draft	Task 1
	

Table of contents
Chapter 1.	Planning Area Description	1-1
Chapter 1.A.	Social and Economic Character of the San Jacinto Region	1-2
1.A.1.	Population and Future Growth	1-2
1.A.2.	Flood Prone Areas and Flood Risks to Life and Property	1-5
1.A.3.	Key Historical Flood Events	1-8
1.A.4.	Political Subdivisions with Flood-Related Authority	1-12
1.A.5.	Extent of Local Regulations and Development Codes	1-13
1.A.6.	Agricultural and Natural Resources Most Impacted by Flooding	1-14
1.A.7.	Existing Flood Planning Documents	1-15
Chapter 1.B.	Assessment of Flood Infrastructure	1-16
1.B.1.	Natural Features	1-17
1.B.2.	Constructed Flood Infrastructure and Structural Protections	1-18
1.B.3.	Assessment of Condition and Functionality of Existing Infrastructure	1-20
1.B.4.	Planned Flood Infrastructure Improvements	1-21
1.B.5.	Summary of Ongoing Study Efforts	1-23

List of tables
Table 1‑1: Major Cities in the San Jacinto Region	1-2
Table 1‑2: Reported Flood Damages, Claims, and Fatalities	1-11
Table 1‑3: Political Subdivisions with Flood-Related Authority	1-13
Table 1‑4: Regional Regulations Summary	1-14
Table 1‑5: Regional Land Use Summary	1-14
Table 1‑6: List of Major Reservoirs	1-18

List of figures
Figure 1‑1: San Jacinto Regional Overview	1-1
Figure 1‑2: Recorded Survey Data	1-7
Figure 1‑3: Types of Flood Mitigation Projects	1-22



Appendices
Appendix 1-1		Map 1: Existing Flood Infrastructure
Appendix 1-2		Map 2: Proposed or Ongoing Flood Mitigation Projects
Appendix 1-3		Map 3: Non-Functional or Deficient Flood Mitigation Features or Infrastructure
Appendix 1-4 		Table 1: Existing Flood Infrastructure (ExFldInfra)
Appendix 1-5 		Table 2: Existing Flood Projects (ExFldProjs)


Draft	Table of Contents

chapter 1 – Planning Area Description	august January 20232
august January 20232	chapter 1 – Planning Area Description

Region 6 San Jacinto	1	

REGION 6 San Jacinto		ii
i		REGION 6 San Jacinto
Chapter 1. [bookmark: _Toc108007877][bookmark: _Toc108090506][bookmark: _Toc108092955][bookmark: _Toc108105626][bookmark: _Toc109226720][bookmark: _Toc109234834][bookmark: _Toc109240027]Planning Area Description
The headwaters of the San Jacinto River begin as two separate, major tributaries – the East Fork and the West Fork. The East Fork begins east of the City of Huntsville and meanders south through the Sam Houston National Forest until joining with the West Fork just upstream of Lake Houston. The West Fork begins west of the City of Huntsville and flows southeast until ultimately joining the East Fork in Lake Houston in Harris County. Lake Conroe is situated on the West Fork in Montgomery County and southern Walker County. Downstream of Lake Houston, the main stem of the San Jacinto River continues south through the Houston Ship Channel, receiving flow from an intricate system of approximately 20 major watersheds that each drain into 20 major waterways. This system is mostly within Harris County, where there are 2,500 miles of waterways of which only around 800 miles naturally existed when Houston was founded. The rest have been added over the years to improve drainage and allow for development. The system then flows onward to Galveston Bay and ultimately into the Gulf of Mexico. The San Jacinto region (Figure 1‑1) also includes major watersheds that drain directly to Galveston Bay, including both the Clear Creek and Dickinson Bayou watersheds. 
[image: Figure 1-1 San Jacinto regional overview

This figure shows the San Jacinto region sectioned by counties

]The San Jacinto region drainage area consists of a wide variety of landscapes and communities served by a vast network of natural and constructed flood infrastructure, including approximate 3,700 stream miles (estimated by TWDB), various tributaries, bayous, , ponds, wetlands, reservoirs, and urban drainage systems as well as thousands of acres of ponds, reservoirs, and wetlands. Land surface elevations across the San Jacinto region range from several feet below sea level in the tidal and coastal region to approximately 400 feet above sea level in northern Walker County. 

[bookmark: _Ref107572395][bookmark: _Toc108007843][bookmark: _Toc108090564][bookmark: _Toc108093010][bookmark: _Toc108105720][bookmark: _Toc108119172][bookmark: _Toc109234855][bookmark: _Toc109280605]Figure 1‑1: San Jacinto Regional Overview
The San Jacinto region encompasses 5,089 square miles, making it the second smallest flood planning region in the state by area. However, the region is the second most populous, with an estimated population in 2020 of 6,360,000. With a population density of 1,200 people per square mile, the San Jacinto region is also the most densely populated region in the state, with double the population density of any other region. The extensive development and proximity to the coast makes flooding a particular issue of interest and need; the San Jacinto region has the highest amount of National Flood Insurance Program (NFIP) claims of any region in the state (1975-2019). According to the TWDB, these claims total approximately $11.7 billion, nearly $10 billion greater than any of the other flood planning regions in Texas. 
The climate is characterized by relatively high rainfall and high humidity. Average National Oceanic and Atmospheric Administration (NOAA) precipitation for the region based on historical rainfall over the past 100 years is approximately 46 inches per year, with annual precipitation totals varying by a few inches between the northern and southern parts of the region.
Chapter 1.A. [bookmark: _Toc108007878][bookmark: _Toc108090507][bookmark: _Toc108092956][bookmark: _Toc108105627][bookmark: _Toc109226721][bookmark: _Toc109234835][bookmark: _Toc109240028]Social and Economic Character of the San Jacinto Region 
1.A.1. [bookmark: _Toc108007879][bookmark: _Toc108090508][bookmark: _Toc109234836]Population and Future Growth
The San Jacinto region is the state’s second most populated flood planning regions, with an estimated population of 6.4 million in 2020. Approximately 21% of Texas residents live in the area. It is a geographically diverse region where the needs of rural stakeholders must be balanced with those of rapidly developing urban population centers. Flood risks faced by communities and landowners vary significantly across this region. To better understand the nature of that flood risk, this section discusses the people, type and location of development, economic activities, and sectors at greatest risk of flood impacts.
1.A.1.a. Current Conditions
Most of the population is centered around the Greater Houston Area, as well as communities near the coast. Incorporated cities larger than 70,000 in residents are listed in Table 1‑1.
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	City
	Population
	City
	Population

	Houston
	2,304,600
	Conroe
	90,000

	Pasadena
	152,000 
	Atascocita
	88,200

	Pearland
	125,800
	Baytown
	83,700

	The Woodlands
	114,400
	Missouri City
	74,300

	League City 
	114,400
	Galveston
	53,700

	Source: 2020 Census Redistricting (census.gov) 
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1.A.1.b. Economic Activity
The San Jacinto region is a robust major economic center of importance both to the state and nation, with a diversified economic base including service, manufacturing, transportation, energy, and agriculture. The San Jacinto region is home to the nation’s fourth-largest city, Houston, located within the Greater Houston Metro Area, where close to 3.2 million workers are employed, according to 2022 Texas Workforce Commission reports. While the Greater Houston Area serves as a hub for much activity, areas outside of the urban core are also major economic contributors.
Household Income
Along with the large industrial economic characteristics of the region, household income is another factor that is used to evaluate the overall socioeconomic status of the region. Median household incomes can be affected by many factors, including education levels, the opportunity for employment, and location. Median household incomes can also provide a good comparison of income levels across the region. Within the region, the median[footnoteRef:2] income by census tract, $58,935, is slightly below the Texas median of $63,826 and the U.S. median of $64,730.  [2:  Median of the median household income by U.S. Census Tract ] 

