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1 Executive Summary

The Cypress Creek Overflow refers to a large overflow of stormwater runoff from the Cypress
Creek watershed into the Addicks and Barker Reservoir watersheds during moderate to severe
storm events in the upper Cypress Creek watershed, upstream of US 290. When rainfall levels
reach the 20% (5-year) storm event level (and greater), runoff drains into upper Cypress Creek
and makes its way downstream. The overflow begins to occur at the point where the creek shifts
from a north-south flow direction to an east-west flow direction near the Waller-Harris county
line, and has the potential to inundate substantial areas of land as the overflow makes its way
overland south toward tributaries of Addicks and Barker reservoirs and finally to the reservoirs
themselves. Knowledge of this overflow dates back to at least the 1940s, but there has been little
effort to attempt to manage it as the affected area is generally undeveloped and agricultural in
nature. However, growth projections prepared by the Region H Water Planning Group and the
Texas Water Development Board (TWDB) forecast substantial population growth within the
study area, much of which is predicted to occur between 2010 and 2020. Development
coordination activity with the Harris County Flood Control District (HCFCD) supports this
projection, as development interests have approached the HCFCD with large master drainage
plans for projects in the overflow area.

Development in Harris County follows criteria established by the Harris County Public
Infrastructure Department, including the Permit Office of the Harris County Engineering
Division’s subdivision regulations and the HCFCD's Policy, Criteria and Procedure Manual.

The criteria and regulations for development in the 1% (100-year) floodplain overflow area
described above are tailored to the traditional riverine floodplains, and do not consider the
unique aspects of the overflow. Furthermore, while the overflow is relatively shallow, it conveys
a substantial volume, introducing unique challenges to the development process.

The overflow area is also located in an area known as the Katy Prairie, and there is an ongoing
effort to secure land in this area for conservation and preservation purposes. In addition, there is
limited capacity in Addicks and Barker reservoirs, and while current development policy is
geared to maintain existing flow rates in downstream channels, it does not take into
consideration the increase in runoff volume from land development activity.

In light of these challenges, HCFCD secured a flood mitigation planning grant from the TWDB
that provided funding for the study of the overflow, and the development of a plan to manage the
overflow to help mitigate flood risk. The following eight sections describe the eight tasks the
study was required to address as part of the TWDB grant process.

1.1 Task 1 - Quantifying and Delineating Flood Risk

The purpose of Task 1 is to define the quantity, areal extent and depth of flooding associated
with the Cypress Creek overflow as well as locally generated runoff. Because of the unique
nature of overflow flooding, a two-dimensional model was developed to simulate the overflow.
This facilitated the detailed quantification and mapping of the overflow area, including the
development of a depth grid associated with different events along with the determination of
flooding elevations, flow rates and overflow volumes.
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The model indicated that, during a 1% (100-year) storm event, the peak overflow rate is 12,678
cubic feet per second (cfs). During this event, the simulation estimates that 23,355 acre-feet of
volume will overflow from Cypress Creek toward the Addicks and Barker reservoirs, with the
majority (about 97%) of the overflow reaching Addicks Reservoir. During such an event, almost
21,000 acres of land are inundated.

A study of Addicks Reservoir was performed by reviewing observed data from two storm events:
the 1991-92 event and the 2009 event. Mass balance analyses were performed in order to better
understand the impact that increased volume from land development may have on the reservoirs.
The Barker Reservoir's 1% (100-year) pool currently exceeds the limit of land owned by the
federal government for the reservoirs (commonly known as the “government-owned land”), and
the Addicks Reservoir's 1% (100-year) pool currently is contained within the limit government-
owned land. The analysis indicated that increases in stormwater runoff from development would
cause the predicted pool elevation to increase; however, there is limited capacity in the
reservoir(s) for the additional runoff volume.

The Task 1 investigations are described in Section 3 of this report.

1.2 Task 2 — Identifying Mitigation Strategies

The purpose of Task 2 is to estimate the size of storage and conveyance facilities needed to
respond to changes in land uses from undeveloped (agriculture/prairie) to developed
(residential/commercial) in the study area, and to evaluate the sizing and practicality of
implementing alternative strategies to manage the volume and peak rate of runoff. This includes
runoff in the Cypress Creek and the Addicks Reservoir watersheds, both in Waller County and
Harris County.

