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i		REGION 6 San Jacinto
Chapter 4. [bookmark: _Toc108105635][bookmark: _Toc109226729][bookmark: _Toc109235448][bookmark: _Toc109240036]Assessment and Identification of Flood Mitigation Needs
[bookmark: _Toc106689661][bookmark: _Toc106811311][bookmark: _Toc106689664][bookmark: _Toc106811314][bookmark: _Toc99608891][bookmark: _Toc99703714][bookmark: _Toc106604824][bookmark: _Toc108105636][bookmark: _Toc109226730][bookmark: _Toc109235449][bookmark: _Toc109240037]Flood Mitigation Needs Analysis
This section of the chapter describes the process adopted by the San RFPG to conduct the Flood Mitigation Needs Analysis (Task 4A), which involves a high-level assessment of the San Jacinto region with the goal of identifying areas with the greatest flood risk knowledge gaps and greatest known flood risk and mitigation needs. Guidance from the Texas Water Development Board (TWDB) Technical Guidelines for Regional Flood Planning (Exhibit C) indicate that the gaps in flood risk information should be of “flood prone areas with poorly defined or inadequate flood risk information to the extent that it would prevent the RFPG from identifying potentially feasible FMSs and/or FMPs to mitigate flood risks.” The guidance for areas of greatest flood risk indicate that ongoing and planned flood risk reduction projects with funding should be considered when determining areas of greatest need. The results of Task 4A help guide the subsequent Task 4B effort of identifying FMEs, FMPs, and FMSs. Table 4‑1 provides a summary of the Technical Guidelines factors that were considered in Task 4A.


[bookmark: _Ref107909200][bookmark: _Toc108106373][bookmark: _Toc108119137][bookmark: _Toc109235456][bookmark: _Toc109280687][bookmark: _Ref103783811]Table 4‑1: TWDB Guidance and Factors to Consider
	Guidance
	Factors to Consider

	Most prone to flooding that threatens life and property
	Existing Conditions and Future Conditions
· Area in the existing 0.2% ACE floodplain
· Structures within 0.2% ACE floodplain
· Agricultural areas within 0.2% ACE floodplain
· Quantity of roadway miles
· Number of roadway water crossings
· Number of critical facilities in 0.2% ACE floodplain

	Locations, extent and performance of current floodplain management and land use policies and infrastructure
	· Community participation in NFIP 
· Presence of a city and/or county Drainage Criteria Manual
· Presence of Higher Floodplain Standards
· Community’s CRS Score

	Inadequate inundation mapping
Lack of hydrologic and hydraulic (H&H) models
	· No BLE or Zone A FEMA floodplain mapping 
· Presence of Atlas 14 rainfall data
· Age of maps

	Emergency need
	· FEMA-designated Repetitive Loss/Severe Repetitive Loss structures
· Critical facilities within the exiting 0.2% ACE floodplain
· Hurricane Evacuation Routes

	Existing modeling analyses and flood risk mitigation plans
	· Presence of Master Drainage Plans (including watershed-wide Master Drainage Plans)

	Previously identified and evaluated flood mitigation projects
	· This guidance was not included as part of the scoring criteria – more detail can be found in the text below

	Historic flooding events
	· Number of FEMA claims
· Claim property damage

	Previously implemented flood mitigation projects
	· Number of active construction projects

	Additional other factors deemed relevant by RFPG
	· Social Vulnerability Index (SVI)
· Nighttime population density


[bookmark: _Toc107911202][bookmark: _Toc107911767][bookmark: _Toc107911805]



[bookmark: _Toc109235450]Process and Scoring Criteria
Task 4A utilized compiled data from Tasks 1 through 3 to conduct a geospatial assessment of the region by assigning scoring based on calculated metrics associated with the factors listed in Table 4‑1. Note that one category of factors (previously identified and evaluated flood mitigation projects) was excluded from the analysis. This category of factors focused on plans/studies that are not implemented or funded. These types of projects do not capture flood risk knowledge gaps or risks. 
The geospatial assessment was performed at a HUC-12 watershed level of detail, which is consistent with the minimum watershed size as specified in the Technical Guidelines. A Hydrologic Unit Code (HUC) is a unique identification code assigned to watersheds in the United States. As watersheds are subdivided into smaller watersheds, the number of digits used to identify them gets longer. The smallest unit of division used to identify a watershed is 12 digits, also referred to as a HUC-12. The San Jacinto region has a total of 108 HUC-12 watersheds, with an average size of 49 square miles. 
Due to the topography of the region, the HUC-12 boundaries in the southern (coastal) zone of the region are much larger than those in the northern part of the region. Four of the 108 HUC-12 boundaries have an average area of 272 square miles, while the remaining 104 HUCs have an average area of 41 square miles. As a result, the average HUC area is skewed, which will lead to uneven results on the distribution of flood risk and knowledge gaps. To address this concern, the four large HUC-12 boundaries were divided further using local watershed boundaries. The result was a total of 115 watersheds, with an average area of 64 square miles.
Based on guidance from the RFPG, a total of nine data categories with 26 subcategories were used in the geospatial assessment. A scoring system was determined for each data category based on the statistical distribution of the data, with an effort made to evenly distribute the number of HUCs with each score within a certain category to differentiate HUCs in the identification of higher need areas. The process followed for the analysis was:
Intersect the selected data with HUC boundaries to get a count of number of items per HUC.
Subdivide the data results to fall into different scores. The scores were created to have similar amounts of HUCs within each scoring value. However, some scoring ‘buckets’ have large ranges. This was necessary to keep the number of HUCs within each ‘bucket’ as even as possible. For an example of this approach, see the number of structures in the floodplain calculated in Table 4‑3. 
The categories were assigned a score. A higher score indicates higher risk or knowledge gaps and that more attention or funding should be dedicated to that HUC.
For categories with more than one factor included, an average score was calculated to determine the overall resulting category score for each HUC.
The process was repeated for all categories.
Relevant categories were summed to create an overall score for each HUC in both the flood risk and flood risk knowledge gap calculations based on the breakdown in Table 4‑2. 

[bookmark: _Ref104188360][bookmark: _Toc108106374][bookmark: _Toc108119138][bookmark: _Toc109235457][bookmark: _Toc109280688]Table 4‑2: Category Factors for Flood Risk Knowledge Gaps and Known Flood Risk
	Category
	Knowledge Gap
	Flood Risk Need