Major Industries
Petrochemical as well as oil and gas production are dominant industries within the region. Houston is often referred to as the “Energy Capital of the World” and is home to 44 of the 113 publicly traded oil and gas companies and accounts for over 42% of the nation’s base petrochemical capacity. The region serves as a hub for the processing, manufacturing, and distribution of petrochemical products. The energy industry within the region is greatly supported by the extensive transportation and logistics industry mentioned below.  
The transportation and logistics industry also has significant impacts within the region. In particular, the Port of Houston is the number oneone of the highest ranked U.S. port in both foreign and foreign and domestic waterborne tonnage, and the flow of goods through the port is greatly supported by the Gulf Intercoastal Waterway, the Houston Ship Channel, and the expansive and interconnected interstate and highway systems that serve as the logistical backbone of the region. 
The service sector holds a prominent role within the region, including but not limited to, industries of accounting, law, banking, computer software, engineering, healthcare, telecommunication, technical services, retail, and accommodation and food services. The service industry sector is the largest industry within the region based on the total number of employees, which exceeds 1.4 million. The region is also home to some of the largest medical facilities in the state, such as the Texas Medical Center in Houston and the University of Texas Medical Branch in Galveston. 
The region’s coastal areas also serve a vital economic function. Aside from the inherent benefits of promoting accessibility for the shipping and energy sectors, there is a draw to the region for its natural resources. Approximately eightseven million people travel to Galveston Island annually for recreational sports, fishing, tourism, and vacation. The coastal region also plays a significant role in the food supply industry via commercial fishing, crabbing, and shrimping. In addition to tourism, the coastal and marine environments are host to multiple top-tier oceanic research facilities and universities. 
This wide and vitally important suite of industries is frequently threatened by severe flooding. Major components of the greater region-wide economy that are at critical risk of flooding include the Texas Medical Center and major industries along the Houston Ship Channel. Further analysis of the critical infrastructure within the region was performed as a part of Task 2. 
1.A.1.c. Projected Growth Within the Region
Most of the region is projected to experience high levels of population growth over the next 30 years, primarily in Montgomery and Harris Counties and in the currently urbanized parts of Galveston County. From 2020 to 2050, the population in the San Jacinto region is expected to grow by 33% to 8,454,389 residents, based on Water User Group and Hydrologic Unit Code (HUC) 8 population projection data provided by the TWDB. One of the largest challenges associated with this growth is determining how to manage development responsibly and continue to preserve the region’s natural resources.
Urban Population Growth Trends
From 2001 to 2019, approximately 500 square miles of land within the San Jacinto region has been developed into urban land, based on data from the National Land Cover Dataset (NLCD) Land Cover Change Index. More than half of the urbanization occurred in Harris County. Given the expected population growth, it can be assumed that a continued increase in urban development will accompany the projected population growth. 
Social Vulnerability Analysis 
Disasters impact different people or groups in different ways, ranging from their ability to evacuate an area in harm’s way, the likelihood of damage to their homes and properties, and their capacity to marshal the financial resources needed to recover and rebuild after a storm. These factors are evaluated by the U.S. Centers for Disease Control and Prevention (CDC) to determine an area’s social vulnerability, which measures a person’s or group’s capacity to weather, resist, or recover from the impacts of a hazard in the short and long term. When anticipating the likely extent of damages to a community from catastrophic floods, the social vulnerability analysis first considers “exposure” based on the geographic location of people and property. 
Another critical dimension to consider is each community’s relative “vulnerability” to floods when they do occur. The overall vulnerability is calculated based on four aspects: socioeconomic status, household composition and disability, minority status and language, and housing type and transportation. The higher the Social Vulnerability Index (SVI), the more vulnerable a community is to a natural disaster; the lower the SVI, the higher the resilience a community has to a natural disaster. SVI values range from 0 to 1. The SVI by census tract within the region ranges from 0.0015 - 0.9900. This wide range of SVI values shows the diversity of the population affected by flood risk within the region. These different communities respond differently to flood disasters, and when policies or standards are being created, each of these communities should be given an equitable consideration. SVI of communities was considered in the vulnerability analysis conducted as part of, and described in, Task 2. 
1.A.2. [bookmark: _Toc108007880][bookmark: _Toc108090509][bookmark: _Toc109234837]Flood Prone Areas and Flood Risks to Life and Property
As the San Jacinto Regional Flood Planning Group (RFPG) seeks to better manage flood risk to mitigate the loss of life and property from flooding, it is important to establish a baseline of what is known with respect to the area’s exposure to flood hazards, as well as the vulnerability of the communities. A multitude of plans, regulations, and infrastructure are currently in place to address flood hazards in Texas. This planning largely takes place at a local level, with variable standards used by communities and a lack of consistent, available floodplain mapping creating significant challenges in quantifying risk across the region. Flood risks and exposure of life and property to those risks are analyzed and documented further in Chapters 2 and 4. 
1.A.2.a. Types of Major Flood Risks
Despite being the second smallest flood planning region in the state by area, the San Jacinto region experiences some of the most complex flood challenges, brought on in part by the variety of sources of flooding. Other contributing factors to the level of complexity include a range of topography, varying levels of development, intense rainfall, susceptibility to tropical weather events, and varying soil types and land cover. The most prevalent flood risk types within the region are riverine, coastal, urban, and compound flooding.
Riverine
Riverine flood risk, or fluvial flood risk, is defined by the Technical Guidelines for Regional Flood Planning (Exhibit C) as “flooding caused by bank overtopping when the flow capacity of rivers is exceeded locally. The rising water levels generally originate from high-intensity rainfall creating soil saturation and large volumes of runoff either locally and/or in upstream watershed areas”. Riverine flooding is a prevalent source of risk within the region, and in general is a common type of flood risk in both urban and rural areas throughout the San Jacinto region.
Coastal 
According to the Technical Guidelines, “coastal flooding occurs when normally dry, low-lying land is flooded by seawater.” This flooding is as a result of storm surge, wave action, and various other tidal influences. Wave action can be limited by either water depth or fetch, the distance the wind can affect the water surface. Depth-limited waves can only grow to a size that the depth of water will allow regardless of the fetch. Fetch-limited waves can grow to the size that the wind forces them. Most of Galveston Bay is depth-limited and therefore relieves some risk of wave action flooding. Gulf-side portions of the region, near Galveston Island, are subject to a higher risk from wave action due to the proximity to the Gulf of Mexico. Storm surge is a temporary rise in mean water level due to the pressure and velocity of a storm approaching the coast. This quick rise in water level can inundate structures or allow flood protection features, such as a seawall, to be overtopped by waves that would otherwise be absorbed or reflected. Most of the coastal areas within the region, both the Gulf- and Bay-side portions, are at risk of storm surge due to the large bay, deep ship channel, and port.