The detailed plan development supporting this task is a significant component of the study.
Measures that were investigated included structural (storage and conveyance) and nonstructural
(acquisition, conservation and policy/criteria) options. As required in the grant application, two
alternative mitigation plans have been developed. Furthermore, a "no-action” alternative is
included as a potential conclusion.

The two mitigation plans identified as "preferred plans” both included a substantial storage
element using a bermed reservoir, enlargements to Bear Creek in the overflow area, detention in
the Harris County John Paul’s Landing stormwater detention basin (JPL), and specific
development criteria to address runoff volume.

The first plan, known as Plan 3 — Mound Creek Reservoir with Overflow Conveyance “B”, is
schematically depicted on Figure 1.1. This plan is estimated to cost approximately $271 million,
however with in-kind contributions from partners this cost may be reduced to $177 million. It
will manage the overflow impacts for about 18,500 acres of land in the 1% (100-year) overflow
area, and will increase the area's conservation footprint by about 3,100 acres.
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Figure 1.1  Plan 3 schematic — Mound Creek Reservoir with Overflow Conveyance “B”

The second plan is known as Plan 5 — Katy-Hockley N — Cypress Reservoir, and is shown
schematically on Figure 1.2. This plan is estimated to cost approximately $369 million,
however with in-kind contributions from potential partners this cost may be reduced to $243
million. It will manage the overflow impacts for about 18,000 acres of land in the 1% (100-year)
overflow area, and will increase the area's conservation footprint by 5,000 acres.

The development process of these mitigation strategies is described in Section 4 of this report.



Texas Water Development Board Contract Report Number 1248321466

Figure 1.2  Plan 5 schematic - Katy-Hockley N - Cypress Reservoir

1.3 Task 3 — Benefits of Prairie Restoration for Flood Control

The purpose of this task is to determine the flood reduction benefits associated with prairie
grasslands, both in terms of infiltration and time of concentration.

There are two elements to this task. The first element is a cursory research effort conducted that
includes the review of studies by others, and the evaluation of the rainfall-runoff relationship
using hydrology models. In addition, the relationship was evaluated using the observed Addicks
Reservoir data as described in Task 2.

The second element is HCFCD's plan to conduct a long-term study that evaluates the relationship
between rainfall and runoff for different land types. To accommodate this study, monitoring
stations have been installed throughout the study area and data is being observed and evaluated.
HCFCD has collected approximately 12 months of data, and preliminary results suggest that
prairie vegetation improves the infiltration capacity of the soil; however, additional data
collection and analysis is needed to provide more reliable results. HCFCD will continue to
collect data for a period of five years.

This task is described in Section 5.
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1.4 Task 4 - Identifying Critical Conservation Areas

The purpose of this task is to define tracts of land in the study area that, because of their unique
flood management potential, environmental habitat or wetland characteristics, would ideally
remain as open space for environmental preservation or restoration.

As part of this task, tracts in the study area were investigated and analyzed based upon specific
conservation criteria. A map was developed to identify preferred critical conservation areas.
The conservation criteria used to generate the map is listed in Section 6 of the report.

1.5 Task 5 - Cost/Benefit Analysis

The purpose of this task is to determine the value in establishing a regional drainage plan for the
watershed(s), and to quantify that value in terms of avoided costs and benefits to the community.
Planning level cost estimates were developed for the two preferred alternatives. These cost
estimates considered land, construction and professional services costs in current year dollars. In
lieu of a detailed categorization of financial benefits, the benefits were characterized by
determining the increment in construction cost savings that could be achieved by utilizing a
regional plan. Some benefits, such as ecological benefits, are difficult to quantify and therefore
are represented qualitatively.

The analysis indicated that Plan 3, with in-kind contributions from partners, has a benefit-to-cost
ratio of 1.14. Plan 5, with in-kind contributions from partners, has a benefit-to-cost ratio of 0.89.
There are numerous benefits that were not quantified. Recognition of these benefits would result
in a higher benefit-to-cost ratio.

The benefit-cost analysis is described in Section 7 of this report.

1.6 Task 6 — Project Financing and Cost Pro Forma

The purpose of this task is to develop alternative strategies for financing a regional plan, and to
identify the roles and responsibilities that public, private, and non-profit interests would assume
in order to collectively implement any strategy.