	1
	
	X

	2
	
	X

	3 and 4
	X
	

	5
	
	X

	6
	X
	

	7
	N/A
	N/A

	8
	
	X

	9
	
	X

	10
	
	X


A score ranging from one to five points was assigned to each HUC for each subcategory based on the type and distribution of data across all the HUC-12s. Subcategory scores were averaged to get a composite category score for each HUC. The scores for each HUC-12 under each category were then summed to obtain a total score that was used to determine where the greatest flood risk knowledge gaps and areas of greatest known flood risk exist. Further documentation of scoring methodology is provided in the sections below. 
The following sections provide descriptions of all factors used in the Task 4A assessment and an explanation of how each category or subcategory was scored. Note that the objective of Task 4A is to understand the general magnitude of need based on all factors that are present within a given HUC-12, but not necessarily to focus on the relative contribution of each category to the total score. Therefore, no weighting factors were applied to any specific category, although some weighting was applied to subcategories within a category as noted below.
[bookmark: _Toc104566852]Areas Most Prone to Flooding that Threatens Life and Property (Category 1)
Compared to other flood planning regions, the San Jacinto region has more complete mapping coverage based on more detailed and newer flood risk information. A significant remapping effort was undertaken by the Harris County Flood Control District (HCFCD), whose jurisdiction covers a significant portion of the region. Since the mapping for Harris County (corresponding to the Central Zone for the San Jacinto region) is in the process of being updated, consideration was given to both existing and future conditions for the determination of areas most prone to flooding that threaten life and property. To calculate total points for this category, the points assigned based on existing floodplain mapping were weighted at 70% while the points assigned based on future floodplain mapping were weighted at 30%. Note that the depth of flooding was not modeled and therefore not utilized for the analysis; instead, only floodplain extents were utilized. 
A total of six subcategories contributed to the total points for this category. Calculated metrics and assigned points related to existing conditions were referred to as Category 1A while those related to future conditions were referred to as Category 1B. Scoring criteria for this category is shown in Table 4‑3 (Existing Conditions) and Table 4‑4 (Future Conditions). The points from the six subcategories were averaged to get the total scores for Categories 1A and 1B.
[bookmark: _Toc104566853]Areas Within the Floodplain
The total area within the existing and future 0.2% ACE floodplain was determined in Tasks 2.A and 2.B, respectively. The total area within the 0.2% ACE floodplain was calculated for each HUC-12 and used to assign points for this subcategory. 
[bookmark: _Toc104566854]Number of Structures in the Floodplain
The building footprints dataset was provided by the TWDB on the Data Hub. This dataset was utilized in Task 2A to determine the total number of buildings in the existing 0.2% ACE floodplain. A similar exercise was performed to determine future structures within the future 0.2% ACE floodplain by intersecting existing structures with the future conditions floodplains delineated in Task 2B. For Task 4A, points were assigned for this subcategory based on the count of existing buildings within the 0.2% ACE floodplain for each HUC-12. 
For this analysis, if a structure was located within the existing 0.2% ACE floodplain extents, it was counted without consideration of the structure elevation. Furthermore, no additional building footprints were added under future conditions due to the challenge and time required to determine the number and location of future buildings; the existing building footprints dataset was also used to determine structure count based on the future floodplain extents. Consideration of structure elevations and change in number of structures between existing and future conditions could be evaluated in future flood planning cycles.
[bookmark: _Toc104566855]Agricultural Areas
Agricultural areas have been defined for this task as land used for farming. The agricultural areas dataset was provided by the TWDB on the Data Hub. This dataset was utilized in Task 2A to determine the total number of agricultural area (square miles)s intersecting the existing 0.2% ACE floodplain. A similar exercise was performed to determine future impacted agricultural areas within the 0.2% ACE floodplain by intersecting existing agricultural areas with the future conditions 0.2% ACE floodplains delineated in Task 2B. For Task 4A, points were assigned for this subcategory based on the count of total impacted agricultural areas for each HUC-12. 
For this analysis, no additional agricultural areas were added under future conditions; the existing agricultural areas dataset was used to determine areas based on the future floodplain extents. Consideration of future agricultural areas could be evaluated in future flood planning cycles.
[bookmark: _Toc104566856]Quantity of Roadway Miles
[bookmark: _Hlk107411657]The roadway segments dataset was provided by the TWDB on the Data Hub. This dataset was utilized in Task 2A to determine the total number of roadway miles in the existing 0.2% ACE floodplain. A similar exercise was performed to determine future roadway miles within the future 0.2% ACE floodplain by intersecting existing roadways with the future conditions floodplains delineated in Task 2B.  For Task 4A, points were assigned for this subcategory based on the count of roadway miles within the 0.2% ACE floodplain for each HUC-12.
For this analysis, if a roadway intersected the existing 0.2% ACE floodplain, it was counted without consideration of roadway elevation due to a lack of consistent topographic data and the time required to extract roadway elevation information. Consideration of roadway elevation could be evaluated in future flood planning cycles. Furthermore, no additional roadways were added under future conditions; the existing roadway dataset was also used to determine roadway count based on the future floodplain extents. 
[bookmark: _Toc104566857]Number of Roadway Crossings
Low water crossings were identified in Task 1 and were downloaded from the TWDB Data Hub. This dataset was utilized in Task 2A to determine the total number of roadway crossings in the existing 0.2% ACE floodplain . A similar exercise was performed to determine future low water crossings within the future 0.2% ACE floodplain by intersecting number of existing low water crossings with the future conditions floodplains delineated in Task 2B. For Task 4A, the count of low water crossings within the 0.2% ACE floodplain for each HUC-12 was used to assign points for this subcategory.
For this analysis, no low water crossings were added under future conditions; the existing low water crossings dataset was used to determine areas based on the future floodplain extents.. Consideration of future low water crossings could be evaluated in future flood planning cycles.
[bookmark: _Toc104566858]Critical Facilities
Critical facilities include but are not limited to fire stations, hospitals, shelters, schools, water and wastewater treatment plants, correctional facilities, aviation facilities, waste disposal facilities, power generation, and chemical manufacturing and processing facilities. 
The critical facilities footprints dataset was provided by the TWDB on the Data Hub. This dataset was utilized in Task 2A to determine the total number of critical facilities in the existing 0.2% ACE floodplain. A similar exercise was performed to determine future critical facilities within the future 0.2% ACE floodplain by intersecting existing critical facilities with the future conditions floodplains delineated in Task 2B. For Task 4A, points were assigned for this subcategory based on the count of existing buildings within the 0.2% ACE floodplain for each HUC-12. 
For this analysis, if a critical facility was located within the existing 0.2% ACE floodplain, it was counted without consideration of the structure elevation. Furthermore, no critical facility footprints were added under future conditions; the existing critical facility footprints dataset was also used to determine facilities count based on the future floodplain extents. Consideration of structure elevations and change in number of critical facilities between existing and future conditions could be evaluated in future flood planning cycles.





[bookmark: _Ref104297449][bookmark: _Toc108106375][bookmark: _Toc108119139][bookmark: _Toc109235458][bookmark: _Toc109280689]Table 4‑3: Task 4A Scoring Criteria – Category 1A: Existing Conditions
	Score (points)
	
	1
	2
	3
	4
	5

	Area within the Floodplain (Square Miles)
	Range
	0-60
	60.01-75
	75.01-95
	95.01-112
	112.01+

	
	Number of Occurrences
	23
	23
	23
	24
	22

	Number of Structures in the Floodplain
	Range
	1-86
	87-700
	701-2560
	2561-4950
	4951+

	
	Number of Occurrences
	23
	23
	23
	23
	23

	Agricultural Areas in Flood Prone Areas (Square Miles)
	Range
	0-0.017
	0.0171-0.046
	0.0461-0.093
	0.0931-0.39
	0.0391+

	
	Number of Occurrences
	23
	24
	23
	23
	22

	Quantity of Roadway Miles
	Range
	0-5
	5.01-16
	16.01-45
	45.01-85
	85.01+

	
	Number of Occurrences
	24
	23
	23
	22
	23

	Number of Roadway Crossings
	Range
	1-14
	15-22
	23-38
	39-55
	56+

	
	Number of Occurrences
	22
	23
	23
	23
	24

	Number of Critical Facilities in Flood Prone Areas
	Range
	0
	1-8
	9-27
	28-120
	121+

	
	Number of Occurrences
	44
	17
	18
	18
	18





[bookmark: _Ref103789075][bookmark: _Toc108106376][bookmark: _Toc108119140][bookmark: _Toc109235459][bookmark: _Toc109280690]Table 4‑4: Task 4A Scoring Criteria – Category 1B: Future Conditions
	Score (points)
	
	1
	2
	3
	4
	5

	Area within the Floodplain (Square Miles)
	Range
	0-73
	73.1-88
	88.1-112
	112.1-133
	133.1+

	
	Number of Occurrences
	23
	23
	22
	23
	24

	Number of Structures in the Floodplain
	Range
	1-280
	281-1650
	1651-5050
	5051-11500
	11501+

	
	Number of Occurrences
	23
	23
	23
	23
	23

	Agricultural Areas in Flood Prone Areas (Square Miles)
	Range
	0.001-0.032
	0.0321-0.066
	0.0661-0.13
	0.131-0.53
	0.531+