Urban/Pluvial
Urban flood risk, or pluvial flood risk, is described by the Technical Guidelines as flooding caused, “when the inflow of stormwater in urban areas exceeds the capacity of drainage systems to infiltrate stormwater into the soil or to carry it away. The inflow of stormwater results from (a) heavy rainfall, which can collect on the landscape (pluvial flooding) or cause rivers and streams to overflow their banks and inundate surrounding areas; or (b) storm surge or high tides, which push water onto coastal cities.” Urban flood risk is prevalent in the Greater Houston Area due to a variety of risk factors including, large amounts of impervious area, flat topography, and older, capacity-limited, storm sewer infrastructure. As development continues throughout the region, urban flooding will continue to play a prominent role in the overall flood risk for the region.
Compound 
Compound flooding is the combined influence of both coastal, riverine, and urban flooding. This type of risk is prevalent in the San Jacinto region as there are many areas in the southern/coastal areas with high development that experience significant coastal flooding. Compound flooding occurs where areas experience direct interaction between tidal and riverine risk, such as the Houston Ship Channel, which experiences increases in water surface elevations from both tidal/coastal flooding as well as riverine impacts from upstream tributaries. 
Ecological Benefits of Flooding
Flooding is known to have negative impacts on the environment and communities, however there are some ecological benefits that come with natural flooding. These benefits can include replenishing nutrients in the soil, the relocation of fish and different organisms that live in water bodies, recharging of groundwater systems, and filling of water supply reservoirs. The nutrients that are provided from flooding improve the soil for agricultural production and efficiency while also improving the health of the fish in the water bodies. This does not necessarily mean that flooding is beneficial for the environment at all times but is important to note there are benefits provided by natural flooding. 
1.A.2.b. Identification of Flood Prone Areas
For the Regional Flood Plan (RFP) analyses, flood prone areas are being considered as known locations that experience flooding outside the extent of the existing flood hazard area. To adequately grasp the extents of flood prone areas in the region, members of the public and regional stakeholders were provided the opportunity to identify flood prone areas using an online interactive webmap survey, which allowed users to provide input as points and polygons. Responses to the following questions were required for any comment submission on the webmap survey. 
How often does the location flood?
What level of storm intensity causes the area to flood?
What appears to be the main cause of the flooding at each location?
What is impacted by the flooding?
Additionally, users could provide written comments and attach photos with each submission. The webmap survey was made available for public comment on August 17, 2021. In addition to the survey points and areas collected from the webmap survey, the San Jacinto RFPG also received shared data points from the Texas GLO Combined River Basin Study to help identify areas of flood risk that are not currently reflected by the mapped flood hazard area. This data is important because floodplain mapping only exists where hydrology and hydraulics (H&H) models were developed and therefore this type of data can help to reveal areas floodplain mapping may be missing. 
Based on topography and survey response content, several point locations were digitized into polygons to represent areas of likely inundation. The flood prone areas shown within Figure 1‑2 were not assigned a flood frequency value due to the wide variety of responses. For example, some responses identified areas of frequent street ponding, while others identified areas that were inundated during Hurricane Harvey. Since a flood frequency was not estimated for survey responses, the extent of the delineated flood prone areas will remain unchanged between the existing and future flood hazard analyses. These flood prone areas provide an indication of locations of known, but unquantified, flood risk, but are not comprehensive. This identification process demonstrates the need for improved understanding and public perception of flood risk.
[image: Figure 1-2: Recorded survey data showing flood prone areas

This figure shows flood prone areas in the San Jacinto region from GLO and RFP survey responses.]
[bookmark: _Ref102022544][bookmark: _Toc108007844][bookmark: _Toc108090565][bookmark: _Toc108093011][bookmark: _Toc108105721][bookmark: _Toc108119173][bookmark: _Toc109234856][bookmark: _Toc109280606]Figure 1‑2: Recorded Survey Data
In general, a majority of the RFP reported flood prone areas (blue dots in Figure 1‑2) were scattered throughout Harris County, south-central Montgomery County, as well as several along the lower West Fork of the San Jacinto River near the Kingwood area. In the flood prone areas received from the GLO study (green dots in Figure 1‑2), a few were located within the northern part of the region near the East Fork of the San Jacinto River as well as farther south in various areas of Galveston and Brazoria Counties. Reports from both GLO and RFP surveys included mentions of flooding associated with various sizes of storm events and natural disasters.