To support this task, a cash flow model was developed to simulate different financial scenarios.
The model included the phasing of project features, land recovery over time, and an initial
startup cost that would be required to launch the project. While specific roles assigned to the
various parties would be formally developed in subsequent implementation phases, a general
framework has been provided.

An implementation scenario with five specific project elements was developed for each of the
management plans. The main purpose of the implementation strategy is to initiate phasing of
project features, where feasible, to establish the building blocks of the plan, and to enable
financial participation from near term land development. This recognizes the near term
development pressures, and allows for the establishment of cash flow for the project elements
that will facilitate future plan elements. In addition, this allows for the preparation of the
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environmental investigations required to support the permitting of the large storage reservoir
elements, which could take a number of years to complete.

The implementation plan identified an initial startup cost of approximately $50 million. This
“seed” money would facilitate the initial project implementation activities; the project revenue
derived from this initial development would then fund subsequent project elements. These
financing and implementation elements are described in Section 8 of this report.

1.7 Task 7 — Public Outreach Program

The purpose of the outreach program is to engage the public in this planning effort as well as to
solicit input that may be incorporated into the study.

The public outreach program included a steering committee that met twice monthly for the
duration of the study, and a stakeholder group that was engaged at two meetings. HCFCD also
held three public meetings at which the public was educated and updated about the study
process, and public comments were received and given due consideration. The outreach efforts
are described in Section 9 of this report.

1.8 Task 8 — Final Report
The purpose of this task (represented by this document) is to summarize the findings of all study

investigations into a final report for adoption by Harris County Commissioners Court and
potentially Waller County Commissioners Court, as well as a final submittal to the TWDB.
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2 Introduction

This study of the stormwater overflow from Cypress Creek into the Addicks Reservoir watershed
was launched to consider potential management strategies to address the phenomena commonly
known as the Cypress Creek Overflow, which occurs, on average, about once every 5-10 years in
areas of western Harris County and Waller County (Figure 2.1). During these occasional
overflow events, flood flows in upper Cypress Creek exceed the channel's capacity, spill over the
channel's banks, and ultimately overtop the natural divide separating the Cypress Creek and
Addicks Reservoir watersheds. Consequently, floodwaters flow overland to Addicks Reservoir
tributaries, such as Bear Creek, South Mayde Creek, and Langham Creek. During a 1% (100-
year) annual chance event, 20,838 acres of land in the Addicks Reservoir watershed are
inundated by the overflow. The volume of this overflow is 23,355 acre-feet of stormwater —
enough water to fill the Houston Texans’ football stadium more than 2,000 times. During this
event, the majority of the overflow remains within the Addicks Reservoir watershed; however, a
small volume (about 3% of the total overflow) crosses the divide between the Addicks Reservoir
watershed and the Barker Reservoir watershed, and flows toward Barker Reservoir via Cane
Island Branch. This overflow into the Barker Reservoir watershed is minor and considered
insignificant for the purpose of this study.

Exhibit 2.1  Study location
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Current population and growth projections for Harris and Waller counties by the Texas Water
Development Board suggest that substantial new development will occur within the study area,
including the overflow area, in the next 40 years. In early 2014, the Grand Parkway (SH 99)
Segment E opened, connecting IH -10 and US -290 in the middle of the study area. The Grand
Parkway provides improved transportation access to the area, and has expedited land
development pressure in the areas within and near the overflow.

The study area contributes drainage to Addicks Reservoir, which, along with the Barker
Reservoir, was constructed by the U.S. Army Corps of Engineers (USACE) in the 1940s to
provide flood risk reduction to downtown Houston. The reservoirs retain water that would
otherwise flow south into Buffalo Bayou as it flows through the City of Houston into the
Houston Ship Channel, and, finally, to Galveston Bay. Any proposed management measures,
whether they involve structural features or development criteria, should recognize potential
impacts on the operations and function of the reservoir system. In addition, consideration should
be given to the public's desire for the preservation of conservation land in the upper Cypress
Creek and Addicks Reservoir watersheds in the area known as the Katy Prairie.

HCFCD received a planning grant from the Texas Water Development Board to conduct a study
to examine future conditions and mitigation strategies in the Cypress Creek Overflow area. The
grant application identified eight specific tasks required for the study. These tasks were
introduced in Chapter 1, and are further discussed in Section 2.3. This report is structured and
organized around these tasks. Technical appendices have been prepared to provide additional
detail to the investigations described in this report.

