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MEMORANDUM 

DATE: November 28, 2022 

TO: Gary Bezemek, PE 
Feasibility Studies Department Manager 

FROM: Burton Johnson, PE, CFM 
Project Manager, Feasibility Studies Department 

RE: Little White Oak Bayou CDBG-MIT Project 
Project Background and Certification of No Adverse Impact 

The purpose of this memorandum is to provide a general description of the Little White Oak Bayou 
Sub-Watershed Flood Risk Reduction Plan proposed project and specifically the identified project along 
Little White Oak Bayou as part of the CDBG-MIT application, and to certify that the proposed CDBG-
MIT project will not result in an increase in flood risk or flood levels in the Little White Oak Bayou 
watershed and areas downstream. 

Earlier this year, the Harris County Flood Control District completed development of a large flood risk 
reduction plan for the Little White Oak Bayou sub-watershed of White Oak Bayou. This study was 
prepared by Entech Civil Engineers, Inc. under my supervision and direction. The Little White Oak 
Bayou subwatershed encompasses 22 acres in the lower portion of the larger White Oak Bayou 
watershed.  The subwatershed includes 32 miles of channel and main trunkline lateral systems in a 
heavily developed and floodprone portion of Harris County. 

The recommended plan includes features anticipated to be constructed by TxDOT as part of the North 
Houston Highway Improvement Project (NHHIP) Segment 2, including the replacement of four 
highway/road crossings, two detention basins, and the North Canal bypass of Buffalo Bayou (actually 
part of Segment 3).  Additionally, the plan includes channel modifications between Stokes Road and 
Tidwell Road and between Yale Boulevard and Little York Road, four detention areas totaling 1,600 
acre-feet of storage, and improvements to 12 lateral systems.  The TxDOT NHHIP lower downstream 
flowrates and water surface elevations, and as such the lower channel and areas downstream are able 
to accommodate the increased flowrates resulting from the proposed channel modifications.  The 
primary purpose of the detention storage is to offset the increased flowrates from the proposed 
improvements to the lateral systems. 

During the preparation of the larger sub-watershed study, the study team was asked to extract and 
identify a stand-alone project that could be put forward as a CDBG-MIT grant.  The project identified 
was a sub-set of the larger sub-watershed plan being formulated at the time, and consisted of channel 
modifications from Crosstimbers Road to Tidwell Road and approximately 800 acre-feet of detention in 
the same reach.  

While the CDGB-MIT project described above (and described in more detail in the CDBG-MIT 
application) was part of the larger plan for Little White Oak Bayou, the timing does not afford the luxury 



 
   

  
    

   
  

 

  
 

     
   

 
    

   
    

    
  

 
   

  
  

    
  

   
    

  

 

 

 

 

To:  Gary Bezemek, PE 
Date: November 28, 2022 

of the benefits of the NHHIP features and therefore to prevent downstream impacts it must be self-
mitigating. For the larger watershed plan, the purpose of the detention storage is to mitigate impacts 
from improvements to the lateral system.  The CDBG-MIT project does not include the lateral system 
improvements and therefore the detention is targeted toward the mitigation of the proposed main-stem 
channel modifications between Crosstimbers Road and Tidwell Road.  

Typically, a certification of no adverse impact is included in the report supporting a project.  Since the 
CDBG-MIT project was extracted from the larger sub-watershed study, a stand-alone report was not 
prepared. In lieu of a traditional report, this memorandum provides the certification of no adverse 
impact.  The proposed channel modifications along with 800 acre-feet of detention storage were 
modeled using the project models. The results were compared to the baseline condition models to 
confirm no impact along Little White Oak Bayou are in the receiving channels downstream.  The results 
of this modeling generally showed the proposed project results in a decrease in peak flowrates and 
water surface elevations for areas upstream, adjacent to, and downstream of the project for events up 
to and including the 500-year event (using the legacy HCFCD rainfall).  There are some cross sections 
that show a very small increase of no more than 0.20 feet.  During the development of the project, we 
determined that this very small increase was the result of some numerical nuance that could be 
eliminated by optimizing the detention basin inflow and outflow controls and did not represent an 
adverse impact downstream. When this project moves forward in the project life cycle, the appropriate 
features will be further considered and optimized.  

Based upon my review of the computed flowrates and water surface elevations associated with the 
CDBG-MIT project described in this memorandum along with and my understanding of the hydrologic 
and hydraulic models utilized in the determination of the water surface elevations, I hereby conclude 
and certify that the proposed CDBG-MIT project will not increase water surface elevations and peak 
flowrates upstream of, adjacent to, or downstream of the proposed project.  



 Mit igat ion Applicat ion 

General 

Program * 

Hurricane Harvey State Mitigation Competition – HUD MID 

Applicant * 

Harris County Community Services Department (CSD)   

County * 

Harris 

Application Type * 

New 
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FY End Date 

2/28/2021  

Council of Governments 

Houston-Galveston Area Council (HGAC) 

Each application must upload a MIT-Local Certifications form signed by an authorized signatory along 
with other required application documentation. Each applicant for CDBG-MIT funding must certify by 
signing that both the Application for Federal Assistance Standard Form 424 (SF-424) and the MIT-Local 
Certifications form provided on the GLO website and described in the application guide were followed in 
the preparation of any CDBG-MIT program application, and will continue to be followed in the event of 
funding. 

The Application for Federal Assistance Standard Form 424 (SF-424) and the MIT-Local Certifications 

Related Contacts 

Contact * 

Mrsny, Reid   

Authorized Representative 

Hidalgo, Lina   

Grant Administrator 

Hickingbottom, Kent 

Standard Form 424 

Application Title * 

White Oak Bayou Partnership Application 

2



Applicant Delinquent on Federal Debt 
No Yes 

Construction Application 
No Yes 

Construction Pre-Application 
No Yes 

Program Not Selected by State for Review 
No Yes 
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Mitigation Applicat ion 

Addressed Risk - Select the risk identi ed in the Action Plan that will be addressed. (select all that 

apply) 

Hurricanes/Tropical Storms/Tropical Depressions 

Severe Coastal Flooding 

Riverine Flooding 

"The Federal Register, 84 FR 45838 (August 30, 2019) defines mitigation as: 
“Activities that increase resilience to disasters and reduce or eliminate the long-term risk of loss of life, injury, damage to and loss of property, and suffering and 
hardship, by lessening the impact of future disasters.” 

Applicants must describe in narrative format how their proposed project meets the above definition and clearly identify the methodology used to determine how the 
described criteria are being met. Include information identifying how the proposed project addresses overall local mitigation needs. 

Mitigation presents communities with unique opportunities to examine a wide range of issues including (1) housing quality and availability, (2) road and rail 

Hazard, Risk Description - Describe how the risk(s) selected are impacting the proposed project 

area. Reference where adopted local mitigation e orts are planned or underway where 

appropriate. 

Subdivisions and businesses throughout the White Oak Bayou Watershed in Harris County experience flooding conditions during hurricanes, tropical 
storms, and even intense rainfall events that overwhelm drainage systems and result 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 project 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 sites 
described in this application benefit many residents in some of the most vulnerable and at-risk areas of the County. 

The massive and long-term financial commitment is recognized locally, and so a portion of project site costs, most of the sites 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 
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. Earmarked funding can be found in the Harris County FY 2020 Mid-Year Review and Capital 
Improvements Program (CIP), adopted in September 2019, along with subdivisions and mapped sites. Additionally, measures needed to address 
subdivision drainage were included in the Harris County Hazard Mitigation Plan. 

See the attached narrative for additional information. 
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Hazard Mitigation Actions - Describe how the proposed project will mitigate against the identi ed 

risks. Reference where adopted local mitigation e orts are being enhanced where appropriate. 

The Greater Houston area has experienced multiple major flooding events in recent years including the Memorial Day Flood (2015), the Tax Day 
Flood (2016) and Hurricane Harvey (2017). These events have amounted to 84 deaths and over $125.5 billion in damages. Because of the devastation 
and the need to identify measures to mitigation the impacts of major storm events, Harris County studied nearly 100 previously flooded subdivisions 
and found drainage solutions to mitigate risk to life and safety during future storm events. 

This Flood and Drainage Activity improves drainage at neighborhood and regional levels by making improvements to subdivisions (Barwood, Kolbe 
Road area, and Tower Oaks Meadows) within the White Oak Bayou Watershed and to the E132-00-00 and Little White Oak Bayou channels. The 
proposed improvements include adding or upgrading storm sewer systems, adding curb and gutter systems, and increasing storage capacity with 
new detention basins and enlarging channels. The increased capacity across multiple project sites ultimately places less burden on the watershed, or 
service area. The cumulative benefits of multiple project sites ultimately mitigate property, life, and economic loss in future flooding events. 

Harris County and Harris County Flood Control District have adopted the most stringent floodplain regulations in the United States by 
incorporating robust infrastructure regulations that ensure development follows standards that minimize the likelihood of future flooding. Copies of 
the Harris County floodplain regulations, infrastructure regulations, and HCFCD Policies, Criteria, and Procedures Manual with proof of adoption by 
Commissioners Court can be found in the supporting documentation for this application. 

Due to space limitations, details for this section can be found in the narrative attached in documents. 

Local Adopted Plans - To meet the local plan requirement, applicants follow speci c procedures 

identi ed in the CDBG-MIT Application Guide 

Is the proposed project included in one or more locally adopted plans? 

Yes 

Provide the title of the adopted plan being referenced. 

Harris County Multi-Hazard Mitigation Action Plan 

Provide the page number(s) in the adopted plan(s) where the proposed project is identified. 

11-1 through 11-38, 21-5 

Provide the date (Month, Year) the plan(s) was/ were adopted: 

5/19/2020 

5
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Added Resiliency Measures 

Applicants must explain if prior capital improvement projects, short or long-range planning efforts, community engagement or educational outreach, the 
implementation of enhanced building codes or code enforcement, or other related work has been completed which enhances hazard mitigation and/or resiliency 
throughout the applicable community or service area of the applicant(s). 

If no previous efforts have been made, this must be stated in the application. If a joint project is being submitted by multiple entities that crosses jurisdictional or 
service area boundaries, each jurisdiction or entity should provide examples of previous hazard mitigation or resiliency efforts that have been completed within their 
particular jurisdiction or service area. Source documents, such as signed memorandum, must be attached to the application which prove such efforts have been 
implemented. 

Does the proposed project enhance mitigation efforts that are already completed or underway? 

Yes 

If Yes, then provide a brief description. 

Public meetings were held for all subdivision sites in this application during project development to gain public input and comments. Discussion for 
E132-00-00 was included with Barwood and Tower Oaks Meadows. The study reports and meeting information have been attached. Harris County and 
the Flood Control District have also taken measures through the most stringent floodplain regulations in the United States and by incorporating robust 
infrastructure regulations to ensure that development is built to standards that will minimize the likelihood of future flooding. Copies of the above 
documents and their adoption by Commissioners Court can be found in the supporting documentation for this application. Also, Harris County and the 
Flood Control District have included funding for the study and design of the projects in their capital program. A copy of the Capital Improvements 
Program (CIP) has also been attached. 

Please see the attached narrative for additional information. 

Select the type(s) of prior or current local e orts undertaken that, combined with the proposed 

project, will provide enhanced hazard mitigation: 

Prior capital improvement project(s) 

Current capital improvement project(s) 

Short-range planning efforts 

Long-range planning efforts 

Community engagement 

Educational outreach 

Implementation of enhanced building codes 

Code enforcement 

Other related work which enhances hazard mitigation and/or resiliency through the proposed project. 

Other Hazard Mitigation Work 

6



  

 

Mitigation Applicat ion Project 

Acknowledging that mitigation needs may span a variety of services and facilities, for purposes of Mitigation funding only, the definition of project is expanded to 
include a discrete and well-defined beneficiary population and subsequent geographic location consisting of all eligible activities required to complete and provide 
specific successful mitigation benefit to the identified population. 

For purposes of Mitigation application and implementation, the Project provided represents the overall Mitigation need being met.  

There may be more than one Activity included in a Project. For instance, a successful Mitigation Project may require a drainage facilities activity, a street 
improvements activity, and a water facilities activity. 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Subrecipient Application/Contract 

White Oak Bayou Partnership Application 

Project Title 

White Oak Bayou Partnership Drainage Improvements 

Project Summary 

The White Oak Bayou Watershed has experienced multiple major flooding events in recent years including the Memorial Day Flood (2015), the Tax 
Day Flood (2016) and Hurricane Harvey (2017). These events have amounted to 84 deaths and over $125.5 billion in damages. Because of the 
devastation and the need to identify measures to mitigation the impacts of major storm events, Harris County studied nearly 100 previously flooded 
subdivisions and Harris County Flood Control District identified regional solutions, finding drainage alternatives to mitigate risk to life and safety 
during future storm events. 