1.A.2.c. Flood-Related Fatalities 
One of the potential consequences of flood damage is the loss of human life. This is an issue within the larger context of flood-related risk and is a commonly reported statistic after most hurricanes or flooding-related natural disasters. The organization of flood related fatality data is generally lacking as there is not a unified database of this information; further, the information may be treated as confidential depending on the community. While accurate quantification of flood-related fatalities is challenging, the overall goal of the RFP effort, to reduce the risk to life and property, aligns well with reducing deaths associated with flooding. 
1.A.2.d. Critical Assets Subject to Flood Risk 
There are several pieces of critical infrastructure at risk of significant impacts from floodwaters. For example, the Houston Ship Channel, a major hub for shipping, transportation, and chemical manufacturing industries, is subject to severe damages from coastal and compound flood risks. Portions of the interstate highway system running through the region are subject to inundation, not only impeding the flow of traffic and major shipping routes but impacting emergency response during a natural disaster. Also, along the coastal portion of the region are large chemical manufacturing facilities that are at great risk to damages by both coastal and riverine flood risk. These are just several of the aspects of critical infrastructure within the San Jacinto region that are at risk of damages and severe consequences from flooding. A more detailed analysis of critical infrastructure that is exposed to flood risk was performed as a part of the Task 2 exposure analysis. 
1.A.3. [bookmark: _Toc108007881][bookmark: _Toc108090510][bookmark: _Toc109234838]Key Historical Flood Events
The San Jacinto region has a lengthy history of flooding; for example, from 1836 to 1936, the region was impacted by at least 16 major flooding events. These numerous flood events have caused billions of dollars in damages and thousands of fatalities. The following section summarizes the most significant storms in the region’s history, as well as programs and management changes implemented in response to flood events. Although this report does not describe in detail the full list of all major flood events within the region, the events presented in this section are intended to provide a concise overview of the character of regional flooding and how these events have shaped the San Jacinto region into a flood-focused community.
1.A.3.a. Great Galveston Storm of 1900 
One of the most significant events in the region came at the beginning of the twentieth century. Although the Great Galveston Storm of 1900 took place quite some time before the current level of modern technical data collection (the U.S. Weather Bureau was at that time only approximately a decade old), several sources estimate the Great Galveston Storm of 1900 as the deadliest natural disaster in American history. This Atlantic hurricane, estimated to have been a Category 4 storm with winds of up to 135 miles per hour, destroyed almost 4,000 homes and most of the infrastructure in the City of Galveston. As hurricane information and tracking was not a developed science at the time, the storm was not predicted ahead of time which led to the loss of between 6,000 and 12,000 lives. The lack of communication and organization of emergency protocols was a major contributor to the loss of life. This storm led to greater awareness of the need to organize communication strategies, the importance of tracking and predicting storms, and constructing critical flood hazard infrastructure. The Galveston Seawall, a product of the response to the Great Galveston Storm of 1900, is still standing and functioning.
1.A.3.b. 1920 - 1930s Storms 
The early 1900s contained several significant non-tropical originating storms, such as the 1929 and 1935 events that swept through the San Jacinto region. A significant aspect of these storms was the role that saturated soils played in causing extensive flooding. For example, the May 1929 storm caused significant flooding due to the fact the soils were already saturated, and the bayous were already full from a Gulf storm earlier that April. By the late 1930s, as infrastructure projects around the county began to proliferate, the need for local sponsorship of flood management activities was increasingly recognized. The Texas Legislature responded to these severe flood events by creating local entities with flood management responsibilities. For example, in 1937, the Harris County Flood Control District (HCFCD) was created by the Texas Legislature in response to severe damage from previous events with the intent of taking a systematic and unified approach to mitigating flood risk within Harris County.
1.A.3.c. Tropical Storm Claudette
In July of 1979, Tropical Storm Claudette, an Atlantic originating storm, brought unprecedented rainfall to the region and specifically to the vicinity of the City of Alvin, Texas, which received 42 inches of rain in approximately 24 hours. At the time, this was the record 24-hour precipitation amount for any location within the U.S. The cities of Alvin, Freeport, and others in the surrounding area all received record-breaking amounts of rainfall, resulting in $700 million in total estimated damages across the country.
1.A.3.d. Tropical Storm Allison
Tropical Storm Allison, an Atlantic originating tropical storm, was the next significant event in the region. This storm made landfall twice, first on June 5, 2001, near Galveston, Texas. As the storm moved northward, the Greater Houston Area received from 4 to 10 inches of rainfall across varying parts of the area. Over the following day, the storm dropped 8 to 12 inches of rainfall near the Sugar Land-Stafford area of Fort Bend and Harris Counties. The storm retreated into the Gulf of Mexico, gathering more moisture before proceeding back inland on June 10, 2001. This second landfall, at a relatively slow-moving speed across the area, caused significant inundation coupled with low infiltration because the soils were already saturated from the first landfall occurrence. During the second landfall, the storm spent a long period of time over the Houston area, causing five of the major bayou systems to experience flooding and all the major interstate systems to close, as well as the entirety of the Houston Medical Center to be shut down. During the storm’s second landfall, two-thirds of Harris County received more than 10 inches of rain, with some areas receiving more than 20 inches in a span of 10 hours. The storm caused nearly $5 billion in damages and 22 deaths in Harris County alone. 
As a result of Tropical Storm Allison, entities within the San Jacinto region moved toward a more holistic approach to flooding. For example, a multi-year initiative called the Tropical Storm Allison Recovery Project (TSARP) was created through the partnership of Federal Emergency Management Agency (FEMA) and the HCFCD. TSARP established a new advanced technical approach to remapping floodplains of local counties and creating new and more accurate flood models based on updated land use and topographic data. The lasting and widespread impact of Tropical Storm Allison persuaded officials to adjust their recovery strategies in fundamental ways, creating new programs in the region such as the Voluntary Home Buyout Program which addressed homes that were found to not have another other feasible / cost-effective mitigation strategies available. Another significant result of Tropical Storm Allison was an increased focus on resiliency built into critical infrastructure within the region. For example, after the Houston Medical Center was severely damaged by Tropical Storm Allison, resiliency was the utmost priority as the area was rebuilt, with the changes successfully reducing the impact that severe flooding can have on critical infrastructure.
1.A.3.e. Hurricane Ike 
Hurricane Ike was the third costliest hurricane in U.S. at the time, with an estimated $27 billion in damages throughout the country, resulting from two component rainfall events in September 2008, the first bringing 6-10 inches of rain and the second bringing 3-8 inches the following day. The most significant damage resulted from extreme storm surge, with Galveston Island experiencing the highest storm surge recorded since 1915 and 12-17 foot storm surges taking place in parts of both Harris County and the Bolivar Peninsula. 
1.A.3.f. Memorial Day 2015 Flood
On May 25, 2015, several thunderstorm systems merged and released an average of 5.3 inches of rainfall across Harris County, roughly equating to 162 billion gallons, over a 12-hour period, with some areas in the region recording more than 10 inches. Brays Bayou within the City of Houston received close to 11 inches in three hours. More than 6,000 structures were flooded in Harris County alone, and Brays Bayou recorded record high rainfall amounts. The Memorial Day event caused significant damages due to the soils and infrastructure already being inundated from consistent rainfall during the previous weeks. 
1.A.3.g. Tax Day 2016 Flood
On April 16 and 17, 2016, severe storms caused approximately 240 billion gallons of water to fall upon Harris County, with an intense amount of rainfall in the northern and western areas of the county. The Upper Cypress Creek, Addicks Reservoir, and Barker Reservoir catchments received approximately 13-17 inches of rain over 12 hours. Both reservoirs recorded record water surface elevation levels. As the bulk of the water volume made its way downstream from the reservoirs and bayous into the downstream bayous (particularly Buffalo Bayou), secondary flooding resulted from the channels experiencing water surfaces up to 6 feet higher than normal reservoir release levels. In Harris County alone, more than 1,800 high-water rescues were executed, and close to 10,000 structures were flooded. A state of emergency was declared in nine counties in the area. Six weeks later, the region received another 8-13 inches of rainfall which caused significant repeated flooding as soils were still saturated and many bayous within Harris County were still holding water from the 2016 Tax Day event.
Both the Memorial Day 2015 and Tax Day 2016 events provided useful data such as high-water marks, stream gage data, and inundation extents shown by FEMA Flood Claims. These events are used frequently in the development of H&H models as calibration events within the San Jacinto region. 
1.A.3.h. Hurricane Harvey 
On August 25, 2017, Hurricane Harvey made landfall near Port Aransas, Texas as a category 4 hurricane that produced substantial rainfall at high rates. As the storm slowed and stalled over Harris County and surrounding areas, it brought continued intense bands of rain, causing flash flooding throughout the entire San Jacinto region. In a four-day period, more than 1 trillion gallons of water fell across Harris County alone. One of the rainfall gages in Harris County (Clear Creek at I45) reported more than 47 inches of rainfall in four days. Widespread rainfall caused 46% of the river flow forecasting points in Southeast Texas to reach new record levels during the storm. Hurricane Harvey is estimated to have caused more than $125 billion in damages throughout the country (the second-costliest hurricane in U.S. behind Hurricane Katrina in 2005) and caused 68 deaths within Texas, 36 of which were in Harris County. The storm highlighted the need for further improvements to floodplain management, disaster recovery, and funding for repairs. In the following September of 2017, the U.S. federal government allocated relief funds through House Resolution 601, which provided “$15.25 billion in FY2017 supplemental appropriations to FEMA, the Small Business Administration (SBA), and the Department of Housing and Urban Development (HUD) for disaster relief requirements, such as response and recovery efforts from Hurricanes Harvey and Irma.” This large influx of money into the affected areas has had a significant positive impact on flood infrastructure and flood projects.
1.A.3.i. Damages, Flood Claims, and Fatalities 
The watershed is regularly impacted by thunderstorms, tropical storms, and hurricanes, which can lead to severe flood events across the entirety of the region. Major storm events and associated FEMA NFIP flood claims, damages, and fatalities are reported in Table 1‑2, The values displayed in Table 1‑2 only include San Jacinto region, not for the entire storm event.
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	[bookmark: _Hlk78790864]Name
	Year
	Total Flood Damages[footnoteRef:4] [4:  Values in May 2022 dollars] 