2.1 Background

The general study area for the Cypress Creek Overflow Management Plan includes the Upper
Cypress Creek watershed and the Addicks Reservoir watershed, as depicted in Figure 2.2. The
Upper Cypress Creek watershed is defined as the watershed area that contributes to stormwater
flows in Cypress Creek upstream of US 290. The total study area covers 277 square miles, with
141 square miles in the Upper Cypress Creek watershed and 136 square miles in the Addicks
Reservoir watershed. The Addicks Reservoir watershed is distinctly different from other Harris
County watersheds in that the tributaries and channels drain into a man-made impoundment
(Addicks Reservoir) that has a limited discharge rate and limited storage capacity.
Approximately 63 square miles of the study area is in Waller County, all of which is in the
Upper Cypress Creek watershed. The remaining 214 square miles are located in Harris County.

The Cypress Creek Overflow has been documented and recognized throughout recent history.
The initial flood control concept for the Houston region, developed by the USACE in 1940, is
depicted in Figure 2.3. As the figure indicates, the USACE's 1940 Flood Control Plan included a
levee along the watershed divide between the Cypress Creek watershed and the Addicks
Reservoir watershed that was intended to prevent floodwater from overflowing into Addicks
Reservoir from Cypress Creek. Components of this plan were constructed, such as the Addicks
Reservoir and the Barker Reservoir; however, the USACE plan was never fully completed as
originally designed and subsequent project configurations and operations were adjusted to
account for the deletion of other plan components. The levee along the watershed divide was not
constructed, as it was determined that it would be more cost effective to mitigate the overflow by
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acquiring additional land behind the Addicks Reservoir dam, which the USACE did before
completing constructing Addicks Reservoir in the latter 1940s. Also, downstream facilities
included in the original plan, such as the enlargement of Buffalo Bayou, were never constructed,
so gates were installed to limit outflows from the reservoirs. As a result, Addicks and Barker
reservoirs are operated together as an integrated system such that if one reservoir requires greater
discharge capacity, the discharge of the second reservoir can be throttled back or completely
closed.

As mentioned, the study area lies within a region known as the Katy Prairie, which covers more
than 1,000 square miles bordered by the Brazos River on the southwest, the pine-hardwood
forest on the north, and the City of Houston on the east. It is part of a larger prairie region
known as the Western Gulf coastal grasslands. The natural setting is characterized by tall-grass
prairie with pothole wetlands and riparian corridors along waterways. However, in the past 100
years, changing land uses have reduced the natural prairie considerably. Much of the area has
been converted to agricultural use, which stifles natural prairie functions; and measures were put
in place to prevent and extinguish the wildfires that naturally sustain prairie habitat. Figure 2.4
shows existing areas of remnant prairie (areas of remaining natural and diverse prairie lands).
Based upon this information, which was compiled by HCFCD, there are only about 20,000 acres
of remnant prairie in the study area.

In 1992, the local non-profit organization Katy Prairie Conservancy (KPC) was established to
conserve and provide stewardship over what is left of the Katy Prairie. The KPC's mission is to
protect prairie land and agricultural land through acquisition, conservation easements and
management easements. The KPC’s goal is to protect approximately 50,000 acres of remnant
prairie.
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Cypress Creek Overflow Management Plan — study area
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Figure 24  Remnant prairie in the study area

The natural topography of the study area is primarily flat, and generally drains from the
northwest to the southeast. However, the northern one-third of the study area — the portion of the
Upper Cypress Creek watershed that includes Mound Creek — has steeper topography than the
rest of the study area. Figure 2.5 depicts the topography, with elevations as high as 300 feet
above mean sea level in the upper portion of the Cypress Creek watershed in Waller County, and
as low as 80 feet in Addicks Reservoir. In the northern third of the study area natural land slopes
approximately 10-20 feet per mile, while the remainder of the study area slopes approximately 4-
6 feet per mile.

11
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Figure 25  Topography

Figure 2.6 depicts stream locations in the study area. The uppermost portion of the Upper
Cypress Creek watershed drains to Mound Creek, which originates upstream of US290 near the
City of Waller. Mound Creek then drains south approximately 10 miles to its confluence with
Snake Creek. The confluence of Mound Creek and Snake Creek forms the headwaters of
Cypress Creek, which flows southward for about 3 miles until it makes an abrupt turn to the
northeast. As Cypress Creek flows to the northeast and then gradually toward the east, it
receives flow from the north via a number of tributaries. After making the turn towards the east,
Cypress Creek flows for about 14 miles until it crosses US 290. It then extends another 33 miles
downstream to its confluence with Spring Creek. The main channel of Cypress Creek and many
of its lateral tributaries were channelized in the 1950s. Since that time they have become incised
and unstable, and today they are highly vegetated, with little evidence of channelization.