This Flood and Drainage Activity improves drainage at neighborhood and regional levels by making improvements to subdivisions (Barwood, Kolbe 
Road area, and Tower Oaks Meadows) within the White Oak Bayou Watershed and to the E132-00-00 and Little White Oak Bayou channels. The 
proposed improvements include adding or upgrading storm sewer systems, adding curb and gutter systems, and increasing storage capacity with new 
detention basins and enlarging channels. The increased capacity across multiple project sites ultimately places less burden on the watershed, or service 
area. The cumulative benefits of multiple project sites ultimately mitigate property, life, and economic loss in future flooding events. 
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  Mit igat ion Applicat ion Project 

Low-and Moderate-Income Persons 

Does the proposed project principally bene�t Low- and 

Moderate-Income Persons or Mitigation Urgent Need? 

Low- and Moderate-Income Persons 

LMI Area Benefit 

LMI Housing Activity 

LMI Limited Clientele 

Provide the proposed bene�ciary data: 

Total Beneficiaries 

439025 

LMI Beneficiaries 

235750 

% LMI Beneficiaries 

9
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Applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for grant 
administra�on, environmental, and engineering services if using CDBG-MIT funds to pay third-party vendors for 
those services. These rules and regula�ons also apply to procurement of construc�on services. For be�er detail 
regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured a third-party administrator to administer the 

proposed project? 

No 

Have you procured a third-party environmental service provider 

for the proposed project? 

Yes 

Company Name 

Various (by site) - Procured with local funds and not requesting reimbursement. 

Contact 

Email 

Phone 

Have you procured a third-party engineer for the proposed 

project? 

Yes 

10



  

            

          

           

 
 
 

 
 

 
 

 

Mitigation Applicat ion Project 

What is the current status of the project? 

In Progress 

Provide a brief narrative regarding how CDBG-MIT funding is to be used. Demonstrate that all 

HUD CDBG environmental requirements have been met to date. Applicants should be advised 

that all HUD CDBG environmenal requirements must be met before reimbursement can be 

considered. 

More information at https://www.hudexchange.info/resource/167/environmental-review-procedures-24-cfr-58 
(https://www.hudexchange.info/resource/167/environmental-review-procedures-24-cfr-58) 

Funding requested in this application will be utilized to improve drainage at regional and neighborhood levels by constructing drainage infrastructure 
that meets the most stringent infrastructure and floodplain regulations in the nation. The activities consist of a wide variety of solutions, but generally 
consist of either upgrading and improving storm sewer systems, adding curb and gutter, or adding a or increasing the capacity of detention basins. The 
incremental benefit of each project site begins to cumulatively place less burden on the watershed service area. In future flooding events, this 
improved capacity mitigates deaths and property damage caused by flooding. 

Harris County is committed to meeting all HUD CDBG environmental requirements and performing environmental reviews in compliance with 24 
CFR 58, and other federal guidelines. In preparation for this application and in meeting environmental requirements, the applicants have performed 
Phase I Environmental Site Assessments on some sites included in this application, and has performed high level reviews of all sites. The findings 
from those reviews are indicated below and further detail can be found in the documents section. 

1/3 
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More information at https://www.hudexchange.info/programs/environmental-review (https://www.hudexchange.info/programs/environmental-
review) 

No 

Is the proposed project site likely to require a historical resources/archaeological assessment? 

More information at https://www.hudexchange.info/environmental-review/historic-preservation (https://www.hudexchange.info/environmental-
review/historic-preservation) 

No 

Is the proposed project site listed on the National Register of Historic Places? 

More information at https://www.nps.gov/subjects/nationalregister/index.htm (https://www.nps.gov/subjects/nationalregister/index.htm) 

No 

Is the proposed project site in a designated ood hazard area or a designated wetland? 

FEMA Firmette located here: https://msc.fema.gov/portal/search (https://msc.fema.gov/portal/search?) 

Yes 

Is the applicant participating in the National Flood Insurance Program? 

More information at https://www.hudexchange.info/programs/environmental-review/flood-insurance 
(https://www.hudexchange.info/programs/environmental-review/flood-insurance) 

Yes 

Is the project in compliance with Executive Order 11990? 

More information at https://www.hudexchange.info/environmental-review/wetlands-protection (https://www.hudexchange.info/environmental-
review/wetlands-protection) 

Yes 

Is the project in a designated Regulatory Floodway? 

More information at https://www.hudexchange.info/environmental-review/floodplain-management (https://www.hudexchange.info/environmental-
review/floodplain-management) 

Unknown 

Is the proposed project site located in a known critical habitat for endangered species? 

More information at https://www.hudexchange.info/environmental-review/endangered-species (https://www.hudexchange.info/environmental-
review/endangered-species) 

Yes 

Is the proposed project site a known hazardous site? 

More information at https://www.hudexchange.info/environmental-review/site-contamination (https://www.hudexchange.info/environmental-
review/site-contamination) 

No 

Is the proposed project site located on federal lands or at a federal installation? 

No 
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What level of environmental review is likely needed for the proposed project site? 

More information at HUD Exchange (https://www.hudexchange.info/resource/785/summary-table-of-levels-of-environmental-review-and-
documentation-required-in-err) 

Categorical Exclusion 

Provide any additional detail or information relevant to Environmental Review 

For some sites, Phase I Environmental Site Assessments were completed. For others, desktop reviews were performed to evaluate the potential 
impacts. Findings from those reviews are summarized in the documents section of this application. Answers to the above questions could change 
upon further review. All State and Federal policies and guidelines will be followed in addressing any of the above noted issues. 
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Mitigation Applicat ion Project 

Identify activities already achieved to further fair housing, and 

those activities to be undertaken if an award is made by CDBG-

MIT and when that activity will be complete. Upload any 

backup documentation to support your e orts. 

Name Activity 1 

Comment Publishing the contact information, at the local, state and federal levels, for repor 
Planned ting a Fair Housing complaint—achieved March 1 2020 

 

Name Activity 2 

Comment Designating a Fair Housing Month – will achieve April 1, 2021 and have achieved 
Planned April 1, 2020 

 

Name Activity 3 

Comment Develop an anti-NIMBYism plan – achieved Nov. 12, 2018 
Planned 

 

Name Activity 4 

Comment Developed an AFH/Fair Housing Plan and submitted to HUD – achieved Jan 31, 
Planned 2019 
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The Project Level Budget represents summary data compiled as each Activity and Site are defined. 
Applicants are expected to present a thorough budget at the site level that includes all elements required for 
an eligible and successful project. Construction or public facilities budgetary information must be 
provided by a professional engineer or architect licensed to practice in the state of Texas using the MIT-
Budget Justification of Retail Costs (formerly Table 2) form available the GLO website at: 
https://recovery.texas.gov/files/resources/mitigation/mit-budget-justification-of-retail-costs.xlsx 

Original sealed construction and public facilities budgetary information must be uploaded as supporting 

Minimum Total Amount Requested 

$0.00 

Maximum Total Amount Requested 

$1,000,000,000.00 

Maximum # of Activities per Project 

20 Activities 

Total Estimated/Original Project Budget 

$100,000,000.00 

Budget Activities 

Program Flood control and drainage Improvements 
Budget Code 

Planned/Requested 100,000,000.00 
Amount 

Total Other $17,207,261.05 
Funds 

Activity Total $117,207,261.05 

 

15

https://recovery.texas.gov/files/resources/mitigation/mit-budget-justification-of-retail-costs.xlsx
https://cdrportalprd.dynamics365portals.us/blicm/?refentity=new_projectphase&refid=e5112a67-9bfd-ea11-b5d9-00155d32577f&refrel=cdr_new_projectphase_new_budgetactivity_Project&pid=6f9cfc80-1770-ea11-a811-001dd8309f0e
https://117,207,261.05
https://17,207,261.05
https://100,000,000.00
https://100,000,000.00
https://1,000,000,000.00


 

   

 
 

 
 

 
 

 
 

 
 

 

 

Project Site 

Project Sites ð Locations 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Site Number 

S-003175 

Site Title * 

Barwood Subdivision Drainage Improvements 

Site Description 

The Barwood subdivision, constructed in the 1970s, consists of 200+ acres of residential parcels and is located southwest of the intersection of N 
Eldridge Parkway and Cypress North Houston Road. The existing drainage system consists of curb and gutter roadways with Type B and BB inlets that 
drain to an underground storm sewer system. The storm sewer outfalls into either the Harris County Flood Control District (HCFCD) channel E132-00-
00 to the east or the HCFCD channel E133-00-00 to the west. Approximately 70 acres drain west to HCFCD channel E133-00-00 through a single 
outfall. The remaining 130 acres drain east to the HCFCD channel E132-00-00 through seven (7) outfalls. The existing system is considered partially 
non-conforming with current infrastructure regulations primarily due to small inlets (Type B), non-existent detention, and lack of extreme event 
sheetflow paths. 

Historic heavy rain events and recent extreme rain events such as Hurricane Harvey and Houston Tax Day Flood caused widespread flooding throughout 
the Barwood subdivision. During the Tax Day Flood, some homes saw up to 12 inches of water, and during Hurricane Harvey some residents reported up 
to 30 inches. The neighborhood is very flat topographically and is bordered by two major drainage ditches to the east and west draining south to White 
Oak Bayou. The high tail water conditions in E132-00-00 and E133-00-00 during extreme rainfall events exacerbate the flooding conditions internal to 
the Barwood Subdivision. 

During Hurricane Harvey, 131 homes reported flooding with an average depth of 4.21 inches. During the 2016 Tax Day event, 31 homes reported 
flooding with an average depth of 2.65 inches. There are 32 FEMA repetitive loss claims in the Barwood Subdivision, spread throughout the area. 

Street Address 

Campos and Chetman 

Street Limits on Street 

From Street 

To Street 
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Zip Code 

77065 

City 

Houston 

County 

Harris 

State 

TX 

Latitude 

29.94261 

Longitude 

-95.61223 

Scope of Work 

The proposed Barwood flood and drainage activity project includes the addition of storm sewer along North Eldridge Parkway to increase capacity of 
the existing system as well as the strategic replacement of storm sewer within the subdivision. The construction of extreme event overflows along the 
HCFCD channel E132-00-00 are included in the improvements as well. These improvements conform to current infrastructure regulations and 
provide a greater level of protection during severe flooding. The proposed improvements create downstream adverse impact, but the E132-00-00 
Mitigation project addresses these needs and must be constructed in advance of the Barwood flood and drainage activity. 

The proposed improvements result in a significant benefit to mitigating flooding in the subdivision by reducing the 100-year, or 1% AEP, water surface 
elevations by 6 to 24 inches. The reduction in ponding depth mitigates future flood damages for 131 homes. 

As previously indicated, applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for procurement of construc�on services.  For be�er 
detail regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured construction services for the proposed project? 

No 

Construction completion method to be used 

Competitve Sealed Bid/Contract 

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

No 

17
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Applicants must follow 2 CFR 200 rules and regula�ons in the procurement of construc�on services.  For be�er detail regarding procurement methods and requirements, refer to 2 C 

Districts and Elected O�cials 

Cong. Rep 

McCaul, Michael   

State Rep 

Oliverson, Tom   

State Senator 

Bettencourt, Paul   

Cong. Rep District # 

10 

State Rep District # 

130 

State Senator Dist# 

7 

Site Budget 

Specify Site Budget Information 

Total Requested Grant Funds 

$4,232,492.55 

Total Other Funds 

$903,375.00 

Total Grant & Other Funds 

$5,135,867.55 
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Amount 
Requested 

$18,067.50 

Site Budget 
Code 

CDBG-MIT Environmental 

Other Funds 

Site Budget 
Total 

$18,067.50 

Name Barwood Subdivision Drainage Improvements - CDBG-MIT Environmental 

Created On 9/23/2020 11:27 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$239,575.05 

Site Budget 
Code 

CDBG-MIT Admin 

Other Funds 

Site Budget 
Total 

$239,575.05 

Name Barwood Subdivision Drainage Improvements - CDBG-MIT Admin 

Created On 9/23/2020 11:31 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$361,350.00 

Site Budget 
Code 

CDBG-MIT Engineering 

Other Funds $903,375.00 

Site Budget 
Total 

$1,264,725.00 

Name Barwood Subdivision Drainage Improvements - CDBG-MIT Engineering 

Created On 9/23/2020 10:57 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 
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Amount 
Requested 

$3,613,500.00 

Site Budget 
Code 

CDBG-MIT Construction 

Other Funds 

Site Budget 
Total 

$3,613,500.00 

Name Barwood Subdivision Drainage Improvements - CDBG-MIT Construction 

Created On 9/23/2020 10:54 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Site Metrics 

Name Linear Feet of Public Improvement 

Comment 
Planned 

Storm Sewer Upgrades (LF) - 5,180 Storm Sewer New (LF) - 1,300 Manholes (EA) - 4 

Numeric 
Resp 
Planned 

6480 

 

Name Number of public improvements 

Comment 
Planned 

Storm Sewer Upgrades (LF) 5180 Storm Sewer New (LF) 1300 Manholes (Ea) 4 

Numeric 
Resp 
Planned 

3 
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Project Site 

Project Sites ð Locations 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Site Number 

S-003176 

Site Title * 

Tower Oaks Meadows Subdivision Drainage Improvements 

Site Description 

The Tower Oaks Meadows subdivision was developed throughout the 1970s and consists of 150+ acres of residential parcels. Tower Oaks Meadows 
is located immediately south of Barwood and is drained via roadside ditches and driveway culverts which drain to an existing storm sewer trunk line 
along the back of lots between Dakar and Aste Streets. The storm sewer outfalls into the HCFCD channel E132-00-00 to the east while the remainder 
of the ditches outfall to the HCFCD channel E133-00-00 to the west. Approximately 30 acres drain west to HCFCD channel E133-00-00 through two 
outfalls. The remaining 120 acres drain east to the HCFCD channel E132-00-00 through four (4) outfalls. Although current regulations allow 
roadside ditches, the existing drainage system is considered non-conforming due to ditch geometry, culvert sizing, a lack of detention, and no 
consideration for extreme event overflows. The high tail water conditions in E132-00-00 and E133-00-00 during extreme rainfall events exacerbate 
the flooding conditions internal to the Tower Oaks Meadows Subdivision. 

