998 100% Yes 91.1%
54| 482013126002 1,841 1,841 100% Yes 9.2% 114] 482014104012 51 1,059 5% No 25.1% 174] 482014130002 2,103 2,196 100% Yes 22.9% 234| 482014214033 713 713 100% Yes 78.4%
55| 482013126003 586 586 100% Yes 47.5% 115| 482014104013 31 1,113 3% No 18.3% 175| 482014131001 992 1,079 92% Yes 9.0% 235| 482014215001 483 483 100% Yes 54.1%
56| 482013126004 1,482 1,482 100% Yes 21.2% 116] 482014107021 228 1,801 13% No 50.6% 176 482014131002 1,036 1,036 100% Yes 6.9% 236 482014215002 3,560 3,560 100% Yes 72.1%
57| 482013127001 880 880 100% Yes 70.1% 117| 482014107022 361 1,007 36% No 67.4% 177| 482014131003 1,049 1,049 100% Yes 10.4% 237 482014215003 1,314 1,314 100% Yes 81.2%
58| 482013127002 1,100 1,100 100% Yes 58.2% 118| 482014108001 252 1,455 17% No 30.5% 178| 482014132011 1,183 1,183 100% Yes 57.3% 238| 482014215004 2,518 2,518 100% Yes 80.6%
59| 482013127003 406 406 100% Yes 57.0% 119| 482014108002 1,363 1,363 100% Yes 38.1% 179| 482014132012 1518 1518 100% Yes 37.5% 239| 482014216001 1,441 1,441 100% Yes 93.3%
60| 482013128001 1,499 1,499 100% Yes 98.5% 120]| 482014108003 768 1,397 55% No 53.6% 180| 482014132021 915 915 100% Yes 37.4% 240| 482014216002 2,514 2,514 100% Yes 96.7%
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241 | 482014216003 1,807 1,807 100% Yes 51.5% 301 482014232011 1,564 1,564 100% Yes 24.2% 361| 482014335022 1,077 1,077 100% Yes 90.4% 421 | 482014529001 1,749 1,749 100% Yes 69.6%
242| 482014216004 1,740 1,740 100% Yes 97.3% 302 482014232012 2,088 2,088 100% Yes 50.4% 362| 482014335023 3,134 3,134 100% Yes 80.2% 422 | 482014529002 2,310 2,310 100% Yes 62.6%
243| 482014217001 1,726 1,726 100% Yes 76.3% 303 | 482014232021 2,708 2,708 100% Yes 96.9% 363| 482014335024 2,114 2,114 100% Yes 98.0% 423| 482014530001 3,045 3,045 100% Yes 37.6%
244 | 482014217002 833 833 100% Yes 30.6% 304 | 482014232022 3,631 3,631 100% Yes 61.0% 364 | 482014336001 1,712 1,712 100% Yes 86.2% 424 | 482014530002 2,668 2,668 100% Yes 73.2%
245 482014217003 1,239 1,239 100% Yes 36.1% 305 482014232023 1,025 1,025 100% Yes 89.5% 365 482014336002 614 614 100% Yes 98.8% 425 482014530003 2,487 2,487 100% Yes 84.1%
246 | 482014217004 953 953 100% Yes 48.4% 306| 482014233011 1,385 1,385 100% Yes 26.7% 366 | 482014336003 1,466 1,466 100% Yes 94.4% 426 482014531001 3,247 3,247 100% Yes 81.7%
247| 482014218001 1,203 1,203 100% Yes 61.5% 307 482014233012 2,181 2,181 100% Yes 47.8% 367 | 482014336004 2,674 2,674 100% Yes 85.3% 427 | 482014531002 1,303 1,303 100% Yes 56.2%
248| 482014218002 850 850 100% Yes 69.1% 308| 482014233013 1,065 1,065 100% Yes 69.2% 368| 482014401001 1,980 1,980 100% Yes 70.7% 428 482014532001 3,056 3,056 100% Yes 62.1%
249| 482014218003 1,164 1,164 100% Yes 33.1% 309 482014233021 1,024 1,024 100% Yes 15.1% 369 | 482014401002 2,280 2,280 100% Yes 61.7% 429 | 482014532002 2,309 2,309 100% Yes 93.9%
250| 482014218004 1782 1,782 100% Yes 6.9% 310| 482014233022 1711 1711 100% Yes 46.0% 370] 482014401003 2,588 2,588 100% Yes 26.4% 430[ 482014532003 3,355 3,355 100% Yes 82.6%
251 | 482014219001 849 849 100% Yes 16.4% 311 482014233023 2,510 2,510 100% Yes 61.1% 371| 482014401004 267 267 100% Yes 64.6% 431 | 482014533001 3,471 3,471 100% Yes 84.9%
252 | 482014219002 941 941 100% Yes 22.4% 312 482014234011 2,279 2,279 100% Yes 74.5% 372 482014513002 o 1,394 0% No 50.2% 432 | 482014534011 1,652 1,658 100% Yes 66.7%
253| 482014219003 741 741 100% Yes 15.6% 313| 482014234012 1,003 1,003 100% Yes 67.0% 373| 482014513003 69 2,273 3% No 27.1% 433| 482014534012 1,524 1524 100% Yes 27.5%
254 | 482014220001 723 723 100% Yes 4.9% 314 | 482014234013 1,542 1,542 100% Yes 36.8% 374| 482014514021 1,149 2,933 39% No 53.8% 434 | 482014534021 860 860 100% Yes 55.1%
255 482014220002 048 048 100% Yes 12.6% 315| 482014234021 3,221 3,221 100% Yes 25.1% 375 482014514022 1,815 1,815 100% Yes 62.1% 435 482014534022 1,619 1,619 100% Yes 48.1%
256 | 482014220003 867 867 100% Yes 24.6% 316 | 482014234022 1,468 1,468 100% Yes 52.1% 376 | 482014514032 547 1,227 45% No 27.9% 436 | 482014534023 3,878 3,878 100% Yes 70.3%
257 482014221001 1,178 1,178 100% Yes 53.8% 317 482014235001 1,993 1,993 100% Yes 36.7% 377 482014516021 3,234 3,937 82% Yes 27.1% 437 | 482014534024 1,959 1,959 100% Yes 70.4%
258| 482014221002 1,109 1,109 100% Yes 54.4% 318| 482014236001 1312 1312 100% Yes 81.7% 378 482014516022 2,965 5,916 50% No 29.0% 438| 482014534081 1,677 1677 100% Yes 37.6%
259 | 482014221003 1,397 1,397 100% Yes 46.2% 319 482014236002 1,558 1,558 100% Yes 50.9% 379| 482014517001 2,969 2,969 100% Yes 51.6% 439 | 482014534032 3,003 3,003 100% Yes 87.9%
260 482014221004 968 968 100% Yes 35.4% 320| 482014236003 1,847 1,847 100% Yes 48.1% 380 482014517002 704 704 100% Yes 48.2% 440 482014535011 2,565 2,565 100% Yes 49.2%
261 | 482014221005 748 748 100% Yes 14.4% 321 482014236004 2,603 2,603 100% Yes 38.3% 381| 482014518001 889 889 100% Yes 73.7% 441 | 482014535012 2,462 2,462 100% Yes 60.2%
262| 482014222001 2,590 2,590 100% Yes 81.1% 322 482014323004 750 1,998 38% No 56.3% 382| 482014518002 3,013 3,017 100% Yes 41.8% 442 | 482014535013 1,657 1,657 100% Yes 76.5%
263| 482014222002 1,909 1,909 100% Yes 70.0% 323| 482014324001 832 1115 75% Yes 66.0% 383| 482014518003 1,886 1,886 100% Yes 51.2% 443| 482014535021 2,001 2,001 100% Yes 63.5%
264 | 482014222003 407 407 100% Yes 77.3% 324 | 482014324002 1,615 2,131 76% Yes 79.1% 384 | 482014519011 668 668 100% Yes 78.5% 444 | 482014535022 1,668 1,668 100% Yes 54.3%
265| 482014223011 2,047 2,047 100% Yes 83.3% 325 482014324003 730 2,132 34% No 81.1% 385| 482014519012 2,270 2,270 100% Yes 27.2% 445| 482014536011 2,463 2,466 100% Yes 61.0%
266 | 482014223012 1,830 1,835 100% Yes 51.6% 326 482014328011 1,490 1,490 100% Yes 68.3% 386 482014519013 2,490 2,490 100% Yes 69.4% 446 482014536021 1,990 1,990 100% Yes 72.4%
267 | 482014223013 960 960 100% Yes 89.7% 327 482014328012 2,072 2,072 100% Yes 95.3% 387 482014519014 2,099 2,099 100% Yes 88.4% 447 | 482014536022 2,392 2,392 100% Yes 92.8%
268| 482014223014 3,351 3,351 100% Yes 87.2% 328| 482014328013 1,497 1,497 100% Yes 74.7% 388 482014519021 2,484 2,484 100% Yes 14.5% 448| 482014536023 2,810 2,810 100% Yes 66.7%
269 | 482014223021 1,881 1,881 100% Yes 63.7% 329 482014328021 2,326 2,326 100% Yes 97.8% 389 | 482014520001 3,733 3,733 100% Yes 36.1% 449 | 482014536024 1,148 1,148 100% Yes 50.5%
270| 482014224011 887 887 100% Yes 42.9% 330| 482014328022 2,445 2,445 100% Yes 91.0% 390 482014520002 1,358 1,358 100% Yes 69.9% 50| 482014537001 3,108 3,108 100% Yes 48.6%
271 482014224012 992 992 100% Yes 26.2% 331 482014328023 1,200 1,200 100% Yes 70.2% 391 482014520003 3,269 3,269 100% Yes 49.8% 451 482014537002 1,967 1,967 100% Yes 55.6%
272 482014224013 1,318 1,318 100% Yes 71.2% 332 482014328024 43 43 100% Yes 57.1% 392| 482014521001 3,003 3,003 100% Yes 71.8% 452 | 482014537003 2,310 2,310 100% Yes 66.6%
273| 482014224021 1,859 1,859 100% Yes 68.4% 333| 482014320011 1,869 1,869 100% Yes 79.6% 393| 482014521002 5,379 5,379 100% Yes 35.1% 453| 482014537004 2,329 2,329 100% Yes 81.2%
274 | 482014224022 2,114 2,114 100% Yes 62.8% 334 | 482014329012 833 833 100% Yes 58.3% 394 | 482014521003 2,213 2,213 100% Yes 35.2% 454 | 482014538001 2,676 2,676 100% Yes 51.5%
275| 482014224023 1,831 1,831 100% Yes 100.0% 335| 482014320021 2,329 2,329 100% Yes 95.1% 395 482014522011 1,807 1,807 100% Yes 60.1% 455 482014538002 1,636 1,636 100% Yes 48.4%
276 | 482014224024 808 808 100% Yes 14.1% 336 482014329022 2,556 2,556 100% Yes 86.9% 396 482014522012 597 597 100% Yes 65.7% 456 482014539001 6,881 6,881 100% Yes 52.2%
277 482014225001 2,870 2,870 100% Yes 80.7% 337 482014329023 1,468 1,468 100% Yes 49.3% 397 482014522013 1,304 1,304 100% Yes 75.1% 457 | 482014539002 1,627 1,627 100% Yes 69.9%
278 482014225002 1,034 1,034 100% Yes 12.0% 338| 482014330011 1,160 1,160 100% Yes 100.0% 398| 482014522014 1,805 1,805 100% Yes 74.8% 458| 482014539003 2,708 2,708 100% Yes 79.4%
279| 482014225003 2,459 2,459 100% Yes 91.7% 339 482014330012 2,038 2,038 100% Yes 100.0% 399 | 482014522021 914 914 100% Yes 44.8% 459 | 482014540001 2,293 2,293 100% Yes 39.6%
280 482014225004 755 755 100% Yes 24.5% 340| 482014330013 2,889 2,889 100% Yes 89.5% 400 482014522022 2,825 2,825 100% Yes 60.3% 460 482014540002 3,140 3,140 100% Yes 40.0%
281 482014226001 1,926 1,926 100% Yes 55.0% 341 482014330021 1,636 1,636 100% Yes 73.3% 401 482014523001 2,405 2,405 100% Yes 66.9% 461 | 482014541001 662 662 100% Yes 48.4%
282| 482014226002 1,251 1,251 100% Yes 3.0% 342 482014330022 2,136 2,136 100% Yes 94.6% 402 | 482014524001 2,481 2,481 100% Yes 43.1% 462 | 482014541002 3,332 3,332 100% Yes 39.9%
283| 482014226003 3,400 3,400 100% Yes 60.7% 343| 482014330081 1,867 1,867 100% Yes 92.1% 403 | 482014524002 2,858 2,858 100% Yes 60.0% 463 | 482014542001 3,131 3,131 100% Yes 28.2%
284 | 482014226004 1,352 1,352 100% Yes 51.9% 344 | 482014330032 4,174 4,174 100% Yes 94.9% 404 | 482014524003 1,644 1,644 100% Yes 79.9% 464 | 482014542002 1,411 1,411 100% Yes 31.6%
285| 482014227011 2,089 2,089 100% Yes 83.8% 345| 482014331001 1,859 1,859 100% Yes 86.0% 405 | 482014524004 1,136 1136 100% Yes 72.3% 465 482014543011 2,137 2,137 100% Yes 29.9%
286 | 482014227012 1,239 1,239 100% Yes 85.0% 346 | 482014331002 2,157 2,174 99% Yes 80.7% 406 | 482014525001 2,895 2,895 100% Yes 82.7% 466 | 482014543012 1,229 1,229 100% Yes 74.2%
287 | 482014227013 2,389 2,389 100% Yes 48.7% 347 482014332011 2,497 2,497 100% Yes 66.7% 407 | 482014525002 2,352 2,352 100% Yes 90.5% 467 | 482014543013 5,329 5,329 100% Yes 47.0%
288 482014227021 1,872 1,872 100% Yes 41.8% 348| 482014332012 1,630 1,630 100% Yes 67.9% 408 | 482014525003 2,680 2,680 100% Yes 46.1% 468| 482014543014 3,364 3,364 100% Yes 48.2%
289 | 482014227022 1,210 1,210 100% Yes 66.7% 349| 482014332013 1,125 1,125 100% Yes 72.9% 409 | 482014526001 2,670 2,670 100% Yes 74.0% 469 | 482014543021 2,454 2,454 100% Yes 54.0%
290| 482014228001 678 678 100% Yes 33.3% 350 482014332021 1,835 1,835 100% Yes 54.5% 410 482014526002 2,812 2,812 100% Yes 27.6% 470 | 482014543022 4,074 4,074 100% Yes 54.9%
291 482014228002 435 435 100% Yes 26.2% 351| 482014332022 2,953 2,953 100% Yes 65.1% 411] 482014526003 3,425 3,425 100% Yes 69.3% 471 482014544001 0 0 0% No 33.9%
292 | 482014228003 2,042 2,042 100% Yes 58.9% 352 482014333001 1,512 1,512 100% Yes 67.8% 412 482014527001 1,642 1,642 100% Yes 65.5% 472| 482013121001 o o 0% No 0.0%
293| 482014228004 1,640 1,640 100% Yes 100.0% 353| 482014333002 1,607 1,607 100% Yes 41.8% 413 482014527002 3,704 3,704 100% Yes 52.5%
294 | 482014229001 2,162 2,162 100% Yes 83.3% 354 | 482014333003 1,950 1,950 100% Yes 58.1% 414 | 482014527003 5,255 5,255 100% Yes 60.0%
295| 482014229002 2,173 2,173 100% Yes 68.2% 355 482014334001 3,096 3,096 100% Yes 77.8% 415 | 482014527004 2,523 2,523 100% Yes 68.7%
296 | 482014230001 3,278 3,278 100% Yes 88.8% 356 482014334002 1,689 1,689 100% Yes 57.8% 416 482014528011 2,348 2,348 100% Yes 66.8%
297 482014230002 659 659 100% Yes 97.0% 357 482014335011 1,867 1,867 100% Yes 87.7% 417 | 482014528012 2,024 2,024 100% Yes 52.7%
298| 482014230003 2,179 2,179 100% Yes 75.4% 358| 482014335012 2,478 2,478 100% Yes 95.6% 418| 482014528013 1,454 1,454 100% Yes 67.0%
299| 482014231001 1,139 1,139 100% Yes 96.1% 359 482014335013 1,147 1,147 100% Yes 95.6% 419 | 482014528021 4,384 4,384 100% Yes 86.7%
300] 482014231002 1,384 1,384 100% Yes 91.6% 360] 482014335021 2,263 2,263 100% Yes 71.4% 420] 482014528022 2,629 2,629 100% Yes 69.4%
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1. Study Area Location and Description

The City of Houston (City) contracted with Cobb Fendley & Associates, Inc (CobbFendley)
to develop a Drainage Masterplan for the drainage problems associated with the
Sharpstown and Braeburn Super Neighborhoods. The study area is bound by Bellaire
Boulevard on the north, Brays Bayou on the south, US-59 on the west, and Bintliff Ditch
(HCFCD Unit No. D133-00-00) on the east. The Sharpstown study area is located in the
western portion of the City, in City Council District J, and can be found on Key Map grids
530G through 530V. For an overview of the project location, see Exhibit 1 — Project
Location Map.

Under the Capital Improvement Projects program, several areas of concern were identified
as drainage concerns or as needing street repairs performed. As such, the City determined
these were “Need Areas” and assigned individual project numbers to each. Drainage
studies were performed for each of these Need Areas (M-2013-016, M-2016-008, and M-
2016-J01), but an overall solution was not feasible on an individual project basis. As such,
this project combines those areas into what is now referred to as the Sharpstown Drainage
Masterplan.

The large study area has diverse land uses including residential neighborhoods, apartment
complexes, commercial properties, as well as some industrial areas. The study area
encompasses Houston Baptist University, Sharpstown High School, Bonham Elementary
School, the PlazAmericas Shopping Centre, and the Brae Burn Country Club. Most of the
drainage systems in the study area are comprised of concrete curb and gutter streets with
underground storm sewer systems, but there are a few areas with asphalt streets and
roadside ditches. Brays Bayou (HCFCD Unit# D100-00-00) serves as the receiving stream
with several different outfall locations within the study area. This study area also includes
D133-00-00 from US-59 to Brays Bayou, D133-01-00 from Bellaire Blvd to its connection
with D133-00-00, and D118-00-00 from Bissonnet St to its connection with Brays Bayou.