	
	Number of Occurrences
	22
	24
	24
	23
	22

	Quantity of Roadway Miles
	Range
	1-11
	11.1-35
	35.1-80
	80.1-140
	170.1+

	
	Number of Occurrences
	24
	22
	24
	24
	21

	Number of Roadway Crossings
	Range
	0
	1-25
	26-53
	54-92
	93+

	
	Number of Occurrences
	0
	29
	27
	29
	30

	Number of Critical Facilities in Flood Prone Areas
	Range
	0
	1-13
	14-42
	43-165
	166+

	
	Number of Occurrences
	34
	20
	19
	20
	22


[bookmark: _Toc104566859]
Current Floodplain Management and Land Use Policies and Infrastructure (Category 2)
[bookmark: _Toc104566860]Communities Participating in the NFIP
Communities participating in the NFIP were identified in Task 1 and Task 3. The scores were calculated by utilizing the percentage of an NFIP participating community area in each HUC boundary. Scoring criteria for this category is shown in Table 4‑5. 
[bookmark: _Toc104566861]Communities with a Drainage Criteria Manual
Communities can regulate development utilizing drainage criteria manuals. These manuals are tools that can regulate detention and local drainage infrastructure. A list of drainage criteria manuals for the counties and communities within the San Jacinto region was compiled in ArcGIS, and then overlaid with the HUC boundaries. For this exercise, the documentation needed to explicitly be labeled as a Drainage Criteria Manual for the documentation to be considered. 
Scores were given based on the presence of a drainage criteria manual for the city and county (a score of one point), the presence of the manual for the city or the county (a score of three points), or if neither the county nor community had a drainage criteria manual (a score of five points). Scoring criteria for this category is shown in Table 4‑5.
[bookmark: _Toc104566862]Communities with Higher Floodplain Standards
When regulating development in a floodplain, communities can utilize higher floodplain standards that exceed NFIP minimum standards to help reduce the risk of flooding. Higher standards are indicated by additional guidance documents and requirements for new developments or significant redevelopment, such as if higher finished floor elevations are required. Communities with higher floodplain standards were identified utilizing the survey responses compiled in Task 1. Scores were determined based on the percentage of the HUC that was covered by a community having higher floodplain standards. Scoring criteria for this category is shown in Table 4‑5.
[bookmark: _Toc104566863]Communities CRS Score
Communities with a Community Rating System (CRS) score were identified using publicly available data from FEMA. A CRS score indicates that a community has adopted higher standards for floodplain management than the basic requirements for participation in the NFIP. The scores for this category were based on the CRS score received from FEMA, ranked such that a lower CRS score garnered fewer points than a higher CRS score (in line with FEMA scoring requirements). Where HUC boundaries contained multiple CRS-participating communities, the score was calculated utilizing a weighted average of CRS score based upon the communities’ area within a HUC. Non-participating communities were given a score of 10, which is the default value that FEMA utilizes. Scoring criteria for this category is shown in Table 4‑5.


[bookmark: _Ref103804304][bookmark: _Toc108106377][bookmark: _Toc108119141][bookmark: _Toc109235460][bookmark: _Toc109280691]Table 4‑5: Task 4A Scoring Criteria – Category 2
	Score (points)
	
	1
	2
	3
	4
	5

	Communities Participating in NFIP 
	Range
	>90%
	50-90%
	20-50%
	0.1-20%
	0%

	
	Number of Occurrences
	30
	15
	17
	30
	23

	Communities with a Drainage Criteria Manual
	Range
	County AND City
	
	County OR City
	
	Neither

	
	Number of Occurrences
	4
	
	97
	
	14

	Communities with Higher Floodplain Standards
	Range
	>90%
	50-90%
	20-50%
	0-20%
	0%

	
	Number of Occurrences
	30
	15
	16
	26
	28

	Communities CRS Score
	Range
	<6
	6-7
	7-8
	8-10
	10

	
	Number of Occurrences
	10
	14
	13
	25
	53

	The points from the four subcategories were averaged to get the total score for Category 2.



[bookmark: _Toc104566864]Areas Identified as Flood Map Gaps and Areas Without Hydrologic and Hydraulic Models (Category 3 and 4)
The analyses for mapping and modeling were combined for the purpose of Task 4A. It was assumed that areas with maps would have associated hydrologic and hydraulic (H&H) models that would correlate in accuracy and age to the mapping level of detail and effective date. For the scores within this category, regulatory (FEMA) maps were used, rather than watershed study or master drainage plan maps. The analysis was based on the most predominant map type and age within each HUC-12 based on the following scale in order of least accurate to most detailed and current regulatory flood mapping:
No mapping
Zone A (approximate limits and no base flood elevations)
Pre-2008 (pre-LiDAR data)
Base Level Engineering (BLE – created with updated topography but using approximate methods)
2008 – 2018 Maps (Previous LiDAR dataset)
2018 Maps (Newest LiDAR) and Atlas 14
The breakdown was created based primarily on the age of terrain data along with level of mapping study detail (for example, Zone AE versus Zone A). Scoring criteria for this category is shown in Table 4‑6. Note that no HUC-12s in the San Jacinto region had Zone A flood maps or no maps available. 
It is also important to note that much of Harris County had high scores reflecting older mapping information. The Harris County Flood Control District (HCFCD) recently finished the development of updated floodplain modeling and mapping for the entire Harris County. These models and maps are currently undergoing review by FEMA and are expected to be preliminarily released in 2023. For the Task 4A assessment, only modeling and mapping available to the public and agencies today was considered. Future regional flood planning cycles will likely be able to incorporate the new maps, thus updating the Category 3 and 4 score for the HUC-12s within Harris County.
[bookmark: _Ref103807217][bookmark: _Toc108106378][bookmark: _Toc108119142][bookmark: _Toc109235461][bookmark: _Toc109280692]Table 4‑6: Task 4A Scoring Criteria – Categories 3 and 4
	Score (points)
	0
	1
	2
	3
	4
	5

	Map Description 
	Range
	2018 or Newer
	2008-2018
	BLE
	Pre-2008 Maps
	Zone A Maps
	No Map

	
	Number of Occurrences
	12
	34
	31
	38
	0
	0


[bookmark: _Toc104566865]
Areas with Emergency Needs (Category 5)
With input from the RFPG, the following subcategories were included in the Task 4A emergency needs assessment:
FEMA Repetitive Loss (RL)/Severe Repetitive Loss (SRL) Data
Critical facilities within the existing 0.2% ACE floodplain
Hurricane evacuation routes (calculated in miles)
The FEMA repetitive loss/severe repetitive loss data was taken from publicly available FEMA data for events from 2009 – 2015 (the most recent year available). The data was overlaid with the HUC-12 boundaries to determine the number of structures that suffered damage during historical storm events within each HUC-12.
Critical facilities include but are not limited to fire stations, hospitals, shelters, schools, water and wastewater treatment plans, correctional facilities, aviation facilities, waste disposal facilities, power generation, and chemical manufacturing and processing facilities. 
The critical facilities footprints dataset was provided by the TWDB on the Data Hub. This dataset was utilized in Task 2A to determine the total number of critical facilities in the existing 0.2% ACE floodplain. A similar exercise was performed to determine future critical facilities within the future 0.2% ACE floodplain by intersecting existing critical facilities with the future conditions floodplains delineated in Task 2B. For Task 4A, points were assigned for this subcategory based on the count of existing buildings within the 0.2% ACE floodplain for each HUC-12. 
For this analysis, if a critical facility was located within the existing 0.2% ACE floodplain extents, it was counted without consideration of the structure elevation. Furthermore, no critical facility footprints were added under future conditions; the existing critical facility footprints dataset was also used to determine facilities count based on the future floodplain extents. Consideration of structure elevations and change in number of critical facilities between existing and future conditions could be evaluated in future flood planning cycles.
Hurricane evacuation route data was downloaded from the Houston-Galveston Area Council (H-GAC) website. The routes were overlaid with the existing conditions 0.2% ACE floodplain that was created during Task 2A to calculate miles of evacuation routes within each HUC-12. 
Scoring criteria for this category is shown in Table 4‑7. The points from the three subcategories were averaged to get the total score for Category 5.
[bookmark: _Ref103844492][bookmark: _Toc108106379][bookmark: _Toc108119143][bookmark: _Toc109235462][bookmark: _Toc109280693]Table 4‑7: Task 4A Scoring Criteria – Category 5
	Score (points)
	