Multiple single-family residential homes flooded during the April 2016 (Tax Day) and August 2017 (Hurricane Harvey) storm events. Approximately 
91 structures flooded during Hurricane Harvey with Flooding depths that ranged from 6 inches to 12 inches. During the April 2016 (Tax Day) storm 
event approximately 97 structures flooded. There are 21 FEMA repetitive or severe repetitive loss properties within Tower Oaks Meadows. 

Street Address 

Maxim Drive and Honey Grove Lane 

Street Limits on Street 

From Street 

To Street 

Zip Code 

77065 
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City 

Houston 

County 

Harris 

State 

TX 

Latitude 

29.93801 

Longitude 

-95.61301 

Scope of Work 

The proposed Tower Oaks Meadows flood and drainage activity includes a portion of full conversion from asphalt pavement and roadside ditches to 
curb and gutter with underground storm sewer and the sections that remain roadside ditch will have a storm sewer installed below the current flow 
line. Roadside ditches will be re-graded to provide positive drainage toward the storm sewers. The roadway profiles will be designed to provide 
a cascading effect and provide capacity to convey extreme event runoff toward HCFCD Unit E132-00-00. The construction of extreme event overflows 
along the HCFCD channel E132-00-00 are included in the improvements as well. The proposed improvements create downstream adverse impact, 
but the E132-00-00 Mitigation project addresses these needs and must be constructed in advance of the Tower Oaks Meadows flood and drainage 
activity. 

Additional information about the details and benefits of the project can be found in the narrative attached in Documents. 

As previously indicated, applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for procurement of construc�on services.  For be�er 
detail regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured construction services for the proposed project? 

No 

Construction completion method to be used 

Competitve Sealed Bid/Contract 

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

No 
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Applicants must follow 2 CFR 200 rules and regula�ons in the procurement of construc�on services.  For be�er detail regarding procurement methods and requirements, refer to 

Districts and Elected O�cials 

Cong. Rep 

McCaul, Michael   

State Rep 

Oliverson, Tom   

State Senator 

Bettencourt, Paul   

Cong. Rep District # 

10 

State Rep District # 

130 

State Senator Dist# 

7 

Site Budget 

Specify Site Budget Information 

Total Requested Grant Funds 

$8,314,234.40 

Total Other Funds 

$1,277,693.33 

Total Grant & Other Funds 

$9,591,927.73 
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Amount 
Requested 

$35,491.48 

Site Budget 
Code 

CDBG-MIT Environmental 

Other Funds 

Site Budget 
Total 

$35,491.48 

Name Tower Oaks Meadows Subdivision Drainage Improvements - CDBG-MIT Environmental 

Created On 9/23/2020 11:37 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$470,617.04 

Site Budget 
Code 

CDBG-MIT Admin 

Other Funds 

Site Budget 
Total 

$470,617.04 

Name Tower Oaks Meadows Subdivision Drainage Improvements - CDBG-MIT Admin 

Created On 9/23/2020 11:39 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$709,829.63 

Site Budget 
Code 

CDBG-MIT Engineering 

Other Funds $1,277,693.33 

Site Budget 
Total 

$1,987,522.96 

Name Tower Oaks Meadows Subdivision Drainage Improvements - CDBG-MIT Engineering 

Created On 9/23/2020 11:37 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 
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Amount 
Requested 

$7,098,296.25 

Site Budget 
Code 

CDBG-MIT Construction 

Other Funds 

Site Budget 
Total 

$7,098,296.25 

Name Tower Oaks Meadows Subdivision Drainage Improvements - CDBG-MIT Construction 

Created On 9/23/2020 11:33 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Site Metrics 

Name Linear Feet of Public Improvement 

Comment 
Planned 

Storm Sewer New (LF) - 13,123 Excavate and Regrade Ditches (LF) - 19,200 Road Reconstruction (LF) - 9,600 

Numeric 
Resp 
Planned 

41923 

 

Name Number of public improvements 

Comment 
Planned 

New Storm Sewer (LF) 13123 Excavate and Regrade Ditches (LF) 19200 Road Reconstruction (LF) 9600 

Numeric 
Resp 
Planned 

3 
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Project Site 

Project Sites ð Locations 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Site Number 

S-003177 

Site Title * 

E132-00-00 Mitigation Project 

Site Description 

The HCFCD channel E132-00-00 is a tributary of White Oak Bayou and serves as the main storm water conveyance structure for approximately 1,400 
acres of dense residential development. This project site includes a section of HCFCD channel E132-00-00 from Wortham Landing Drive to Lieder 
Drive, which serves approximately 670 acres of the 1,400 total drainage area acreage. The project area was developed from the 1950s to the 1970s and 
nearly all existing drainage systems, in comparison to current regulations, are considered non-conforming. The current channel geometry provides less 
than a 25-year level of service for the drainage area, which results in high tail water conditions during extreme or long duration rainfall events. 

The channel’s insufficient capacity, combined with the lack of detention in the surrounding developments contribute to an increase in water surface 
elevations throughout the project areas, which increase the risk of flooding in the Bernadine Estates, Barwood, Tower Oaks, and Tower Oaks Meadows 
subdivisions. The high tail water conditions in HCFCD channel E132-00-00 contributed to the flooding of over 200 residential structures throughout 
the drainage area. 

Street Address 

Iberia Drive and Dakar Drive 

Street Limits on Street 

From Street 

To Street 

Zip Code 

77065 
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City 

Houston 

County 

Harris 

State 

TX 

Latitude 

29.95475 

Longitude 

-95.60275 

Scope of Work 

The proposed E132-00-00 flood and drainage activity includes enclosing a portion of the upstream channel, modifying the width of the remaining channe 
and acquiring right-of-way (ROW) for additional detention storage volume or channel widening. The enclosed portion is anticipated to consist of four 9’x5 
Reinforced Concrete Boxes (RCBs) from Advance Drive to Foxburo Dr. A conceptual detention basin providing approximately 21 acre-feet of detention 
storage has been identified immediately south of Foxburo Street and east of HCFCD Unit E132-00-00. 

The goal is to increase the storage and conveyance capacity in the E132-00-00 channel for all adjacent sites to reach full mitigation potential. The 
conformance of this channel to current floodplain regulations and HCFCD policies, criteria, and design standards will result in not only direct benefit to th 
Barwood, Tower Oaks Meadows, and Bernadine Estates neighborhoods, but also mitigate future flood damages for the sub-regional area. 

As previously indicated, applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for procurement of construc�on services.  For be�er 
detail regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured construction services for the proposed project? 

No 

Construction completion method to be used 

Competitve Sealed Bid/Contract 

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

Yes 

Estimated Number of Parcels 

18 

If yes, has acquisition been completed, in progress, or will need to be acquired? 

Still Needed 
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If yes, provide a brief narrative describing the acquisition activities required. 

Acquisition will be required for the detention pond. 

Applicants must follow 2 CFR 200 rules and regula�ons in the procurement of construc�on services.  For be�er detail regarding procurement methods and requirements, refer to 2 C 

Districts and Elected O�cials 

Cong. Rep 

McCaul, Michael   

State Rep 

Oliverson, Tom   

State Senator 

Bettencourt, Paul   

Cong. Rep District # 

10 

State Rep District # 

130 

State Senator Dist# 

7 

Site Budget 

Specify Site Budget Information 

Total Requested Grant Funds 

$16,429,224.08 

Total Other Funds 

$1,710,288.00 

Total Grant & Other Funds 

$18,139,512.08 
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Amount 
Requested 

$47,508.00 

Site Budget 
Code 

CDBG-MIT Environmental 

Other Funds 

Site Budget 
Total 

$47,508.00 

Name E132-00-00 Mitigation Project - CDBG-MIT Environmental 

Created On 9/23/2020 11:47 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$929,956.08 

Site Budget 
Code 

CDBG-MIT Admin 

Other Funds 

Site Budget 
Total 

$929,956.08 

Name E132-00-00 Mitigation Project - CDBG-MIT Admin 

Created On 9/23/2020 11:47 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$950,160.00 

Site Budget 
Code 

CDBG-MIT Engineering 

Other Funds $1,710,288.00 

Site Budget 
Total 

$2,660,448.00 

Name E132-00-00 Mitigation Project - CDBG-MIT Engineering 

Created On 9/23/2020 11:46 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 
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Amount 
Requested 

$5,000,000.00 

Site Budget 
Code 

CDBG-MIT Acquisition 

Other Funds 

Site Budget 
Total 

$5,000,000.00 

Name E132-00-00 Mitigation Project - CDBG-MIT Acquisition 

Created On 9/23/2020 11:48 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$9,501,600.00 

Site Budget 
Code 

CDBG-MIT Construction 

Other Funds 

Site Budget 
Total 

$9,501,600.00 

Name E132-00-00 Mitigation Project - CDBG-MIT Construction 

Created On 9/23/2020 11:42 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Site Metrics 

Name Linear Feet of Public Improvement 

Comment 
Planned 

Storm sewer improvements (LF) - 5,600 Detention Pond (Ac-Ft) - 17 

Numeric 
Resp 
Planned 

5600 

 

Name Number of public improvements 

Comment 
Planned 

Storm sewer improvements (LF) - 5,600 Detention Pond (Ac-Ft) - 17 

Numeric 
Resp 
Planned 

2 
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Project Site 

Project Sites ð Locations 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Site Number 

S-003179 

Site Title * 

Kolbe Road & Related Infrastructure Drainage Improvements 

Site Description 

The Kolbe Road project area was developed throughout the 1970s and consists of approximately 80 acres of large lot residential parcels drained using a 
system of roadside ditches which drain north to the Cypress North Houston Road storm sewer. Although current regulations allow roadside ditches, 
the current system is considered non-conforming due to poor lot grading, lack of detention, and no consideration for extreme event flow paths. All 
these factors combined lead to shallow, but widespread and long duration inundation throughout the project area. 

The recorded damages from Hurricane Harvey showed that 38 homes experienced structural flooding during Hurricane Harvey with flooding depths 
from 2 to 12 inches above finished floor elevations. Only two structures within the study area were reported in the Tax Day storm event. Additionally, 
there are two FEMA repetitive flood loss properties. 

Street Address 

South Kolbe Drive and South Kolbe Circle 

Street Limits on Street 

From Street 

To Street 

Zip Code 

77429 
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City 

Cypress 

County 

Harris 

State 

TX 

Latitude 

29.94051 

Longitude 

-95.64223 

Scope of Work 

The flood and drainage activity for Kolbe Road include the addition of storm sewers under the existing roadside ditches throughout the project site. The 
storm sewer redirects a portion of drainage area from Cypress North Houston to now drain to HCFCD channel E133-01-00. The change in flows require 
detention to mitigate any adverse impact, so ROW acquisition is included in the project requirements. All improvements conform with current 
infrastructure and floodplain regulations. 

The increased drainage capacity, along with the detention component, mitigates the risk of damage to buildings during extreme storm events by 
reducing ponding depths up to 7 inches. The reduced ponding depths potentially alleviating the structural flooding concerns of at least the 38 previously 
flooded homes. 

As previously indicated, applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for procurement of construc�on services.  For be�er 
detail regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured construction services for the proposed project? 