A portion of the project area is located within the effective floodplain of Brays Bayou and
D133-00-00, see Exhibit 2. The effective floodplain for Brays Bayou does not take in to
account the improvements that have been constructed as part of Project Brays. Project
Brays has completed numerous projects along Brays Bayou with the intent of lowering the
water surface elevations and is scheduled to be complete in 2021, see Exhibit 3.

2. Scope of Work

The purpose of this study is to build upon the previous existing condition analysis in order to
review and analyze candidate projects to alleviate flooding within the study area. Specific
tasks include:

e Develop selected conceptual alternatives

e Analyze impacts of the proposed improvements

o Determine necessary mitigation to eliminate impacts
e Assess project viability
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e Determine whether the project is maintenance/rehabilitation or a capital project

It should be noted that findings within this report are preliminary and were intended to find
possible solutions to address the identified deficiencies. Any proposed improvements will
be verified through a more detailed proposed condition analysis.

3. Methodology

3.1. Hydrology

The July 2019 City of Houston Infrastructure Design Manual was followed for the hydrologic
analysis. The total study area is comprised of approximately 3,645 acres. Newly obtained
LiDAR data for this project location was utilized to study the overland terrain allowing for
identification of sheetflow patterns in order to determine drainage area boundaries. To
perform hydrologic calculations, the rational method was used to calculate peak flow rates
for the 2-, and 100-year (Atlas-14) rainfall along with the 500-year (TP-40) rainfall event
using City of Houston Time of Concentration calculation. The calculated rational method
drainage area peak flows were used to calibrate the flows for each rainfall event which were
generated within runoff mode of the XP-SWMM model. The drainage area map is provided
in Exhibit 4 and existing condition Hydrologic calculations are provided in Exhibit 5.

3.2.Hydraulics

3.2.1. XP-SWMM

XP-SWMM (v2019) models were created for the 2-, and 100-year (Atlas-14) rainfall
events along with the 500-year (TP-40) rainfall event to simulate conveyance through
interconnected drainage systems within the Sharpstown area. The XP-SWMM models
are comprehensive models which allow interconnection of all drainage systems
(roadside ditches, culverts, storm sewer trunks, open channels) with Brays Bayou as the
outfall location. The drainage system network was created by utilizing collected survey
data, City of Houston GIMS data, and as-built plan sets. The topographic survey was
collected through the use of a new LIDAR data set with detailed high definition points to
identify overland terrain as well as cross sectional roadside ditch details. Storm sewer
manholes were identified from the LIDAR data and top of rim elevations were
determined. Storm sewer sizing and flowline elevation were manually obtained via on-
site measurements and observations, see Exhibit 6 for an Existing Storm Sewer map.

The outfall boundary condition for the XP-SWMM model utilized rating curves to
establish the backwater effect on the drainage system at each outfall location. The
rating curves utilize established water surface elevations for the various rainfall events
with respect to expected flows for each event. For instance, the 2-year (Atlas-14) rainfall
event utilizes a normal depth outfall condition, the 100-year (Atlas-14) and 500-year (TP-
40) models utilize the 10-year (TP-40) water surface elevations and flows from the
Project Brays HEC-RAS preliminary models, as construction on Project Brays is slated
to be completed by 2021, see Exhibits 7, 8 and 9 for 2-year (Atlas-14), 100-year (Atlas-

2



Preliminary Engineering Tech Memo
Sharpstown Drainage Masterplan | City of Houston

14) and 500-year (TP-40) ponding maps respectively. The 100-year tailwater was not
used to analyze the effects of this project as it inundates a large portion of the study
area.

3.2.2. HEC-RAS

In addition to the XP-SWMM Analysis, a hydraulic impact analysis was performed using
HEC-RAS (v5.0.7) to ensure that there were no adverse effects to Brays Bayou due to
increased flow rates from the project improvements. The Brays Bayou HEC-RAS and
HEC-HMS models used as part of this analysis utilize TP-40 rainfall. Due to HCFCD's
interim criteria related to the Atlas 14 rainfall update, the 500-year (TP-40) storm event
was analyzed instead of the 100-year (TP-40). This section presents the HEC-RAS
modeling approach, results and the detention volumes needed to mitigate the flow
impacts.

The FEMA effective HEC-RAS model was converted from a steady-flow to an unsteady-
flow dynamic model. This allowed for a more detailed analysis to better represent the
effects of the project on Brays Bayou throughout the entire storm event, rather than just
analyzing the peak flow. The unsteady-flow model also allowed for the modeling of
detention along Brays Bayou within the HEC-RAS model.

Since the proposed improvements are isolated to a small portion of Brays Bayou, only a
portion of the HEC-RAS model was converted. A downstream limit of Hillcroft St (river
station 89871) and an upstream limit of Beltway 8 (river station 116858) were chosen as
the limits of the model conversion. This range extends approximately 2 miles upstream
of the project and approximately % mile downstream of the project.

3.2.2.1. Duplicate Effective Model

For the initial model conversion (duplicate effective model), hydrographs were
obtained from the effective HEC-HMS model. Only the 500-year (TP-40) storm was
analyzed to determine mitigation needs for the proposed project. Instead of a normal
depth tailwater downstream of Hillcroft St, a stage/flow rating curve was utilized to
better mimic the effective HEC-RAS model by allowing the FEMA effective analysis
downstream to affect the truncated model. The stage/flow rating curve was created
using data from the effective model from the same cross section (station 89871) as
the truncated model. Stage and flow data from the FEMA effective 10-, 50-, 100-,
and 500-year (TP-40) storm events were augmented with additional steady-flow
model runs with various flow rates to create a smoother stage-flow curve for the
unsteady tailwater condition.

Time steps and baseflows were iterated until a stable unsteady-flow model was
created. Baseflows were kept below 5% of the 100-year (TP-40) peak flows, as
required by HCFCD. The resulting peak water surface elevations were within +/-
0.46 ft of the FEMA effective model, so the unsteady-flow model was considered to
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be an accurate conversion of the steady-flow FEMA effective model, see Exhibit 10
for a comparison of the Effective and Duplicate Effective Profiles.

3.2.2.2. Revised Existing Model

A Revised Existing Condition model was created by replacing the hydrographs
obtained from the HEC-HMS model with those generated in the XP-SWMM model.
Hydrographs from Brays Bayou Subbasins D100H, D100l and D133A were replaced
with hydrographs generated in the XP-SWMM model

Project Brays is scheduled to be completed in 2021 and so should be completed
before the construction of this project. Project Brays will primarily improve Brays
Bayou downstream of this project but will lower water surface elevations in the
project area. Therefore, Project Brays flow/stage data for the 10-, 50, 100- and 500-
year (TP-40) events were obtained and incorporated into the tailwater rating curve
downstream of Hillcroft St. The replacement of the hydrographs had little effect on
the model results, but the lowered Project Brays tailwater did reduce the 500-year
(TP-40) water surface elevations by up to 0.52 ft in the project area, see Exhibit 11
for a comparison of Revised Existing and Duplicate Effective Profiles.
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4. Alternative Analysis

4.1. Existing Condition Summary

According to the Effective FEMA 100- and 500-year floodplain data (FEMA Floodplain Map
Number 48201C0835L Effective 6/18/2007 and 48201C0845M Effective 5/2/2019), much of
the project area is located within the 100- and 500-year floodplains associate with Brays
Bayou and Bintliff Ditch (D133-00-00) as shown in Exhibit 2 — Effective FEMA Floodplain
map. However, HCFCD has a project within the Brays Bayou watershed known as Project
Brays. This project is currently being constructed, is slated to be completed in 2021, and
will reduce the floodplain of Brays Bayou. While all of the project has not yet been
constructed, the resulting floodplain from the plan provided to the City is shown in Exhibit 3
— Proposed Brays Floodplain Map.

Within the study area, the existing storm sewer system ranges in size from 18" reinforced
concrete pipes (RCPs) to 10’ x 10’ reinforced concrete boxes (RCBs). There are several
open channel sections also located within the project area.

Analysis of the existing storm sewer systems and roadside ditches (where applicable)
indicated the majority of the existing drainage infrastructure within the project area is
undersized and does not have adequate capacity to convey the 2-year (Atlas-14) rainfall
event to the outfall locations, resulting in significant street ponding in areas, see Exhibit 6 —
Existing Condition Storm Sewer Layout and Exhibit 7 — Existing Condition 2-year (Atlas-14)
Ponding Map. Compounded with the undersized drainage system, overland sheetflow is
unable to be conveyed directly to the channel in some locations as well. As shown in
Exhibit 8 — Existing Condition 100-year (Atlas-14) Ponding Map and Exhibit 9 — Existing
Condition 500-year (TP-40) Ponding Map, there is significant ponding in several locations
within the project area. Coincidentally, these ponding areas identified on the overland
ponding map coincide with the majority of the repetitive loss claims.

4.2.Proposed System Analysis

In order to measure the effects of the proposed project on Brays Bayou, the outfall
hydrographs from the XP-SWMM analysis were input into an unsteady HEC-RAS model.
This use of both XP-SWMM for the storm sewer improvements and HEC-RAS for Brays
Bayou provided a more comprehensive view of how the storm sewer improvements and
Brays Bayou would interact.

4.2.1. XP-SWMM Analysis

The XP-SWMM models previously created to analyze the Existing Condition were
copied and modified to use time-stage outfall conditions reflecting the improvements
realized as a result of the Project Brays Ultimate Condition. These time-stage
relationships were determined by correlating the Effective Brays 10-year hydrographs
from HEC-HMS and the proposed 10-year WSEs from the Project Brays Preliminary
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HEC-RAS model. The resulting Project Brays Ultimate Condition tailwater peaks at
approximately 4’ less than the Effective 10-year tailwater.

The proposed storm sewer and channel improvements previously determined in the
original pre-engineering studies (M-2013-016, M-2016-008, and M-2016-J01), were then
incorporated in the model. The improvements proposed in the original studies used TP-
40 rainfall and were analyzed as independent projects without backwater effects;
therefore, some pipes sizes were increased from the original proposed sizes in order to
achieve 2-year (Atlas-14) capacity in the combined systems model. Proposed pipes
sized to convey the 2-year (Atlas-14) event were also incorporated in isolated storm
sewer systems outside of the original pre-engineering study need areas where the
existing condition analysis revealed inadequacies.

In general, the proposed storm sewers closely reflected those determined in the original
pre-engineering studies. The proposed improvements were divided into sub-projects
which could be constructed independently, as shown in Exhibit 12 — Proposed Sub-
Project Map. It is important to note that Sub-Projects 1 and 2 must be completed before
improvements can be made to the storm sewer systems outfalling into the D133-00-00
and D133-01-00 channels. Sub-Projects 8 and 9 are independent of the others;
however, these projects rely on detention volume provided as part of the Sub-Project 1
and 2 improvements for mitigation to offset impacts to Brays Bayou. See Exhibits 13,
and 14 for the 2-year (Atlas-14), and 100-year (Atlas-14) Ultimate Condition Ponding
Maps, respectively.

4.2.1.1. Sub-Project 1

Sub-Project 1 includes disconnecting D133-01-00 from D133-00-00 and re-
routing flow down Fondren Road in triple 10’ x 12° RCBs. This provides relief to
D133-00-00 by reducing flows from Bissonnet Street to the confluence with Brays
Bayou. The proposed storm sewer will also collect flows along Fondren Road,
replacing the existing parallel storm sewer system.

4.2.1.2. Sub-Project 2

Sub-Project 2 includes converting the existing open-channel portion of D133-00-
00 from Bellaire Boulevard to the confluence with Brays Bayou to an enclosed
triple 12’ x 10’ RCB system with a swale on top for local drainage. The existing
channel is concrete-lined with a 40-foot top width in a 60-foot Right-of-Way.
D133-00-00 is bordered by residential lots on either side of the channel, which
will make construction of the RCB system difficult.

4.2.1.3. Sub-Project 3

Sub-Project 3 replaces the existing storm sewer in the residential area West of
D133-00-00 between Bellaire Boulevard and Beechnut Street (original need area
M-2013-0016). The existing storm sewer within this neighborhood is largely
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undersized for the 2-year (Atlas-14) event, resulting in significant street flooding.
The area is presently served by 6 separate storm sewer systems which outfall to
D133-00-00. In the proposed condition, the northern drainage areas previously
contributing to the Bellaire Blvd system are to be re-routed south along Cannock
Rd and Larkwood Dr to tie into the Sharpview Dr trunkline. The proposed pipes
range in size from 24” to 84” RCP. This provides some relief to the Bellaire Blvd
system and limits the proposed improvements to local neighborhood streets,
leaving the major collectors undisturbed.

4.2.1.4. Sub-Project 4

Sub-Project 4 replaces the existing storm sewer systems along Sandpiper Dr,
which serve the residential neighborhood West of D133-00-00 between Grape St
and Reamer St in order to provide 2-year (Atlas-14) capacity. The existing storm
sewer is served by two outfalls into D133-00-00. The proposed system maintains
the same configuration as existing but increases sizes to range from 24” to 54”
RCP.

4.2.1.5. Sub-Project5

Sub-Project 5 replaces the storm sewer system along Tanager St and Fondren
Rd just north of D133-01-00 to provide 2-year (Atlas-14) conveyance capacity.
The proposed system ranges in size from 24" to 36” RCP.

4.2.1.6. Sub-Project 6

Sub-Project 6 replaces the storm sewer systems along Bonhomme Rd which
outfall to D133-01-00 to provide 2-year (Atlas-14) conveyance capacity. The
proposed system ranges in size from 24” to 36" RCP.

4.2.1.7. Sub-Project7

Sub-Project 7 replaces the storm sewer systems serving the area between
Beechnut St and Bissonnet St from Brae Acres Rd to Braeburn Valley Drive. In
addition to serving residential homes, this area includes Bonham Elementary
School, Bonham Park, Sharpstown High School, and Sugar Grove Academy
Middle School. In the existing condition, this area is served by 3 storm sewer
systems, two outfalling into D133-01-00 at Braeburn Valley Dr (north and south)
and one outfalling between lots near Tanager Street. The proposed
improvements include combining the two southern systems into one, eliminating
the outfall between lots. Proposed pipes range in size from 24" to 84” RCP and 8
x 6’ RCB.

4.2.1.8. Sub-Project 8

Sub-Project 8 involves construction of a new trunkline along Braes Bayou Dr to
consolidate the two existing systems serving the residential area. The existing

7



Preliminary Engineering Tech Memo
Sharpstown Drainage Masterplan | City of Houston

systems pass between lots and are largely undersized for the 2-year (Atlas-14)
event. The proposed system abandons the lines passing through lots, collecting
flow along Braes Bayou Dr, outfalling to D119-00-00, and this system ranges in
size from 24” to 48" RCP.

4.2.1.9. Sub-Project 9

Sub-Project 9 addresses the Braeburn Glen neighborhood previously studied as
Pre-engineering project M-2016-J01, but it also includes improvements to the
system serving Gessner Rd which was not included in the original study. The
area is bound by US-59 on the West, Gessner Rd on the East, and Altamont Dr
on the South. This area has nine outfalls into Brays Bayou between US-59 and
Bissonnet St. Many of the existing outfalls run between lots. The proposed
improvements consolidate the trunklines along Mahoning Dr, Valley View Ln, and
Braeburn Glen Blvd to have a single outfall into Brays Bayou at Braeburn Glen
Blvd. The proposed storm sewers range in size from 24" to 84" RCP.

4.2.2. HEC-RAS Hydraulic Impact Analysis

To analyze the effects of the proposed improvements, the revised existing condition
model was modified to incorporate the proposed flow hydrographs from the XP-Storm
modeling. The increased flow rates from the proposed improvements raised water
surface elevations on Brays Bayou by up to 0.23" and increased peak flow downstream
of Hillcroft St by 312 cfs (1% increase) for the 500-year (TP-40) storm event, see Exhibit
15.

4.3. Proposed Mitigation

Providing detention along the D133 and Fondren systems results in a delayed peak, which
ultimately causes greater impacts to Brays Bayou when considering both the storm sewers
and Brays Bayou in a combined manner. Concentrating all the detention in the Fondren
area proved to be inefficient at mitigating impacts to Brays Bayou in extreme events; thus, a
comprehensive detention plan including a combination of ponds along Brays Bayou and
ponds directly connected to the proposed storm sewer was required to provide mitigation for
both the local 2-year (Atlas-14) event and for the extreme event.

4.3.1 Local 2-Year Mitigation

Mitigation for the increased flows in the proposed condition 2-year (Atlas-14) event is
provided in a single pond (shown as Pond D in Exhibit 16 — Proposed Local Mitigation)
near the existing confluence of D133-00-00 and D133-01-00. The proposed design
routes D133-00-00 directly into Pond D, restricting outflow to a 72" RCP with a concrete-
lined 40-foot wide v-shaped overflow weir. Pond D is shown encompassing the
southeast quadrant of the Beechnut St and Fondren Rd intersection and provides 216
acre-feet of storage. This land is currently occupied by an apartment complex and a
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vacant commercial building. Should other land be acquired more easily, this pond could
be replaced with equivalent detention volumes adjacent to the D133-00-00 and D133-
01-00 systems. Additional restrictors are required along D133-00-00 south of the
detention pond in order to reduce flow and step-up the HGL between Brays and
Bissonnet to more closely match the existing condition. Additionally, 2-year (Atlas-14)
mitigation was provided for Sub-Project 1 by connecting D133-01-00 to Pond D via an 8’
X 6" RCB and placing restrictors on the Fondren Rd box system to reduce flows
downstream.

4.3.2 Extreme Event Mitigation

The proposed condition HEC-RAS model was modified to include detention storage
volume to mitigate the peak flow impacts to Brays Bayou. Detention was gradually
added and the outfall structures and spillways were modified until a solution was
reached. A total of 666 ac-ft of detention volume was needed to mitigate the 500-year
storm event. This volume is in addition to the 216 detention required to mitigate the 2-
year (Atlas-14) storm events as determined from the XP-Storm modeling, for a combined
total of 882 ac-ft.

The City has purchased a 7.8 acre apartment property on Fondren at Brays Bayou
which may provide 105 ac-ft of detention volume when excavated (See Pond A in Exhibit
16). To gain more detention volume, two properties at Fondren and Bissonnet St totaling
28.3 acres were modeled as detention ponds for an additional 351 ac-ft of detention
volume (ponds B and C). Ponds B and C are adjacent to the D133-00-00 channel which
allows them to drain to D133, but they will be filled by Brays Bayou which inundates the
area in the 500-year event. Ponds B and C can be replaced with equivalent detention
volumes nearby as long as they’re sufficiently connected to the Brays floodplain.