	1
	2
	3
	4
	5

	FEMA RL/SRL 
	Range
	0
	1-15
	16-80
	81-800
	801+

	
	Number of Occurrences
	78
	10
	10
	8
	9

	Critical Facilities
	Range
	0
	1-8
	9-27
	28-120
	121+

	
	Number of Occurrences
	44
	17
	18
	18
	18

	Miles of Hurricane Evacuation Routes
	Range
	0
	0.01-0.50
	0.51-1.4
	1.41-3.3
	3.31+

	
	Number of Occurrences
	61
	13
	13
	14
	14


During a RFPG meeting, one suggestion was to track where emergency services personnel or vehicles have trouble reaching people in a time of need. However, this approach was not considered further in this cycle due to a lack of data. Additional research could be performed (perhaps in the survey responses) in future flood planning cycles.
[bookmark: _Toc104566866]Existing Modeling Analyses and Flood Risk Mitigation Plans (Category 6)
To score this category, Master Drainage Plans (MDPs) were compiled for the region and associated with their corresponding entity such as a city or county. MDPs provide additional information based on detailed modeling analysis and floodplain mapping, including infrastructure level of service, local drainage information, mitigation alternatives, and implementation and policy plans. MDPs and other similar watershed-wide planning studies (such as the Watershed Planning Studies completed by HCFCD) were spatially analyzed in ArcGIS and overlaid with HUC-12 boundaries to determine the number of MDP or watershed planning studies within each HUC-12.
Hazard Mitigation Action Plans (HMAPs) were available for all counties in the San Jacinto region. Therefore, this metric was not included in the assessment since it does not provide any differentiation regarding flood risk within the region. 
The scoring for this category was established so that a HUC-12 with no detailed studies has a higher score to indicate a greater need for additional detailed studies. Scoring criteria for this category is shown in Table 4‑8. 
[bookmark: _Ref103850540][bookmark: _Toc108106380][bookmark: _Toc108119144][bookmark: _Toc109235463][bookmark: _Toc109280694]Table 4‑8: Task 4A Scoring Criteria – Category 6
	Score (points)
	1
	2
	3
	4
	5

	Detailed Studies 
	Range
	4+
	3
	2
	1
	0

	
	Number of Occurrences
	23
	13
	37
	37
	5


[bookmark: _Toc104566867]
Already Identified and Evaluated Flood Mitigation Projects (Category 7)
The purpose of this scoring category was to identify plans and studies that are not implemented or funded within the region. Upon evaluation, the RFPG determined that the proposed projects do not reflect the knowledge gaps nor the area of greatest needs. These projects were important in subsequent tasks (Tasks 4.B and 5) but would not be useful in determining need or knowledge gaps in the region. Therefore, this category was not evaluated for Task 4A. 
[bookmark: _Toc104566868]Historic Flooding Events (Category 8)
[bookmark: _Toc104566869]Number of FEMA Claims
To summarize flooding history in the San Jacinto region, redacted flood claims from 1975 – 2022 were obtained in tabular form to remove any associated street addresses while still allowing use of the flood claim information. The provided data was overlaid with census tract data to determine the general location of the flood claims and the census tracts were intersected with HUC-12 boundaries. The number of claims was then divided between watersheds based upon the area of intersected census tracts. This subcategory had points assigned based on the count of claims within each HUC-12. Scoring criteria for this category is shown in Table 4‑9.
[bookmark: _Toc104566870]Damage of FEMA Claim Amount
The FEMA redacted flood claim information noted in the previous section was also used to evaluate claims paid. The claim amounts were converted to 2021 dollars for equitable comparison using the Bureau of Labor Statistics Consumer Price Index and the duration between the year when the flood claim was made and the baseline year of 2021.
The FEMA damage amounts were calculated using the same methodology as the number of FEMA claims by overlaying the data with census tract data with the HUC boundaries. For Task 4A, this subcategory had points assigned based on the total dollar amount of claim payouts within each HUC-12. Scoring criteria for this category is shown in Table 4‑9. 



[bookmark: _Ref103855893][bookmark: _Toc108106381][bookmark: _Toc108119145][bookmark: _Toc109235464][bookmark: _Toc109280695]Table 4‑9: Task 4A Scoring Criteria – Category 8
	Score (points)
	
	1
	2
	3
	4
	5

	Number of FEMA Claims 
	Range
	<14
	15-180
	181-870
	871-2800
	2800+

	
	Number of Occurrences
	23
	23
	23
	23
	23

	Claim Payout
	Range
	<$2.5M
	$2.5M-$39.5M
	$39.5M-$180.5M
	$180.5M-$683M
	$683M+

	
	Number of Occurrences
	22
	24
	23
	23
	23

	The points from the two subcategories were averaged to get the total score for Category 8.



[bookmark: _Toc104566871]Already Implemented Flood Mitigation Projects (Category 9)
Ongoing construction projects that are already being implemented were considered for this subcategory. Based on input from the RFPG or other publicly available information, a list of active construction projects was identified. Most of these projects were Harris County Flood Control District (HCFCD) 2018 Flood Bond projects. The list of projects was created by cross-referencing bond project status lists with HCFCD’s website. An ArcGIS shapefile was created which contained the general locations of these construction projects (associated with approximate boundaries such as for a city or watershed) and intersected with the HUC-12 boundaries to determine if construction projects were present within a HUC-12. The magnitude of a project (such as flood reduction amounts) was not included in the category due to variations in project calculations amongst projects. In future flood planning cycles, the magnitude of the project could also be considered.
The scoring for this category was established so that a HUC-12 with no active construction projects has a higher score and projects should be recommended for implementation to reduce future flood risk. Scoring criteria for this category is shown in Table 4‑10. 
[bookmark: _Ref103858289][bookmark: _Toc108106382][bookmark: _Toc108119146][bookmark: _Toc109235465][bookmark: _Toc109280696]Table 4‑10: Task 4A Scoring Criteria – Category 9
	Score (points)
	1
	5

	Active Construction Projects 
	Range
	Ongoing flood mitigation project present
	No ongoing flood mitigation projects

	
	Number of Occurrences
	19
	96



[bookmark: _Toc104566872]Other Factors - Social Vulnerability Index (SVI) and Population Density (Category 10)
Social Vulnerability Index (SVI) relates to the potential negative effects on communities caused by external stresses on human health, which include natural or human-caused disasters such as floods and disease outbreaks. In the context of Task 4A, SVI is being used as a metric for assessing the vulnerability of communities. The CDC calculates the SVI at the census tract level within a specified county using 15 social factors including poverty, housing, ethnicity, and vehicle access. SVI is ranked on a scale of 0 to 1. Communities on the higher end of the range have access to more resources and can recover more quickly after a natural disaster.
To support Task 2, the TWDB provided a regionwide building footprints feature class which contained SVI values provided by the CDC appended to each building record within the dataset. For Task 4A, the SVI values within these building records were spatially associated to a specific HUC-12 and then an average SVI per HUC-12 was calculated. Points were assigned for this subcategory to reflect that higher SVI values correlate with a higher flood risk mitigation need, since high SVI areas tend to have greater difficulty recovering from natural disasters. 
The RFPG requested that consideration of the impact of flooding on residents be included.  Therefore, nighttime population density was added as a subcategory. The population values were obtained from the TWDB during Task 1. They were overlaid with the existing floodplains created in Task 2A. The total impacted population values in the 0.2% ACE floodplain using HUC-12 population density were used to assign points. Scoring criteria for this category is shown in Table 4‑11. The points from the two subcategories were averaged to get the total score for Category 10.
[bookmark: _Ref103861783][bookmark: _Toc108106383][bookmark: _Toc108119147][bookmark: _Toc109235466][bookmark: _Toc109280697]Table 4‑11: Task 4A Scoring Criteria – Category 10
	[bookmark: _Ref103158612]Score (points)
	