	No. Flood Claims
	No. Fatalities

	Great Galveston Storm 
	1900
	Unknown
	Unknown
	6,000-12,000

	May 1929 Storm 
	1929
	$24,000,000
	Unknown
	Unknown 

	December 1935 Storm
	1935
	$65,000,000
	Unknown
	Unknown

	Tropical Storm Claudette 
	1979
	$542,000,000
	8,842
	Unknown 

	Hurricane Alicia 
	1983
	$388,000,000
	13,497
	21

	October 1994 Storm 
	1994
	$353,000,000
	5,400
	17

	Tropical Storm Allison 
	2001
	$1,568,000,000
	25,906
	22

	Hurricane Ike 
	2008
	$1,901,000,000
	34,471
	13

	Memorial Day 
	2015
	$454,000,000
	5,776
	7

	Tax Day 
	2016
	$560,000,000
	8,155
	7

	Hurricane Harvey
	2017
	$8,372,000,000
	66,244
	49

	Tropical Storm Imelda
	2019
	$432,000,000
	7,010
	2


Hurricane Harvey was the most destructive recent storm event in the region, as reported by both the number of flood damage claims and the total value of flood claims. It should be noted that for all these flood events, the loss of property is potentially much higher, as properties without flood insurance at the time of the event are not accounted for in the number of FEMA claims or the total damage value.
In addition to the direct property damage and fatalities associated with hurricanes and flood events, there are also emotional and psychological costs rarely mentioned or quantified regarding these events. All people within the region can be greatly impacted by the results of flooding, including concerns associated with displacement, resource scarcity (such as gas, food, and water), loss of work, lack of mobility, and irreparable damage or destruction to property. Although there is not a clear numerical value associated with these types of hardship, the burden and impact upon the community’s physical and mental wellbeing will continue to be extremely significant.
1.A.3.j. Disaster Declarations
Formal federal governmental disaster declarations may be issued for any natural event determined to have caused severe damage that goes beyond the capabilities of both state and local governments to respond. Major disaster declarations include key events such as hurricanes, tornadoes, storms, earthquakes, landslides, fires, floods, or explosions. Out of the 63 federally declared disasters within the counties of the San Jacinto region since 1953, 43 are associated with hurricanes, severe storms, coastal storms, or flooding.
1.A.4. [bookmark: _Toc108007882][bookmark: _Toc108090511][bookmark: _Toc109234839]Political Subdivisions with Flood-Related Authority
State guidelines define political subdivisions with flood-related authority as cities, counties, districts, or authorities created under Article III, Section 52, or Article XVI, Section 59, of the Texas Constitution, any other political subdivision of the state, any interstate compact commission to which the state is a party, and any nonprofit water supply corporation created and operating under Chapter 67. State law also provides for limited purpose Water Supply and Utility Districts, known variously as Municipal Utility Districts (MUDs), Municipal Water Districts (MWDs), Fresh Water Supply Districts (FWSDs), and Special Utility Districts (SUDs). These districts may be located within or adjacent to cities or counties involved in the reclamation and drainage of theirits jurisdictional property. 
Although a multitude of these entities have the capability to exercise some degree of flood-related authority, many defer to a larger entity such as a county or municipality for regulatory floodplain management purposes; these larger entities often have unified development codes or floodplain management standards in place. For example, although MUDs and SUDs are considered to be political subdivisions given the above definition, they rarely directly regulate drainage or flooding infrastructure within their jurisdiction. Also, many of these entities have the authority to implement flood-related planning or projects but don’t necessarily have the authority to implement or enforce floodplain management practices or standards. Of the political subdivisions, the majority of entities active in flood planning are municipal or county governments, both of which utilize broad authority to set policies mitigating flood risk. The data collection effort for this plan identified 81 municipalities and 11 counties within the region (Table 1‑3).
[bookmark: _Ref102022681][bookmark: _Toc108007852][bookmark: _Toc108090544][bookmark: _Toc108092990][bookmark: _Toc108106353][bookmark: _Toc108119117][bookmark: _Toc109234851][bookmark: _Toc109280667]Table 1‑3: Political Subdivisions with Flood-Related Authority
	Type of Political Subdivision
	Number of Jurisdictions

	Municipality
	831

	County
	11

	River Authority 
	3

	Flood District 
	15

	Other
	98078

	Total 
	109288


1.A.5. [bookmark: _Toc108007883][bookmark: _Toc108090512][bookmark: _Toc109234840]Extent of Local Regulations and Development Codes
Based on research performed by the San Jacinto RFPG, in conjunction with the San Jacinto RFP Data Collection Survey Tool responses, there are many entities within the San Jacinto region that have regulations and codes in place regarding stormwater management. These measures are often included within local subdivision regulations or drainage criteria manuals. Development regulations and drainage manuals cover standards pertaining to planning and drainage report submissions, right of way and easements, and the completion of H&H studies. Drainage design criteria serve to set the minimum standards for planners, architects, and engineers to follow when preparing plans for construction within the corresponding jurisdictions. These could be for regional entities, municipalities, or counties within the San Jacinto region. 
Floodplain Ordinances and Court Orders dictate how development is to occur within (or to avoid) a floodplain. FEMA provides communities with flood hazard information upon which floodplain management regulations can be based. Floodplain Ordinances and Court Orders are subject to the NFIP and promote communities taking flood hazards into account when making land use and land management decisions. Ordinances may include references to maps with Base Flood Elevations, freeboard requirements, and storage requirements, as well as criteria for land management and use. In addition, communities can regulate development within floodplains with higher or more restrictive standards than those set by the NFIP. 
All 11 counties which are wholly or partially within the San Jacinto region include entities with some form of floodplain regulations. Of the numerous 83 municipalities identified during the data collection efforts for San Jacinto RFP development, 74 have some form of floodplain regulations. , with a slightly larger number having minimum development code requirements. There are 62 municipalities identified as having higher design requirements than the NFIP requirements. Local regulation and development codes are summarized in Table 1‑4.


[bookmark: _Ref102022717][bookmark: _Toc108007853][bookmark: _Toc108090545][bookmark: _Toc108092991][bookmark: _Toc108106354][bookmark: _Toc108119118][bookmark: _Toc109234852][bookmark: _Toc109280668]Table 1‑4: Regional Regulations Summary
	Regulation/Code
	Municipalities with Regulation/Code

	Drainage Criteria Manual
	44

	Floodplain Regulations
	74

	NFIP Participation
	78

	Higher Standards Than NFIP Requires
	62


There are also several drainage districts throughout the San Jacinto region. Drainage districts in Brazoria County, Fort Bend County, Galveston County, and Harris County all have development regulations and design criteria for their respective jurisdictions. 
1.A.6. [bookmark: _Toc108007884][bookmark: _Toc108090513][bookmark: _Toc109234841]Agricultural and Natural Resources Most Impacted by Flooding
Flood events can have a detrimental impact on the extensive agricultural and natural resources of the San Jacinto River Basin, which includes more than 3,173 square miles of farming, forestry, and ranch land (Table 1‑5). Potential impacts to various agricultural sectors are discussed in greater detail in the following subsections. Table 1‑5 has also been provided to show the breakdown of the land use within the region and how the general trend of areas at risk of flooding follows the same trend as the total land use area, showing that no one land type is being disproportionally affected by flooding. 
[bookmark: _Ref102054830][bookmark: _Toc108007854][bookmark: _Toc108090546][bookmark: _Toc108092992][bookmark: _Toc108106355][bookmark: _Toc108119119][bookmark: _Toc109234853][bookmark: _Toc109280669][bookmark: _Ref110008684]Table 1‑5: Regional Land Use Summary
	Land Use
	Total Area in Region (Sq. Mi.)
	Total Area in Region at Risk of Flooding (Sq. Mi.) 
(According to Existing Flood Hazard Mapping)