More detention in the Fondren area was tested but proved to be less efficient in
mitigating the remaining impacts. The remaining detention should ideally be located
along Brays Bayou between Bissonnet St and Sam Houston Parkway. Detention on
Keegans Bayou just downstream of Bissonnet St may be adequate but was not tested in
the modeling. The detention location used to complete the mitigation model is located on
an undeveloped tract near Country Creek St and Club Creek Dr. The 13.7 acre area can
provide 210 ac-ft of detention volume (County Creek Pond), which will fully mitigate
impacts to Brays Bayou in combination with ponds A, B, and C.

The hydraulic modeling showed no increases in peak flow rates of Brays Bayou
downstream of the project area, with a 6 cfs reduction at Hillcroft in the 500-year storm
event, as well as no adverse impacts to water surface elevations of Brays Bayou for the
500-year storm event, see Exhibit 17.

4.3.3 Detention Details

The hydraulic modeling in HEC-RAS determined that 666 ac-ft of detention is required to
mitigate the increased peak flow rates leaving the project. This volume was achieved in
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the model with ponds A, B, C, and Country Creek Pond (See Exhibit 16). Pond A and
Country Creek Pond are adjacent to Brays Bayou and will connect to Brays Bayou with
the outlet structure and weir. Pond B and Pond C are located on the channel D133-00-
00 and D133-01-00 and will outfall to those channels, but the weir won't be topped until
Brays Bayou inundates the area. The details of the ponds are shown in the table below.

The top of bank elevations were originally set at the approximate existing ground
elevations. However, the Brays Bayou 500-year water surface elevation is several feet
above the existing ground and the ponds filled up too early in the simulation and were
not effectively detaining peak flows. The banks and weirs had to be raised to make the

ponds more effective, sometimes pushing the top of bank several feet above existing
ground. Constructing this may require retaining walls or steeper side slopes.

Alternatively, pond locations may be selected at higher existing ground elevations, or
more detention volume may be needed.

Table 8 — Detention Pond Summary

Description Pond A Pond B Pond C Pond D Country  Creek
Pond

Berm Width 30 feet 30 feet 30 feet 30 feet 30 feet

Side Slope 3:1 31 3:1 31 4:1

Approximate 59’ 61.5' 61.5 61.00 65.5’

Existing

Ground

Elevation

Top of Bank 62.50’ 63.00’ 62.00’ 61.00 67.20’

Elevation

Bottom 37.82' 46.39’ 40.92’ 41.63 46.18’

Elevation

Pond Depth 24.68 feet 16.61 feet 21.08 feet 19.67 feet 21.02 feet

Outfall Pipe 24” RCP w/ 24” RCP w/ 24” RCP w/ 24” RCP
flap gate flap gate flap gate

Weir 30 ft wide @ 100 ft wide @ | 100 ft wide @ 100 ft wide @
elevation elevation elevation elevation 65.20’
60.50’ 61.00’ 61.00’
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500-Year Pond | 62.98’ 63.02’ 62.64’ 60.47’ 67.66
WSE
Detention 105 ac-ft 237 ac-ft 114 ac-ft 216 ac-ft 210 ac-ft

Volume (does
not include
volume above
existing ground
elevation)

4.4.Benefitted Population

When all of these sub-projects are combined, there is a reduction in both risk of flooding to
structures in the area and length of impassible streets, see Exhibit 18 for an Overall
Benefitted Population Map.

Selected Alternative

Once the alternative analysis was completed, a preferred alternative was selected to provide
the most cost-effective solution for the area. The selected sub-projects, referred to as
Phase 1, includes construction of sub-projects 1, 2 (south of Beechnut St), 4 and 5, see
Exhibit 10. When looking at the most cost-effective combination of sub-project, it was
determined that constructing sub-project 2 north of Beechnut St provided minimal benefit to
the adjoining neighborhoods, and so it is recommended to only construct sub-project 2
south of Beechnut St. This combination of sub-projects provided the greatest benefit to the
area, see Exhibits 20, 21, and 22 for the 2-year (Atlas-14), 100-year (Atlas-14) and 500-year
(TP-40) Ponding Maps, respectively. This alternative greatly increased street passibility in
rain events and decreases risk of flooding for many areas.
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year
Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q
Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)

00407-00-0UT_01 5.72 28.6 0.75 91.70 3.49 14.98 4.37 18.77 5.14 22.04 6.22 26.71 7.10 30.47 7.99 34.27
13300-00-0UT_04 151.57 39.2 0.78 96.32 2.92 343.74 3.67 432.41 4.32 509.42 5.26 619.82 6.02 709.63 6.80 801.22
01595-00-0UT_01 2.31 26.6 0.55 58.33 3.63 4.61 4.55 5.78 5.34 6.78 6.46 8.21 7.37 9.36 8.28 10.52
01596-00-OUT_03 2.83 27.0 0.55 58.33 3.60 5.60 4.51 7.02 5.29 8.24 6.41 9.98 7.31 11.38 8.22 12.79
01598-00-OUT_01 35.86 33.8 0.70 83.75 3.18 80.07 3.99 100.53 4.69 118.24 5.70 143.56 6.51 164.08 7.34 184.88
01599-00-0OUT_16 24.79 32.6 0.46 42.86 3.24 36.76 4.07 46.13 4.79 54.24 5.81 65.82 6.64 75.20 7.47 84.70
01601-00-OUT_03 4.42 28.0 0.77 94.29 3.53 11.95 4.42 14.98 5.20 17.58 6.29 21.30 7.18 24.30 8.07 27.32
02458-00-OUT_06 19.14 31.8 0.55 58.53 3.29 34.69 4.13 43.53 4.85 51.16 5.88 62.07 6.72 70.89 7.57 79.83
13301-00-0UT_02 186.21 40.1 0.67 78.83 2.88 360.50 3.62 453.65 4.27 534.58 5.19 650.66 5.95 745.14 6.72 841.60
04926-00-0UT_11 4.38 28.0 0.79 97.61 3.53 12.15 4.43 15.23 5.20 17.88 6.30 21.67 7.18 24.71 8.08 27.79
04993-00-0UT_16 6.34 28.8 0.55 58.33 3.47 12.11 4.35 15.18 5.11 17.83 6.20 21.61 7.07 24.65 7.95 27.73
13300-00-0UT_01 146.19 39.1 0.80 100.00 2.92 341.73 3.68 429.86 4.33 506.39 5.27 616.10 6.03 705.34 6.81 796.33
05348-00-OUT_01 20.01 31.9 0.75 91.09 3.28 49.01 4.12 61.49 4.84 72.28 5.87 87.70 6.71 100.17 7.55 112.80
05364-00-OUT_01 2.94 27.1 0.69 82.18 3.59 7.32 4.50 9.18 5.29 10.77 6.40 13.04 7.30 14.87 8.21 16.72
05419-00-OUT_29 18.75 31.8 0.56 60.69 3.29 34.82 4.13 43.69 4.85 51.35 5.89 62.30 6.73 71.15 7.57 80.12
06694-00-OUT_01 42.56 34.4 0.80 100.00 3.15 107.17 3.95 134.59 4.65 158.32 5.65 192.27 6.46 219.79 7.28 247.72
13301-00-OUT_05 170.87 39.7 0.66 76.79 2.89 326.61 3.64 410.95 4.29 484.21 5.22 589.26 5.98 674.75 6.75 761.99
13301-00-0OUT_04 99.61 37.5 0.58 63.82 2.99 173.79 3.76 218.50 4.43 257.27 5.39 312.82 6.16 357.95 6.96 403.90
01054-00-0UT_10 60.77 35.6 0.55 58.33 3.08 103.06 3.87 129.49 4.56 152.38 5.54 185.14 6.33 211.72 7.14 238.74
01056-00-OUT_02 5.07 28.3 0.55 58.33 3.51 9.78 4.40 12.26 5.16 14.40 6.26 17.45 7.14 19.90 8.03 22.38
01056-00-OUT_01 4.76 28.2 0.55 58.33 3.52 9.21 4.41 11.55 5.18 13.56 6.27 16.42 7.16 18.74 8.05 21.07
01053-00-0UT_10 4.95 28.3 0.55 58.33 3.51 9.56 4.40 11.99 5.17 14.07 6.26 17.05 7.14 19.45 8.03 21.87
01053-00-0UT_11 2.87 27.0 0.55 58.33 3.60 5.68 4.51 7.12 5.29 8.35 6.41 10.11 7.31 11.53 8.21 12.96
01053-00-0UT_12 4.64 28.1 0.55 58.33 3.52 8.99 4.42 11.27 5.18 13.23 6.28 16.03 7.16 18.28 8.06 20.56
01053-00-0UT_13 9.3 29.8 0.55 58.33 3.41 17.44 4.28 21.87 5.02 25.70 6.09 31.15 6.95 35.55 7.82 40.00
01053-00-0UT_14 5.97 28.7 0.55 58.33 3.48 11.44 4.37 14.33 5.13 16.83 6.21 20.40 7.09 23.27 7.97 26.18
01053-00-0UT_03 491 28.2 0.55 58.33 3.51 9.49 4.40 11.89 5.17 13.97 6.27 16.92 7.15 19.30 8.04 21.71
01053-00-0UT_02 6.75 29.0 0.64 74.14 3.46 15.07 4.34 18.89 5.10 22.19 6.18 26.89 7.05 30.69 7.93 34.52
01053-00-OUT_06 2.58 26.8 0.55 58.33 3.61 5.13 4.53 6.42 5.31 7.54 6.43 9.13 7.34 10.41 8.25 11.70
01053-00-OUT_05 2.31 26.6 0.55 58.33 3.63 4.61 4.55 5.78 5.34 6.78 6.46 8.21 7.37 9.36 8.28 10.52
01053-00-0UT_07 2.27 26.6 0.55 58.33 3.63 4.54 4.55 5.68 5.34 6.67 6.47 8.07 7.37 9.21 8.29 10.35
01053-00-0UT_08 6.85 29.0 0.55 58.33 3.46 13.04 4.34 16.34 5.09 19.20 6.17 23.26 7.05 26.54 7.93 29.86
01053-00-0OUT_09 6.61 28.9 0.55 58.33 3.47 12.60 4.35 15.80 5.10 18.55 6.18 22.48 7.06 25.65 7.94 28.86
01053-00-0UT_04 3.86 27.7 0.55 58.33 3.55 7.54 4.45 9.45 5.23 11.09 6.33 13.44 7.22 15.33 8.12 17.23
01053-00-0UT_01 6.64 29.0 0.55 58.33 3.47 12.66 4.34 15.87 5.10 18.63 6.18 22.58 7.06 25.77 7.94 28.98
01055-00-0UT_01 17.24 315 0.55 58.33 3.31 31.35 4.15 39.33 4.88 46.23 5.91 56.08 6.75 64.04 7.60 72.10
01057-00-0UT_01 22.67 32.3 0.55 58.33 3.26 40.63 4.09 50.99 4.81 59.95 5.83 72.74 6.66 83.10 7.51 93.59
01058-00-OUT_01 39.36 34.1 0.55 58.33 3.16 68.44 3.97 85.95 4.67 101.09 5.67 122.76 6.48 140.31 7.30 158.13
02451-00-OUT_02 6.65 29.0 0.55 58.33 3.47 12.67 4.34 15.89 5.10 18.66 6.18 22.61 7.05 25.80 7.94 29.02
13301-00-OUT_03 46.36 34.7 0.55 58.33 3.13 79.87 3.93 100.31 4.63 118.01 5.62 143.33 6.43 163.86 7.24 184.70
04981-00-O0UT_11 6.59 28.9 0.55 58.33 3.47 12.57 4.35 15.75 5.10 18.50 6.19 22.42 7.06 25.58 7.94 28.77
04981-00-OUT_10 6.26 28.8 0.55 58.33 3.48 11.96 4.36 15.00 5.12 17.61 6.20 21.34 7.07 24.35 7.96 27.39
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2 year 5 year 10 year 25 year 50 year 100 year

Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q

Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)
04981-00-OUT_12 8.12 29.5 0.55 58.33 3.43 15.33 4.30 19.22 5.06 22.58 6.13 27.37 6.99 31.23 7.87 35.14
04981-00-0OUT_16 6.29 28.8 0.55 58.33 3.47 12.02 4.36 15.07 5.11 17.69 6.20 21.44 7.07 24.47 7.95 27.52
04981-00-OUT_18 5.18 28.4 0.55 58.33 3.51 9.99 4.39 12.52 5.16 14.70 6.25 17.81 7.13 20.32 8.02 22.85
04981-00-0OUT_19 5.15 28.3 0.55 58.33 3.51 9.93 4.39 12.45 5.16 14.62 6.25 17.71 7.13 20.20 8.02 22.72
04981-00-OUT_20 7.28 29.2 0.55 58.33 3.45 13.82 4.33 17.32 5.08 20.34 6.16 24.66 7.03 28.14 7.90 31.65
04981-00-0OUT_17 6.12 28.8 0.55 58.33 3.48 11.71 4.36 14.68 5.12 17.24 6.21 20.89 7.08 23.83 7.96 26.81
04981-00-OUT_15 6.87 29.0 0.55 58.33 3.46 13.07 4.34 16.39 5.09 19.25 6.17 23.33 7.04 26.62 7.92 29.94
04981-00-0OUT_13 9.5 29.9 0.55 58.33 3.41 17.80 4.27 22.32 5.02 26.22 6.08 31.79 6.94 36.28 7.81 40.83
04981-00-OUT_14 10.45 30.1 0.55 58.33 3.39 19.49 4.25 24.44 5.00 28.71 6.06 34.81 6.91 39.74 7.78 44.72
04981-00-OUT_07 10.38 30.1 0.55 58.33 3.39 19.37 4.25 24.29 5.00 28.53 6.06 34.59 6.92 39.48 7.78 44.43
04981-00-OUT_04 8.36 29.5 0.71 85.15 3.43 20.37 4.30 25.54 5.05 30.00 6.12 36.37 6.98 41.51 7.86 46.70
04981-00-OUT_01 10.44 30.1 0.68 80.56 3.39 24.19 4.25 30.34 5.00 35.64 6.06 43.22 6.91 49.33 7.78 55.51
04981-00-OUT_03 3.68 27.6 0.55 58.33 3.56 7.20 4.46 9.03 5.24 10.60 6.34 12.84 7.23 14.64 8.13 16.46
04981-00-OUT_05 2.77 27.0 0.55 58.33 3.60 5.49 4.51 6.88 5.30 8.07 6.42 9.78 7.32 11.15 8.22 12.53
04981-00-OUT_02 7.65 29.3 0.55 58.33 3.44 14.48 4.32 18.16 5.07 21.33 6.14 25.85 7.01 29.50 7.89 33.19
04981-00-OUT_08 8.34 29.5 0.55 58.33 3.43 15.73 4.30 19.72 5.05 23.16 6.12 28.07 6.98 32.04 7.86 36.05
04981-00-OUT_06 9.13 29.8 0.55 58.33 3.41 17.14 4.28 21.49 5.03 25.25 6.09 30.61 6.96 34.93 7.83 39.30
04981-00-OUT_09 7.55 29.3 0.55 58.33 3.44 14.30 4.32 17.93 5.07 21.06 6.15 25.53 7.02 29.13 7.89 32.77
04980-00-OUT_01 5.55 28.5 0.55 58.33 3.49 10.67 4.38 13.37 5.14 15.70 6.23 19.02 7.11 21.70 8.00 24.41
04980-00-OUT_02 5.13 28.3 0.55 58.33 3.51 9.90 4.40 12.40 5.16 14.56 6.25 17.64 7.13 20.13 8.02 22.64
00567-00-OUT_02 5.34 28.4 0.55 58.33 3.50 10.28 4.39 12.89 5.15 15.13 6.24 18.33 7.12 20.92 8.01 23.52
00567-00-OUT_01 5.32 28.4 0.55 58.33 3.50 10.24 4.39 12.84 5.15 15.08 6.24 18.27 7.12 20.84 8.01 23.44
05026-00-OUT_02 7.76 29.3 0.55 58.33 3.44 14.68 4.31 18.41 5.07 21.62 6.14 26.21 7.01 29.91 7.88 33.65
05026-00-OUT_03 8.86 29.7 0.55 58.33 3.42 16.66 4.29 20.89 5.03 24.54 6.10 29.74 6.97 33.94 7.84 38.19
05026-00-OUT_05 8.14 29.5 0.55 58.33 3.43 15.37 4.30 19.27 5.05 22.63 6.13 27.43 6.99 31.30 7.87 35.22

05026-00-OUT_07 1.59 25.9 0.55 58.33 3.69 3.22 4.62 4.04 5.42 4.74 6.56 5.73 7.47 6.54 8.40 7.34

05026-00-OUT_08 1.56 25.8 0.55 58.33 3.69 3.17 4.62 3.96 5.42 4.65 6.56 5.63 7.48 6.42 8.40 7.21

05026-00-OUT_09 0.67 24.3 0.55 58.33 3.81 1.40 4.77 1.76 5.59 2.06 6.76 2.49 7.71 2.84 8.65 3.19
05026-00-OUT_04 6.72 29.0 0.55 58.33 3.46 12.80 4.34 16.05 5.10 18.85 6.18 22.84 7.05 26.06 7.93 29.32
00406-00-0UT_01 41.88 34.3 0.80 100.00 3.15 105.56 3.96 132.56 4.65 155.93 5.65 189.36 6.46 216.46 7.28 243.96
13300-00-0UT_07 134.36 38.7 0.80 100.00 2.94 315.76 3.69 397.14 4.35 467.79 5.29 569.06 6.06 651.41 6.84 735.36
00405-00-0UT_01 57.93 35.4 0.71 85.34 3.09 127.55 3.88 160.24 4.57 188.56 5.55 229.09 6.35 261.97 7.16 295.37
06691-00-OUT_01 20.5 32.0 0.80 100.00 3.28 53.73 4.11 67.43 4.83 79.26 5.86 96.17 6.70 109.84 7.54 123.69
06691-00-OUT_02 7.45 29.2 0.80 100.00 3.45 20.54 4.32 25.76 5.08 30.25 6.15 36.66 7.02 41.84 7.90 47.07
13300-00-0UT_06 126.18 38.4 0.79 98.92 2.95 295.30 3.71 371.38 4.37 437.42 5.31 532.05 6.08 609.00 6.87 687.41
13300-00-OUT_05 103.05 37.6 0.73 88.91 2.99 225.75 3.76 283.83 4.42 334.21 5.38 406.38 6.15 465.04 6.94 524.76
06692-00-OUT_10 6.34 28.8 0.80 100.00 3.47 17.62 4.35 22.08 5.11 25.93 6.20 31.43 7.07 35.86 7.95 40.33
06692-00-OUT_11 1.83 26.1 0.80 100.00 3.67 5.37 4.59 6.72 5.39 7.89 6.52 9.55 7.43 10.88 8.35 12.23