	1
	2
	3
	4
	5

	SVI
(Range of 0 to 1)
	Range
	0.01-0.27
	0.271-0.385
	0.3851-0.50
	0.51-0.60
	0.61+

	
	Number of Occurrences
	22
	22
	24
	22
	25

	Nighttime Population Density (people per square mile)
	Range
	1-55
	56-200
	201-670
	671-2300
	2301+

	
	Number of Occurrences
	23
	23
	23
	23
	23



[bookmark: _Toc104566873][bookmark: _Toc109235451]Analysis Results
The HUC scoring methodology described above was implemented across the entire San Jacinto region to address the two goals of Task 4A. The first goal is to identify areas where the greatest flood risk knowledge gaps exist. The Flood Map Gap/Hydrologic and Hydraulic Modeling (Category 3/4) and Existing Modeling Analysis (Category 6) categories were selected as the basis for identifying these areas. To create the flood risk knowledge gap maps, the points from Categories 3/4 and 6 were added for each HUC. The resulting scores are illustrated in Map 14, with areas of the most flood risk knowledge gaps shown in red, as shown in Figure 4‑1.
[image: Figure 4-1: Flood Risk Knowledge Gaps Map

This map shows the scoring for greatest gaps in flood risk information in the San Jacinto region ]
[bookmark: _Ref107910054][bookmark: _Toc108105744][bookmark: _Toc108119196][bookmark: _Toc109235470][bookmark: _Toc109280629]Figure 4‑1: Flood Risk Knowledge Gaps Map
The results of this preliminary assessment show that large portions of the San Jacinto region have both inadequate mapping/hydrologic and hydraulic models and few detailed studies. A large portion of the high knowledge gap area is in Harris County, which reflects older mapping. HCFCD is currently in the process of updating all the floodplain maps within Harris County through the Modeling, Assessment, and Awareness (MAAPnext) project. Adoption of these maps is anticipated to occur prior to the next cycle of regional flood planning. There are also large high knowledge gap areas in the northern portion of the region. This is primarily driven by outdated models and few (if any) MDPs.
The second goal is to determine the areas of greatest known flood risk and flood mitigation needs. For each HUC-12 in the San Jacinto region, the scores across the remaining categories were added to obtain a total score. All categories have equal representation in the total score; however, the composite score for Category 1 was weighted 70% for existing conditions and 30% for future conditions. The resulting scores are illustrated in Map 15, with areas of the greatest known flood risk and flood mitigation needs shown in red, as shown in Figure 4‑2. It is important to note the fact that a HUC-12 that resulted in a low score does not necessarily mean that there is no flood risk in this area, only that this risk is lower when compared to other watersheds.
[image: Figure 4-2: Known Flood Risk Map

This map shows the scoring with areas of the greatest known flood risk and flood mitigation needs in the San Jacinto region ]
[bookmark: _Ref104320038][bookmark: _Toc108105745][bookmark: _Toc108119197][bookmark: _Toc109235471][bookmark: _Toc109280630]Figure 4‑2: Known Flood Risk Map

HUC-12s determined by this analysis to have high flood risk are distributed throughout the San Jacinto region, especially in the middle and southern portions of the region. This includes large portions of the City of Houston, as well as the Cities of Pearland, League City, Texas City, and Galveston.  Harris, Brazoria, and Galveston Counties are among the areas determined to have the highest flood risk.
Each of these areas tend to score high from a combination of risk factors. For instance, areas in Harris County score high due to the higher population and number of buildings and critical facilities in the floodplain as well as magnitude of flood claims. Watersheds in the southern (coastal) portions of the region also score high due to the vast areas of floodplains present in those areas. 
Ultimately, the results of Task 4A assisted the RFPG with subsequent efforts in addressing flood risk knowledge gaps and high flood risk mitigation needs. Map 14 identifies areas with high flood knowledge gap scores in the San Jacinto region where watershed planning and flood mapping update FMEs should be added as part of Task 4B. Map 15 identifies areas where the RFPG should strive to identify and implement FMSs and FMPs to reduce the known flood risks within those areas. Additional FMEs added as part of Task 4B for high flood risk areas include completion of Master Drainage Plans with the goal of identifying future FMSs and FMPs.
[bookmark: _Toc108105637][bookmark: _Toc109226731][bookmark: _Toc109235452][bookmark: _Toc109240038]Identification and Evaluation of Potential Flood Management Evaluations and Potentially Feasible Flood Management Strategies and Flood Mitigation Projects
[bookmark: _Toc109235453]Process to Identify Flood Management Evaluations (FMEs), Flood Management Strategies (FMSs), and Flood Mitigation Projects (FMPs) 
[bookmark: _Hlk85643942]The first step in identifying potential FMEs and potentially feasible FMSs and FMPs began with conducting research on stakeholder input and publicly available data. The list of potentially feasible FMSs and FMPs is based on contributions from the RFPG, stakeholder outreach, and from sources such as:
Previous flood studies
Drainage masterMaster Drainage plans
Capital Improvement Plans (CIPs)
Hazard Mitigation Plans (HMPs)
Bond programs
Flood Infrastructure Fund (FIF) Applications
Community Development Block Grant Mitigation Program (CDBG-MIT) Applications 
Building Resilient Infrastructure and Communities (BRIC) Applications
Other references as applicable. 
The Flood Mitigation Needs Analysis performed in Task 4A was used to supplement the actions identified in the public information research. Generally, Task 4A guided the evaluation of potential actions by highlighting:
The areas with the greatest gaps in flood risk knowledge that should be considered for potential FMEs.
The areas of greatest known flood risk and flood mitigation needs that should be considered for implementation of potentially feasible FMSs and FMPs.
Potential FMEs were added to the list based on the outcome of the evaluation performed in Task 4A. Flood remapping FMEs were added in areas with a high flood knowledge gap score. Master Drainage Plans (MDPs) FMEs were added in areas with a high known flood risk score.
[bookmark: _Toc109235454]Evaluation of Potentially Feasible FMEs, FMSs, and FMPs
After conducting an initial search, approximately 650 potential actions were identified from various sources. In general, actions identified that were not related to flooding or flood risk were omitted from further consideration in the assessment. Actions that were related to flooding, storms or hazard preparedness were included but those actions that lacked resulting flood risk mitigation were classified as infeasible. Most examples of actions considered infeasible were those that were solely for maintenance, or environmental features, or, of which would provide no known flood risk reduction benefit.
The secondary criterion for evaluating the feasibility of an identified FME, FMS, and  or FMP was whether the action had a broad/undefined scope or was lacking in sufficient detail. The level of detail required to be considered feasible was defined by the FME/FMS/FMP table requirements outlined in the Technical Guidelines. For example, actions are required to have a brief description and a potential sponsor entity as well as other required data. 
The third criterion for evaluating the feasibility of an identified action involved considering whether the size of the proposed action was appropriate for inclusion in the Regional Flood Plan (RFP). Actions with a contributing drainage area less than or equal to one square mile were generally considered infeasible in accordance with the Technical Guidelines. However, a small number of actions were included with a drainage area less than one square mile if they were submitted directly by a sponsor for consideration. Sometimes extreme event overflows, which are not considered in drainage area delineations, can govern flood risk in these smaller areas. Elevated tailwater conditions in receiving streams of large drainage areas can also be an important flood risk factor for smaller areas.
[bookmark: _Toc107911208][bookmark: _Toc107911773][bookmark: _Toc107911811][bookmark: _Toc106689671][bookmark: _Toc106811321][bookmark: _Toc109235455]Classification of Potential FMEs and Potentially Feasible FMSs and FMPs
Once potential flood risk reduction actions were identified, initial classification was completed to sort actions into an appropriate category. The Scope of Work and Technical Guidelines require FMSs and FMPs to be developed at a sufficient level of detail (no negative impact, quantitative reporting of estimated benefits, detailed Hydrology and Hydraulic modeling, developed benefit cost ratio (BCR), etc.) to be included in the RFP. Generally, FMEs will be recommended for remaining areas with potential flood risk and exposure that do not have a corresponding flood risk reduction action or for FMSs and FMPs that do not meet requirements for inclusion. The classification process shown below in Figure 4‑3 was developed based on the requirements in the Scope of Work and Technical Guidelines and was discussed by the Technical Committee and approved by the RFPG at the meeting held on October 14, 2021. As additional data is collected from regional stakeholders and through efforts made possible by the additional funding allocation, classifications may be subject to change. 
[image: Figure 4-3: Flood risk reduction action classification process