No 

Construction completion method to be used 

Competitve Sealed Bid/Contract 

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

Yes 

Estimated Number of Parcels 

3 

If yes, has acquisition been completed, in progress, or will need to be acquired? 

In Progress 
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If yes, provide a brief narrative describing the acquisition activities required. 

Acquisition is required for the 38.4 acre foot detention pond, a 30 foot drainage easement, and for dedication of ROW associated with the private 
streets. 

Applicants must follow 2 CFR 200 rules and regula�ons in the procurement of construc�on services.  For be�er detail regarding procurement methods and requirements, refer to 2 C 

Districts and Elected O�cials 

Cong. Rep 

State Rep 

State Senator 

Fletcher, Lizzie   

Oliverson, Tom   

Bettencourt, Paul   

Cong. Rep District # 

7 

State Rep District # 

130 

State Senator Dist# 

7 

Site Budget 

Specify Site Budget Information 

Total Requested Grant Funds 

$5,698,832.08 

Total Other Funds 

$622,483.00 

Total Grant & Other Funds 

$6,321,315.08 
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Amount 
Requested 

$18,218.36 

Site Budget 
Code 

CDBG-MIT Environmental 

Other Funds 

Site Budget 
Total 

$18,218.36 

Name Kolbe Road & Related Infrastructure Drainage Improvements - CDBG-MIT Environmental 

Created On 9/23/2020 11:59 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$322,575.40 

Site Budget 
Code 

CDBG-MIT Admin 

Other Funds 

Site Budget 
Total 

$322,575.40 

Name Kolbe Road & Related Infrastructure Drainage Improvements - CDBG-MIT Admin 

Created On 9/23/2020 12:00 PM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$364,367.12 

Site Budget 
Code 

CDBG-MIT Engineering 

Other Funds $622,483.00 

Site Budget 
Total 

$986,850.12 

Name Kolbe Road & Related Infrastructure Drainage Improvements - CDBG-MIT Engineering 

Created On 9/23/2020 11:58 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

34



 

Amount 
Requested 

$1,350,000.00 

Site Budget 
Code 

CDBG-MIT Acquisition 

Other Funds 

Site Budget 
Total 

$1,350,000.00 

Name Kolbe Road & Related Infrastructure Drainage Improvements - CDBG-MIT Acquisition 

Created On 9/23/2020 12:00 PM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$3,643,671.20 

Site Budget 
Code 

CDBG-MIT Construction 

Other Funds 

Site Budget 
Total 

$3,643,671.20 

Name Kolbe Road & Related Infrastructure Drainage Improvements - CDBG-MIT Construction 

Created On 9/23/2020 11:57 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Site Metrics 

Name Linear Feet of Public Improvement 

Comment 
Planned 

Storm Sewer Upgrades (LF) - 9,910 Detention (CY) - 62,000 

Numeric 
Resp 
Planned 

9910 

 

Name Number of public improvements 

Comment 
Planned 

Storm Sewer Upgrades (LF) 9910 Detention (cy) 62000 

Numeric 
Resp 
Planned 

2 
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Project Site 

Project Sites ð Locations 

Program 

Hurricane Harvey State Mitigation Competition – HUD MID 

Site Number 

S-003321 

Site Title * 

Little White Oak Bayou 

Site Description 

Little White Oak Bayou has a total of length of about 14 miles, from its headwaters in North Houston to its confluence with White Oak Bayou near downto 
Houston. The Little White Oak Bayou subwatershed is part of the larger White Oak Bayou watershed. The lower ¼ of the channel is downstream of 
Interstate 610. This portion of the channel is natural and larger, and there is minimal flood history along this portion of the channel. However, upstream o 
Interstate 610, the channel has been rectified. Much of the channel, with the exception of the most upstream reach, was concrete lined in the late 1970’s. 
The watershed is fully urbanized, with most development occurring before 1960. In the 1940’s, Little White Oak Bayou was extended upstream beyond 
North Shepherd. 

Little White Oak Bayou upstream of Interstate 610 has a long history of flooding. This is due to (1) the overall lack of capacity of the channel and (2) 
restrictions from a long culvert underneath Interstate 610. The impact of this restricted culvert is felt upstream to Crosstimbers. 
Between 1978 and 1980, HCFCD completed the following projects: 
• Channel Improvements – IH-45 to Riggs Road (1978) 
• Channel Improvement – Riggs Road to Victoria Drive (1979) 
• Channel Improvements – Victoria Drive to Yale Blvd (1980) 

All of these projects included concrete lining of the channel, and the channels were designed to accommodate 100-year flowrates using the hydrologic 
methodology available at that time. 

In the early 1980’s, HCFCD continued the preliminary engineering and design of channel improvement projects extending upstream of Yale Blvd. Howev 
at the same time HCFCD was completing its first countywide floodplain study using hydrologic and hydraulic computer models. This new study showed th 
the older methods underpredicted flood flows and did not adequately account for the impact of channel improvements on flood flows downstream. 

See attached narrative for more detail. 

Street Address 

359 Spell Street 
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Street Limits on Street 

From Street 

Tidwell Road 

To Street 

Crosstimbers Street 

Zip Code 

77002 

City 

Houston 

County 

Harris 

State 

TX 

Latitude 

29.83642 

Longitude 

-95.39424 

Scope of Work 

The proposed project involves channel widening 8.700 feet of Little White Oak Bayou (HCFCD Unit No. E101-00-00) from Tidwell Road (upstream) to 
Crosstimbers Street (downstream) along with two detention basins and additional in-line storage. The existing channel is concrete lined with a top-
width of approximately 50 feet. The existing right-of-way is between 75 to 80 feet, although there are some areas with additional existing right-of-way 
through the corridor. The proposed channel will be grass lined with a geomorphologic low flow channel. The full channel, including the low flow and 
high flow areas, will have a top width of 270 (although it may be wider where right-of-way allows). The detention basins will provide an additional 800 
acre-feet of storage during a 500-year event. There are six bridge crossings in the project reach – Leago, Werner, Oxford Footbridge, Victoria, 
Distribution Center and Whiney. These will be modified as necessary to accommodate the project. 

As previously indicated, applicants must follow the procurement process guidelines set forth in 2 CFR §200.318-§200.326 for procurement of construc�on services.  For be�er 
detail regarding procurement methods and requirements, refer to: 
h�ps://recovery.texas.gov/local-government/resources/procurement-contrac�ng/index.html 

Have you procured construction services for the proposed project? 

No 

Construction completion method to be used 

Competitve Sealed Bid/Contract 
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Will acquisition of real property or any activity requiring compliance with URA be required? 

Yes 

Estimated Number of Parcels 

If yes, has acquisition been completed, in progress, or will need to be acquired? 

Still Needed 

If yes, provide a brief narrative describing the acquisition activities required. 

Applicants must follow 2 CFR 200 rules and regula�ons in the procurement of construc�on services.  For be�er detail regarding procurement methods and requirements, refer to 2 C 

Districts and Elected O�cials 

Cong. Rep 

Jackson Lee, Sheila   

State Rep 

Johnson, Jarvis   

State Senator 

Whitmire, John   

Cong. Rep District # 

18 

State Rep District # 

139 

State Senator Dist# 

Site Budget 

Specify Site Budget Information 

38

15 



Total Requested Grant Funds 

$65,325,216.89 

Total Other Funds 

$12,693,421.72 

Total Grant & Other Funds 

$78,018,638.61 
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Amount 
Requested 

$2,350,111.61 

Site Budget 
Code 

CDBG-MIT Admin 

Other Funds 

Site Budget 
Total 

$2,350,111.61 

Name Little White Oak Bayou - CDBG-MIT Admin 

Created On 9/30/2020 7:21 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$26,475,105.28 

Site Budget 
Code 

CDBG-MIT Construction 

Other Funds $12,693,421.72 

Site Budget 
Total 

$39,168,527.00 

Name Little White Oak Bayou - CDBG-MIT Construction 

Created On 9/30/2020 7:20 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 

 

Amount 
Requested 

$36,500,000.00 

Site Budget 
Code 

CDBG-MIT Acquisition 

Other Funds 

Site Budget 
Total 

$36,500,000.00 

Name Little White Oak Bayou - CDBG-MIT Acquisition 

Created On 9/30/2020 7:21 AM 

Budget Line 
Item 

Flood control and drainage Improvements - - GLO17-11274-P 
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 Site Metrics 

Name Linear Feet of Public Improvement 

Comment 
Planned 

Channel widening - 8,700 linear feet 

Numeric 
Resp 
Planned 

8700 

 

Name Number of public improvements 

Comment 
Planned 

(1) Channel Conveyance Improvements along Little White Oak Bayou and (2) Stormwater Detention Basins 

Numeric 
Resp 
Planned 

3 
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Mitigation Applicat ion Project 

The schedule requested here is the Project Level Schedule. 

Identify the time needed to complete every activity and ensure 

a full and eligible project. Activity Level schedules must be 

uploaded separately. 
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CDBG MIT Application Development Environmental Narrative Form 

Date: 7/29/2020 

Project Name: Kolbe Road and Related infrastructure 

Application #: Application 4 

Reviewer: Courtney Blechle 

1. Status of Environmental (Has Not Started, In Progress, Completed): Has not started. 
2. Provide a brief narrative regarding how CDBG-MIT funding is to be used. Demonstrate that all HUD 

CDBG environmental requirements have been met/addressed. CDBG- MIT funding would be used to 
upgrade the existing drainage system due to past structural flooding in the area. A high-level 
environmental review was performed for this application, further studies would be conducted 
before construction to ensure HUD CDBG environmental requirements have been met and in 
accordance with 24 CRF Part 58. 

3. Will the proposed project have any negative impact(s) or effect(s) on the environment per HUD 
environmental regulations as described? Potential for negative impacts or effects. 

a. If yes, or the applicant believes an issue may exist, provide a brief narrative explaining 
the issue: Due to the possibility of Eastern Spotted Skunk habitat, wetlands and a 
current ongoing archaeological investigation on site, further environmental studies 
would be conducted for this proposed project site before work is performed. 

4. Is the proposed project site likely to require a historical resources/archaeological assessment? Yes 
a. If yes, or the applicant believes a historical resources/archaeological assessment may be 

needed, provide a brief narrative explaining the issue: According to the Texas Historical 
Commission, the southwest quadrant of the proposed site is currently undergoing an 
archaeological investigation.  No historic resources are located on the proposed project 
site. 

5. Is the proposed project site listed on the National Register of Historic Places? No 
a. If yes, provide a brief narrative explaining how the historic site will be impacted: N/A 

6. Is the proposed project site in a designated flood hazard area or a designated wetland? The 
proposed project site is not located within a designated flood hazard area.  According to the 
National Wetland Inventory, there is the potential for several wetlands on site, mostly within the 
undeveloped area on the west.  There is potential for wetlands located in drainage ditches, before 
construction begins a wetland delineation would be conducted to determine if wetlands exist in the 
area.  Impacts to wetlands would be avoided and minimized as possible. Permitting efforts would be 
done in accordance with USACE protocols. 

7. Is the applicant participating in the National Flood Insurance Program? Yes 
8. Is the project in a designated Regulatory Floodway? No 

a. If yes, please explain. N/A 
9. Is the proposed project site located in a known critical habitat for endangered species? Yes 

a. If yes, please explain. According to the National Diversity Database, habitat could be 
present for the Eastern Spotted Skunk, Spilogale putorius, last observed in 1980. 



  
     

   
   

      
  

   
       
  

  
 

 

Because of development in the area, habitat for the Eastern Spotted Skunk is unlikely.  A 
habitat survey would be performed before any work is done in the area. 

10. Is the proposed project site a known hazardous site? No 
a. If yes, please explain. N/A 

11. Is the proposed project site located on federal lands or at a federal installation? No 
a. If yes, provide a brief narrative detailing why federal land or a federal installation is 

required for the proposed project. N/A 
12. What level of environmental review is likely needed for the proposed project site (EA, CE, EIS)? CE 
13. Provide a brief narrative to include any additional detail or information relevant to Environmental 

Review. Sources: Texas Parks and Wildlife National Diversity Database, U.S. Fish and Wildlife Service, 
National Wetland Inventory, Texas Historical Commission, and Texas Commission on Environmental 
Quality. 



   

 

 

  

  

  

    
     

      
     

   
   

  
    

      
     

     
   

  
     

     
    

 
    

   
   

  
  

   
   

      
    

   
      

      
   

     
  

    
   

   

CDBG MIT Application Development Environmental Narrative Form 

Date: 7/28/2020 

Project Name: Barwood 

Application #: Application 4 

Reviewer: Courtney Blechle 

1. Status of Environmental (Has Not Started, In Progress, Completed): Has not started. 
2. Provide a brief narrative regarding how CDBG-MIT funding is to be used. Demonstrate that all HUD 

CDBG environmental requirements have been met/addressed. CDBG- MIT funding would be used to 
upgrade the existing drainage system due to past structural flooding in the area. A high-level 
environmental review was performed for this application, further studies would be conducted 
before construction to ensure HUD CDBG environmental requirements have been met and in 
accordance with 24 CRF Part 58. 