06692-00-OUT_12 0.36 234 0.80 100.00 3.89 1.12 4.87 1.40 5.71 1.64 6.90 1.99 7.86 2.26 8.83 2.54
06692-00-OUT_13 8.39 29.5 0.80 100.00 3.43 23.00 4.30 28.84 5.05 33.88 6.12 41.07 6.98 46.87 7.86 52.73
06692-00-OUT_14 7.72 29.3 0.80 100.00 3.44 21.25 4.31 26.64 5.07 31.29 6.14 37.93 7.01 43.29 7.88 48.70
06692-00-OUT_15 1.69 26.0 0.80 99.50 3.68 4.95 4.61 6.20 5.40 7.28 6.54 8.81 7.46 10.04 8.38 11.29
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year

Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q

Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)

06692-00-OUT_16 0.99 25.0 0.80 100.00 3.75 2.97 4.70 3.72 5.51 4.37 6.67 5.28 7.60 6.02 8.54 6.76
06692-00-OUT_17 5.58 28.5 0.80 99.25 3.49 15.51 4.38 19.44 5.14 22.83 6.23 27.66 7.11 31.55 7.99 35.49
06692-00-OUT_18 3.88 27.7 0.80 100.00 3.55 11.02 4.45 13.81 5.22 16.22 6.33 19.64 7.22 22.40 8.12 25.19
04926-00-0UT_01 3.79 27.6 0.63 72.45 3.55 8.55 4.45 10.72 5.23 12.58 6.33 15.24 7.22 17.38 8.12 19.54
04926-00-OUT_02 5.5 28.5 0.69 81.55 3.50 13.25 4.38 16.61 5.15 19.51 6.23 23.64 7.11 26.96 8.00 30.33
06692-00-OUT_03 2.75 26.9 0.80 100.00 3.60 7.93 4.52 9.93 5.30 11.66 6.42 14.12 7.32 16.10 8.23 18.10
06692-00-OUT_04 1.63 25.9 0.80 100.00 3.68 4.80 4.61 6.01 5.41 7.06 6.55 8.54 7.47 9.74 8.39 10.94
06692-00-OUT_05 4.85 28.2 0.57 62.01 3.52 9.76 4.41 12.23 5.17 14.36 6.27 17.39 7.15 19.84 8.04 22.31
06692-00-OUT_06 2.43 26.7 0.62 70.71 3.62 5.50 4.54 6.89 5.33 8.08 6.45 9.79 7.35 11.16 8.27 12.54

06692-00-OUT_07 1.63 25.9 0.71 84.61 3.68 4.25 4.61 5.32 5.41 6.24 6.55 7.56 7.47 8.61 8.39 9.68

06692-00-OUT_08 0.89 24.8 0.59 64.61 3.77 1.97 4.72 2.47 5.54 2.90 6.70 3.50 7.63 3.99 8.57 4.48

06692-00-OUT_09 1.32 25.5 0.70 82.77 3.71 3.41 4.65 4.28 5.46 5.02 6.60 6.07 7.53 6.92 8.45 7.77
01590-00-0UT_10 8.4 29.5 0.55 58.33 3.43 15.83 4.30 19.85 5.05 23.32 6.12 28.27 6.98 32.26 7.86 36.29
01590-00-0UT_11 5.68 28.6 0.55 58.70 3.49 10.95 4.38 13.72 5.14 16.12 6.23 19.53 7.10 22.28 7.99 25.06
01590-00-0UT_01 4.44 28.0 0.55 58.33 3.53 8.62 4.42 10.80 5.19 12.68 6.29 15.37 7.18 17.53 8.07 19.71
01590-00-0UT_02 4.62 28.1 0.55 58.33 3.52 8.95 4.42 11.22 5.19 13.18 6.28 15.96 7.17 18.21 8.06 20.47
01590-00-0UT_03 13.8 30.9 0.67 78.56 3.34 30.98 4.19 38.87 4.93 45.67 5.98 55.39 6.83 63.24 7.68 71.19
01590-00-0UT_04 8.56 29.6 0.49 48.10 3.42 14.32 4.29 17.96 5.04 21.09 6.11 25.57 6.98 29.18 7.85 32.83
01590-00-OUT_05 9.49 29.9 0.55 58.33 3.41 17.78 4.27 22.30 5.02 26.20 6.08 31.76 6.94 36.25 7.81 40.79
01590-00-0UT_06 13.24 30.8 0.50 50.34 3.35 22.28 4.20 27.94 4.94 32.83 5.99 39.82 6.84 45.46 7.70 51.17
01590-00-0OUT_07 6.37 28.9 0.55 58.33 3.47 12.17 4.35 15.25 5.11 17.91 6.19 21.70 7.07 24.76 7.95 27.85

01590-00-0UT_08 1.33 25.5 0.55 58.33 3.71 2.72 4.65 3.40 5.45 3.99 6.60 4.83 7.52 5.50 8.45 6.18
01590-00-OUT_09 7.88 29.4 0.48 47.10 3.44 13.07 4.31 16.39 5.06 19.25 6.14 23.33 7.00 26.63 7.88 29.96
00539-00-0UT_01 4.58 28.1 0.71 85.78 3.53 11.54 4.42 14.46 5.19 16.98 6.28 20.57 7.17 23.46 8.06 26.38
00539-00-0UT_02 8.53 29.6 0.68 80.07 3.42 19.88 4.29 24.92 5.04 29.27 6.11 35.49 6.98 40.50 7.85 45.57
00539-00-0UT_03 5.49 28.5 0.55 58.33 3.50 10.56 4.38 13.23 5.15 15.54 6.24 18.83 7.11 21.48 8.00 24.16
00539-00-OUT_05 6.69 29.0 0.55 58.33 3.46 12.75 4.34 15.98 5.10 18.77 6.18 22.74 7.05 25.95 7.93 29.19
00539-00-0OUT_04 6.33 28.8 0.55 58.46 3.47 12.11 4.35 15.18 5.11 17.83 6.20 21.60 7.07 24.65 7.95 27.73
00539-00-0OUT_06 4.37 28.0 0.55 58.33 3.53 8.49 4.43 10.64 5.20 12.49 6.30 15.13 7.18 17.26 8.08 19.41
00547-00-OUT_01 10.43 30.1 0.61 67.96 3.39 21.50 4.25 26.96 5.00 31.67 6.06 38.40 6.91 43.83 7.78 49.33
00547-00-OUT_02 3.65 27.6 0.80 100.00 3.56 10.40 4.46 13.03 5.24 15.29 6.34 18.53 7.24 21.13 8.14 23.75
00547-00-OUT_03 7.51 29.3 0.63 71.59 3.45 16.29 4.32 20.42 5.07 23.99 6.15 29.07 7.02 33.18 7.89 37.32
00547-00-OUT_04 3.01 27.1 0.80 100.00 3.59 8.65 4.50 10.83 5.28 12.72 6.39 15.40 7.29 17.56 8.20 19.74
00547-00-OUT_05 5.83 28.6 0.55 58.33 3.49 11.18 4.37 14.01 5.13 16.46 6.22 19.94 7.10 22.75 7.98 25.59
00538-00-OUT_01 5.23 28.4 0.55 58.33 3.50 10.08 4.39 12.63 5.16 14.83 6.25 17.97 7.13 20.50 8.02 23.06
00538-00-OUT_02 5.45 28.5 0.55 58.33 3.50 10.48 4.38 13.14 5.15 15.43 6.24 18.70 7.12 21.33 8.00 23.99
01591-00-0UT_01 6.72 29.0 0.55 58.33 3.46 12.80 4.34 16.05 5.10 18.85 6.18 22.84 7.05 26.06 7.93 29.32
01591-00-0OUT_02 5.44 28.5 0.55 58.33 3.50 10.47 4.38 13.12 5.15 15.40 6.24 18.66 7.12 21.29 8.00 23.95
01591-00-0UT_03 4.45 28.0 0.55 58.33 3.53 8.64 4.42 10.83 5.19 12.71 6.29 15.40 7.18 17.56 8.07 19.75
01591-00-0OUT_04 28.19 33.0 0.76 92.65 3.22 68.63 4.04 86.15 4.75 101.30 5.77 122.96 6.59 140.49 7.43 158.26
06693-00-OUT_01 11.12 30.3 0.74 89.96 3.38 27.81 4.24 34.88 4.98 40.97 6.04 49.68 6.89 56.71 7.76 63.83
06693-00-OUT_02 1.67 25.9 0.80 100.00 3.68 4.92 4.61 6.16 5.41 7.22 6.55 8.74 7.46 9.97 8.38 11.20
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year
Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q
Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)
01052-00-0UT_01 11.1 30.3 0.74 90.08 3.38 27.79 4.24 34.85 4.98 40.94 6.04 49.65 6.90 56.67 7.76 63.78
01052-00-0UT_02 2.57 26.8 0.63 71.79 3.61 5.86 4.53 7.34 5.31 8.62 6.44 10.43 7.34 11.89 8.25 13.37
01052-00-OUT_04 1.43 25.7 0.62 70.28 3.70 3.29 4.64 4.12 5.44 4.84 6.58 5.85 7.50 6.67 8.43 7.49
01052-00-0UT_03 46.22 34.6 0.80 99.70 3.13 115.58 3.93 145.17 4.63 170.78 5.62 207.42 6.43 237.13 7.24 267.29
01052-00-OUT_05 5.35 28.4 0.80 99.92 3.50 14.97 4.39 18.77 5.15 22.04 6.24 26.70 7.12 30.46 8.01 34.26
01060-00-O0UT_01 9.79 29.9 0.80 100.00 3.40 26.64 4.27 33.41 5.01 39.25 6.08 47.58 6.93 54.31 7.80 61.11
05380-00-OUT_01 0.81 24.6 0.80 100.00 3.78 2.45 4.74 3.07 5.55 3.60 6.72 4.35 7.66 4.96 8.60 5.57
05380-00-OUT_02 0.59 24.1 0.80 100.00 3.83 1.81 4.79 2.26 5.62 2.65 6.79 3.21 7.74 3.65 8.69 4.10
05380-00-OUT_03 7.3 29.2 0.78 96.69 3.45 19.65 4.33 24.63 5.08 28.93 6.16 35.06 7.03 40.01 7.90 45.01
05380-00-0OUT_04 9.16 29.8 0.55 58.33 3.41 17.19 4.28 21.56 5.03 25.33 6.09 30.70 6.96 35.04 7.83 39.43
05380-00-OUT_05 3.96 27.7 0.55 58.33 3.55 7.73 4.45 9.68 5.22 11.37 6.32 13.77 7.21 15.71 8.11 17.66
05001-00-0OUT_01 5.19 28.4 0.80 100.00 3.51 14.55 4.39 18.24 5.16 21.42 6.25 25.95 7.13 29.61 8.02 33.29
05000-00-0UT_01 1.09 25.2 0.80 100.00 3.74 3.26 4.68 4.08 5.49 4.79 6.65 5.80 7.58 6.61 8.51 7.42
05289-00-0UT_01 0.88 24.8 0.80 100.00 3.77 2.65 4.72 3.32 5.54 3.90 6.70 4.72 7.63 5.37 8.58 6.04
05289-00-OUT_02 0.5 23.9 0.80 100.00 3.85 1.54 4.82 1.93 5.65 2.26 6.83 2.73 7.78 3.11 8.74 3.49
05289-00-OUT_03 0.81 24.6 0.80 100.00 3.78 2.45 4.74 3.07 5.55 3.60 6.72 4.35 7.66 4.96 8.60 5.57
05419-00-0OUT_10 0.92 24.9 0.80 100.00 3.76 2.77 4.71 3.47 5.53 4.07 6.69 4.92 7.62 5.61 8.56 6.30
05419-00-0UT_11 1.29 25.5 0.80 100.00 3.72 3.84 4.65 4.80 5.46 5.64 6.61 6.82 7.53 7.77 8.46 8.73
05419-00-0UT_12 5.12 28.3 0.80 100.00 3.51 14.37 4.40 18.01 5.16 21.14 6.25 25.62 7.13 29.22 8.02 32.86
05419-00-0UT_13 1.97 26.3 0.80 100.00 3.65 5.76 4.58 7.21 5.37 8.47 6.50 10.25 7.41 11.68 8.33 13.13
05419-00-0UT_14 2.26 26.5 0.80 100.00 3.63 6.57 4.55 8.23 5.34 9.66 6.47 11.70 7.37 13.33 8.29 14.99
05419-00-0UT_01 3.02 27.1 0.74 89.65 3.59 8.00 4.50 10.02 5.28 11.77 6.39 14.25 7.29 16.25 8.20 18.27
05419-00-OUT_02 3.83 27.7 0.78 97.16 3.55 10.66 4.45 13.35 5.23 15.68 6.33 18.99 7.22 21.66 8.12 24.35
05419-00-OUT_03 1.42 25.6 0.79 98.24 3.70 4.15 4.64 5.20 5.44 6.10 6.59 7.38 7.51 8.41 8.43 9.45
05419-00-OUT_04 0.44 23.7 0.80 100.00 3.86 1.36 4.84 1.70 5.67 2.00 6.86 2.41 7.81 2.75 8.77 3.09
05419-00-OUT_05 0.55 24.0 0.80 100.00 3.83 1.69 4.80 2.11 5.63 2.48 6.81 3.00 7.76 3.41 8.71 3.83
05419-00-OUT_06 1.66 25.9 0.80 100.00 3.68 4.89 4.61 6.12 5.41 7.18 6.55 8.69 7.46 9.91 8.38 11.14
05419-00-0OUT_07 2.62 26.8 0.80 100.00 3.61 7.57 4.52 9.48 5.31 11.13 6.43 13.48 7.33 15.37 8.24 17.28
05419-00-OUT_08 2.38 26.6 0.80 100.00 3.63 6.90 4.54 8.65 5.33 10.15 6.46 12.29 7.36 14.01 8.27 15.75
05419-00-OUT_09 1.1 25.2 0.80 100.00 3.74 3.29 4.68 4.12 5.49 4.83 6.65 5.85 7.57 6.67 8.51 7.49
05450-00-0UT_01 2.26 26.5 0.80 100.00 3.63 6.57 4.55 8.23 5.34 9.66 6.47 11.70 7.37 13.33 8.29 14.99
05450-00-0UT_02 4.5 28.0 0.80 100.00 3.53 12.70 4.42 15.92 5.19 18.69 6.29 22.64 7.17 25.82 8.07 29.04
05287-00-OUT_01 12.05 30.5 0.79 98.93 3.37 32.20 4.22 40.38 4.96 47.45 6.02 57.54 6.87 65.68 7.73 73.93
05381-00-OUT_01 3.81 27.7 0.55 58.33 3.55 7.45 4.45 9.33 5.23 10.96 6.33 13.27 7.22 15.14 8.12 17.02
05381-00-OUT_02 2.24 26.5 0.55 58.33 3.64 4.48 4.55 5.61 5.34 6.58 6.47 7.97 7.38 9.09 8.29 10.22
05381-00-OUT_03 2.49 26.7 0.55 58.33 3.62 4.96 4.53 6.21 5.32 7.29 6.44 8.83 7.35 10.06 8.26 11.31
05381-00-OUT_04 2.01 26.3 0.55 58.33 3.65 4.04 4.57 5.06 5.37 5.93 6.50 7.18 7.41 8.19 8.33 9.20
05381-00-OUT_05 2.52 26.8 0.55 58.33 3.62 5.01 4.53 6.28 5.32 7.37 6.44 8.93 7.34 10.18 8.25 11.44
05381-00-OUT_06 3.47 27.4 0.66 76.95 3.57 8.19 4.47 10.27 5.25 12.05 6.36 14.60 7.25 16.65 8.15 18.72
05381-00-OUT_07 1.84 26.1 0.55 59.01 3.66 3.74 4.59 4.68 5.39 5.49 6.52 6.65 7.43 7.58 8.35 8.52
05386-00-OUT_01 2.89 27.1 0.55 58.33 3.60 5.72 4.51 7.16 5.29 8.41 6.41 10.18 7.30 11.61 8.21 13.05
05386-00-OUT_02 2.65 26.9 0.55 58.33 3.61 5.26 4.52 6.59 5.31 7.74 6.43 9.37 7.33 10.68 8.24 12.01
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year

Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q

Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)