This workflow map shows the process for flood mitigation designation in the San Jacinto region ]
[bookmark: _Ref106827226][bookmark: _Toc108105746][bookmark: _Toc108119198][bookmark: _Toc109235472][bookmark: _Toc109280631]Figure 4‑3: Flood Risk Reduction Action Classification Process
All recommended actions meet the requirements outlined in the Technical Guidelines. However, some potential actions that meet these baseline requirements may not be appropriate for recommendation. While this is not a comprehensive list, some potential reasons a project may not be recommended in Task 5 include:
Action does not align with the flood mitigation goal(s) adopted by the region and/or the guidelines and principles set forth by the state.
Action duplicates the benefits of other included or recommended action(s).
Action cannot obtain a Memorandum of Understanding or other form of concurrence from entities with oversight, stakeholders, or entities with the potential for adverse impact
Action does not demonstrate a sensible benefit-cost ratio or other similar metrics.
Public input regarding the action demonstrates a need for further evaluation or consensus building with regional stakeholders.
Action does not receive a simple majority vote from a quorum of the RFPG members.
FMP Types
The FMP category includes many types of flood risk mitigation projects designed to address specific known flood risk needs. A FMP is a proposed project, either structural or non-structural, that has non-zero capital costs or other non-recurring costs and, when implemented, will reduce flood risk and mitigate flood hazards to life or property.  For the San Jacinto region, 36 40 projects were identified by the RFPG and are summarized in Table 4‑12 based on the FMP type.  These projects included regional detention facilities, channel improvement projects, coastal protection systems, and non-structural flood preparedness enhancements. Potential FMPs are shown on Map 17.
[bookmark: _Ref106661366][bookmark: _Toc108106384][bookmark: _Toc108119148][bookmark: _Toc109235467][bookmark: _Toc109280698]Table 4‑12: FMP Types and General Description
	FMP Type
	Description
	Total FMPs Identified

	Structural
	Regional Detention
	Detention ponds intended to mitigate flooding by reducing peak flow rates for multiple sites or large regions.
	2

	
	Regional Channel Improvements
	Channel improvements intended to mitigate flooding by lowering the water surface elevation for multiple sites or large regions. 
	1

	
	Coastal Protections
	Projects intended to prevent coastal erosion and mitigate coastal storm surge risk such as flood gates, sea wall improvements, and ecosystem restoration. 
	2

	
	Infrastructure Improvements
	Improvements to flood mitigation infrastructure including storm drain improvements and detention ponds intended to mitigate flooding in individual neighborhoods. 
	4

	
	Comprehensive Regional Improvements
	A combination of individual flood risk reduction projects intended to work together to mitigate flood risk. 
	9

	Non-Structural
	Flood Preparedness
	Projects intended to mitigate flood risk through improved flood management regulations and ordinances.
	21

	Other
	Other
	Other flood mitigation projects that do not fit into one of the above categories. 
	11

	Total
	 
	3640



FMS Types
The FMS category includes a wide range of flood mitigation and floodplain management efforts that do not classify as projects or evaluations. Identified strategies included flood awareness, public education, flood warning system improvements, property acquisition, and hardening/maintenance of infrastructure. The majority of FMSs include public education and outreach as well as property acquisition and structural elevation. The RFPG identified 64 FMSs for the San Jacinto region, which are summarized by type in Table 4‑13. Potential FMSs are shown on Map 18.
[bookmark: _Ref106661382][bookmark: _Toc108106385][bookmark: _Toc108119149][bookmark: _Toc109235468][bookmark: _Toc109280699]Table 4‑13: FMS Types and General Description
	FMS Type
	Description
	Total FMSs Identified

	Education and Outreach
	Programs or initiatives that aim to educate the public on the hazards and risks of flooding. 
	15

	Flood Measurement and Warning
	Installation of or improvements to rain or stream gauges to monitor water levels and have real-time feedback during flood events.
	6

	Infrastructure Projects
	Critical maintenance and improvements to existing drainage systems throughout a community.
	8

	Property Acquisition and Structural Elevation
	Buyouts or elevation of structures with high flood risk or historical flooding impact as well as land preservation and restoration programs. 
	16

	Regulatory and Guidance
	Updates or creation of new ordinances, development codes, design standards, or other floodplain management regulations to minimize future flood risk or reduce current flood risk. 
	10

	Other
	Other flood management strategies that do not fit into the one of the above categories.
	9

	Total 
	 
	64



FME Types
The FME category includes a variety of studies that allow communities to assess flood risk and further define future FMPs and FMSs. The majority of recommended FMEs were based on input from sponsors on future studies or evaluations needed to progress flood mitigation solutions from concept to reality as well as to develop more accurate flood risk information that would inform future project identification and prioritization. Other FMEs were identified based on the findings of Task 4A, which involved a high-level assessment of the San Jacinto region based on multiple risk factors with the goal of identifying areas with the greatest gaps in flood risk information and areas of greatest known flood risk and mitigation needs. Watershed studies that included flood mapping updates were proposed for areas of high knowledge gap scores while Master Drainage Plans were proposed for areas of high known flood risk. As a result, 823 additional Watershed Planning FMEs were added to the plan which included Master Drainage Plans and flood mapping update efforts.
The RFPG identified 378 FMEs for the San Jacinto region and whichare summarized by type in Table 4‑14. Of these, 142 FMEs require only a benefit-cost analysis to complete and potentially elevate to an FMP.  Those 142 FMEs were primarily watershed planning studies. This information could be calculated or obtained from the sponsor in subsequent planning cycles, and elevate the FME to a FMP. Recommended FMEs are shown on Map 16.
[bookmark: _Ref106661392][bookmark: _Toc108106386][bookmark: _Toc108119150][bookmark: _Toc109235469][bookmark: _Toc109280700]Table 4‑14: FME Types and General Description
	FME Type
	FME Sub-Type
	Description
	Total FMEs Identified

	Watershed Planning
	Master Drainage Plans
	An assessment of a watershed or community to estimate flood risk and recommend flood management and flood mitigation projects.
	82

	
	Regional Watershed Studies
	An assessment of a watershed with the intent to develop better flood risk information which can include both regulatory and non-regulatory flood risk mapping.
	31

	Engineering Project Planning
	Feasibility Assessment
	Develop flood mitigation project alternatives for a discrete high flood risk area, estimate construction costs for alternatives, and determine flood reduction benefit for alternatives. Evaluation may require creation of H&H modeling. 
	68

	
	Preliminary Engineering
	Further evaluate an identified potential flood mitigation project to refine and validate constructions costs and flood reduction benefit. Evaluation may require the creation or updating of H&H modeling. 
	164

	
	Update H&H Modeling
	Updates or refinement of previously created models that support a potential flood mitigation project to include the best available data. 
	30

	Studies on Flood Preparedness
	Analysis to determine community risk and enhance preparedness in event of infrastructure failure or severe flooding event.
	1