	Farming
	286
	124

	Forestry
	1833
	718

	Open Water
	116
	98

	Ranching 
	1054
	295

	Urban Development
	1796
	526


1.A.6.a. Farming
Flooding or excess precipitation can impact cropland in various ways, including rapid direct damage to crops or long-term impacts through soil erosion and soil nutrient losses. The severity of the impact flooding has on farming depends on a broad range of factors, including crop type, the timing of storm events relative to planting or crop growth stage, and the wind speed of a storm. Different crops have different resiliency to excess precipitation and prolonged standing water. Permanent crops, such as fruit trees, tend to be more resilient to excess precipitation and standing water than row crops, such as corn and soybeans. Heavy rain prior to planting could delay planting or prevent planting entirely. Additionally, the stage of growth of a crop influences its susceptibility to damage or loss due to excess water. It should be noted that some degree of flooding may be tolerated or even beneficial for some crops such as rice. However, flooding in excess and sustained conditions do have associated negative long and short-term impacts. The San Jacinto region has experienced more than $21.4 million in crop losses due to flooding, hurricanes, and tropical storms for years 1989 through 2020. 
1.A.6.b. Forestry
Forestry impacts due to flooding are also multifaceted. Flash flooding can bring swiftly moving debris that could physically wound trees, creating conditions for contaminated flood water to introduce diseases. Sustained flooded conditions can also deplete the soil oxygen supply and cause root damage. Floods that occur during the growing season can kill trees much faster than similar conditions during the dormant season. However, flooding can also positively impact forests by clearing weaker trees, spreading seeds, and stimulating the growth of surviving trees. Forested areas can be used as potential natural infrastructure with benefits such as increased storage of runoff during flood events.
1.A.6.c. Ranching
Ranching activities in the region are also impacted by flooding. Livestock can be swept away, drowned, or injured by flash floods. Livestock exposed to contaminated flood waters can experience health issues such as pneumonia or foot rot. Livestock may also be exposed to disease-carrying mosquitoes during flood events. Prolonged flood events and impacts can cause further challenges to the ranching sector by causing delays in building back livestock herds or limiting the availability of accessible and usable forage land. Ranching areas can also be used as potential natural infrastructure with benefits such as increased storage of runoff during flood events.
1.A.7. [bookmark: _Toc108007885][bookmark: _Toc108090514][bookmark: _Toc109234842]Existing Flood Planning Documents
The Summary of Existing Flood Planning Documents section provides insight into the regulatory and policy environment governing floodplain management in the various jurisdictions of the San Jacinto region, including the most common types of regulation, structural controls, and planning activities. Additional details are provided in the following subsections.
1.A.7.a. Floodplain Ordinances
Floodplain ordinances regulate development and various impacts on a community’s floodplain. Many of the municipalities in the San Jacinto region participate in the NFIP. FEMA requires flood control measures and flood prevention standards to be included in local regulations and development codes for program participants. Overall, there are 74 municipalities with floodplain management and flood prevention ordinances in the San Jacinto region. Generally speaking, these ordinances:
restrict and prohibit land uses that are dangerous
control alteration of floodplains, channels, and natural protective barriers
describe permitting and variance procedures for land use regulation in relation to flood prevention
define the duties of the floodplain administrator  
specify subdivision and construction standards
prescribe penalties for non-compliance to standards
define overall rules and regulations for flood control and flood hazard reduction
Some communities have included drainage design manuals and detailed construction standards within their ordinances for flood hazard reduction. 
1.A.7.b. Current Local Regulation and Development Codes
Subdivision regulations provide more focused regulation of the design and form of the development elements of a city, such as regulating the platting processes, standards for the design and layouts of streets and other types of infrastructure, the design and configuration of parcel boundaries, and standards for protecting natural resources and open space. While both cities and counties have subdivision ordinances, counties in Texas do not have zoning authority. 
Many entities within the region specify drainage requirements within their subdivision regulations or associated drainage criteria manuals. These regulations specify detention requirements for new development, required finished floor elevations for buildings, and standard design requirements for drainage infrastructure. 
1.A.7.c. Local and Regional Flood Plans
There have been 65 identified flood studies in the San Jacinto region since 2003. These studies range from Hazard Mitigation Plans (HMPs) and Master Drainage Plans (MDPs) for counties  and municipalities to larger regional watershed studiesto drainage master plans for municipalities. The plans describe the existing flood hazard conditions within the watershed and outline mitigation measures to better respond to flooding events. These include 15 HMPs, 11 Flood Insurance Studies (FISs), 10 Master Drainage Plans (MDPs), and two Base Level Engineering (BLE) studies. There are 27 additional studies that were identified, including drainage analyses, flood planning and risk reduction studies. 
Chapter 1.B. [bookmark: _Toc108007886][bookmark: _Toc108090515][bookmark: _Toc108092957][bookmark: _Toc108105628][bookmark: _Toc109226722][bookmark: _Toc109234843][bookmark: _Toc109240029]Assessment of Flood Infrastructure
[bookmark: _Toc89417033]The following sections describe the built and natural infrastructure that gives the basin its hydraulic and hydrologic characteristics, which are the primary functions and indicators of how floodwaters move and behave through an area. Flood infrastructure in the region includes both natural areas and built features that are owned and managed by stakeholders ranging from the Flood Control Districts to individual farmers and ranchers. This plan considers both the natural and human-made features that contribute to risk reduction, which may include but are not necessarily limited to:
	· rivers, tributaries, and functioning floodplains
	· tidal barriers and gates

	· wetlands
	· stormwater tunnels

	· playa lakes
	· stormwater canals

	· sinkholes
	· dams that provide flood protection

	· alluvial fans
	· detention and retention ponds

	· vegetated dunes
	· weirs

	· levees
	· storm drain system

	· sea barriers, walls, and revetments
	


Note: Features in italics have not been found in the San Jacinto region. 
The TWDB-provided several data sources to assist with the identification of flood management infrastructure in the Flood Data Hub such as Dams, Levees, Reservoirs, Stream gages, High Water Marks and Low Water Crossings. There were also several questions posed in the San Jacinto RFPData Collection Survey Tool that were used to supplement the information provided by existing data sources to create a more complete picture of how communities in the region protect themselves from flood risk.
[bookmark: _Toc81322802]A comprehensive inventory of existing flood infrastructure is provided in the TWBD-required format as Appendix 1-4. Due to the scale of this assessment, the San Jacinto RFP includes major flood infrastructure such as regional detention facilities but not minor elements such as small private detention ponds serving individual properties. Map 1, found in Appendix 1-1, depicts the existing flood infrastructure within the San Jacinto region.
1.B.1. [bookmark: _Toc108007887][bookmark: _Toc108090516][bookmark: _Toc109234844]Natural Features
1.B.1.a. Rivers, Tributaries and Functioning Floodplains
The San Jacinto region is comprised mainly of the San Jacinto River and its major and minor tributaries, making up a complex network of functioning floodplains. A functioning floodplain is a broad term used to describe a natural area susceptible to flooding that provides a broad range of ecological and hydrological functions, including flood storage, water quality maintenance, groundwater recharge, and many more. An analysis of the existing flood hazard was completed as a function of the TWDB-provided flood quilt. The flood hazard analysis is provided and discussed in detail in Chapter 2.
1.B.1.b. Wetlands and Marshes
A wetland is an ecosystem that is flooded by water, either permanently, seasonally, or after discrete rainfall events. Wetlands provide an important ecosystem for aquatic plants and animals, as well as significant flood storage. The natural functions of wetlands within the region are numerous including natural stormwater treatment, biodiversification, oxygen saturation improvements, areas to promote infiltration, distribution of intensity of floodwaters, and many more. The region contains both freshwater and coastal wetlands for a total of 189,000 acres within the region. 
1.B.1.c. Parks, Preserves, and Other Natural Areas
Parks and preserves are included in the flood infrastructure assessment because they include provide essential opportunities for infiltration and retention of stormwater during and after a rainfall. These types of natural flood infrastructure are generally located within or adjacent to floodplains throughout the basin to provide flood benefits and flood storage. Higher concentrations of these areas are located along or close to the major rivers. There is a relatively large amount of preserved natural area within the region, notably the Sam Houston National Forest, the Coastal Prairie Conservancy, Lake Houston Wilderness Park, Armand Bayou Nature Center, and various dedicated urban green spaces.