05386-00-OUT_03 2.13 26.4 0.55 58.33 3.64 4.27 4.56 5.35 5.36 6.27 6.48 7.60 7.39 8.66 8.31 9.73
05386-00-OUT_04 3.56 27.5 0.55 58.33 3.56 6.98 4.47 8.75 5.24 10.27 6.35 12.44 7.24 14.18 8.14 15.94
05386-00-OUT_05 2.82 27.0 0.55 58.33 3.60 5.58 4.51 7.00 5.29 8.21 6.41 9.94 7.31 11.34 8.22 12.75
05386-00-OUT_06 2.34 26.6 0.55 58.33 3.63 4.67 4.55 5.85 5.34 6.87 6.46 8.31 7.36 9.48 8.28 10.65
05386-00-OUT_07 3.48 27.5 0.55 58.33 3.57 6.83 4.47 8.56 5.25 10.05 6.36 12.17 7.25 13.88 8.15 15.60
05386-00-OUT_08 2.4 26.7 0.55 58.33 3.63 4.79 4.54 5.99 5.33 7.04 6.45 8.52 7.36 9.71 8.27 10.92
05386-00-OUT_09 #N/A #N/A 0.55 58.33 #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
05385-00-OUT_01 11.12 30.3 0.55 58.33 3.38 20.68 4.24 25.93 4.98 30.46 6.04 36.94 6.89 42.17 7.76 47.45
04994-00-0UT_01 2.25 26.5 0.55 58.33 3.63 4.50 4.55 5.63 5.34 6.61 6.47 8.01 7.38 9.13 8.29 10.26
04994-00-OUT_02 4.33 27.9 0.56 59.49 3.53 8.52 4.43 10.68 5.20 12.54 6.30 15.19 7.18 17.33 8.08 19.48
04994-00-OUT_03 7.4 29.2 0.80 99.94 3.45 20.40 4.32 25.58 5.08 30.04 6.15 36.41 7.02 41.55 7.90 46.74
04994-00-0OUT_04 3.8 27.7 0.80 100.00 3.55 10.81 4.45 13.54 5.23 15.90 6.33 19.25 7.22 21.96 8.12 24.69
04994-00-OUT_05 6.96 29.1 0.80 100.00 3.46 19.25 4.34 24.14 5.09 28.35 6.17 34.36 7.04 39.20 7.92 44.10
01051-00-0UT_01 27.54 329 0.65 74.36 3.22 57.39 4.05 72.03 4.76 84.70 5.78 102.80 6.60 117.46 7.44 132.31
01592-00-OUT_06 2.87 27.0 0.55 58.33 3.60 5.68 4.51 7.12 5.29 8.35 6.41 10.11 7.31 11.53 8.21 12.96
01592-00-OUT_05 5.92 28.7 0.55 58.33 3.48 11.34 4.37 14.22 5.13 16.70 6.21 20.23 7.09 23.09 7.97 25.97
01592-00-0OUT_04 5.66 28.6 0.55 58.33 3.49 10.87 4.38 13.62 5.14 16.00 6.23 19.38 7.10 22.12 7.99 24.87
01592-00-0UT_03 5.42 28.5 0.55 58.33 3.50 10.43 4.38 13.07 5.15 15.35 6.24 18.60 7.12 21.22 8.00 23.86
01592-00-0UT_02 4.55 28.1 0.55 58.33 3.53 8.82 4.42 11.06 5.19 12.98 6.29 15.73 7.17 17.94 8.06 20.18
01592-00-0UT_01 4.22 27.9 0.55 58.33 3.54 8.21 4.43 10.29 5.21 12.08 6.31 14.64 7.19 16.69 8.09 18.77
01592-00-0OUT_07 8.73 29.6 0.55 58.33 3.42 16.43 4.29 20.59 5.04 24.19 6.11 29.33 6.97 33.47 7.84 37.66
01592-00-0OUT_08 3.39 27.4 0.55 58.33 3.57 6.66 4.48 8.35 5.25 9.80 6.36 11.87 7.26 13.53 8.16 15.21
00545-00-0UT_01 2.74 26.9 0.55 58.33 3.60 5.43 4.52 6.81 5.30 7.99 6.42 9.67 7.32 11.03 8.23 12.40
00546-00-OUT_01 5.57 28.5 0.55 58.33 3.49 10.70 4.38 13.42 5.14 15.75 6.23 19.09 7.11 21.78 8.00 24.49
00546-00-OUT_02 6.28 28.8 0.55 58.33 3.47 12.00 4.36 15.04 5.12 17.67 6.20 21.41 7.07 24.43 7.96 27.48
04993-00-0UT_01 16.98 315 0.80 99.29 3.31 44.71 4.15 56.09 4.88 65.92 5.92 79.97 6.76 91.32 7.61 102.82
04993-00-OUT_03 2.31 26.6 0.79 97.66 3.63 6.59 4.55 8.26 5.34 9.69 6.46 11.73 7.37 13.38 8.28 15.04
04993-00-0OUT_02 5.22 28.4 0.80 100.00 3.50 14.63 4.39 18.34 5.16 21.54 6.25 26.09 7.13 29.77 8.02 33.48

04993-00-OUT_04 1.15 25.2 0.80 100.00 3.73 3.43 4.67 4.30 5.48 5.05 6.64 6.11 7.56 6.96 8.50 7.82
04993-00-OUT_05 3.58 27.5 0.55 58.33 3.56 7.02 4.47 8.79 5.24 10.32 6.35 12.50 7.24 14.26 8.14 16.03
04993-00-OUT_07 7.46 29.2 0.55 58.33 3.45 14.14 4.32 17.73 5.08 20.82 6.15 25.24 7.02 28.80 7.90 32.40
04993-00-0OUT_09 5.43 28.5 0.55 58.33 3.50 10.45 4.38 13.09 5.15 15.38 6.24 18.63 7.12 21.25 8.00 23.90
04993-00-OUT_06 8.06 29.4 0.66 76.74 3.43 18.28 4.31 22.92 5.06 26.92 6.13 32.63 7.00 37.24 7.87 41.89
04993-00-0OUT_08 7.52 29.3 0.62 70.30 3.45 16.11 4.32 20.20 5.07 23.72 6.15 28.75 7.02 32.81 7.89 36.91
04993-00-0OUT_10 4.23 27.9 0.55 58.33 3.54 8.23 4.43 10.31 5.20 12.11 6.31 14.67 7.19 16.73 8.09 18.81
04993-00-0UT_11 15.04 31.1 0.73 88.72 3.33 36.67 4.18 46.01 491 54.06 5.95 65.57 6.80 74.88 7.65 84.29
04993-00-0UT_13 2.84 27.0 0.77 95.60 3.60 7.91 4.51 9.91 5.29 11.63 6.41 14.08 7.31 16.06 8.22 18.05
04993-00-0UT_14 3.59 27.5 0.64 73.65 3.56 8.21 4.46 10.29 5.24 12.08 6.35 14.63 7.24 16.69 8.14 18.76
04993-00-0OUT_15 2.45 26.7 0.55 58.33 3.62 4.88 4.54 6.11 5.33 7.18 6.45 8.69 7.35 9.91 8.26 11.13
04993-00-0UT_12 4.46 28.0 0.55 58.33 3.53 8.66 4.42 10.85 5.19 12.74 6.29 15.43 7.18 17.60 8.07 19.79
01594-00-0UT_01 5.72 28.6 0.58 62.89 3.49 11.52 4.37 14.44 5.14 16.96 6.22 20.55 7.10 23.45 7.99 26.37

01594-00-0UT_02 1.99 26.3 0.55 58.33 3.65 4.00 4.58 5.01 5.37 5.88 6.50 7.12 7.41 8.11 8.33 9.12
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year
Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q
Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)
00755-00-0UT_01 2.18 26.5 0.55 58.33 3.64 4.36 4.56 5.47 5.35 6.42 6.48 7.77 7.39 8.85 8.30 9.95
00756-00-OUT_01 5.15 28.3 0.55 58.33 3.51 9.93 4.39 12.45 5.16 14.62 6.25 17.71 7.13 20.20 8.02 22.72
01593-00-0UT_01 3.09 27.2 0.55 58.44 3.59 6.10 4.49 7.65 5.27 8.97 6.39 10.87 7.28 12.39 8.19 13.93
01596-00-OUT_01 2.1 26.4 0.55 58.73 3.65 4.23 4.57 5.30 5.36 6.22 6.49 7.53 7.40 8.58 8.31 9.64
01596-00-OUT_02 0.93 24.9 0.55 58.33 3.76 1.92 4.71 2.41 5.53 2.83 6.69 3.42 7.62 3.90 8.56 4.38
01597-00-0UT_01 0.39 23.5 0.55 58.33 3.88 0.83 4.86 1.04 5.69 1.22 6.89 1.48 7.84 1.68 8.81 1.89
01601-00-OUT_01 3.43 27.4 0.69 82.26 3.57 8.49 4.47 10.64 5.25 12.49 6.36 15.13 7.25 17.26 8.16 19.40
01601-00-OUT_02 2.27 26.6 0.60 66.96 3.63 4.96 4.55 6.22 5.34 7.30 6.47 8.83 7.37 10.07 8.29 11.32
01601-00-OUT_04 4 27.8 0.65 75.46 3.55 9.26 4.44 11.60 5.22 13.62 6.32 16.50 7.21 18.82 8.11 21.16
01599-00-0UT_01 2.04 26.3 0.80 100.00 3.65 5.96 4.57 7.46 5.36 8.75 6.49 10.60 7.40 12.08 8.32 13.58
01599-00-OUT_02 12.95 30.7 0.75 90.99 3.35 3241 4.21 40.65 4.94 47.76 6.00 57.92 6.85 66.13 7.71 74.44
01599-00-0UT_03 5.57 28.5 0.79 98.13 3.49 15.35 4.38 19.24 5.14 22.59 6.23 27.38 7.11 31.23 8.00 35.13
01599-00-OUT_04 5.22 28.4 0.80 99.92 3.50 14.63 4.39 18.33 5.16 21.52 6.25 26.08 7.13 29.75 8.02 33.46
01599-00-OUT_05 6.33 28.8 0.80 99.83 3.47 17.57 4.35 22.02 5.11 25.86 6.20 31.34 7.07 35.76 7.95 40.22
01599-00-OUT_06 4.65 28.1 0.80 100.00 3.52 13.10 4.41 16.42 5.18 19.28 6.28 23.36 7.16 26.65 8.06 29.97
01599-00-0UT_07 3.19 27.3 0.80 100.00 3.58 9.14 4.49 11.45 5.27 13.44 6.38 16.28 7.28 18.57 8.18 20.87
01599-00-OUT_08 1.47 25.7 0.80 100.00 3.70 4.35 4.63 5.45 5.43 6.39 6.58 7.73 7.50 8.82 8.42 9.90
01599-00-0UT_10 5.57 28.5 0.80 99.63 3.49 15.53 4.38 19.46 5.14 22.85 6.23 27.69 7.11 31.59 8.00 35.53
01599-00-OUT_09 0.93 24.9 0.80 100.00 3.76 2.80 4.71 3.51 5.53 4.11 6.69 4.98 7.62 5.67 8.56 6.37
01599-00-0OUT_22 26.82 32.8 0.22 3.88 3.23 19.34 4.05 24.28 4.77 28.54 5.78 34.64 6.61 39.58 7.45 44.59
01599-00-0UT_11 1.75 26.0 0.35 24.42 3.67 2.23 4.60 2.79 5.40 3.27 6.53 3.96 7.45 4.52 8.37 5.07
01599-00-0UT_12 7.89 29.4 0.62 69.17 3.44 16.68 4.31 20.91 5.06 24.56 6.14 29.77 7.00 33.98 7.88 38.22
01599-00-0UT_13 16.68 314 0.48 46.68 3.31 26.52 4.16 33.27 4.88 39.10 5.92 47.43 6.76 54.17 7.62 60.99
01599-00-0UT_14 20.54 32.0 0.46 42.77 3.28 30.73 4.11 38.56 4.83 45.32 5.86 54.99 6.70 62.82 7.54 70.74
01599-00-0OUT_15 23.75 325 0.49 48.72 3.25 38.01 4.08 47.70 4.80 56.08 5.82 68.05 6.65 77.75 7.49 87.56
01599-00-0UT_17 2.15 26.4 0.39 31.88 3.64 3.06 4.56 3.84 5.35 4.50 6.48 5.45 7.39 6.22 8.30 6.99
01599-00-0OUT_18 2.97 27.1 0.39 32.39 3.59 4.21 4.50 5.27 5.28 6.19 6.40 7.49 7.30 8.55 8.20 9.61
00407-00-0UT_02 2 26.3 0.75 91.17 3.65 5.46 4.57 6.84 5.37 8.02 6.50 9.71 7.41 11.07 8.33 12.44
04926-00-OUT_03 15.75 31.2 0.80 100.00 3.32 41.85 4.17 52.51 4.90 61.71 5.94 74.85 6.78 85.47 7.64 96.22
04926-00-OUT_04 8.6 29.6 0.80 100.00 3.42 23.55 4.29 29.53 5.04 34.69 6.11 42.05 6.98 47.99 7.85 53.99
04926-00-OUT_05 1.65 25.9 0.77 95.05 3.68 4.68 4.61 5.86 5.41 6.88 6.55 8.32 7.46 9.49 8.39 10.66
04926-00-OUT_06 1.39 25.6 0.77 94.96 3.71 3.97 4.64 4.97 5.45 5.83 6.59 7.05 7.51 8.04 8.44 9.03
04926-00-OUT_07 4.7 28.1 0.80 99.75 3.52 13.21 4.41 16.56 5.18 19.45 6.28 23.56 7.16 26.87 8.05 30.22
04926-00-OUT_08 2.25 26.5 0.80 100.00 3.63 6.54 4.55 8.20 5.34 9.62 6.47 11.65 7.38 13.28 8.29 14.92
04926-00-OUT_09 3.76 27.6 0.80 100.00 3.56 10.70 4.46 13.40 5.23 15.74 6.34 19.06 7.23 21.74 8.13 24.44
04926-00-0OUT_10 7.16 29.1 0.80 100.00 3.45 19.78 4.33 24.80 5.08 29.13 6.16 35.30 7.03 40.28 7.91 45.31
04926-00-OUT_12 2.14 26.4 0.80 100.00 3.64 6.24 4.56 7.81 5.35 9.17 6.48 11.10 7.39 12.65 8.31 14.22
04926-00-OUT_13 1.26 25.4 0.80 100.00 3.72 3.75 4.66 4.70 5.47 5.51 6.61 6.67 7.54 7.60 8.47 8.54
01599-00-0UT_19 5.88 28.7 0.74 89.17 3.49 15.06 4.37 18.88 5.13 22.17 6.22 26.87 7.09 30.65 7.98 34.48
01599-00-0UT_20 3.99 27.8 0.53 55.77 3.55 7.57 4.44 9.48 5.22 11.13 6.32 13.48 7.21 15.38 8.11 17.29
01599-00-0UT_21 2.92 27.1 0.54 56.01 3.60 5.63 4.50 7.05 5.29 8.28 6.40 10.02 7.30 11.43 8.21 12.85
01599-00-0OUT_23 4.35 28.0 0.40 32.82 3.53 6.10 4.43 7.64 5.20 8.98 6.30 10.87 7.18 12.40 8.08 13.95
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year
Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q
Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)
05419-00-OUT_15 0.35 23.3 0.62 69.91 3.89 0.84 4.87 1.06 5.71 1.24 6.91 1.50 7.87 1.71 8.84 1.92
05419-00-0OUT_16 0.63 24.2 0.72 86.11 3.82 1.72 4.78 2.16 5.60 2.53 6.78 3.06 7.72 3.49 8.67 3.92
05419-00-0OUT_17 6.99 29.1 0.76 93.20 3.46 18.35 4.33 23.00 5.09 27.01 6.17 32.74 7.04 37.36 7.92 42.02
05419-00-0UT_18 8.45 29.6 0.56 60.75 3.43 16.34 4.30 20.49 5.05 24.07 6.12 29.18 6.98 33.30 7.85 37.46
05419-00-0OUT_19 4.7 28.1 0.79 98.14 3.52 13.05 4.41 16.36 5.18 19.21 6.28 23.27 7.16 26.55 8.05 29.85
05419-00-0UT_20 4.07 27.8 0.76 93.02 3.54 10.93 4.44 13.70 5.21 16.09 6.32 19.49 7.20 22.23 8.10 24.99
05419-00-0UT_21 0.66 24.3 0.57 61.49 3.81 1.43 4.77 1.79 5.59 2.10 6.77 2.54 7.71 2.90 8.66 3.25
05419-00-0OUT_22 9.52 29.9 0.79 97.99 3.41 25.55 4.27 32.04 5.02 37.64 6.08 45.63 6.94 52.08 7.81 58.60
05419-00-0UT_23 2.09 26.4 0.55 58.33 3.65 4.19 4.57 5.25 5.36 6.16 6.49 7.46 7.40 8.50 8.31 9.56
05419-00-0UT_24 2.01 26.3 0.55 58.33 3.65 4.04 4.57 5.06 5.37 5.93 6.50 7.18 7.41 8.19 8.33 9.20
05419-00-OUT_25 3.39 27.4 0.60 67.06 3.57 7.29 4.48 9.14 5.25 10.73 6.36 13.00 7.26 14.82 8.16 16.66
05419-00-0UT_26 1.15 25.2 0.70 83.92 3.73 3.02 4.67 3.78 5.48 4.44 6.64 5.37 7.56 6.12 8.50 6.87
05419-00-0OUT_27 2.04 26.3 0.56 59.76 3.65 4.16 4.57 5.21 5.36 6.11 6.49 7.40 7.40 8.44 8.32 9.48
05419-00-0UT_28 1.21 25.3 0.57 61.09 3.73 2.55 4.67 3.20 5.47 3.75 6.62 4.54 7.55 5.17 8.48 5.81
05419-00-OUT_30 3.76 27.6 0.80 100.00 3.56 10.70 4.46 13.40 5.23 15.74 6.34 19.06 7.23 21.74 8.13 24.44
05419-00-0UT_31 0.38 23.4 0.80 100.00 3.88 1.18 4.86 1.48 5.70 1.73 6.89 2.10 7.85 2.39 8.81 2.68
05419-00-OUT_32 1.31 25.5 0.80 100.00 3.71 3.89 4.65 4.87 5.46 5.72 6.61 6.92 7.53 7.89 8.46 8.86
05419-00-OUT_33 12.53 30.6 0.78 97.14 3.36 32.96 4.21 41.35 4.95 48.58 6.01 58.91 6.86 67.26 7.72 75.70
02458-00-OUT_01 18.67 31.7 0.66 77.21 3.29 40.77 4.13 51.16 4.86 60.13 5.89 72.95 6.73 83.32 7.58 93.81
02458-00-OUT_02 5.77 28.6 0.55 59.03 3.49 11.15 4.37 13.98 5.13 16.42 6.22 19.89 7.10 22.70 7.98 25.53
02458-00-OUT_03 8.73 29.6 0.56 59.17 3.42 16.58 4.29 20.78 5.04 24.41 6.11 29.59 6.97 33.78 7.84 38.00
02458-00-OUT_04 5.71 28.6 0.55 58.33 3.49 10.96 4.37 13.74 5.14 16.13 6.22 19.55 7.10 22.30 7.99 25.08
02458-00-OUT_05 4.44 28.0 0.51 52.36 3.53 8.06 4.42 10.10 5.19 11.86 6.29 14.36 7.18 16.39 8.07 18.42
02458-00-OUT_07 3.69 27.6 0.55 58.33 3.56 7.22 4.46 9.05 5.24 10.63 6.34 12.87 7.23 14.68 8.13 16.50
13301-00-STR_01 1.24 25.4 0.55 58.33 3.72 2.54 4.66 3.18 5.47 3.73 6.62 4.51 7.54 5.14 8.47 5.78
13301-00-STR_02 1.65 25.9 0.55 58.33 3.68 3.34 4.61 4.18 5.41 4.91 6.55 5.94 7.46 6.77 8.39 7.61
13301-00-STR_03 2.05 26.3 0.70 82.72 3.65 5.21 4.57 6.52 5.36 7.66 6.49 9.27 7.40 10.57 8.32 11.88
13301-00-STR_04 3.44 27.4 0.80 100.00 3.57 9.82 4.47 12.31 5.25 14.45 6.36 17.50 7.25 19.96 8.15 22.44
13300-00-STR_01 0.36 234 0.55 58.33 3.89 0.77 4.87 0.96 5.71 1.13 6.90 1.37 7.86 1.56 8.83 1.75
13300-00-STR_02 1.12 25.2 0.55 58.33 3.74 2.30 4.68 2.88 5.49 3.38 6.64 4.09 7.57 4.66 8.50 5.24
13300-00-STR_03 1.55 25.8 0.55 58.33 3.69 3.15 4.62 3.94 5.42 4.62 6.56 5.60 7.48 6.38 8.41 7.17
13300-00-STR_04 0.92 24.9 0.55 58.33 3.76 1.90 4.71 2.38 5.53 2.80 6.69 3.39 7.62 3.86 8.56 4.33
13300-00-STR_05 1.22 25.4 0.55 58.33 3.72 2.50 4.66 3.13 5.47 3.67 6.62 4.44 7.55 5.06 8.48 5.69
13300-00-STR_06 1.19 25.3 0.55 58.33 3.73 2.44 4.67 3.06 5.48 3.58 6.63 4.34 7.55 4.94 8.49 5.55
13300-00-STR_07 4.29 27.9 0.80 100.00 3.54 12.13 4.43 15.21 5.20 17.85 6.30 21.63 7.19 24.67 8.08 27.74
13300-00-STR_08 0.83 24.7 0.80 100.00 3.78 2.51 4.73 3.14 5.55 3.68 6.71 4.46 7.65 5.08 8.59 5.71
13300-00-STR_09 4.13 27.8 0.80 99.39 3.54 11.65 4.44 14.60 5.21 17.14 6.31 20.76 7.20 23.68 8.09 26.62
13300-00-STR_10 6.62 28.9 0.55 58.46 3.47 12.64 4.35 15.84 5.10 18.61 6.18 22.55 7.06 25.73 7.94 28.94
13300-00-STR_11 1.51 25.8 0.63 71.30 3.69 3.50 4.63 4.39 5.43 5.15 6.57 6.23 7.49 7.10 8.41 7.98
13300-00-STR_12 1.1 25.2 0.66 76.08 3.74 2.70 4.68 3.38 5.49 3.97 6.65 4.80 7.57 5.47 8.51 6.15
11900-00-GLF_01 177.31 39.9 0.26 10.04 2.89 133.15 3.63 167.54 4.28 197.42 5.21 240.26 5.96 275.14 6.73 310.73
13300-00-OUT_03 159.56 39.4 0.79 97.96 2.91 365.21 3.66 459.46 4.31 541.32 5.24 658.69 6.00 754.18 6.78 851.60
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EXHIBIT 5 - Existing Condition Hydrologic Calculations