3. Will the proposed project have any negative impact(s) or effect(s) on the environment per HUD 
environmental regulations as described? Potential for negative impact or effect. 

a. If yes, or the applicant believes an issue may exist, provide a brief narrative explaining 
the issue: Potential habitat is located within the proposed project site for the Eastern 
Spotted Skunk and the Southern Crawfish Frog, before any work is done a habitat survey 
would be conducted. 

4. Is the proposed project site likely to require a historical resources/archaeological assessment? No 
known historic resources or archaeological sites are located within the proposed project site. 

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

5. Is the proposed project site listed on the National Register of Historic Places? No 
a. If yes, provide a brief narrative explaining how the historic site will be impacted: N/A 

6. Is the proposed project site in a designated flood hazard area or a designated wetland? The project 
site is not located within a designated flood hazard area.  There is potential for wetlands located in 
drainage ditches, before construction begins a wetland delineation would be conducted to 
determine if wetlands exist in the area.  Impacts to wetlands would be avoided and minimized as 
possible. Permitting efforts would be done in accordance with USACE protocols. 

7. Is the applicant participating in the National Flood Insurance Program? Yes 
8. Is the project in a designated Regulatory Floodway? No 

a. If yes, please explain. N/A 
9. Is the proposed project site located in a known critical habitat for endangered species? Yes 

a. If yes, please explain. According to TPWD National Diversity Database, potential habitat 
exists within the area for the Eastern Spotted Skunk, Spilogale putorius, and Southern 
Crawfish Frog, Lithobates areolatus, before work is performed a habitat survey would be 
conducted. 

10. Is the proposed project site a known hazardous site? No known hazardous materials or sites are 
located on the proposed project site. 

a. If yes, please explain. N/A 



      
  

   
     
  

     
   

   

11. Is the proposed project site located on federal lands or at a federal installation? No 
a. If yes, provide a brief narrative detailing why federal land or a federal installation is 

required for the proposed project. N/A 
12. What level of environmental review is likely needed for the proposed project site (EA, CE, EIS)?CE 
13. Provide a brief narrative to include any additional detail or information relevant to Environmental 

Review. Sources: Texas Parks and Wildlife National Diversity Database, U.S. Fish and Wildlife 
Service, National Wetland Inventory, Texas Historical Commission, and Texas Commission on 
Environmental Quality. 



   

 

 

   

  

  

    
     

     
     

   
    

 
    

     
     

     
  

  
     

   
  

    
   

  
  

  
    

    
     
     

   
      

   
   

    
 

   
   

     

CDBG MIT Application Development Environmental Narrative Form 

Date: 7/29/2020 

Project Name: Tower Oaks Meadows 

Application #: 4 

Reviewer: Courtney Blechle 

1. Status of Environmental (Has Not Started, In Progress, Completed): Has not started. 
2. Provide a brief narrative regarding how CDBG-MIT funding is to be used. Demonstrate that all HUD 

CDBG environmental requirements have been met/addressed. CDBG- MIT funding would be used to 
upgrade the existing drainage system due to past structural flooding in the area. A high-level 
environmental review was performed for this application, further studies would be conducted 
before construction to ensure HUD CDBG environmental requirements have been met and in 
accordance with 24 CRF Part 58. 

3. Will the proposed project have any negative impact(s) or effect(s) on the environment per HUD 
environmental regulations as described? Potential for negative impacts or effects. 

a. If yes, or the applicant believes an issue may exist, provide a brief narrative explaining 
the issue: Potential habitat is located within the proposed project site for the Eastern 
Spotted Skunk and the Southern Crawfish Frog, before any work is done a habitat survey 
would be conducted. 

4. Is the proposed project site likely to require a historical resources/archaeological assessment? No 
a. If yes, or the applicant believes a historical resources/archaeological assessment may be 

needed, provide a brief narrative explaining the issue: N/A 
5. Is the proposed project site listed on the National Register of Historic Places? No 

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

site is not located within a designated flood hazard area.  There is potential for wetlands located in 
drainage ditches, before construction begins a wetland delineation would be conducted to 
determine if wetlands exist in the area.  Impacts to wetlands would be avoided and minimized as 
possible. Permitting efforts would be done in accordance with USACE protocols. 

7. Is the applicant participating in the National Flood Insurance Program? Yes 
8. Is the project in a designated Regulatory Floodway? No 

a. If yes, please explain. N/A 
9. Is the proposed project site located in a known critical habitat for endangered species? Yes 

a. If yes, please explain. According to TPWD National Diversity Database, potential habitat 
exists within the area for the Eastern Spotted Skunk, Spilogale putorius, and Southern 
Crawfish Frog, Lithobates areolatus, before work is performed a habitat survey would be 
conducted. 

10. Is the proposed project site a known hazardous site? No 
a. If yes, please explain. N/A 

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



  
   

      
   

  
 

 

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

12. What level of environmental review is likely needed for the proposed project site (EA, CE, EIS)? CE 
13. Provide a brief narrative to include any additional detail or information relevant to Environmental 

Review. Sources: Texas Parks and Wildlife National Diversity Database, U.S. Fish and Wildlife Service, 
National Wetland Inventory, Texas Historical Commission, and Texas Commission on Environmental 
Quality. 
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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

EXECUTIVE SUMMARY 

The benefit-cost analysis performed for White Oak 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) 

• Mental health treatment (avoided costs) 

• Worker productivity (avoided costs) 

• 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 

Expected Benefits Annual Benefit 
Present Value 

Benefit 

Structures + Contents $1,596,613 $22,034,445 

Displacement, Residential $124,458 $1,717,620 

Displacement, Non-residential $5,279 $72,858 

Social (Mental Health & Productivity) $2,281,641 $31,488,345 

Environmental (Ecosystem services of converted land) $690,548 $9,530,078 

Total Expected Benefits (all categories) $4,698,539 $64,843,345 

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 

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

ES-1 
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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

Table ES-2 – Summary of Social Benefits 

Category 
Number of 

Persons 
Benefit per 

Person 
Present Value 
Social Benefits 

Number of Persons Directly Benefitted by 
Mitigation of Residential Structural Flooding 

3,531 $ 2,443 $8,626,233 

Number of Full-time Workers Directly Benefitted 
by Mitigation of Residential Structural Flooding 

2,617 $ 8,736 $22,862,112 

Total Social Benefit $31,488,345 

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 White Oak Bayou Watershed Mitigation Project requires some acquisition and conversion 

of developed land to undeveloped floodplain. Additionally, a riparian corridor is planned as part of the 

project. The benefit values for Green Open Space and Riparian land use have been applied to these areas. 

Environmental benefits of the White Oak Bayou Watershed Mitigation Project are summarized in Table 

ES-3. 

Table ES-3 – Summary of Environmental Benefits 

Post Mitigation 
Land Use 

Acres 
Converted 

Benefit per Acre per 
Year 

Annual Benefits 
Present Value 

Benefits 

Green Open Space 26 $8,308 $216,008 $2,981,072 

Riparian 12 $39,545 $474,540 $6,549,006 

Wetlands 0 $6,010 $- $-

Forests 0 $554 $- $-

Marine / Estuary 0 $1,799 $- $-

Total Environmental 
Benefit 

38 $690,548 $9,530,078 

In addition to environmental benefits, social benefits, and reduced structural damages and displacement 

costs, the White Oak Bayou Watershed Mitigation Project represents a holistic benefit to its service area, 

the White Oak Bayou Watershed, by removing structures and land area from the floodplain. Table ES-4 

summarizes the impacts of the mitigation project. 

ES-2 



  
 

 

 

   

 
  

 

   

  

   

  

   

    

  
 

 

       

           

      

            

     

    

     

          

      

        

        

        

 

     

            

    

        

          

 
  

White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

Table ES-4 – Impacts of Mitigation Project 

Number of structures benefitted in any event 
(estimated losses to structural damage are reduced) 

1,495 

Number of structures removed from 10% AEP (10-year) floodplain 76 

Number of structures removed from 1% AEP (100-year) floodplain 527 

Number of acres removed from 10% AEP (10-year) floodplain 117 

Number of acres removed from 1% AEP (100-year) floodplain 258 

Number of structures removed from risk* in 10% AEP (10-year) event 7 

Number of structures removed from risk* in 1% AEP (100-year) event 461 

*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-941. 

(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 White Oak Bayou Watershed Mitigation Project 

1 Circular A-94, Office of Management and Budget, last revised October 29, 1992. 
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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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. 

Table ES-5 – Benefit-Cost Ratio 

7% Discount Rate 3% Discount Rate 

Present Value Total Benefits $64,843,345 $93,674,568 

Present Value Total Cost $117,207,261 $117,207,261 

Benefit-Cost Ratio 0.55 0.80 

ES-4 



  
 

 

 

  

    

              

       

           

   

   

  

  

      

  

  

  

    

  

      

  

    

       

           

 

 

 

              

  

 
          

    
  

White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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,2 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. A BCA is 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: 

• In accordance 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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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

• 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 6.04 (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. 

1.2 QUANTITATIVE BENEFIT CATEGORIES 

The benefit-cost analysis 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) 

• Mental health treatment (avoided costs) 

• Worker productivity (avoided costs) 

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

1.3 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 

Dataset Source Description 

Harris County Structure 
Inventory 

Harris County 
Flood Control 
District 

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

Right-of-Way Acquisition 
Harris County 
Flood Control 
District 

parcels and impacted structures to be bought out as part of 
project 

Capital Costs 

Harris County 
Flood Control 
District; Harris 
County 

project capital costs 

Existing and Proposed Water 
Surface Elevations 

Harris County 
Flood Control 
District; Harris 
County 

Estimated water surface elevations based on hydraulic 
modeling of conditions before and after project 
implementation 

American Community Survey 
Data5 

U.S. Census 
Bureau 

2018 ACS 5-year data related to population, average 
household size, number of full-time workers, median 
household income, and other variables 

Census Geographic Areas 
U.S. Census 
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-year5 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. 

• Subject Table S1903 –Median Income in the Past 12 Months 

• Detail Table B01003 – Total Population 

• Data Profile Table DP04 – Selected Housing Characteristics 

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

Population 16+ Years 

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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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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

Table 1-2 – Sources of Standard Values and Reference Tables 

Name Purpose Source 

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

OMB Circular A-94 

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

FEMA BCA Toolkit 
v6.0 

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 

Hotel per Diem Cost 
daily cost per household, up to 5 people, for 
lodging 

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 ($/acre/year) 
provided by land use conversion 

Replacement Cost Models building replacement values ($/sq. ft.) 
Hazus Technical 
Manual6 

Depth-Damage Functions 
tables of percent damage for depth flooded given 
the building type 

USACE New 
Orleans District7 

SFR Content-to-Structure 
Value Ratios 

ratio for single-family residences for 1 story, 2 
stories, or mobile home 

USACE New 
Orleans District7 

Other Content-to-
Structure Value Ratios 

ratio for structures other than single-family 
residences 

USACE New 
Orleans District7 

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 

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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White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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

method is described in a FEMA guidance document for flood risk assessments8. 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 = ( ∗ 𝐿𝑜𝑠𝑠500𝑦𝑟)

500 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠100𝑦𝑟 + 𝐿𝑜𝑠𝑠500𝑦𝑟)

100 500 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠50𝑦𝑟 + 𝐿𝑜𝑠𝑠100𝑦𝑟) Equation 1 

50 100 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠25𝑦𝑟 + 𝐿𝑜𝑠𝑠50𝑦𝑟)

25 50 

1 1 
+( − )(𝐿𝑜𝑠𝑠10𝑦𝑟 + 𝐿𝑜𝑠𝑠25𝑦𝑟)

10 25 

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 𝐿𝑜𝑠𝑠)𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 − (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). 

𝐴 𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 𝑖(1 + 𝑖)𝑛 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 ( ) = = 
𝑃 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 (1 + 𝑖)𝑛 − 1 Equation 3 

𝑃 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 (1 + 𝑖)𝑛 − 1 
𝑈𝑛𝑖𝑓𝑜𝑟𝑚 𝑆𝑒𝑟𝑖𝑒𝑠 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑊𝑜𝑟𝑡ℎ 𝐹𝑎𝑐𝑡𝑜𝑟 ( ) = = 

𝐴 𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 𝑖(1 + 𝑖)𝑛 Equation 4 

8 “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 
Useful Life 

(years) 

Acquisition / Relocation 

Acquisition / Relocation 100 

Building Elevation 

Residential Building 30 

Non-Residential Building 25 

Public Building 50 

Historic Buildings 50 

Mitigation Reconstruction 

Mitigation Reconstruction 50 

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 
= Equation 5 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 

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. 