Addicks Reservoir was created by constructing a dam across two channels — Langham Creek and
Turkey Creek. Langham Creek includes four major tributaries: South Mayde Creek, Bear Creek,

12



Texas Water Development Board Contract Report Number 1248321466

Horsepen Creek, and Dinner Creek. These streams have been substantially enlarged in their
downstream reaches where the channels drain adjacent developments.

Figure 2.6  Channels in the study area

Figure 2.7 shows the 1% (100-year) floodplains in the study area as depicted on the Federal
Emergency Management Agency (FEMA) effective Flood Insurance Rate Maps (FIRM Panel
Nos. 48201C0160L, 48201C0190L, 48201C0595L, 48201C0605L, 48201C0610L,
48201C0615L, 48201C0620L, 48201C0630L, and 48201C0640L, all dated June 18, 2007;
48201C0170M, 48201C0360M, 48201C0370M, 48201C0380M, 48201C0385M,
48201C0390M, 48201C0395M, 48201C0405M, 48201C0410M, 48201C0415M,
48201C0420M, 48201C0580M, and 48201C0585M, all dated October 16, 2013; and
48473C0175E, 48473C0275E, 48473C0375E, all dated February 18, 2009). There are large
natural floodplains in the Cypress Creek watershed, and smaller floodplains along the channels

13



Texas Water Development Board Contract Report Number 1248321466

in the Addicks Reservoir watershed, primarily upstream of the reaches where the channels have
been enlarged. There has been historic flooding in developments along South Mayde Creek, Bear
Creek and Horsepen Creek. The floodplain maps for these channels depict some flood risks
associated with a 1% (100-year) storm event, particularly along South Mayde Creek. There is
also a large floodplain associated with the overflow from the Cypress Creek watershed to the
Addicks Reservoir watershed.

Figure 2.7  Effective special flood hazard areas (from FIRM Panels effective as of April,
2014)

Figure 2.8 depicts the development in the study area. Approximately 55 square miles of the
study area are developed. Most development is concentrated in the eastern and southern portions
of the study area, in areas closer to the urbanized Houston metropolitan area. Development is
predominantly single family residential with commercial and retail along the major
transportation corridors. The undeveloped land is primarily agricultural, with a combination of
ranch land and row crops. Historically, much of the area was used for rice farming; however, the

14
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majority of the rice fields have been converted to corn in the past 20 years. Rice farming
required the construction of agricultural berms to facilitate flooding of the rice fields. As these
farms have converted away from rice to other crops, berms have been modified, removed
entirely, or are no longer functional at certain locations.

Figure 2.8  Land use in the study area (Source: Houston-Galveston Area Council)

The location of highways and major roadways in the study area is shown in Figure 2.9. There
are three existing major grade-separated highways in the study area: US 290 runs from the
southeast to the northwest, and serves as the northern and eastern boundary of the study area
(Mound Creek drains a small area north of US 290 to the south); IH 10 is oriented east-west, and
is generally located along the southern boundary of the study area; and Segment E of the
partially constructed Grand Parkway (SH 99) was constructed in 2012 and 2013, and opened in
early 2014. Segment E runs north-south through the study area and connects IH 10 and US 290.

15
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Major thoroughfares are generally planned on a 1-mile grid. Major east-west thoroughfares are
Little York, Clay Road, FM 529, Longenbaugh Road and West Road. Major north-south
thoroughfares are FM 362, SH 99 (The Grand Parkway) and SH 6. Much of the road grid in the
undeveloped areas has not been constructed. Figure 2.10 depicts the Houston-Galveston Area
Council’s (H-GAC) Major Thoroughfare Plan (MTP), which is administered by cities and
counties in the region and forms the basis for roadway planning activities.