2 year 5 year 10 year 25 year 50 year 100 year
Intensity | Flow Q | Intensity | Flow Q |Intensityl| FlowQ |Intensityl Flow Q |[Intensityl| Flow Q |[Intensityl| Flow Q
Drainage Area Area (acre) Tc(min) C %IMP (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs) (in/hr) (cfs)
13300-00-0UT_02 187.7 40.1 0.68 80.41 2.88 368.30 3.62 463.46 4.26 546.15 5.19 664.75 5.94 761.29 6.71 859.85
13301-00-0UT_01 182.71 40.0 0.30 16.47 2.88 157.26 3.62 197.89 4.27 233.19 5.20 283.82 5.95 325.02 6.72 367.08
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Exhibit 10
Effective vs Duplicate Effective HEC-RAS Profile
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Exhibit 11
Duplicate Effective vs Revised Existing HEC-RAS Profile
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1 inch = 2,000 feet
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Exhibit 15

Proposed vs Revised Existing HEC-RAS Profiles
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Exhibit 17
Mitigated vs Revised Existing HEC-RAS Profile
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ATTACHMENT 1C

PROJECT APPLICATION
SUMMARY FORM

MITIGATION ACTIVITY:
STORMWATER DETENTION BASIN AND
CHANNEL CONVEYANCE
IMPROVEMENTS ALONG SALT WATER
DITCH

PROJECT:
SIMS BAYOU WATERSHED
MITIGATION PROJECT



Standard Form for CDBG-MIT Applications

Harris County Flood Control District

General Information

This is an individual Mitigation Activity included in the Sims Bayou Watershed Mitigation Project

Project Information (Individual Mitigation Activities)

Project Name: Stormwater Detention Basin and Channel Conveyance Improvements Along Saltwater
Ditch

Project Type: Flood Risk Reduction

Risk Mitigated: Riverine Flooding

Street Address (nearest to project): 7545 Martin Luther King Jr. Blvd.

Street Limits on Street — From Street ___ Airport Blvd —To Street 1-610

Zip Code: 77033
City: Houston

County: Harris

State: TX

Latitude (Decimal Degrees — 5 decimal places): 29.67246

Longitude (Decimal Degrees — 5 decimal places): -95.33358
Project Summary Narrative:

The objective of this project is to maximize the stormwater conveyance capacity of Salt Water
Ditch (HCFCD Unit # C118-00-00) by converting the existing drainage ditch to a storm sewer
enclosure consisting of multiple barrels of Steel Reinforced Polyethylene (SRPE) pipe; and,
therefore providing flood reduction benefits. The finished project will achieve a 10-year level of
service vs. the current 2-year level of service or less, which frequently causes flooding in the
neighborhoods along Salt Water Ditch. A detention pond will also be constructed to mitigate
impacts from the project to Sims Bayou due to increased discharge from the improved Salt
Water Ditch. The project provides benefits in the 10-year storm event to approximately 2,000
structures and 9 roadways across the Salt Water Ditch watershed.

Historically, structural flooding has been an issue along Sims Bayou and its tributaries. The Salt
Water Ditch (HCFCD Unit # C108-00-00) - a sub-watershed of Sims Bayou - has a documented
history of street and structural flooding due to an inadequate level of service because of
insufficient stormwater conveyance capacity in Salt Water Ditch. This project has been in the
study phase for several years by several engineering consultants and agencies, and is ready to

Application Summary Form for Sims Bayou Mitigation Project Page 1 of 7
Mitigation Activity: Stormwater Detention Basin and Channel Conveyance
Improvements Along Saltwater Ditch



move forward with the design and construction to provide flood risk reduction for the area of
Salt Water Ditch.

. In_February 1989, HCFCD retained Dodson and Associates to prepare a Preliminary
Design Report of Channel Improvements for Salt Water Ditch. This report analyzed the existing
conditions of Salt Water Ditch and proposed two alternatives to improve the capacity of the
channel. The two alternatives consisted of channel improvements from the confluence with
Sims Bayou (HCFCD Unit # C100-00-00) to the upstream limits of the ditch at Calhoun Road. The
majority of channel improvements proposed for both alternatives included a concrete channel
section.

e In June 2010, HCFCD prepared a HCFCD Internal Reconstruction Report for Salt Water
Ditch. This report presented the existing flooding issues along Salt Water Ditch and offered two
alternatives with either a 10-year or 25-year level of service. For the two alternatives, channel
improvements were proposed from Martin Luther King Jr. Blvd to either Vasser Road or the
confluence of Sims Bayou.

. In February 2016, the City of Houston and HCFCD retained CivilTech to perform a study
of potential flood mitigation strategies for Salt Water Ditch which CivilTech recommended two
improvement options as follows.

1) Widen the existing channel to a proposed trapezoidal channel with a minimum of 6-foot
bottom width and 4H:1H side slopes throughout the entire length of Salt Water Ditch to achieve
a 100-year level of service.

2) Install closed conduit drainage system in lieu of channel improvements for the portion
of Salt Water Ditch upstream of Martin Luther King Jr. Blvd. The size of the closed conduit
ranges from 3-12’x8’ RCB'’s to 3-12'x10’ RCB’s; downstream of Martin Luther King Jr. Blvd the
closed conduit system would transition to the proposed improved channel. This option was
proposed to reduce the ROW acquisition.

. In April 2018, the City of Houston again retained CivilTech to perform an addendum to
the previous study for Salt Water Ditch which CivilTech recommended two additional
improvement options to further reduce the ROW acquisition.

1) Install a closed storm sewer system consisting of 2-6’x6’" RCB’s, 2-8'x6’ RCB’s, 2-8'x8’
RCB'’s, 2-10’x8’ RCB’s with a ditch above to provide a 5-year level of service.

2) Install a closed storm sewer system consisting of 2-6’x6’" RCB’s, 2-8'x6’ RCB’s, 2-8'x8’
RCB’s, 2-10’x8’ RCB'’s, 2-10’x10’ RCB’s with a ditch above to provide a 10-year level of service.

Recently, Harris County Engineering Department retained WSB dba NAK with the assistance of
GAUGE to perform the final drainage study for Salt Water Ditch with the newest adopted ATLAS-
14 drainage requirements. The team recommends a new piping technology known as Steel
Reinforced Polyethylene (SRPE) Pipe consisting of 2-84”, 2-108”, 3-108”, 3-120” pipes which are
less expensive than the concrete storm sewer products. In addition, the construction will be
faster as SRPE pipes can be fabricated in longer sections and they are lighter in weight. This new
drainage system will convey stormwater more efficiently and provide a 10-year level of service
from Calhoun Road to Van Fleet Street, a 25-year level of service from Van Fleet Street to
Bellfort Avenue; 100-year level of service from Bellfort Avenue to Vasser Road, and 500-year
level of service from Vasser Road to Sims Bayou.
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Describe how the risk listed above is currently affecting the project area:

Without any improvements to Salt Water Ditch, many properties along the Salt Water Ditch and
those neighborhoods that have storm sewer outfalls connected to Salt Water Ditch will continue
to experience frequent flooding at a significantly low-level storm events (2-year event or less).
This level of flooding inhibits community development.

How will the Project mitigate against the risk listed above?

By installing the new underground storm sewer enclosure along Salt Water Ditch and
constructing a new detention pond south of Sim Bayou east of Salt Water Ditch, it will reduce
the flood risks within the Salt Water Ditch watershed while not causing adverse impacts to Sims

Bayou.

Does the project enhance any other mitigation efforts already underway?

This project could help to provide storage to mitigate some of the City of Houston’s plans to
improve the neighborhood drainage systems in the area. Currently, the City of Houston is
conducting a drainage study in the same project area, where several storm sewer outfalls to Salt
Water Ditch could be upsized or combined in order to effectively convey stormwater into the
new storm sewer enclosure. Together with the other mitigation activities included in the Sims
Bay Watershed Mitigation Project, this activity will bring significant flood risk reduction benefits
to the residents of the Sims Bayou watershed.

Have you procured construction services for the proposed project? No

What is the construction completion method to be used? Competitive Sealed Bid/Contract

Will acquisition of real property or any activity requiring compliance with URA be required? Yes

If yes: Provide the Estimated Number of Parcels: 1

What is the status of the acquisition? Continue coordination with the City of Houston

Provide a brief narrative describing the acquisition activities required: __It is anticipated that a

parcel will be acquired to provide for the required stormwater detention volume to mitigate the

project.
Congressional Representative District #: 9
State Representative District #: 147
State Senator District #: 13

Eligibility Check

e Meets HUD’s definition of mitigation activities
o Long-term Vulnerability Reduction, Community Resilience
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e Meets GLO Application project definition
o Reducing risk of natural hazards through infrastructure improvements
e Addresses identified current and future risks; (NOTE: identified risks change per program)
o This project will reduce the current and future risk of flooding due to heavy rainfall
e Meets the definition of a CDBG-eligible activity under Title | of HCDA or otherwise pursuant to a
waiver or alternative requirement
o Construction of public works
e Meets a CDBG National Objective; as amended for MIT funds
o LMI National Objective
e Includes a plan for the long-term funding and management of the operations and maintenance
of the project
o HCFCD operates, inspects, and maintains a vast network of nearly 2,500 miles of
stormwater conveyance channels and detention basins across Harris County. The
proposed basin and feeder lines will be owned, inspected and maintained by HCFCD as
part of their ongoing process.
e Cost verification controls must be in place to assure that construction costs are reasonable and
consistent with market costs at the time and place of construction
o All construction contracts will be advertised and bid publicly through Competitive
Sealed Bid/Contract, in accordance with Texas State Law and Local laws and policies.

Locally Adopted Plan

Name of Local Adopted Plan:  Harris County Flood Control District 2018 Bond Program for Flood Risk
Reduction and Resilience

Is a copy of the plan attached? YES
Year plan was adopted: 2018 (Updated May 2020)

project page number in plan: 19 of 67 (Bond ID C-08)
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Added Resiliency Measures

This project following construction will provide resiliency to flooding for the benefit area. This project
will be designed and constructed in manner to provide resiliency of the improvements and provide for
improved access for maintenance.

Historically, structural flooding has been an issue along Sims Bayou and its tributaries. The Salt Water
Ditch (HCFCD Unit # C108-00-00) - a sub-watershed of Sims Bayou - has a documented history of street
and structural flooding due to an inadequate level of service because of insufficient stormwater
conveyance capacity in Salt Water Ditch. This project has been in the study phase for several years by
several engineering consultants and agencies, and is ready to move forward with the design and
construction to provide flood risk reduction for the area of Salt Water Ditch.

Covered Projects (Harvey Only)

Is this a Covered Project? yes

Brief Project Description: See watershed project level summary

See “Eligibility Check” section for justification for amendment to State Action Plan.

Benefit Cost Analysis (Harvey Only)

Project Benefits: See watershed project level summary

Project Cost:  See watershed project level summary

Calculated BCR: See watershed project level summary

Description of benefit cost analysis methodology: See watershed project level summary

Citizen Participation Plan

Date Project was first posted for public comment? October 3, 2020

Date Project was last posted for public comment? TBD

Were any comments received from the public? TBD

Were responses provided to all public comments within 15 days of receipt? YES

The final plan will be included with the application once the public comment period is complete.

Grant Management Plan

See watershed project level summary

Application Summary Form for Sims Bayou Mitigation Project Page 5 of 7
Mitigation Activity: Stormwater Detention Basin and Channel Conveyance
Improvements Along Saltwater Ditch



Beneficiary Data

See watershed project level summary

Environmental Clearance

Is this an Aggregate Project (multiple activities)? YES

Type of Aggregation (if applicable): Geographic Aggregation

What is the current status of the project? Completed.

Brief Project Narrative: The objective of this project is to maximize the stormwater conveyance capacity
of Salt Water Ditch (HCFCD Unit # C118-00-00) by converting the existing drainage ditch to a storm
sewer enclosure consisting of multiple barrels of Steel Reinforced Polyethylene (SRPE) pipe; and,
therefore providing flood reduction benefits. The finished project will achieve a 10-year level of service
vs. the current 2-year level of service or less, which frequently causes flooding in the neighborhoods
along Salt Water Ditch. A detention pond will also be constructed to mitigate impacts from the project
to Sims Bayou due to increased discharge from the improved Salt Water Ditch. The project provides
benefits in the 10-year storm event to approximately 2,000 structures and 9 roadways across the Salt
Water Ditch watershed.

Will the proposed project site have any negative impact(s) or effect(s) on the environment per HUD
environmental regulations as described? No

If yes, or the applicant believes an issue may exist, provide a brief narrative explaining the issue: N/A
Is the proposed project site likely to require a historical resources/archaeological assessment? N/A

If yes, or the applicant believes a historical resources/archaeological assessment may be needed,
provide a brief narrative explaining the issue: The area associated with the potential historical resource
and archaeological issue has been identified. A preliminary design study regarding the construction of
the proposed improvements has been investigated to avoid disturbance to this area. It’s not anticipated
that additional archaeological assessment will be required.

Is the proposed project site listed on the National Register of Historic Places? No

If yes, provide a brief narrative explaining how the historic site will be impacted: N/A
Is the proposed project site in a designated flood hazard area or a designated wetland? Yes

Is the applicant participating in the National Flood Insurance Program? Yes

Is the project in a designated Regulatory Floodway? Yes

Is the proposed project site located in a known critical habitat for endangered species? No

Is the proposed project site a known hazardous site? No

Is the proposed project site located on federal lands or at a federal installation? No

If yes, provide a brief narrative detailing why federal land or a federal installation is required for the

proposed project. N/A
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What level of environmental review is likely needed for the proposed project site? Environmental
Assessment

Provide a brief narrative to include any additional detail or information relevant to Environmental
Review: A Cultural Resource Desktop Assessment, a Threatened and Endangered Species Assessment, a
Wetlands Delineation and Jurisdictional Determination, and Phase 1 and Phase 2 ESA reports are
completed for this project as part of the due diligence for environmental assessments. Only one site at
7535 Martin Luther King Jr. Blvd was identified with recognized environmental conditions (REC). It was
recommended that a Soil and Groundwater Management Plan (S&GMP) be prepared prior to initiation
of construction activities near this site. Another environmentally sensitive area is the F.M. Law Park on
the east side of Salt Water Ditch between Vasser Road and Sims Bayou. Based on the Cultural Resource
Desktop Assessment reviews, F.M. Law Park and its golf course was a historic Prison Farm where
remnants of structures, intact archeological deposits or materials may have been associated with the
Prison Farm system. The proposed improvements of Salt Water Ditch between Vasser Road and Sims
Bayou will remain within the existing 60-foot drainage easement with some minor regrading to the
ground adjacent to F.M. Law Park. No deep excavation will be performed on F.M. Law Park; therefore, it
should not create any environmental or archaeological impacts to this area. No wetland and critical
habitat were found within the project limits.