1.B.1.d. Coastal Areas
The San Jacinto region contains and is greatly impacted by coastal areas. There are also somewhat inland areas, areas not directly touching the coast, that see an impact from coastal flooding, such as the Houston Ship Channel and other areas inland within Brazoria, Chambers, Galveston, and Harris Counties. The natural functions of coastal areas, such as dune and bay ecosystems, serve a large ecological and economic benefit. Galveston Island provides protection to the bay and land behind it from much of the Gulf of Mexico’s wave, current, and tidal action. On Galveston Island, many measures are in place to prevent the loss of land and keep the barrier island stable. Such measures include dune systems, a seawall along the populated portion of the island, which allowed a significant portion of the island to be raised by 13 feet when constructed, and other operations like beach nourishment which slow erosion where it cannot be stopped. Galveston Bay is a relatively shallow bay with minimal wave action due to the barrier island, which can reduce the erosive forces on the bay shorelines where much of the population and infrastructure reside. Conditions in the bay are conducive to oyster habitation, which helps oxygenate the water and filter pollutants. Riverine flooding in heavy volume can lower salinity in the bay, potentially endangering the oyster population.
1.B.2. [bookmark: _Toc108007888][bookmark: _Toc108090517][bookmark: _Toc109234845]Constructed Flood Infrastructure and Structural Protections
A vast number of stormwater features have been constructed across Texas, ranging from major flood control infrastructure such as reservoirs, dams, and levees, to municipal drainage systems made up of constructed channels and ditches, closed storm drain systems, and detention and retention ponds. Each of these elements play an important role in protecting communities within the San Jacinto region from flooding.
1.B.2.a. Dams, Reservoirs, Levees, and Weirs
Reservoirs and their associated dams and weirs in Texas may serve one or more purposes, including recreation, flood risk mitigation, irrigation, water supply, and fire protection. Information on major reservoirs for the San Jacinto RFP analysis was compiled from the TWDB dataset. Of the 17 total reservoirs identified in the TWDB-provided infrastructure dataset, six major reservoirs (Table 1‑6) were identified in the San Jacinto region. Note that the Addicks and Barker Reservoirs’ primary functions are to reduce flood risk, whereas the other reservoirs in Table 1‑6 were constructed to provide other functions. 
[bookmark: _Ref102022890][bookmark: _Toc108007855][bookmark: _Toc108090547][bookmark: _Toc108092993][bookmark: _Toc108106356][bookmark: _Toc108119120][bookmark: _Toc109234854][bookmark: _Toc109280670]Table 1‑6: List of Major Reservoirs
	Reservoir Name
	Impoundment Feature
	Location

	Addicks Reservoir
	Dam
	Houston, TX

	Barker Reservoir
	Dam
	Houston, TX

	Lake Conroe
	Dam
	Conroe, TX

	Lake Houston
	Dam
	Houston, TX

	Lewis Creek Reservoir
	Dam
	Willis, TX

	Sheldon Reservoir
	Dam
	Sheldon, TX



[bookmark: _Hlk102463937]Levees are human-made embankments that contain flood flows to a restricted floodplain. Throughout the region, there are roughly 152 miles of levee systems. The prominent levees within the region include systems along eastern Galveston Island, along Cedar Bayou in Chambers County, the coastal levee system within Texas City, two systems along Spring Creek and Cypress Creek in Northern Harris County near Spring, Texas, and the Lynchburg Pump Station alonggn the Harris County Ship Channel.
1.B.2.b.  Stormwater Management, Storm Drain and Canal Systems
While it is likely that most communities maintain at least a limited amount of storm drainage infrastructure, there is no publicly available comprehensive dataset of municipal storm drain systems. As a result, the collection of spatial data for the San Jacinto RFP relied on survey responses based on local entity data management. These stormwater management systems contain several elements such as culverts, channels, inlets, canals, detention, and natural functioning drainage systems. During this first cycle of San Jacinto RFP development, limited storm drainage infrastructure geospatial datasets were provided by stakeholders.
1.B.2.c. Detention and Retention Areas
Detention and retention systems are either dry or wet bottom basins, constructed to store and release downstream a specific amount of stormwater runoff. Detention areas located within the region are a common and frequently utilized measure for mitigating and reducing impacts from flooding due to land development, road improvements, and other projects that have the potential to increase stormwater runoff. Detention is often accompanied by channel redesign to ensure the volume, capacity, and timing of releases from the channel have no adverse downstream impacts. Detention basins can vary in size from a privately owned impoundment that provides benefit for one property to large regional basins owned and maintained by public entities. However, at a municipal and privately owned level, there are many more instances of detention than listed or provided in the accompanying spatial dataset. There is an increasing trend of constructing wet-bottom detention facilities, meaning a certain volume of water is designed to always stay in the basin. For larger regional-scale ponds, this can lead to reduced maintenance and reduced design costs. As an example, one of the larger detention efforts within the region is aimed at adding approximately 25,000 acre-feet of detention storage to the Cypress Creek watershed. For reference, since the inception of HCFCD in 1937, 62,000 acre-feet of detention storage has been created within Harris County. 


1.B.2.d. Coastal Infrastructure
Within the San Jacinto region, the counties of Brazoria, Chambers, Galveston, and Harris either border or are within proximity to the Texas coastline. Different portions of the coastline are protected from waves or nominal tidal water levels to varying degrees by seawalls, beach and dune systems, harbors, or other protective elements. The importance of maintaining the uninterrupted function of port, petrochemical operations, and prevalent industries within the coastal areas of the region has historically resulted in investments in protection measures which make those sites and the coastline less susceptible to minor, regular flooding events.
1.B.3. [bookmark: _Toc108007889][bookmark: _Toc108090518][bookmark: _Toc109234846]Assessment of Condition and Functionality of Existing Infrastructure 
Participants in the San Jacinto RFPdata collection effort were able to provide only limited spatial information that could supplement the information provided by the TWDB regarding the condition or functionality of infrastructure, which resulted in Map 3 (Appendix 1-3) not displaying any spatial data. The San Jacinto RFPG intends to incorporate this data in future planning cycles, as the data is made available or provided.
Out of the stakeholders responding to the survey regarding infrastructure status, 56% noted that at least 25% of the infrastructure they provided information on was considered non-functional[footnoteRef:5], and 88% of respondents noted that at least 25% of the infrastructure they provided information on was deficient[footnoteRef:6]. Some of the most common responses regarding the non-functioning and deficient infrastructure were inadequate budget to construct a proper or sufficient system, inadequate budget to maintain the system, uncontrolled erosion or scour, impacts from development, and lack of adequate standards during construction.  [5:  Non-functional was defined as infrastructure that is not providing its intended or designed level of service.]  [6:  Deficient was defined as infrastructure that is in poor structural or non-structural condition and needs replacement, restoration, or rehabilitation. ] 