Figure 2.9  Major roadways in the study area

16
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Figure 2.10 2012 Major Thoroughfare Plan

2.2 Purpose and Need

The overflow from Cypress Creek to the Addicks Reservoir watershed inundates about 20,000
acres of undeveloped land in the Addicks Reservoir watershed during a 1% (100-year) annual
chance storm event. Until recent times, this has not been considered a significant problem
because property within the area affected by the overflow is relatively undeveloped and has
limited drainage infrastructure. The area is primarily used for agricultural purposes or is covered
by grasslands and open space. However, rapid growth is anticipated within the study area, as
depicted in Table 2.1. This table, which is based upon growth projections by the TWDB's
Region H Water Planning Group, indicates a population increase of over 200,000 residents in the
study area between 2010 and 2060, with much of this growth predicted to occur before 2020.
To accommodate this growth, it is estimated that 30,000 acres will be developed between 2010
and 2020, much of it within the area affected by the Cypress Creek Overflow.

17
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Table 2.1 Study Area Population Projections

Year Population
2010 313,000
2020 459,000
2030 482,000
2040 505,000
2050 522,000
2060 535,000

Much of the projected growth will be in an area that is located within the 1% (100-year)
floodplain. As growth occurs, development activity will attempt to recover land from the
floodplain in a manner consistent with development practices throughout the Houston area.
Harris County and HCFCD development criteria have been written in a manner that ensures that
new development does not aggravate or increase flood risks by limiting peak rates of stormwater
runoff into the existing stream network that serves the development. While the current criteria
address peak flow rates, the criteria do not address runoff volume.

The study area is also affected by a large, shallow overflow floodplain that occurs when
stormwater along Upper Cypress Creek overtop the watershed divide and flow toward Addicks
Reservoir. This situation is unique when compared to typical riverine floodplains, and current
development criteria do not address overflow conditions. Given the nature of the overflow,
including the large volume of flow associated with it, ad hoc mitigation strategies at an
individual development level may be difficult to plan, analyze and monitor.

Additionally, while flow rates from developments are regulated to ensure that they do not
increase peak flow rates into the open channel systems that they drain into, current development
criteria does not address the volume of water that drain from the developments. Given the
limited storage capacity within the Addicks and Barker reservoirs and their controlled discharge
rate, it is necessary to consider what impacts, if any, future development may have on existing
communities upstream and downstream of the reservoirs.

2.2.1 Problem Statement
Overall, the problem is multi-faceted, and can be summarized as follows:

e Significant land development activity is projected over the next 10 years in the study
area, portions of which are subject to frequent inundation from the Upper Cypress Creek
watershed overflows to the Addicks Reservoir watershed (see Appendix A). Current
development criteria are not tailored to this phenomenon, and mitigation requirements are
unclear.

18
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Portions of the study area, many of those in the epicenter of immediate development
pressure, are subject to frequent inundation from stormwater overflow from the Cypress
Creek watershed to the Addicks Reservoir watershed. Ad-hoc solutions to the overflow,
at an individual development level, may not provide a sustainable or economical solution
to the overflow flooding.

The Katy Prairie is an endangered environmental resource that may have natural features
that provide a measure of flood damage reduction for downstream communities. There
are active interests, including the Katy Prairie Conservancy, that are trying to protect and
preserve portions of the Katy Prairie. These efforts are aligned with HCFCD’s goal to
reduce flood risk (see Appendix D).

The Addicks and Barker reservoirs have limited capacity, their outflows are restricted,
and they do not have capacity to receive additional runoff volume. Current criteria are
geared at maintaining peak flow rates into the reservoirs, but development activity under
existing criteria will increase the volume of runoff and the expected pool elevations
associated with flood events (see Appendix B).

The Cypress Creek watershed, including areas downstream of the study area, has a
history of flooding. Cypress Creek is unable to accept additional flows, including any
additional flows that would result from accepting stormwater that currently goes to the
Addicks Reservoir watershed.

Project Purpose

The purpose of the Cypress Creek Overflow Management Study is to identify a management
plan that addresses the competing interests of land conservation, property development and flood
risk reduction as each pertains to the study area, as well as how to address impacts of the Cypress
Creek Overflow into the Addicks Reservoir watershed.

As stated in the TWDB grant application, the study goals are to:

1.