Affirmatively Furthering Fair Housing

See watershed project level summary

Scoring Criteria

See watershed project level summary

List of Attachments

See watershed project level summary
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ATTACHMENT 1

PROJECT APPLICATION
SUMMARY FORM

SIMS BAYOU WATERSHED
MITIGATION PROJECT



Standard Form for CDBG-MIT Applications

Harris County Flood Control District

General Information

CDBG-MIT Program: Hurricane Harvey State Mitigation Competition — HUD MID

Individual or Shared (Harvey Only): Individual

Applicant (Primary): Harris County Flood Control District

SubApplicant (Secondary):

FY End Date: _ 2/28/2020

Council of Governments: Houston-Galveston Area Council (HGAC)

Contact: Alan Black, PE (HCFCD)

Authorized Representative: Alan Black, PE

Grant Administrator: Chris Fenner (Stuart Consulting)

Project Information

Project Name: Sims Bayou Watershed Mitigation Project

Project Type: Mitigation

Risk Mitigated: Riverine Flooding

Street Address (nearest to project): See individual mitigation activity summary documents attached

Street Limits on Street — From Street __ See Indiv. Activities —To Street _See Indiv. Activities

Zip Code: See Individual Activities

City: See Individual Activities

County: Harris

State: TX

Latitude (Decimal Degrees — 5 decimal places): See Individual Activities

Longitude (Decimal Degrees — 5 decimal places): See Individual Activities

Project Summary Narrative:

Summary

Subdivisions and businesses throughout the Sims Bayou Watershed in Harris County Experience
localized and regionalized flooding conditions during hurricanes, tropical storms, and even
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intense rainfall events that overwhelm the existing drainage and flood control systems, resulting
in riverine, or out-of-bank, flooding of the local bayous, tributaries, and drainage channels. The
risk of flooding is a daily threat to the residents that live in areas with aging and inadequate
drainage systems. The individual mitigation activity sites identified throughout this application
are part of an organized county-wide effort to analyze infrastructure shortfalls, build community
resilience, and mitigate future hazards through flood risk reduction projects and strict floodplain
management practices. The project sites described in this application benefit many residents in
some of the most vulnerable and at-risk areas of the County.

Residents within the aforementioned watershed most recently experienced structural flooding
damage during Tropical Storm Imelda in 2019. The most notable, though, was Hurricane Harvey
in 2017 where estimates indicate that flooding damages exceeded $125 billion. Harris County’s
housing flood insurance claims exceeded $2.9 billion (over 47,000 homes), and FEMA individual
assistance claims was estimated at $4.6 billion (177,600 claims). The estimated residential losses
within Harris County include 154,170 flooded homes and 36 flood related deaths. Additionally,
more than 300,000 vehicles were flooded across Harris County, many of which were at homes,
parking garages and dealership lots.

While Hurricane Harvey is viewed as the most disastrous flood on record in Harris County, other
similar type flooding occurred in the area over the past five years. The Memorial Day Flood (May
25-27, 2015) flooded over 6,000 structures and the Tax Day Flood (April 17-18, 2016) flooded
9,820 structures. More recently, Tropical Storm Imelda (September 17-19, 2019) brought more
than 30 inches of rain to the area, resulting in a death and several hundred high-water rescues.
A portion of the losses are located within the FEMA designated floodplain, which is anticipated
during rainfall events of this magnitude, but a large portion of the flooded population are
located outside of those typical flood prone areas.

The prevalence of residential losses outside the regulated floodplain spurred local investment
into drainage studies to identify drainage infrastructure problems, propose solutions to mitigate
future flooding, and estimate project costs. The studies determined that while the existing flood
control measures were built according to the standards and regulations at the time, continued
development in Harris County has increased the stormwater runoff and over-burdened the
existing system. Several projects have been identified throughout the County and this
Watershed to increase channel conveyance and to provide increased stormwater detention to
help protect the communities within the watershed from future flood risk.

The massive and long-term financial commitment is recognized locally, and the mitigation
activities included in this application were approved for funding in the 2018 Harris County Flood
Control District Bond Program. While some funding was earmarked for these subdivision
drainage sites and is currently being used to fund the engineering study and design, the bond
funding is not adequate to construct the required improvements. As a result, Harris County and
Harris County Flood Control District are in dire need of additional funding to help address these
urgent concerns. Income and need were factors when selecting projects for inclusion in the
Bond program and the improvements were designed to assist low- and moderate-income
persons/communities.

The Sims Bayou Watershed Mitigation Project is comprised of 3 individual mitigation activities:

South Post Oak SWDB and Channel Improvements

South Shaver Detention Basin C506-01-00-E0003
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Stormwater Detention Basin and Channel Conveyance Improvements Along Saltwater
Ditch

Project Area

The activity sites included in this application were selected because the proposed improvements
will result in increased resilience and reduction of the long-term risk for loss of homes and
contents, injury or loss of life. The sites were also chosen as they are located in a designated
most impacted and distressed area (MID). Additionally, these sites qualify for a CDBG eligible
activity, Flood and Drainage Facilities, and meet the low to moderate income national objective.

Included with this package are summaries of each mitigation activity site, the unique challenges
each area faces, and the creative solutions to bring reduced flood risks to the watershed.

Describe how the risk listed above is currently affecting the project area: See indiv. activity narratives

How will the Project mitigate against the risk listed above? See individual activity narratives.

Does the project enhance any other mitigation efforts already underway? See indiv. activity narratives.

Have you procured construction services for the proposed project? No

What is the construction completion method to be used? Competitive Sealed Bid/Contract

Will acquisition of real property or any activity requiring compliance with URA be required? See
individual site narratives

If yes: Provide the Estimated Number of Parcels: See individual activity narratives

What is the status of the acquisition? See individual activity narratives

Provide a brief narrative describing the acquisition activities required: See individual activity narratives

Congressional Representative District #: 9 & 29

State Representative District #: 131, 145, & 147

State Senator District #: 6 & 13

Eligibility Check

e Meets HUD’s definition of mitigation activities
o Long-term Vulnerability Reduction, Community Resilience
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Meets GLO Application project definition

o Reducing risk of natural hazards through infrastructure improvements
Addresses identified current and future risks; (NOTE: identified risks change per program)

o This project will reduce the current and future risk of flooding due to heavy rainfall
Meets the definition of a CDBG-eligible activity under Title | of HCDA or otherwise pursuant to a
waiver or alternative requirement

o Construction of public works
Meets a CDBG National Objective; as amended for MIT funds

o LMI National Objective
Includes a plan for the long-term funding and management of the operations and maintenance
of the project

o HCFCD operates, inspects, and maintains a vast network of nearly 2,500 miles of

stormwater conveyance channels and detention basins across Harris County. The
proposed basin and feeder lines will be owned, inspected and maintained by HCFCD as
part of their ongoing process.
Cost verification controls must be in place to assure that construction costs are reasonable and
consistent with market costs at the time and place of construction
o All construction contracts will be advertised and bid publicly through Competitive
Sealed Bid/Contract, in accordance with Texas State Law and Local laws and policies.

Locally Adopted Plan

Name of Local Adopted Plan:  Harris County Flood Control District 2018 Bond Program for Flood Risk

Reduction and Resilience

Is a copy of the plan attached? YES
Year plan was adopted: 2018 (Updated May 2020)

project page number in plan:  See individual activity summaries
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Added Resiliency Measures

The combined result of the proposed mitigation activities in the Sims Bayou Watershed will greatly
increase the resiliency of the communities in this watershed against negative impacts from flooding in
future heavy rainfall events. The proposed improvements will greatly reduce the water surface
elevation in flood events and protect homes, business, and vital transportation routes in the Sims Bayou
Watershed. Additionally, the proposed detention basins will behave as dry basins that allow a maximum
of 48-hour detention period after the design storm and remain completely dry between storms,
promoting additional infiltration of stored water.

Covered Projects (Harvey Only)

Is this a Covered Project? Yes
Brief Project Description:

Subdivisions and businesses throughout the Sims Bayou Watershed in Harris County Experience
localized and regionalized flooding conditions during hurricanes, tropical storms, and even
intense rainfall events that overwhelm the existing drainage and flood control systems, resulting
in riverine, or out-of-bank, flooding of the local bayous, tributaries, and drainage channels. The
Sims Bayou Watershed Mitigation Project is comprised of 3 individual mitigation activities:

South Post Oak SWDB and Channel Improvements

South Shaver Detention Basin C506-01-00-EQ003

Stormwater Detention Basin and Channel Conveyance Improvements Along Saltwater
Ditch

These mitigation activities will result in increased resilience and reduction of the long-term risk
for loss of homes and contents, injury or loss of life. The sites are also located in a designated
most impacted and distressed area (MID) and the activities bring significant benefits to the low
to moderate income residents that make up the service area.

See “Eligibility Check” section for justification for amendment to State Action Plan.

Benefit Cost Analysis (Harvey Only)

Project Benefits: $192,024,910.00

Project Cost: $106,810,450.00

Calculated BCR: 1.80

Description of benefit cost analysis methodology: The benefit-cost analysis performed for Sims Bayou
Watershed Mitigation Project included quantification of the following types of benefits:

- Building damages (avoided costs)

- Content damages (avoided costs)

- Residential displacement (avoided costs)

- Non-residential displacement (avoided costs)
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- Mental health treatment (avoided costs)

- Worker productivity (avoided costs)

- Ecosystem services (added benefit of conversion of developed land)

Social benefits represent the expected benefits of reducing mental health impacts associated with
experiencing a disaster such as flooding. These benefits include avoided costs of:

- Health treatment for mental stress and anxiety of impacted residents

- Productivity losses by impacted residents who work full-time due to impacts on mental health

Environmental benefits based on the FEMA Toolkit represent the value of ecosystem services provided
by enhancement of a parcel’s land use to a use type which provides a higher level of natural
environmental benefits. This Project requires some acquisition and conversion of developed land to
undeveloped floodplain or detention space. The benefit value for Green Open Space has been applied
to these areas.

In addition to environmental benefits, social benefits, and reduced structural damages and displacement
costs, this project represents a holistic benefit to its watershed service area by removing structures and
land area from the floodplain.

Project costs as estimated for the CDBG-MIT grant application include the estimated costs outlined on
the CDBG MIT: Budget Justification of Retail Costs for each of the proposed mitigation activities. The
benefit-cost ratio was determined as the ratio of the present value of Total Expect Benefits to Total
Project Cost. It is important to note that this Project will provide many community benefits for which an
economic value could not be quantified as part of this analysis. Additional unquantified benefits are
discussed further in the section on Qualitative Benefits in the attached BCA document.

Citizen Participation Plan

See individual activity narratives for details.

Citizen Participation Plan will be included with the application once the public comment period is
complete.

Grant Management Plan

Is a Grant Management Plan attached? _Harris County Community Services Department has a Grant
Management Plan on file with GLO. A list of the stakeholders and their roles is attached to this
application.

Beneficiary Data

Total number of project beneficiaries:___309,645

Cost per beneficiary: __ $344.94

Total Population: 4,602,523 (2018 5-year Census estimate)
% Beneficiaries per Population: 0.067
Does the Project benefit >51% LMI population? Yes
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Environmental Clearance

See individual activity narratives

Affirmatively Furthering Fair Housing

Harris County and Harris County Flood Control District comply with CDBG and GLO regulations for
affirmatively furthering fair housing. See attached documentation for more information.

Scoring Criteria —

Composite Disaster Index: 5 (Top 10%) 10 points
Social Vulnerability Index: 3 - Medium 5 points
Per Capita Market Value: $529,092,108,213/4,602,523=5114,957 2 points
LMI National Objective: Yes 20 points
In a Local Adopted Plan? Yes 5 points
Applicant Management Capacity: Proc policy, single audit, recent grants 15 points
Amount per Beneficiary: $344.94 12 points
% of Beneficiaries per Population: 0.067 0.67 points
% Non-CDBG Funds: ___ 6.4% from HCFCD 5 points
Resiliency Measures: __yes N/A
TOTAL 74.67 points
Poverty Rate: 16.8%

List of Attachments

1. Application Summary (Sims Bayou Watershed Mitigation Project)

a. Application Summary (South Post Oak SWDB and Channel Improvements)

b. Application Summary (South Shaver Detention Basin C506-01-00-E0003)

c. Application Summary (SWDB and Channel Conveyance Improvements Along Saltwater Ditch)
2. Project Area Map (Sims Bayou Watershed Mitigation Project)

a. Project Area Map (South Post Oak SWDB and Channel Improvements)

b. Project Area Map (South Shaver Detention Basin C506-01-00-E0003)

c. Project Area Map (SWDB and Channel Conveyance Improvements Along Saltwater Ditch)
3. Project Beneficiary Map (Sims Bayou Watershed Mitigation Project)
4. Beneficiary Data and Demographics (Sims Bayou Watershed Mitigation Project)
5. Site Photos
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10.
11.
12.
13.
14.

15.
16.
17.
18.
19.

a. Site Photos (South Post Oak SWDB and Channel Improvements)

b. Site Photos (South Shaver Detention Basin C506-01-00-E0003)

c. Site Photos (SWDB and Channel Conveyance Improvements Along Saltwater Ditch)

Local Adopted Plan (with Commissioners Court Adoption)

Project Cost Estimate

a. Project Cost Estimate (South Post Oak SWDB and Channel Improvements)

b. Project Cost Estimate (South Shaver Detention Basin C506-01-00-E0003)

c. Project Cost Estimate (SWDB and Channel Conveyance Improvements Along Saltwater Ditch)
Project Schedule

a. Project Schedule (South Post Oak SWDB and Channel Improvements)

b. Project Schedule (South Shaver Detention Basin C506-01-00-E0003)

c. Project Schedule (SWDB and Channel Conveyance Improvements Along Saltwater Ditch)

Citizen Participation Plan Documents Final will be provided with final application after public
comment period is complete

Grant Management Plan This document will be finalized and included with the grant application
Benefit Cost Analysis (Sims Bayou Watershed Mitigation Project)

Harris County Procurement Policy

Fair Housing Activity Information

Harris County Comprehensive Annual Financial Report for FY Ending 2/29/20 (To meet the Local
Financial Management Policies and Procedures and the Single Audit or Annual Financial Statement
requirements)

Social Vulnerability Index Data

Per Capita Market Value Data

Composite Disaster Index Data

GLO Local Certifications Form To be signed by Judge Hidalgo

SF 424 Form To be signed by Judge Hidalgo
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ATTACHMENT 1B

PROJECT APPLICATION
SUMMARY FORM

MITIGATION ACTIVITY:
SOUTH SHAVER STORMWATER
DETENTION BASIN (C506-01-00-E003)

PROJECT:
SIMS BAYOU WATERSHED
MITIGATION PROJECT



Standard Form for CDBG-MIT Applications

Harris County Flood Control District

General Information

This is an individual Mitigation Activity included in the Sims Bayou Watershed Mitigation Project

Project Information

Project Name: South Shaver Stormwater Detention Basin (C506-01-00-E003)

Project Type: Mitigation

Risk Mitigated: Riverine Flooding

Street Address (nearest to project): 8300 Galveston Road

Street Limits on Street — From Street __ Shaver Street  — To Street Witt Road

Zip Code: 77034
City: Houston
County: Harris

State: TX

Latitude (Decimal Degrees — 5 decimal places): 29.63708

Longitude (Decimal Degrees — 5 decimal places): -95.21676

Project Summary Narrative:

The objective of this project is to maximize the detention volume within property owned by
Harris County Flood Control District (HCFCD) and to provide flood reduction benefits. HCFCD
owns four parcels totaling 96 acres where a detention basin can be constructed. The finished
project will remove approximately 45 acres of land from the floodplain and remove 355
structures from the 100-year floodplain.

Describe how the risk listed above is currently affecting the project area:

The neighborhoods downstream of this detention basin are prone to frequent flooding from
heavy rain events and tropical weather. The flooding causes property damage to homes,
businesses and vehicles and restricts transportation access for emergency vehicles.

How will the Project mitigate against the risk listed above?

Stormwater detention basins provide temporary storage for stormwater in_heavy rain events.
Surplus runoff is diverted into the basins and stored. Control structures at the discharge of the
basin limit the flow leaving the basin to help attenuate the peak flow in the flood control
channels. The basin will empty slowly over 48 hours to as the peak flow in the channel recedes.
This helps to reduce ponding in the floodplain and limits risks of flooding for the community.
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Does the project enhance any other mitigation efforts already underway?

This project could help mitigate some of the City of Houston’s plans to enlarge existing storm
sewer pipes in the project benefit area. Together with the other mitigation activities included in
the Sims Bay Watershed Mitigation Project, this activity will bring significant flood risk reduction
benefits to the residents of the Sims Bayou watershed.

Have you procured construction services for the proposed project? No

What is the construction completion method to be used? Competitive Sealed Bid/Contract

Will acquisition of real property or any activity requiring compliance with URA be required? No
If yes: Provide the Estimated Number of Parcels: N/A

What is the status of the acquisition? Completed

Provide a brief narrative describing the acquisition activities required: N/A

Congressional Representative District #: 29
State Representative District #: 145

State Senator District #: 6

Eligibility Check

e Meets HUD’s definition of mitigation activities
o Long-term Vulnerability Reduction, Community Resilience

e Meets GLO Application project definition
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o Reducing risk of natural hazards through infrastructure improvements
e Addresses identified current and future risks; (NOTE: identified risks change per program)
o This project will reduce the current and future risk of flooding due to heavy rainfall
e Meets the definition of a CDBG-eligible activity under Title | of HCDA or otherwise pursuant to a
waiver or alternative requirement
o Construction of public works
e Meets a CDBG National Objective; as amended for MIT funds
o LMI National Objective
e Includes a plan for the long-term funding and management of the operations and maintenance
of the project
o HCFCD operates, inspects, and maintains a vast network of nearly 2,500 miles of
stormwater conveyance channels and detention basins across Harris County. The
proposed basin and feeder lines will be owned, inspected and maintained by HCFCD as
part of their ongoing process.
e Cost verification controls must be in place to assure that construction costs are reasonable and
consistent with market costs at the time and place of construction
o All construction contracts will be advertised and bid publicly through Competitive
Sealed Bid/Contract, in accordance with Texas State Law and Local laws and policies.

Locally Adopted Plan

Name of Local Adopted Plan:  Harris County Flood Control District 2018 Bond Program for Flood Risk
Reduction and Resilience

Is a copy of the plan attached? YES
Year plan was adopted: 2018 (Updated May 2020)

project page number in plan: 20 of 67 (Bond ID C-10)

Added Resiliency Measures

This project following construction will provide resiliency to flooding for the benefit area. This project
will be designed and constructed in manner to provide resiliency of the improvements and provide for
improved access for maintenance.