	Other
	Other flood management evaluation that do not fit into the one of the above categories. 
	2

	Total
	 
	378



No Negative Impact
All FMSs and FMPs must demonstrate that implementation will not negatively affect a neighboring area, based on best available data. Demonstrations of no negative impact must reference 1.0% ACE water surface elevations (WSEs) and peak discharges in pre-project and post-project conditions. The criteria listed below does not have any regulatory implications at a local, state, or federal level due to the approximate nature of flood planning. For the purposes of flood planning effort, a determination of no negative impact can be established if a project or strategy does not increase flood risk of infrastructure such as residential and commercial buildings and structures. Additionally, all the following TWDB requirements should be met to establish no negative impact, as applicable:  
1. Stormwater does not increase inundation in areas beyond the public right-of-way, project property, or easement
Stormwater does not increase inundation of storm drainage networks, channels, and roadways beyond design capacity.
Maximum increase of 1D Water Surface Elevation must round to 0.0 feet (< 0.05ft) measured along the hydraulic cross-section.
Maximum increase of 2D Water Surface Elevations must round to 0.3 feet (< 0.35ft) measured at each computational cell.
Maximum increase in hydrologic peak discharge must be < 0.5 percent measured at computational nodes (sub-basins, junctions, reaches, reservoirs, etc.). This discharge restriction does not apply to a 2D overland analysis.
Non-structural FMPs and FMSs can be determined to have no negative impact on neighboring areas by default. These projects do not propose physical changes to the floodplain and resulting flood hazard areas, which eliminates the potential for increases in 1.0% ACE discharges or WSEs. Instead, these project types reduce flood exposure by removing individuals and property from flood hazard areas. In the San Jacinto region,nonstrucural  FMSs focused on increasing public awareness work to mitigate flood risk by enabling individuals to make well-informed decisions during flood events. Additionally, nonstructuralFMPs aimed to improve regulations and permit requirements can strengthen resilience before disaster strikes. These types of projects can reduce flood risk over time by ensuring that all new construction and significant remodels are built according to modern best practices including ensuring no negative impacts. 
Similarly, a significant portion of FMSs can also be determined to have no negative impact on neighboring areas without a detailed supporting analysis due to being non-structural in nature. These types of FMSs include:
Education and Outreach 
Flood Measurement and Warning 
Property Acquisition and Structural Elevation 
Regulatory and Guidance
Other; includes maintenance, restoration, land use policies, sign installation, etc.
For structural FMPs and FMSs, signed and sealed reports were checked for certified statements that the associated project or strategy would not cause negative impacts upstream, downstream, or within the project area in events up to and including the 1.0% ACE. As structural FMSs and FMPs progress, further evaluation of adverse impacts and mitigation solutions to avoid any impacts are required as further development continues. 
Estimated Benefits of FMPs, FMSs, and FMEs
Benefits for FMPs, FMSs, and FMEs include quantifiable flood risk reduction, outreach to the communities regarding flood risk, and additional identification of flood risk within the region. These benefits directly correspond to accomplishing the 15 regional flood planning goals outlined in Chapter 3. Examples of goals include expanding the understanding of flood risk in the San Jacinto region (Goal ID 06000010), incorporating nature-based practices (Goal ID 06000013), and reducing the number of structures subject to inundation during the 100-year storm event (Goal ID 06000015). Where feasible, benefits were tabulated using geospatial data provided by project sponsors and the TWDB.
FMPs
Estimated benefits for FMPs were geospatially determined using provided hydrologic and hydraulic models or obtained from resultant model output or tabular summaries contained within source documentation. The existing and proposed condition floodplains for the 1.0% and 0.2% ACE floodplains were used to estimate the associated flood risk reduction for the project based on the following metrics:
Reduction in residential structures flood risk
Reduction in residential population flood risk
Reduction critical facilities flood risk
Reduction in flooded low water crossings
Reduction in acres of agricultural areas
Reduction in length of road overtopped
Estimates in reduction in fatalities or injuries upon project completion was not evaluated due to limited documentation for these metrics. However, these values could be reviewed further and provided in future planning cycles.
FMSs
FMSs provide widespread benefit to the associated area by updating floodplain management regulations to increase community resilience, informing the public regarding flood risk reduction challenges and a holistic vision for solutions, and implementing regional infrastructure improvements. These benefits, while impactful, are often not quantified due to the high-level nature of the strategies. Therefore, quantitative evaluation of the flood risk and flood risk reduction uniformly for all FMSs was not feasible and was instead performed just for FMPs.  
FMEs
The FMEs provide a roadmap for further defining and implementing future projects and strategies that will lead to flood risk reduction throughout the region. FMEs range from high-level regional planning studies to detailed benefit cost analyses on specific projects. Benefits of completing the recommended FMEs include the development of more accurate flood risk maps for areas with limited or outdated information, the evaluation of flood risk reduction alternatives, and determination of additional information required to transition FMEs to FMPs.
Estimated Costs of FMPs, FMSs, and FMEs
Cost for FMPs, FMSs, and FMEs provide the RFPG guidance for implementation of the associated project, strategy or evaluation.  
FMPs
Cost estimates for FMPs were obtained from the associated engineering report or plan documentation for the project. Costs were adjusted to account for inflation and other changes in price of labor and commodities that had taken place since the publication date of the information. All FMP costs were converted to 2020 dollars to provide a consistent baseline for comparison. 
Recurring costs were also calculated for FMPs to account for monetary and maintenance costs associated with the structural or non-structural project. Debt service is related to the cost required to pay for the interest expense of any potential loan.  This may be required for projects locally funded that would require loans or interests. For most of the construction projects, operations and maintenance will be required to keep the project functioning as designed such as inspection, mowing, and clearing. The yearly operations and maintenance were assumed to be 1.0% of the total construction budget. This was based on an analysis of a sample project that determined that 1.0% was a conservative estimate for the FMPs. 
FMSs
Most of the identified FMS cost estimates were obtained from the available Hazard Mitigation Plan for the entity. Strategies without associated costs were estimated based on professional experience on similar work.
FMEs
FME costs were obtained from available documentation or calculated based on anticipated effort of the evaluation. Following TWDB guidance, the cost estimates included the following major components:
Associated non-engineering studies (planning studies)
Engineering/technical/feasibility studies
Surveying; geotechnical; testing
FME costs were determined based on key parameters including FME sub-type, study area size, and estimated project construction cost.  If the associated documentation did not include study costs, FME cost was estimated based on the following approach:
For Watershed Planning and Flood Preparedness FMEs, a cost-to-study area relationship was developed based on previous project experience completing similar types of projects.  This relationship was used to estimate the potential study cost based on the area delineated for the study including the contributing watershed.
Costs for Preliminary Engineering FMEs were estimated based on the scope and type of project being evaluated.  These evaluations have been identified in previous modeling but require additional vetting through a preliminary engineering report.  The study cost was estimated as a percentage of the project construction cost provided in supporting documentation. As with typical engineering costs, the percentage of the cost decreased as the overall project cost increased.
Preliminary engineering evaluations that did not have an associated construction cost within source material were classified as Feasibility Assessments.  Feasibility Assessment FME costs were estimated based on the study area using the cost-to-study area developed for the watershed planning studies.
Benefit Cost Analysis projects were included as Preliminary Engineering evaluations but only required a benefit cost analysis to be re-classified as FMPs. These were assigned a value of $30,000.
The estimated costs associated with each FME depends on broad, high-level assumptions. All costs were rounded to the nearest $10,000 since these are mostly regional studies. The FME costs estimated as part of this plan are for high-level planning purposes only and should be evaluated further prior to implementation.
Benefit-Cost Ratio for FMPs
Benefit-Cost Analysis (BCA) is the method by which the future benefits of a hazard mitigation project are determined and compared to its costs. The end result is a Benefit-Cost Ratio (BCR), which is calculated by dividing the project’s total benefits, quantified as a dollar amount, by its total costs. The BCR is a numerical expression of the relative "cost-effectiveness" of a project. A project is generally considered to be cost effective when the BCR is 1.0 or greater, indicating the benefits of a prospective hazard mitigation project are sufficient to justify the costs (Federal Emergency Management Agency, 2009). However, a BCR greater than 1.0 is not a requirement for inclusion in the RFP. It is recognized that requiring a BCR greater than 1.0 primarily measures physical risk to property while neglecting the long-term, intangible social costs incurred by vulnerable communities. Requiring a BCR of greater than 1.0 can result in higher-property-value communities receiving a disproportionate share of mitigation infrastructure. Therefore the RFPG can decide to recommend a project with a lower BCR and to compete for funding based on a set of other criteria to be established by the TWDB. 
For structural FMPs, a BCR that had been previously calculated in an engineering report or study was utilized for the FMP analysis. In the San Jacinto region, non-structural FMPs primarily focused on improving regulations and permit requirements. Regulation improvements average a BCR range between 4.0 - 11.0, depending on the type of regulatory adoptions made (National Institute of Building Services, 2019). In the San Jacinto region, non-structural FMPs that did not have a previously calculated BCR from reports or studies have been given a default BCR of 5.0. 
Emergency Need of FMPs, FMEs, and FMSs
The term “emergency need” can be interpreted in multiple ways, and each RFPG has been tasked with defining the term for their individual flood planning region. The definition of emergency need varied for FMPs, FMEs, and FMSs as described below.
FMPs that met the definition of emergency need were those that removed or reduced critical infrastructure from severe flood events. Critical infrastructure included facilities such as police and fire stations, hospitals, and emergency shelters. Removal of these facilities was calculated geospatially as described previously and any project that removed at least one critical facility was considered as an emergency need.
Emergency need for FMEs was defined as those that would update regional flood maps with NOAA’s Atlas 14 rainfall data, which corresponds to one of the RFPG goals. Flood maps are a great asset to communities, who can use them to evaluate their flood risk and more effectively plan for flood risk mitigation. Providing accurate maps based on the best available information will assist communities and their residents in increasing their knowledge of flood risks.
Emergency need for FMSs was defined as strategies that would increase the resiliency of critical infrastructure (such as retrofits), as well as property acquisition and structural elevation strategies to reduce the number of structures and properties that are at risk of flooding, including those that have severe repetitive and repetitive losses.
Funding Sources
There is a wide range of funding mechanisms available for the identified FMPs, FMSs, and FMEs including local, state, and federal sources.  Different sources can be used for the individual projects based on grant and funding requirements and matched to stretch the available local funding for projects.   
Local – Municipalities can establish a stormwater utility which can be used to generate revenue to provide for and maintain stormwater services. Stormwater utilities are typically used to fund local maintenance projects making this funding source suitable FMPs, FMSs, and FMEsfor FMSs and FMPs that include recurring costs.  Local communities also can issue bonds for developing and implementing flood related projects.
State – The TWDB provides financial assistance for a variety of flood related projects, evaluations, and studies including through the Flood Infrastructure Fund (FIF) and Clean Water State Revolving Fund (CWSRF). Historically, regional solutions have been given priority for the FIF. The CWSRF is mostly oriented toward mitigation activities.  Since both programs appropriate funding from planning level activities to designconstruction, they are suitable mechanisms for FMEs, FMSs, and FMPs.   
Federal – The FEMA Flood Mitigation Assistance (FMA) appropriates funds to applications from applicants with FEMA-approved HMAPs to support activities that mitigate severe repetitive loss. Additionally, the HUD Community Disaster Block Grant was created in 2018 to fund activities to reduce future losses in areas affected by qualifying disasters. Lastly, the FEMA BRIC program provides funding to applicants with FEMA-approved HMAPs for a broad range of activities. Since all these programs prioritize flood hazard reduction, each could be used for the identified FMPs, FMSs, and FMEs FMPs.
Further details on funding opportunities and the anticipated funding sources for the recommended actions are included in Chapter 9.
Considerations of Residual Risk
While it is not possible to protect against all potential flood risks, the evaluation of FMPs considered their associated residual, post-project and future risks including the risk of potential catastrophic failure and the potential for future increases to these risks due to lack of maintenance. For more details regarding an approach for considering residual risks and TWDB’s proposed scoring guidelines, please see the Technical Guidelines for RFP.
Flood risk is often reduced by the construction of flood mitigation structures but, as a result, may also be ‘transformed’ into a different type of risk, for example, in the form of risk from structural failure of that mitigation infrastructure, such as in the case of dams or levees. 
Residual risks by nature have a low probability of occurrence. However, keeping it low requires continuing maintenance of FMPs and effective emergency services for preparedness, response, and recovery as a holistic approach.
In order to determine the residual risk of the FMPs, each project description was reviewed to determine what type of project it is (for instance, a detention/retention basin, channel or capacity improvements, public outreach, structural, codes/ordinances revision, etc.). Residual risks were determined for each category (for example, several types of projects require maintenance/upkeep, and others do not reduce the risk of flooding for every storm event). Residual risks are listed for each FMP in Appendix 4-5.
Implementation Issues of FMPs
Project implementation issues include different conflicts such as right-of-way, permitting, acquisitions, relocations, utility or transportation conflicts, environmental concerns, and other issues that could arise before an FMP can be fully constructed. These planning efforts cannot uncover every obstacle or challenge associated with each FMP, however general issues were identified based on the best available data for the projects to document the most probable implementation issues. These implementation issues are critical to identify, document, and manage to understand the feasibility of the projects and allow for sufficient planning to manage these potential issues. The identified potential implementation issues are listed below.
Right-of-Way
Permitting
Acquisitions
Environmental Concerns
Utility Relocations
Transportation Conflicts