6 



  
 

 

 

   

   

       

         

       

              

        

          

       

 

    

  

    

    

    

              

 

   

  

            

         

            

          

      

       

     

 
  
  
   

White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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 inventory9. 

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: 

• Building Damages – Depth related to % of value lost. 

• Content Damages – Depth related to % of value lost. 

• Displacement Costs – Depth related to number of days displaced. 

• 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. 

2.1.1 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 Manual10. 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 methodology11, a weighted composite building replacement 

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

9 Bare Earth LiDAR, HGAC 2008 Datum Adjusted.  Houston-Galveston Area Council. 2008. 
10 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 S1903). 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 Costs12 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 District13 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 
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12 R.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 District13, 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: 

• Temporary lodging for each displaced household (assumes up to 5 household members per hotel 

room) 

• 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 
per capita 

Cost of eating 
at home 

Hotel per diem per 
family, up to 5 people 

Meal cost / 
person / day 

$55 $7 $94 $48 

2.1.3 Displacement Costs (Non-Residential) 

The costs of non-residential displacement, as defined by FEMA, include: 

9 
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• One-time cost of relocating business equipment 

• 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 $/sq. 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 

Occupancy Class 
Disruption 
Cost Factor 

($/sf) 

Rental Cost 
Factor 
($/sf) 

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. 

2.2.1 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: 

• 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 

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 disaster14. 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 

14 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 

Category 
Benefit per Person 

(Present Value) 
Unit 

Treatment for mental stress 
and anxiety 

$2,443 
Resident of home benefitted by 
project 

Lost productivity $8,736 
Resident of home benefitted 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/year15 

Green Open 
Space 

Riparian Wetlands Forests 
Marine 

/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. 
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Expected environmental benefits are summarized in the Executive Summary. 

2.3 SPECIAL CONSIDERATIONS 

Certain mitigation activities occurring in areas that ultimately outfall to the main channel of the project 

service area are included in the White Oak Bayou Covered Project. Detailed hydraulic modeling has not 

yet been performed for all of these activities, so data on the exact depth of inundation at each structure 

location under multiple storm event scenarios is not available. In these cases, expected damages to 

structures and contents, and subsequently expected benefits, were estimated based on the following: 

1. Professional estimates of the existing and proposed project conditions: 

a. Number of inundated structures in existing conditions, and average flooding 

depth for these structures 

b. Number of inundated structures in proposed conditions, and average 

flooding depth for these structures. This structure count is equal to the 

number of inundated structures in existing conditions less the number of 

structures from which the floodplain will be removed. 

c. Average loss per structure in existing conditions, based on the average 

flooding depth, average structure size, and average market value. A generic 

damage curve for single-story residential structures was applied to all 

structures. 

d. Average loss per structure in proposed conditions, based on the average 

flooding depth, average structure size, and average market value. A generic 

damage curve for single-story residential structures was applied to all 

structures. 

2. For each event return period for which professional estimates were available, expected 

losses in the existing condition were calculated as Number of Inundated Structures 

(Existing) x Average Loss Per Structure (Existing). 

13 
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3. For each event return period assessed in Step 2, expected losses in the proposed condition 

were calculated as Number of Inundated Structures (Proposed) x Average Loss Per Structure 

(Proposed).  

4. Expected annual benefits for each activity were calculated as described in Section 1.4 by 

considering the expected frequency of each event and calculating benefits for each event 

as Total Expected Losses (Existing) less Total Expected Losses (Proposed). 

Social benefits were assumed to apply to the residents of all benefitted structures in these areas which 

are anticipated to experience a reduction in water surface elevation. Avoided costs of displacement and 

environmental benefits were not considered for these activities. 

3.0 QUALITATIVE BENEFITS 

As described in the Federal Register,16 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 53.7% of the beneficiaries of White Oak 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. 33.9% of the households in 

the project service area are considered to be housing cost-burdened, and 16.0% are severely housing cost-

burdened17. 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, 23.4% of the households in the project service area have no 

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. 

14 
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computer and/or no internet subscription18 . 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 White Oak 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 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. Finally, the White Oak Bayou 

Watershed Mitigation Project will remove 258 acres from the 100-year floodplain, providing a potential 

positive impact to property values. 

Figure 2 – Year-to-Year Percent Change in Total Appraised Value of Property in White Oak Bayou Watershed 
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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. 
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3.3 TRANSPORTATION BENEFITS 

Street closures due to flooding in the White Oak Bayou Watershed during Hurricane Harvey likely 

impacted a large number of commuters, including those who do not live in the watershed. Frequently, 

residential streets are inundated and may become impassable without the water level reaching a point of 

causing any damage to homes. In these scenarios, no quantitative benefits are counted in the BCA as 

there is no structural damage or displacement of residents. However, the street flooding poses an 

inconvenience and in some cases a safety risk, as it can inhibit evacuations, potentially trapping residents 

in homes that may lose power or keeping them from accessing groceries or medical supplies. The White 

Oak Bayou Watershed Mitigation Project will provide some reduction in street inundation as a benefit to 

residents in the service area. 

In Harris County, over 50,000 workers 16 years and older use a bus or trolley bus as means of 

transportation to work. Of workers living within the watershed, 2.3% (5,198 workers) use a bus to 

commute to work19. Data from the Metropolitan Transit Authority of Harris County (Metro) indicates that 

29 bus routes through the watershed were closed for up to 4 or more days during and after Hurricane 

Harvey, with 3 of these routes being closed for 15 or more days. No methods were found that could be 

used to quantify the productivity losses of workers impacted by road closures. Additionally, all Metro bus 

routes passing through the project service area also extend across multiple floodplains in Harris County. 

It was determined that even if a substantial section of a route is removed from the floodplain as a result 

of the White Oak Bayou Watershed Mitigation Project, inundation elsewhere could still cause route 

closure. Because of this, assigning quantitative economic benefits to reduced flooding along bus routes 

that could be attributed only to this project was not considered to be a valid approach. However, the 

White Oak Bayou Watershed Mitigation Project is important to reducing the overall flooding along major 

commuter routes, providing significant benefit to residents of the project service area as well as workers 

traveling to and through the area. 

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 White Oak Bayou Watershed Mitigation Project. 

However, as discussed in Section 2.1.1, the use of structural damages in a benefit-cost ratio, while valid, 

19 Estimate derived from data in table B08301 (Means of Transportation to Work). U.S. Census Bureau. American 
Community Survey, 2014-2018. 
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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. 

17 
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Table A-1 
Single-Family Residential Building Replacement Values (2020 dollars, assuming no basements) 

Income Ratio (r) 
Number of 

Stories 
r < 0.5 

0.5 < r < 
0.85 

0.85 <= r 
< 1.25 

1.25 <= r 
< 2.0 

r >  2.0 

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 
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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 
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EXECUTIVE SUMMARY 

The benefit-cost analysis performed for White Oak 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) 

• Mental health treatment (avoided costs) 

• Worker productivity (avoided costs) 

• 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 

Expected Benefits Annual Benefit 
Present Value 

Benefit 

Structures + Contents $1,647,690 $22,739,349 

Displacement, Residential $124,458 $1,717,620 

Displacement, Non-residential $5,279 $72,858 

Social (Mental Health & Productivity) $2,341,772 $32,318,205 

Environmental (Ecosystem services of converted land) $690,548 $9,530,078 

Total Expected Benefits (all categories) $4,809,748 $66,378,109 

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 

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

ES-1 
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Table ES-2 – Summary of Social Benefits 

Category 
Number of 

Persons 
Benefit per 

Person 
Present Value 
Social Benefits 

Number of Persons Directly Benefitted by 
Mitigation of Residential Structural Flooding 

3,634 $ 2,443 $8,878,297 

Number of Full-time Workers Directly Benefitted 
by Mitigation of Residential Structural Flooding 

2,683 $ 8,736 $23,439,908 

Total Social Benefit $32,318,205 

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 White Oak Bayou Watershed Mitigation Project requires some acquisition and conversion 

of developed land to undeveloped floodplain. Additionally, a riparian corridor is planned as part of the 

project. The benefit value for Green Open Space has been applied to these areas. Environmental benefits 

of the White Oak Bayou Watershed Mitigation Project are summarized in Table ES-3. 

Table ES-3 – Summary of Environmental Benefits 

Post Mitigation 
Land Use 

Acres 
Converted 

Benefit per Acre per 
Year 

Annual Benefits 
Present Value 

Benefits 

Green Open Space 26 $8,308 $216,008 $2,981,072 

Riparian 12 $39,545 $474,540 $6,549,006 

Wetlands 0 $6,010 $- $-

Forests 0 $554 $- $-

Marine / Estuary 0 $1,799 $- $-

Total Environmental 
Benefit 

38 $690,548 $9,530,078 

In addition to environmental benefits, social benefits, and reduced structural damages and displacement 

costs, the White Oak Bayou Watershed Mitigation Project represents a holistic benefit to its service area, 

the White Oak 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) 

1,586 

Number of structures removed from 10% AEP (10-year) floodplain 76 

Number of structures removed from 1% AEP (100-year) floodplain 527 

Number of acres removed from 10% AEP (10-year) floodplain 117 

Number of acres removed from 1% AEP (100-year) floodplain 258 

Number of structures removed from risk* in 10% AEP (10-year) event 7 

Number of structures removed from risk* in 1% AEP (100-year) event 475 

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

Project costs as estimated for the 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 Expect 

Benefits to Total Project Cost; this ratio is presented in Table ES-5. It is important to note that the White 

Oak Bayou Watershed Mitigation 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. 

Table ES-5 – Benefit-Cost Ratio 

Present Value Total Benefits $66,378,109 

Present Value Total Cost $121,281,560 

Benefit-Cost Ratio 0.55 

ES-3 
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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,1 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-942. 

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. A BCA is 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: 

• In accordance with OMB Circular A-94, a 7% discount rate was used when determining equivalent 

present values of expected annual benefits and vice versa. 

1 Allocations, Common Application, Waivers, and Alternative Requirements for Community Development Block 
Grant Mitigation Grantees, 84 FR 169 (August 30, 2019). 
2 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 6.03 (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. 

1.2 QUANTITATIVE BENEFIT CATEGORIES 

The benefit-cost analysis 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) 

• Mental health treatment (avoided costs) 

• Worker productivity (avoided costs) 

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

1.3 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. 

3 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 

Dataset Source Description 

Harris County Structure 
Inventory 

Harris County 
Flood Control 
District 

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

Right-of-Way Acquisition 
Harris County 
Flood Control 
District 

parcels and impacted structures to be bought out as part of 
project 

Capital Costs 

Harris County 
Flood Control 
District; Harris 
County 

project capital costs 

Existing and Proposed Water 
Surface Elevations 

Harris County 
Flood Control 
District; Harris 
County 

Estimated water surface elevations based on hydraulic 
modeling of conditions before and after project 
implementation 

American Community Survey 
Data4 

U.S. Census 
Bureau 

2018 ACS 5-year data related to population, average 
household size, number of full-time workers, median 
household income, and other variables 

Census Geographic Areas 
U.S. Census 
Bureau 

boundaries of 2010 Census tracts and block groups 

HCFCD 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-year4 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. 

• Subject Table S1903 –Median Income in the Past 12 Months 

• Detail Table B01003 – Total Population 

• Data Profile Table DP04 – Selected Housing Characteristics 

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

Population 16+ Years 

4 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. 

3 



  
 

 

 

   

   

   

 
 

 
 

  
 

 

   

   

  
 

 
 

 
  

 

 
  

 

 
 

  

   

  
 

 
 

  
  

  

 
 

 
  

 
 

      
 

 
 

 
   

 
 

 

 

  

   

            

         

 
  
        

             
    

White Oak Bayou Watershed Mitigation Project 
Benefit-Cost Analysis 

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

Table 1-2 – Sources of Standard Values and Reference Tables 

Name Purpose Source 

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

OMB Circular A-94 

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

FEMA BCA Toolkit 
v6.0 

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 

Hotel per Diem Cost 
daily cost per household, up to 5 people, for 
lodging 

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 ($/acre/year) 
provided by land use conversion 

Replacement Cost Models building replacement values ($/sq. ft.) 
Hazus Technical 
Manual5 

Depth-Damage Functions 
tables of percent damage for depth flooded given 
the building type 

USACE New 
Orleans District6 

SFR Content-to-Structure 
Value Ratios 

ratio for single-family residences for 1 story, 2 
stories, or mobile home 

USACE New 
Orleans District6 

Other Content-to-
Structure Value Ratios 

ratio for structures other than single-family 
residences 

USACE New 
Orleans District6 

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 

5 Hazus-MH MR3 Technical Manual.  FEMA. 
6 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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White Oak Bayou Watershed Mitigation Project 
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estimated as the area under the Damage vs Probability curve using the trapezoidal area method. This 

method is described in a FEMA guidance document for flood risk assessments7. 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 = ( ∗ 𝐿𝑜𝑠𝑠500𝑦𝑟)

500 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠100𝑦𝑟 + 𝐿𝑜𝑠𝑠500𝑦𝑟)

100 500 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠50𝑦𝑟 + 𝐿𝑜𝑠𝑠100𝑦𝑟) Equation 1 

50 100 

1 1 
+ ( − ) (𝐿𝑜𝑠𝑠25𝑦𝑟 + 𝐿𝑜𝑠𝑠50𝑦𝑟)

25 50 

1 1 
+( − )(𝐿𝑜𝑠𝑠10𝑦𝑟 + 𝐿𝑜𝑠𝑠25𝑦𝑟)

10 25 

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 𝐿𝑜𝑠𝑠)𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 − (𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙 𝐿𝑜𝑠𝑠)𝑃𝑜𝑠𝑡−𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛 Equation 2 

1.5 PRESENT VALUE ANALYSIS 

Benefits in most categories were determined on an annualized basis as described in the previous section.  