Prior to Hurricane Harvey, this project was in the Conceptual Design Reporting (CDR) Stage (see
attached). The Harris County Flood Control District purchased property in the early 2000’s with the
foresight of building detention along this reach of Berry Bayou. The CDR efforts were paused during
Hurricane Harvey and re-started shortly thereafter. This project area was identified during the August
2018 bond approval by voters as an ideal spot for mitigation. The CDR showed major benefits to many
structures directly downstream of the project area. Many if not all of these structures had flood
damage during Hurricane Harvey. The HCFCD placed projects like this one on the bond table since it was
property the HCFCD already owned and would allow HCFCD to quickly put projects on the ground that
would benefit the adjacent areas.
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Covered Projects (Harvey Only)

Is this a Covered Project? yes

Brief Project Description: See watershed project level summary

See “Eligibility Check” section for justification for amendment to State Action Plan.

Benefit Cost Analysis (Harvey Only)

Project Benefits: See watershed project level summary

Project Cost:  See watershed project level summary

Calculated BCR: See watershed project level summary

Description of benefit cost analysis methodology: See watershed project level summary

Citizen Participation Plan

Date Project was first posted for public comment? October 3, 2020

Date Project was last posted for public comment? TBD

Were any comments received from the public? TBD

Were responses provided to all public comments within 15 days of receipt? YES

The final plan will be included with the application once the public comment period is complete.

Grant Management Plan

See watershed project level summary

Beneficiary Data

See watershed project level summary

Environmental Clearance

Is this an Aggregate Project (multiple activities)? YES

Type of Aggregation (if applicable): Geographic Aggregation

What is the current status of the project? In Progress

Brief Project Narrative: The objective of this project is to maximize the detention volume within

property owned by Harris County Flood Control District (HCFCD) and to provide flood reduction benefits.

HCFCD owns four parcels totaling 96 acres where a detention basin can be constructed. The finished

project will remove approximately 45 acres of land from the floodplain and remove 355 structures from

the 100-year floodplain.
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Will the proposed project site have any negative impact(s) or effect(s) on the environment per HUD
environmental regulations as described? No

If yes, or the applicant believes an issue may exist, provide a brief narrative explaining the issue: N/A
Is the proposed project site likely to require a historical resources/archaeological assessment? No

If yes, or the applicant believes a historical resources/archaeological assessment may be needed,
provide a brief narrative explaining the issue: N/A

Is the proposed project site listed on the National Register of Historic Places? No

If yes, provide a brief narrative explaining how the historic site will be impacted: N/A

Is the proposed project site in a designated flood hazard area or a designated wetland? There are four
wetlands on this project site that will be protected during and post construction.

Is the applicant participating in the National Flood Insurance Program? Yes

Is the project in a designated Regulatory Floodway? No

Is the proposed project site located in a known critical habitat for endangered species? No

Is the proposed project site a known hazardous site? No

Is the proposed project site located on federal lands or at a federal installation? No

If yes, provide a brief narrative detailing why federal land or a federal installation is required for the
proposed project. N/A

What level of environmental review is likely needed for the proposed project site? Environmental
Assessment

Provide a brief narrative to include any additional detail or information relevant to Environmental
Review: A Cultural Desktop Study, a Threatened and Endangered Species Assessment, a Wetlands
Delineation and Jurisdictional Determination, and an ESA Phase 1 report are in progress for this project
site as part of the due diligence for environmental assessments.

There are four existing wetlands on the project site that will be protected during/post construction. The
preliminary jurisdictional determination was sent by the USACE in May of 2019. The USACE determined
that all waters and wetlands that would be affected in any way on the site are considered jurisdictional
waters of the United States. Therefore, the project will protect any waters on site.

Affirmatively Furthering Fair Housing

See watershed project level summary

Scoring Criteria

See watershed project level summary

List of Attachments

See watershed project level summary
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ATTACHMENT 1A

PROJECT APPLICATION
SUMMARY FORM

MITIGATION ACTIVITY:
SOUTH POST OAK STORMWATER
DETENTION BASIN AND CHANNEL
IMPROVEMENTS (C147-00-00/C547-00-00)

PROJECT:
SIMS BAYOU WATERSHED
MITIGATION PROJECT



Standard Form for CDBG-MIT Applications

Harris County Flood Control District

General Information

This is an individual Mitigation Activity included in the Sims Bayou Watershed Mitigation Project

Project Information (Individual Mitigation Activities)

Project Name: South Post Oak Stormwater Detention Basin and Channel Improvements (C147-00-
00/C547-00-00)

Project Type: Mitigation

Risk Mitigated: Riverine Flooding

Street Address (nearest to project): 14925 S. Post Oak Rd.

Street Limits on Street — From Sam Houston Tollway 8 — To Trafalgar Dr.

Zip Code: 77053
City: _ Houston

County: Harris

State: TX

Latitude (Decimal Degrees — 5 decimal places): 29.61093
Longitude (Decimal Degrees — 5 decimal places): -95.46317

Project Summary Narrative: The project consists of channel widening 7,000-feet of channel C147-00-00
from Sims Bayou to diversion channel C147-02-00. The typical right-of-way width is 215-feet along the
entire project reach. The bridge crossings at Tiffany Rd, Fugua Gardens View Rd, and South Post Oak Rd
will be replaced. The recommended alternative preserves the West Fuqua Rd bridge crossing. Basin
C547 is proposed to be expanded to 1,020 acre-feet to mitigate the loss of floodplain storage and
impacts to Sims Bayou. Project will be developed in multiple phases.

Describe how the risk listed above is currently affecting the project area:
Historically, structural flooding has been an issue along Sims Bayou and its tributaries. The lower
C147 watershed has a documented history of street and structural flooding primarily due to an
inadequate level of service from Sims Bayou and C147-00-00. Secondary flooding issues are
related to inadequate conveyance of storm water runoff in the areas adjacent to C147-00-00.

Approximately sixty-seven (67) structures are estimated to be impacted at 0- to 1-feet of flood
depth, an additional one-hundred twenty-five (125) structures are estimate to be impacted at 1-
to 2-feet of flood depth, and an additional forty-one (41) structures are estimated to be
impacted at flood depths greater than 2-feet. A total of two-hundred twenty-eight (228)
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structures are estimated to be impacted in the 500-year event. The project aim is to reduce the
number of structures affected during the 500-year event.

How will the Project mitigate against the risk listed above?
The project will utilize basin C547 to mitigate loss of floodplain storage in the lower C147
watershed and hydraulic impact to Sims Bayou resulting from the project. The channel and basin
improvements provide significant flood risk reduction to the community by containing the WSEL
resulting from the current effective 0.2% annual chance event (500-year) within the banks of
C147-00-00.

Does the project enhance any other mitigation efforts already underway?
The Sims Bayou Federal Flood Damage Reduction Project, which was completed in 2015, greatly
improved flood risk conditions in the lower C147 watershed by reducing areas subject to
flooding by the current effective 1% annual chance event (100-year Zone AE).

The Sims Bayou Federal Flood Risk Management Project was a 25-year long partnership
between the HCFCD and the U.S. Army Corps of Engineers (USACE) which included widening and
deepening of Sims Bayou from the Houston Ship Channel to just west of South Post Oak Rd. The
Civil Works project was completed in late 2015 and created additional depth and capacity within
Sims Bayou, allowing HCFCD to assess tributaries for potential drainage improvements. The
C147 watershed, a tributary drainage area to Sims Bayou, was identified by HCFCD as presenting
an opportunity for flood risk reduction improvements.

In November 2017, IDS was contracted to perform a Flood Risk Reduction Study (FRRS) for the
C147 watershed in Harris County and upstream into Fort Bend County to determine the
feasibility of improving the level of service of C147-00-00 and C147-02-00. Following the
completion of the FRRS, IDS submitted a Preliminary Alternatives Assessment to HCFCD on
August 21, 2018 which identified three alternatives for potential improvements in the lower
C147 watershed in Harris County.

The FRRS found the average depth of street and structural flooding in the project limit to be 1-
to 2-feet. The preliminary alternatives assessment documented potential improvements to
C147-00-00, C147-02-00, and basin C547 with the goal of greatly reducing or eliminating the
relatively shallow depth of flooding within the project limit without adverse impact to Sims
Bayou. Based on the results of the FRRS and preliminary alternatives assessment, HCFCD
decided to advance the project to preliminary engineering phase.

e On March 30, 2017, HCFCD completed a preliminary stream condition assessment in the
lower C147 watershed.

e On April 6, 2018, IDS submitted findings to HCFCD from the previously mentioned FRRS that
included the lower C147 watershed. The study analyzed approximately 10,000-feet of the
existing channel from confluence at Sims Bayou upstream to approximately 1,500-feet south
of the SHT into Fort Bend County to the lateral structure that first transfers flow from C147-
02-00 to C147-00-00.

e OnJune 27, 2018, IDS submitted a preliminary water availability assessment to HCFCD. The
purpose of this conceptual analysis was to determine the seasonal viability of converting
C547-01-00 from dry bottom to wet bottom in order to maximize available storage volumes.
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e On August 21, 2018, IDS submitted a preliminary alternatives assessment to HCFCD. The
report documented three (3) potential projects to improve the C147-00-00, C147-02-00, and
C547-01-00 level of service and significantly reduce or eliminate street and structural
flooding within the project limit.

e On April 28, 2020 IDS submitted the final preliminary engineering report to HCFCD. This
report summarized alternative analysis, right of way requirements, all environmental
studies/analysis/reports, geotechnical report, project cost and defined a potential phasing
plan for construction.

The Boulevard Oaks tract west of South Post Oak Rd is currently undergoing new commercial

and light industrial development with subsequent increase in impervious land cover, placement

of fill to remove areas from the regulatory floodplain, and mitigation on-site by detention basin.

Development of Boulevard Oaks also includes an agreement with HCFCD to acquire mitigating

floodplain storage volume in basin C547. Together with the other mitigation activities included

in_the Sims Bay Watershed Mitigation Project, this activity will bring significant flood risk
reduction benefits to the residents of the Sims Bayou watershed.

Have you procured construction services for the proposed project? No

What is the construction completion method to be used? Competitive Sealed Bid/Contract

Will acquisition of real property or any activity requiring compliance with URA be required? Yes

If yes: Provide the Estimated Number of Parcels: 19

What is the status of the acquisition? Still needed

Provide a brief narrative describing the acquisition activities required: The proposed right-of-way for
C147-00-00 within the project limit varies is 215-feet wide. This is an increase of 145-feet from the
existing 70-feet right-of-way width. Land use on the parcels includes single-family residential, auto
salvage, auto service, church, and trucking.

Congressional Representative District #: 9
State Representative District #: 131
State Senator District #: 13

Eligibility Check

e Meets HUD’s definition of mitigation activities
o Long-term Vulnerability Reduction, Community Resilience
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e Meets GLO Application project definition
o Reducing risk of natural hazards through infrastructure improvements
e Addresses identified current and future risks; (NOTE: identified risks change per program)
o This project will reduce the current and future risk of flooding due to heavy rainfall
e Meets the definition of a CDBG-eligible activity under Title | of HCDA or otherwise pursuant to a
waiver or alternative requirement
o Construction of public works
e Meets a CDBG National Objective; as amended for MIT funds
o LMI National Objective
e Includes a plan for the long-term funding and management of the operations and maintenance
of the project
o HCFCD operates, inspects, and maintains a vast network of nearly 2,500 miles of
stormwater conveyance channels and detention basins across Harris County. The
proposed basin and feeder lines will be owned, inspected and maintained by HCFCD as
part of their ongoing process.
e Cost verification controls must be in place to assure that construction costs are reasonable and
consistent with market costs at the time and place of construction
o All construction contracts will be advertised and bid publicly through Competitive
Sealed Bid/Contract, in accordance with Texas State Law and Local laws and policies.

Locally Adopted Plan

Name of Local Adopted Plan:  Harris County Flood Control District 2018 Bond Program for Flood Risk
Reduction and Resilience

Is a copy of the plan attached? YES
Year plan was adopted: 2018 (Updated May 2020)

Project page number in plan: 20 of 67 (Bond ID C-09)
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Added Resiliency Measures

This project following construction will provide resiliency to flooding for the benefit area. This project
will be designed and constructed in manner to provide resiliency of the improvements and provide for
improved access for maintenance.

Historically, structural flooding has been an issue along Sims Bayou and its tributaries. The lower C147
watershed has a documented history of street and structural flooding primarily due to an inadequate
level of service from Sims Bayou and C147-00-00. Secondary flooding issues are related to inadequate
conveyance of storm water runoff in the areas adjacent to C147-00-00. This project will help to reduce
these chronic flooding issues and increase the resilience of this watershed against future flooding risks.

Covered Projects (Harvey Only)

Is this a Covered Project? yes

Brief Project Description: See watershed project level summary

See “Eligibility Check” section for justification for amendment to State Action Plan.

Benefit Cost Analysis (Harvey Only)

Project Benefits: See watershed project level summary

Project Cost:  See watershed project level summary

Calculated BCR: See watershed project level summary

Description of benefit cost analysis methodology: See watershed project level summary

Citizen Participation Plan

Date Project was first posted for public comment? October 3, 2020

Date Project was last posted for public comment? TBD

Were any comments received from the public? TBD

Were responses provided to all public comments within 15 days of receipt? YES

The final plan will be included with the application once the public comment period is complete.

Grant Management Plan

See watershed project level summary

Beneficiary Data

See watershed project level summary
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Environmental Clearance

Is this an Aggregate Project (multiple activities)? YES

Type of Aggregation (if applicable): Geographic Aggregation

What is the current status of the project? In Progress

Brief Project Narrative: The project consists of channel widening 7,000-feet of channel C147-00-00 from
Sims Bayou to diversion channel C147-02-00. The typical right-of-way width is 215-feet along the entire
project reach. The bridge crossings at Tiffany Rd, Fuqua Gardens View Rd, and South Post Oak Rd will be
replaced. The recommended alternative preserves the West Fuqua Rd bridge crossing. Basin C547 is
proposed to be expanded to 1,020 acre-feet to mitigate the loss of floodplain storage and impacts to
Sims Bayou. Project will be developed in multiple phases.

Will the proposed project site have any negative impact(s) or effect(s) on the environment per HUD
environmental regulations as described? No

If yes, or the applicant believes an issue may exist, provide a brief narrative explaining the issue: N/A
Is the proposed project site likely to require a historical resources/archaeological assessment? No

If yes, or the applicant believes a historical resources/archaeological assessment may be needed,
provide a brief narrative explaining the issue: N/A

Is the proposed project site listed on the National Register of Historic Places? No

If yes, provide a brief narrative explaining how the historic site will be impacted: N/A

Is the proposed project site in a designated flood hazard area or a designated wetland? Designated
special flood hazard area, noted wetlands identified but will not be impacted by project.

Is the applicant participating in the National Flood Insurance Program? Yes

Is the project in a designated Regulatory Floodway? yes

Is the proposed project site located in a known critical habitat for endangered species? No

Is the proposed project site a known hazardous site? No

Is the proposed project site located on federal lands or at a federal installation? No

If yes, provide a brief narrative detailing why federal land or a federal installation is required for the
proposed project. N/A

What level of environmental review is likely needed for the proposed project site? Additional right-of-
way to accommodate the channel improvements will likely be acquired to the west from parcels facing
Nelson St. Additional soil sampling will be necessary to determine environmental measures required for
safe excavation of the soils.

Provide a brief narrative to include any additional detail or information relevant to Environmental
Review: A review of historical information available for the site indicates the presence of seven (7)
Recognized Environmental Conditions (RECs) warranting further investigation at the site to assess if soil
and/or groundwater has been impacted. Based on the potential environmental concerns identified in
the ESA, soil and ground water samples were analyzed for total petroleum hydrocarbons, benzene,
toluene, ethylbenzene, xylenes, volatile organic compounds, total Resource and Recovery Act metals,
and chloride. Borings for the collection and analysis of soil and ground water samples were taken at
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each of the seven (7) REC locations. HCFCD submitted a request to the USACE Galveston District for a
jurisdictional determination on C147-00-00 and C147-02-00 to address Section 404 Clean Water Act
and/or Section 10 of the Rivers and Harbors Act. HCFCD expressed the opinion, based on historical aerial
photography, USGS topographic maps, and 2008 elevation data, that the channels may be considered
non-jurisdictional. The USACE Galveston District responded with an Approved Jurisdictional
Determination (AJD) stating “We have determined that the subject site does not contain waters of the
United States” and “no Department of the Army permit is required prior to discharge.”

Based on the February 13, 2019 AJD from the USACE Galveston District, the Terracon report referenced below was
ultimately not submitted for further action. HVJ Associates submitted the results of a wetland delineation
report for FRRS, HCFCD Project No. C147-00-00-P002, Houston, Harris County, Texas. The wetland
delineation was performed to determine the presence of any jurisdictional wetlands on the
undeveloped area remaining within the HCFCD tract east of South Post Oak Rd on either side of West
Fugua Rd. The USACE Galveston District responded with an AJD stating “...we concur with the findings
that this tract does contain waters of the United States subject to our jurisdiction” and “Any discharge of
dredged and/or fill material into these water of the U.S. requires Department of the Army (DA) permit.”
Terracon submitted the results of a desktop Cultural Resource Assessment performed in the project
area to the Texas Historic Commission (THC). Terracon recommended that the project be allowed to
proceed under Title 9, Chapter 191 of the Texas Natural Resources Code without further concern for it
effect on historic or archeological sites, deposits, or materials. The THC concurred with the information
provided in the desktop assessment and stated, “no archeological survey of the project area is needed.”
Terracon submitted the results of a Threatened and Endangered (T&E) Species Habitat Assessment. The
purpose of the assessment was to characterize the existing site conditions, observe the site listed T&E
species and their habitats, and provide an opinion regarding whether or not the proposed project would
have an impact on federal or state listed T&E species.

Affirmatively Furthering Fair Housing

See watershed project level summary

Scoring Criteria

See watershed project level summary

List of Attachments

See watershed project level summary
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EXECUTIVE SUMMARY

The benefit-cost analysis performed for Sims Bayou Watershed Mitigation Project included quantification

of the following types of benefits:

e Building damages (avoided costs)

e Content damages (avoided costs)

e Residential displacement (avoided costs)

e Non-residential displacement (avoided costs)

e Mental health treatment (avoided costs)

e Worker productivity (avoided costs)

e Ecosystem services (added benefit of conversion of developed land)

Net prese