Contributions to Water Supply
A review of all feasible FMPs and FMSs found that none would provide any contributions to water supply. For an action to be considered to have contribution to water supply, it must be measurable. While some FMPs and FMSs are likely to provide indirect water supply benefits through environmental features such as wet bottom detention, none of these actions would be measurable. 
Flood Mitigation or Floodplain Management Goals
The evaluation of potential FMPs, FMEs, and FMSs included the association of the RFPG approved flood management and mitigation goals as described in Chapter 3B. The association allows the alignment of the regional goals to the projects included and project tracking to monitor success of the plan.
Other Benefits
Projects may have an additional benefit aside from flood mitigation. These other benefits include public uplift, public education, low impact development features, and environmental benefits. Each FMP and FMS was analyzed to determine if any other benefit was captured and could be included as a benefit. 
Public uplift refers to the uplift of the amenities that many people of the public may use in their daily lives. For example, if a project includes the reconstruction of a bridge or sidewalk, then it would be placed into this category since there is improvement to something that is available and usable to the public. More examples would be improving a driveway from having to relocate a certain utility or the creating of a park that is also used as a detention basin. These kinds of improvements not only benefit by mitigating the flood risk but also bring an additional benefit of uplifting the community amenities.
Certain projects do not necessarily have a structural benefit to mitigate flood risk. These projects may pertain to the education of the public regarding flooding to mitigate their flood risk. These things include informing the public on what actions to take during a flood, places to avoid, and projects that are in the Study and Design stages. These measures are taken to ensure that in the event of a flood, the public has the information to aid them to safety. 
Low Impact Development (LID) is a stormwater and land-use management strategy that provides features with a low impact to the environment. The LID strategies and techniques are used to manage stormwater in a sustainable and cost-effective manner.
A project may have an additional benefit such as an environmental benefit. An environmental benefit can include actions that help to restore the natural environment. This includes habitat restoration, preservation of ecosystems and wildlife, natural environment improvements, and green spaces being created. For a project to have an environmental benefit, it should have aspects of the project that improve or restore the natural environment.
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