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. 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). 

𝑖(1 + 𝑖)𝑛 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 = 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 ∗ 
(1 + 𝑖)𝑛 − 1 Equation 3 

(1 + 𝑖)𝑛 − 1 
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 ∗ 

𝑖(1 + 𝑖)𝑛 Equation 4 

7 “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 
Useful Life 

(years) 

Acquisition / Relocation 

Acquisition / Relocation 100 

Building Elevation 

Residential Building 30 

Non-Residential Building 25 

Public Building 50 

Historic Buildings 50 

Mitigation Reconstruction 

Mitigation Reconstruction 50 

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 = ((𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝐶𝑜𝑠𝑡) ∗ (𝐴/𝑃 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟) 

+ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝑠)/(𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠) 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 discount 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. 

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 
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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 inventory8. 

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: 

• Building Damages – Depth related to % of value lost. 

• Content Damages – Depth related to % of value lost. 

• Displacement Costs – Depth related to number of days displaced. 

• 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. 

2.1.1 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 Manual9. 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 methodology10, a weighted composite building replacement 

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

median household income in each census tract to median income across Texas (median household income 

determined from 2018 ACS 5-year data from Subject Table S1903). Finally, the Total Building Replacement 

Value of a structure is calculated by multiplying the Unit BRV by the building size Equation 6. This 

8 Bare Earth LiDAR, HGAC 2008 Datum Adjusted.  Houston-Galveston Area Council. 2008. 
9 Hazus-MH MR3 Technical Manual.  FEMA. 
10 Hazus-MH MR3 Technical Manual.  FEMA.  “Section 14.2.1 – Full Building Replacement Costs.” 
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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 Costs11 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 District12 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 
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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 

11 R.S. Means, 2005. 
12 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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developed by the USACE New Orleans District12, 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: 

• Temporary lodging for each displaced household (assumes up to 5 household members per hotel 

room) 

• 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 
per capita 

Cost of eating 
at home 

Hotel per diem per 
family, up to 5 people 

Meal cost / 
person / day 

$55 $7 $94 $48 

2.1.3 Displacement Costs (Non-Residential) 

The costs of non-residential displacement, as defined by FEMA, include: 

• One-time cost of relocating business equipment 

9 
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• 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 $/sq. 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 

Occupancy Class 
Disruption 
Cost Factor 

($/sf) 

Rental Cost 
Factor 
($/sf) 

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. 

2.2.1 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: 

• 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 

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 disaster13. 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 

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

Category 
Benefit per Person 

(Present Value) 
Unit 

Treatment for mental stress 
and anxiety 

$2,443 
Resident of home benefitted by 
project 

Lost productivity $8,736 
Resident of home benefitted 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 of is 

developed land). 

Table 2-4 – Unit Benefit Values for Conversion of Developed Land to Land Use of Higher Ecosystem Value 

Documented Benefit/acre/year14 

Green Open 
Space 

Riparian Wetlands Forests 
Marine 

/Estuary 

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

14 Help Section of B/C Analysis Toolkit v6.0, as of 01/28/2020. 
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Expected environmental benefits are summarized in the Executive Summary. 

2.3 SPECIAL CONSIDERATIONS 

Certain mitigation activities occurring in areas that ultimately outfall to the main channel of the project 

service area are included in the White Oak Bayou Watershed Mitigation Project. For these activities, 

benefits were calculated based on [insert HNTB methodology summary here], and social benefits were 

assumed to apply to the residents of all benefitted structures. 

3.0 QUALITATIVE BENEFITS 

As described in the Federal Register,15 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 53.7% of the beneficiaries of White Oak 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. 33.9% of the households in 

the project service area are considered to be housing cost-burdened, and 16.0% 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, 23.4% 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. 

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

(Figure 2). These trends 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 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. Finally, the White Oak Bayou 

Watershed Mitigation Project will remove 258 acres from the 100-year floodplain, providing a potential 

positive impact to property values. 

Figure 2 - Year-to-Year Percent Change in Total Appraised Value of Property in White Oak Bayou Watershed 
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3.3 TRANSPORTATION BENEFITS 

Street closures due to flooding in the White Oak Bayou Watershed during Hurricane Harvey likely 

impacted a large number of commuters, including those who do not live in the watershed. Frequently, 

residential streets are inundated and may become impassable without the water level reaching a point of 

causing any damage to homes. In these scenarios, no quantitative benefits are counted in the BCA as 

there is no structural damage or displacement of residents. However, the street flooding poses an 

14 
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inconvenience and in some cases a safety risk, as it can inhibit evacuations, potentially trapping residents 

in homes that may lose power or keeping them from accessing groceries or medical supplies. The White 

Oak Bayou Watershed Mitigation Project will provide some reduction in street inundation as a benefit to 

residents in the service area. 

In Harris County, over 50,000 workers 16 years and older use a bus or trolley bus as means of 

transportation to work. Of workers living within the watershed, 2.3% (5,198 workers) use a bus to 

commute to work.  Data from the Metropolitan Transit Authority of Harris County (Metro) indicates that 

29 bus routes through the watershed were closed for up to 5 or more days during and after Hurricane 

Harvey, with 3 of these routes being closed for 15 or more days. No methods were found that could be 

used to quantify the productivity losses of workers impacted by road closures. Additionally, all Metro bus 

routes passing through the project service area also extend across multiple floodplains in Harris County. 

It was determined that even if a substantial section of a route is removed from the floodplain as a result 

of the White Oak Bayou Watershed Mitigation Project, inundation elsewhere could still cause route 

closure. Because of this, assigning quantitative economic benefits to reduced flooding along bus routes 

that could be attributed only to this project was not considered to be a valid approach. However, the 

White Oak Bayou Watershed Mitigation Project is important to reducing the overall flooding along major 

commuter routes, providing significant benefit to residents of the project service area as well as workers 

traveling to and through the area. 

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 White Oak Bayou Watershed Mitigation 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. 
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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) 
Number of 

Stories 
r < 0.5 

0.5 < r < 
0.85 

0.85 <= r 
< 1.25 

1.25 <= r 
< 2.0 

r >  2.0 

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 
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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 
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Block 

Group ID
Block Group

# Residents in 

Block Group of 

Service Area

# Residents in 

Block Group

% Residents of 

Block Group in 

Service Area

Used for LMI 

Calculation?

LMI 

Percentage

Block 

Group ID
Block Group

# Residents in 

Block Group of 

Service Area

# Residents in 

Block Group

% Residents of 

Block Group in 

Service Area

Used for LMI 

Calculation?

LMI 

Percentage

Block 

Group ID
Block Group

# Residents in 

Block Group of 

Service Area

# Residents in 

Block Group

% Residents of Block 

Group in Service 

Area

Used for LMI 

Calculation?

LMI 

Percentage

1 482011000003 194 1,157 17% No 23.3% 51 482012215001 2,645 2,645 100% Yes 77.4% 101 482015115006 1,854 1,864 99% Yes 39.0%

2 482012101001 129 628 21% No 0.0% 52 482012215002 3,106 3,106 100% Yes 79.9% 102 482015115007 1,523 1,543 99% Yes 31.9%

3 482012104001 1,069 1,134 94% Yes 45.8% 53 482012215003 2,599 2,599 100% Yes 76.1% 103 482015116001 1,188 1,188 100% Yes 56.9%

4 482012104002 201 238 84% Yes 85.7% 54 482012216003 1,359 1,702 80% Yes 68.6% 104 482015116002 585 585 100% Yes 64.5%

5 482012104003 2,045 2,061 99% Yes 87.9% 55 482012217002 372 1,644 23% No 87.9% 105 482015116003 937 937 100% Yes 62.9%

6 482012104004 990 990 100% Yes 65.0% 56 482015101001 668 1,168 57% No 34.8% 106 482015116004 866 866 100% Yes 72.5%

7 482012105001 1,853 1,853 100% Yes 72.6% 57 482015101002 1,007 1,020 99% Yes 30.6% 107 482015205001 2,516 2,520 100% Yes 89.5%

8 482012105002 1,794 1,803 100% Yes 88.6% 58 482015102001 1,196 1,746 68% Yes 38.4% 108 482015205002 3,622 3,750 97% Yes 82.5%

9 482012105003 1,820 1,823 100% Yes 85.1% 59 482015102002 183 4,959 4% No 30.4% 109 482015205003 1,466 1,471 100% Yes 66.2%

10 482012106001 875 875 100% Yes 11.8% 60 482015103001 1,669 1,671 100% Yes 8.2% 110 482015205004 1,557 1,557 100% Yes 74.4%

11 482012106002 1,114 1,114 100% Yes 56.2% 61 482015103002 839 840 100% Yes 15.7% 111 482015206011 1,010 2,781 36% No 78.8%

12 482012106003 2,146 2,146 100% Yes 52.3% 62 482015103003 885 910 97% Yes 14.9% 112 482015213001 394 733 54% No 42.9%

13 482012106004 1,138 1,138 100% Yes 62.8% 63 482015103004 1,122 1,129 99% Yes 11.0% 113 482015213002 1,045 1,334 78% Yes 81.9%

14 482012107001 825 828 100% Yes 58.7% 64 482015103005 493 493 100% Yes 24.4% 114 482015213003 1,283 1,283 100% Yes 31.1%

15 482012107002 1,153 1,156 100% Yes 71.4% 65 482015104001 1,561 1,561 100% Yes 26.0% 115 482015214001 936 936 100% Yes 71.7%

16 482012107003 673 673 100% Yes 87.1% 66 482015104002 652 657 99% Yes 34.4% 116 482015214002 2,973 2,973 100% Yes 99.1%

17 482012108001 89 1,360 7% No 86.3% 67 482015104003 1,661 1,673 99% Yes 25.4% 117 482015214003 1,701 1,701 100% Yes 50.6%

18 482012123001 1,019 1,019 100% Yes 79.2% 68 482015105001 1,263 1,265 100% Yes 38.4% 118 482015214004 1,345 1,944 69% Yes 74.7%

19 482012123002 950 1,074 88% Yes 100.0% 69 482015105002 1,073 1,086 99% Yes 26.0% 119 482015215001 1,111 1,111 100% Yes 59.8%

20 482012123003 65 364 18% No 62.5% 70 482015105003 969 974 99% Yes 14.4% 120 482015215002 1,037 1,037 100% Yes 37.5%

21 482012123005 1,169 1,169 100% Yes 74.5% 71 482015106002 1,430 2,593 55% No 38.9% 121 482015215003 1,713 1,713 100% Yes 58.3%

22 482012201001 8 1,363 1% No 75.8% 72 482015106003 847 2,247 38% No 20.8% 122 482015215004 2,175 2,175 100% Yes 46.3%

23 482012202001 1,736 1,736 100% Yes 62.2% 73 482015109001 2,034 2,036 100% Yes 54.2% 123 482015216001 2,480 2,480 100% Yes 48.4%

24 482012202002 873 873 100% Yes 53.2% 74 482015109002 2,655 3,708 72% Yes 20.1% 124 482015216002 1,014 1,018 100% Yes 62.5%

25 482012203001 1,178 1,178 100% Yes 61.6% 75 482015109003 1,329 1,331 100% Yes 44.0% 125 482015217001 1,280 1,280 100% Yes 90.2%

26 482012203002 1,628 1,634 100% Yes 62.0% 76 482015110011 1,517 1,517 100% Yes 16.6% 126 482015217002 2,384 2,384 100% Yes 84.9%

27 482012203003 1,518 1,522 100% Yes 57.8% 77 482015110012 1,729 1,729 100% Yes 28.5% 127 482015217003 1,836 1,836 100% Yes 89.3%