1.B.3.a. Dam and Levee Safety 
In 2019, the Association of State Dam Safety Officials (ASDSO) estimated the cost to rehabilitate all non-federal dams in Texas at around $5 billion. There are currently 182 identified dams within the San Jacinto region. While the dams are located across a wide geographic area, roughly 50% are within Montgomery County. Of the 182 identified dams, approximately 80% are state regulated, and a majority in the region are privately owned. Out of the 182 dams, 70% do not have a condition assessment rating, 15.8% were rated fair, 5.6% were rated poor, 5.6% were rated satisfactory, and 2.8% were rated unsatisfactory. These metrics show that dams within the region are not in the best of condition and are susceptible to further decline, increasing the risk of a dam failure occurring. 
The Texas City Hurricane Flood Protection and Lynchburg pump station systems were the only levees to receive a performance and potential lost benefit rating according to the USACE National Levee Database (NLD). The Lynchburg pump station levee system protects a critical pump system that supplies drinking water to the City of Houston. The Lynchburg system has a relatively low associated risk, as the likelihood of failure of the system prior to surge water elevations reaching the top of the levee is low, according to the USACE NLD. The Texas City Hurricane Flood Protection (HFP) system received a high-risk classification due to the system having experienced 100% water loading during Hurricane Ike, and the USACE notes that the wall is likely to fail prior to the system being overtopped. In the event that a failure occurs, there are billions of dollars and thousands of people at high risk. There are both provisionally accredited levee (PAL) systems and accredited levee systems identified in the region. An accredited levee system designation is given when FEMA has determined that the system meets the design, data, and documentation requirements described in Title 44, Chapter 1, Section 65.10 of the Code of Federal Regulations (44 CFR 65.10) and can be shown on a flood insurance rate map (FIRM) as reducing the base flood hazard. A PAL system is accredited when the system provides a base flood hazard reduction on an effective FIRM and FEMA is awaiting data and/or documentation to show the system is compliant with 44 CFR 65.10. The Texas City systems are recognized as PAL systems, while the Spring Creek and Cypress Creek systems are FEMA accredited levee systems.
1.B.4. [bookmark: _Toc108007890][bookmark: _Toc108090519][bookmark: _Toc109234847]Planned Flood Infrastructure Improvements
Planned flood infrastructure projects and studies within the region portray an assessment of current mitigation needs. Stakeholder survey responses were very limited for planned projects. Subsequent outreach and research was conducted by the RFPG. Entities within the region have an extensive list of 514 identified or ongoing projects ranging from land acquisition and buyouts to regional detention and channelization to coastal protection. These projects include potential local, state, and federal sponsors. Figure 1‑3 shows the breakdown of flood mitigation project types within the region initially researched and provided via the survey. Map 2, found in Appendix 1-2, depicts the proposed and/or ongoing flood mitigation projects within the San Jacinto region by HUC 8. Task 4 further discusses the recommended projects for the San Jacinto RFP. 

[bookmark: _Ref101962612][bookmark: _Toc108007845][bookmark: _Toc108090566][bookmark: _Toc108093012][bookmark: _Toc108105722][bookmark: _Toc108119174][bookmark: _Toc109234857][bookmark: _Toc109280607]Figure 1‑3: Types of Flood Mitigation Projects[footnoteRef:7] [7:  The categories with the fewest number of projects have been represented together as an “Other” category, including land acquisition, levees and flood walls, roadway crossing improvements, and coastal projects.] 

The most common types of projects in the region are channel improvement projects, which is inclusive of channel repair and channel conveyance improvement projects. The channel repair projects are primarily ones proposed by HCFCD as part of the Harris County 2018 Bond program. The channel conveyance improvements vary in size from several miles of channel widening to shorter sections of channel repair to stabilize banks and restore capacity. The second most common project type includes local storm drainage projects, primarily led by the HCFCD and their local partners. Collected proposed projects involving acquisition, levees, and nature-based solutions were generally limited within the planning region.
1.B.4.a. Structural Projects Under Construction
The ongoing Harris County 2018 Bond program has projects in different stages of implementation, including 69 active construction projects within the county. Outside of Harris County, information was insufficient to provide a complete understanding of the status of proposed infrastructure projects. 
1.B.4.b. Non-structural Flood Mitigation Projects Being Implemented
Projects involving non-structural measures were limited within the region compared to structural projects. Non-structural solutions included flood warning gages to enhance flood response, voluntary home buyout programs in Montgomery County and Harris County, and land acquisition for floodplain preservation within Harris County. 
1.B.4.c. Structural and Non-Structural Flood Mitigation Projects with Dedicated Funding and Expected Year of Completionwith Dedicated Funding and Year Complete Funding Sources[footnoteRef:8] [8:  “Year Complete” refers to the expected year of completion for a project.] 

Although funding for many projects in Harris County is known, the information provided in response to stakeholder outreach for the remainder of the region was insufficient to describe all of the structural and non-structural flood mitigation projects with dedicated funding. However, multiple sources of funding were identified when researching existing projects. These sources are listed in Section 1.B.5
1.B.4.d. Anticipated Benefits of Planned Infrastructure Improvements
Survey results and initial research of the identified planned projects provided limited information on expected benefits for each project gathered during Task 1. The project benefits vary greatly depending on the type and scale of the drainage improvements. Without greater detail as to the scale, functionality, and complexity of each project, it is difficult to quantify the anticipated benefits. Further collecting and inventorying of this information is planned for future planning cycles and is recommended to be used to determine benefits more accurately.
1.B.5. [bookmark: _Toc108007891][bookmark: _Toc108090520][bookmark: _Toc109234848]Summary of Ongoing Study Efforts
Flood studies are important tools to help a community identify flood risk. The input data for these studies is constantly being updated and refined, including information such as rainfall depths, land use, and implemented projects. Ongoing studies can be leveraged in future flood planning efforts to enhance the understanding of existing and future flood hazard within the region.
Base Level Engineering (BLE) studies involve the development of high-level models to estimate flood risk and are led by the TWDB in partnership with FEMA. BLE studies provide additional flood risk information for areas of limited or outdated mapping. Current BLE studies within the region include the West Fork San Jacinto, East Fork San Jacinto, and Spring Creek watersheds. 
Other studies include a remapping of Harris County watersheds by FEMA and HCFCD, referred to as the MAAPNext program. This effort utilizes new data, methodologies, and technologies such as Atlas 14 rainfall, 2018 LiDAR, and two-dimensional modeling to enhance the understanding of flood risk within the county. It is anticipated that preliminary FEMA effective maps will be released in late 2022early to mid 2023 for public review and comment, however, that release date is tentative and subject to change.
The Texas GLO’s Combined River Basin Study, which covers counties that received a Presidential Disaster Declaration due to the impact of Hurricane Harvey, will result in a detailed assessment of existing flood risk as well as the development of mitigation strategies for each of the regions included in the study. The study’s Central region covers the San Jacinto and Brazos River watersheds, including much of the San Jacinto region. Information from this study will be used to support the current and future flood plans for the region. The study will be completed in the summer of 2024.
The TWDB Flood Infrastructure Fund (FIF) provides funding for projects and studies throughout the San Jacinto region. Of the applications received by TWDB for FIF funds for flood planning studies, ten studies were funded and are ongoing in the region to understand existing flood risk and provide mitigation solutions. These include studies sponsored by the San Jacinto River Authority, the City of Houston, Chambers County, Waller County, and Montgomery County.
Potential funding sources identified for ongoing study efforts in the region these projects as part of the San Jacinto RFPG data collection effort include federal, state, and local sources. Federal sources include FEMA through the Flood Mitigation Assistance (FMA) program and HMGP, HUD funding through the Community Development Block Grant Mitigation (CDBG-MIT) and Community Development Block Grant Disaster Recovery (CDBG-DR) programs, the NRCS, and the USACE. State funding includes the Texas GLO, TWDB FIF program, and Texas Division of Emergency Management (TDEM). Local funding sources include general funds, local bonds, taxes, and stormwater utility fees.
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Types of Flood Mitigation Projects

[CATEGORY NAME]
[PERCENTAGE]

Channel Improvements	Local Storm Drainage Systems	Dams, Detention 	&	 Retention Basins	Nature-Based Solutions	Other	286	153	67	8	7	Channel Improvements	Local Storm Drainage Systems	Dams, Detention 	&	 Retention Basins	Nature-Based Solutions	Other	0.55859375	0.298828125	0.130859375	1.5625E-2	
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