28 482012204001 1,423 1,423 100% Yes 67.3% 78 482015110021 1,715 1,715 100% Yes 11.7% 128 482015217004 1,367 1,367 100% Yes 58.2%

29 482012204002 1,933 1,933 100% Yes 69.1% 79 482015110022 1,641 1,641 100% Yes 56.8% 129 482015218001 2,993 2,993 100% Yes 49.4%

30 482012204003 834 834 100% Yes 57.0% 80 482015110023 905 905 100% Yes 14.7% 130 482015218002 2,549 2,552 100% Yes 59.1%

31 482012205001 504 504 100% Yes 78.2% 81 482015111001 1,400 1,400 100% Yes 48.8% 131 482015219001 2,329 3,552 66% Yes 20.9%

32 482012205002 1,405 1,405 100% Yes 65.0% 82 482015111002 2,106 2,106 100% Yes 28.6% 132 482015220001 2,090 2,090 100% Yes 59.6%

33 482012205003 1,578 1,697 93% Yes 97.4% 83 482015112001 1,125 1,141 99% Yes 9.7% 133 482015220002 772 772 100% Yes 47.5%

34 482012206001 2,757 2,814 98% Yes 75.7% 84 482015112002 2,252 2,258 100% Yes 40.9% 134 482015220003 1,851 1,851 100% Yes 73.6%

35 482012206002 1,126 1,126 100% Yes 37.6% 85 482015112003 1,819 1,826 100% Yes 23.0% 135 482015221003 19 2,565 1% No 70.1%

36 482012207002 138 1,068 13% No 55.3% 86 482015113011 1,073 1,073 100% Yes 49.8% 136 482015301001 1,072 1,072 100% Yes 81.3%

37 482012207003 130 446 29% No 77.4% 87 482015113012 1,229 1,229 100% Yes 24.7% 137 482015301002 2,648 2,648 100% Yes 84.5%

38 482012207004 1,222 1,735 70% Yes 82.0% 88 482015113013 454 454 100% Yes 33.6% 138 482015301003 1,432 1,432 100% Yes 68.8%

39 482012207005 639 2,396 27% No 75.3% 89 482015113014 1,215 1,229 99% Yes 14.2% 139 482015301004 1,398 1,398 100% Yes 73.2%

40 482012212001 187 2,039 9% No 70.7% 90 482015113021 1,016 1,016 100% Yes 31.7% 140 482015302001 1,536 1,536 100% Yes 29.5%

41 482012212002 343 1,239 28% No 84.3% 91 482015113022 1,556 1,567 99% Yes 32.0% 141 482015302002 1,491 1,497 100% Yes 38.1%

42 482012212003 2,783 3,454 81% Yes 73.2% 92 482015113023 1,278 1,280 100% Yes 27.1% 142 482015302003 646 646 100% Yes 31.6%

43 482012213001 1,245 2,018 62% Yes 72.4% 93 482015114001 1,503 1,503 100% Yes 7.2% 143 482015303001 689 691 100% Yes 79.4%

44 482012213002 489 1,263 39% No 61.1% 94 482015114002 782 782 100% Yes 26.1% 144 482015303002 682 682 100% Yes 52.8%

45 482012213003 741 1,732 43% No 65.7% 95 482015114003 905 905 100% Yes 78.3% 145 482015303003 982 985 100% Yes 78.1%

46 482012213004 2,095 2,095 100% Yes 68.6% 96 482015115001 525 527 100% Yes 34.0% 146 482015304001 1,675 1,675 100% Yes 82.8%

47 482012213005 2,812 2,812 100% Yes 71.9% 97 482015115002 841 847 99% Yes 29.0% 147 482015304002 1,279 1,279 100% Yes 72.3%

48 482012214001 815 815 100% Yes 85.8% 98 482015115003 936 938 100% Yes 38.5% 148 482015305001 1,485 1,485 100% Yes 75.8%

49 482012214002 1,983 1,983 100% Yes 85.3% 99 482015115004 863 867 99% Yes 13.5% 149 482015305002 1,647 1,647 100% Yes 72.7%

50 482012214003 3,179 3,179 100% Yes 88.4% 100 482015115005 1,406 1,434 98% Yes 21.5% 150 482015305003 2,273 2,273 100% Yes 71.2%
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151 482015306001 2,088 2,096 100% Yes 71.7% 201 482015324002 2,737 2,737 100% Yes 38.7% 251 482015516002 2,829 2,829 100% Yes 53.6%

152 482015306002 1,499 1,501 100% Yes 78.0% 202 482015324003 1,737 1,737 100% Yes 40.9% 252 482015516003 3,322 3,322 100% Yes 57.0%

153 482015307001 1,987 1,987 100% Yes 72.2% 203 482015325011 4,112 4,112 100% Yes 51.2% 253 482015517011 1,644 1,644 100% Yes 37.2%

154 482015307002 1,814 1,814 100% Yes 79.8% 204 482015325012 600 600 100% Yes 86.9% 254 482015517012 1,201 1,201 100% Yes 36.3%

155 482015307003 1,800 1,800 100% Yes 87.0% 205 482015325013 3,951 3,951 100% Yes 53.7% 255 482015517013 995 995 100% Yes 15.0%

156 482015308001 1,086 1,086 100% Yes 88.7% 206 482015325021 1,321 1,321 100% Yes 40.4% 256 482015517014 1,100 1,100 100% Yes 11.2%

157 482015308002 990 993 100% Yes 81.7% 207 482015325022 1,241 1,241 100% Yes 52.4% 257 482015517015 1,639 1,639 100% Yes 3.1%

158 482015308003 2,266 2,271 100% Yes 42.8% 208 482015325023 2,774 2,774 100% Yes 69.6% 258 482015517016 2,171 2,171 100% Yes 31.8%

159 482015309001 1,142 1,142 100% Yes 76.1% 209 482015326001 2,628 2,628 100% Yes 69.2% 259 482015517021 1,958 1,958 100% Yes 11.2%

160 482015309002 1,855 1,855 100% Yes 38.6% 210 482015326002 1,705 1,705 100% Yes 66.8% 260 482015517022 1,963 1,963 100% Yes 5.7%

161 482015309003 1,399 1,399 100% Yes 13.0% 211 482015326003 2,201 2,201 100% Yes 36.1% 261 482015517031 3,505 3,505 100% Yes 20.0%

162 482015310001 1,462 1,462 100% Yes 17.1% 212 482015327001 1,432 1,435 100% Yes 47.1% 262 482015517032 3,042 3,042 100% Yes 35.5%

163 482015310002 2,404 2,443 98% Yes 31.9% 213 482015327002 1,548 1,548 100% Yes 42.4% 263 482015517033 1,849 1,849 100% Yes 32.3%

164 482015311001 1,216 1,216 100% Yes 34.9% 214 482015327003 1,951 1,951 100% Yes 56.3% 264 482015518001 2,297 2,297 100% Yes 11.4%

165 482015311002 2,046 2,046 100% Yes 12.9% 215 482015328001 1,951 1,951 100% Yes 53.3% 265 482015518002 1,138 1,138 100% Yes 10.7%

166 482015312001 1,329 1,329 100% Yes 86.9% 216 482015329001 1,979 1,979 100% Yes 66.2% 266 482015518003 950 950 100% Yes 29.0%

167 482015312002 1,270 1,270 100% Yes 28.3% 217 482015329002 2,439 2,439 100% Yes 55.0% 267 482015519001 854 854 100% Yes 69.4%

168 482015312003 974 974 100% Yes 27.5% 218 482015329003 2,266 2,266 100% Yes 58.4% 268 482015519002 2,540 2,540 100% Yes 79.2%

169 482015313001 1,982 1,982 100% Yes 87.0% 219 482015330001 2,422 2,422 100% Yes 83.9% 269 482015519003 2,364 2,364 100% Yes 67.0%

170 482015313002 1,571 1,574 100% Yes 59.4% 220 482015331001 3,058 3,058 100% Yes 44.9% 270 482015520011 4,431 4,431 100% Yes 33.9%

171 482015313003 2,719 2,719 100% Yes 67.6% 221 482015331002 1,977 1,982 100% Yes 76.6% 271 482015520012 1,421 1,421 100% Yes 30.2%

172 482015314001 2,150 2,150 100% Yes 38.4% 222 482015331003 2,824 2,824 100% Yes 38.1% 272 482015520013 2,720 2,720 100% Yes 37.8%

173 482015315001 835 835 100% Yes 21.4% 223 482015332001 913 915 100% Yes 66.1% 273 482015520021 1,366 1,366 100% Yes 37.8%

174 482015315002 802 802 100% Yes 37.1% 224 482015332002 1,615 1,615 100% Yes 74.0% 274 482015521011 4,270 4,270 100% Yes 29.2%

175 482015315003 1,377 1,377 100% Yes 31.4% 225 482015332003 1,391 1,391 100% Yes 46.6% 275 482015521021 3,437 3,437 100% Yes 9.7%

176 482015316001 1,714 1,714 100% Yes 14.7% 226 482015333001 245 2,247 11% No 70.6% 276 482015521022 2,270 2,270 100% Yes 27.4%

177 482015316002 1,439 1,439 100% Yes 37.3% 227 482015333002 2,344 2,631 89% Yes 97.8% 277 482015521023 922 922 100% Yes 20.3%

178 482015317001 1,703 1,703 100% Yes 22.4% 228 482015333003 661 661 100% Yes 73.9% 278 482015521031 1,363 1,363 100% Yes 12.7%

179 482015317002 1,722 1,722 100% Yes 13.7% 229 482015333004 660 660 100% Yes 78.2% 279 482015521032 1,946 1,946 100% Yes 45.4%

180 482015318001 1,871 1,874 100% Yes 72.9% 230 482015334001 1,979 2,315 85% Yes 62.8% 280 482015522001 1,853 1,853 100% Yes 60.4%

181 482015318002 492 492 100% Yes 82.9% 231 482015334002 2,401 5,941 40% No 66.5% 281 482015522002 74 2,119 3% No 33.8%

182 482015319001 2,568 2,568 100% Yes 83.8% 232 482015335001 0 2,467 0% No 63.0% 282 482015522003 3,254 3,261 100% Yes 41.8%

183 482015319002 999 999 100% Yes 78.2% 233 482015338011 1,077 8,982 12% No 61.0% 283 482015523011 1,214 2,699 45% No 26.4%

184 482015319003 1,507 1,510 100% Yes 60.4% 234 482015340011 3,462 3,462 100% Yes 81.7% 284 482015523012 1,048 1,521 69% Yes 34.0%

185 482015320011 1,467 1,467 100% Yes 80.4% 235 482015340021 3,021 3,021 100% Yes 69.1% 285 482015523021 492 3,436 14% No 53.8%

186 482015320012 1,443 1,443 100% Yes 92.3% 236 482015340022 2,970 2,970 100% Yes 65.0% 286 482015523022 277 1,014 27% No 65.1%

187 482015320013 1,548 1,548 100% Yes 70.8% 237 482015340031 2,897 2,897 100% Yes 43.0% 287 482015524001 1,290 1,290 100% Yes 61.0%

188 482015320014 1,869 1,869 100% Yes 88.3% 238 482015341001 3,512 3,512 100% Yes 47.6% 288 482015524002 2,581 2,581 100% Yes 12.0%

189 482015320021 1,284 1,284 100% Yes 36.0% 239 482015341002 1,831 1,831 100% Yes 71.3% 289 482015524003 3,838 3,838 100% Yes 60.6%

190 482015321001 2,904 2,904 100% Yes 91.9% 240 482015341003 3,167 3,167 100% Yes 58.8% 290 482015525002 0 3,816 0% No 37.2%

191 482015321002 246 246 100% Yes 54.5% 241 482015342011 3,018 3,018 100% Yes 58.9%

192 482015321003 1,191 1,191 100% Yes 23.3% 242 482015342021 2,321 2,321 100% Yes 22.8%

193 482015321004 2,096 2,096 100% Yes 91.9% 243 482015342022 3,808 3,808 100% Yes 35.0%

194 482015322001 2,462 2,462 100% Yes 90.9% 244 482015342023 883 883 100% Yes 11.5%

195 482015322002 1,621 1,621 100% Yes 78.2% 245 482015342024 2,366 2,366 100% Yes 33.2%

196 482015323001 830 830 100% Yes 42.7% 246 482015342031 2,226 2,226 100% Yes 47.5%

197 482015323002 214 214 100% Yes 100.0% 247 482015401003 155 1,344 12% No 27.2%

198 482015323003 2,407 2,407 100% Yes 61.6% 248 482015408002 1,308 2,577 51% No 60.2%

199 482015323004 3,978 3,978 100% Yes 47.5% 249 482015515002 1,952 5,775 34% No 38.6%

200 482015324001 2,350 2,350 100% Yes 56.9% 250 482015516001 3,143 3,143 100% Yes 55.0%
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