Gain consensus among key stakeholder groups (business, residential, environmental,
regulatory, community) about the facts relating to flooding, flood volumes, flood peaks
and flood risk in the Cypress Creek Overflow area;

Gain an understanding of the needs and objectives of interested parties as they pertain to
land preservation, environmental mitigation and property development;

Develop a management plan for flood risk reduction that balances the needs and
objectives of key stakeholder groups based on their collective interests involved and that
is supported by all parties;

Establish interim development criteria that can be applied while the final consensus plan
is in the development and adoption stages;

Design a business plan that encompasses implementation strategies identified during the
study, and that defines the roles and responsibilities of all parties involved; and
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6. Gain adoption of the management and business plans by Harris County Commissioners
Court.

2.3 Scope of Study

The scope of the study is presented in the TWDB grant application, and includes eight separate
tasks that are as described in the following sections. The study and report follow this task
structure.

2.3.1 Task 1 - Quantifying and Delineating Flood Risk

The purpose of Task 1 is to define the quantity, areal extent and depth of flooding associated
with the Cypress Creek Overflow and the locally generated stormwater runoff. Because of the
unique nature of the overflow flooding, a two-dimensional model was developed to simulate the
overflow. This facilitated the detailed quantification and mapping of the overflow area,
including the development of a depth grid associated with different events along with the
determination of flooding elevations, flow rates and overflow volumes.

A study of Addicks Reservoir was performed by reviewing observed data from two storm events
—the 1991-92 event and the 2009 event. Mass balance analyses were performed in order to
better understand the impact that increased volume from land development may have on the
reservoirs.

The Task 1 investigations are described in Section 3 of this report. Appendix A provides a
detailed description of the two-dimensional modeling and Appendix B summarizes the
investigations into the Addicks Reservoir.

2.3.2 Task 2 — Identifying Mitigation Strategies

The purpose of Task 2 is to estimate the size of storage and conveyance facilities needed to
respond to changes in land uses from undeveloped (agriculture/prairie) to developed
(residential/commercial) in the study area, and to evaluate the sizing and practicality of
implementing alternative strategies to manage the volume and peak rate of runoff. This includes
runoff in the Cypress Creek and Addicks Reservoir watersheds, both in Waller County and
Harris County.

The detailed plan development supporting this task is a significant component of the study.
Measures investigated included structural (storage and conveyance) and nonstructural (land
acquisition, land conservation and policy/criteria) options. In accordance with the grant
application, two alternative mitigation plans have been developed. Furthermore, a "no-action”
alternative is included as a potential conclusion.

The development of the mitigation strategies is described in Section 4 of this report, and is
presented in greater detail in Appendix C.
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2.3.3 Task 3 — Benefits of Prairie Restoration for Flood Control

The purpose of this task is to determine the flood reduction benefits associated with prairie
grasslands, both in terms of infiltration and time of concentration.

There are two elements to this task. The first element is a cursory research effort conducted that
includes a review of studies by others, and the evaluation of the rainfall-runoff relationship using
hydrology models. In addition, the relationship was evaluated using the observed Addicks
Reservoir data as described in Task 2.

The second element is HCFCD's plan to conduct a long-term study that evaluates the relationship
between rainfall and runoff for different land types. To accommodate this study, monitoring
stations have been installed throughout the study area and data is being observed and evaluated.
HCFCD has collected approximately 12 months of data, and preliminary results are presented in
this report (see Chapter 5). However, additional data collection and analysis is needed to provide
more reliable results.

This task is described in Section 5. Additional information about the cursory research effort is
described in Appendix D, and the data collection and preliminary analysis is presented in
Appendix I.

2.3.4 Task 4 - Identifying Critical Conservation Areas

The purpose of this task is to define tracts of land in the study area that, because of their unique
flood management potential, environmental habitat or wetland characteristics, would ideally
remain as open space for environmental preservation or restoration.

As part of this task, tracts in the study area were investigated and analyzed based upon specific
conservation criteria. A map was developed to identify preferred critical conservation areas.
The conservation criteria used to generate the map is listed in Section 6 of the report, and is also
described in greater detail in Appendix J.

2.3.5 Task 5 - Cost/Benefit Analysis

The purpose of this task is to determine the value in establishing a regional drainage plan for the
watershed(s), and to quantify that value in terms of avoided costs and benefits to the community.
Planning level cost estimates were developed for the two preferred alternatives. These cost
estimates considered land, construction and professional services costs in current year dollars. In
lieu of a detailed categorization of financial benefits, the benefits were characterized by
determining the increment in construction cost savings that could be achieved by utilizing a
regional plan. Some benefits, such as ecological benefits, are difficult to quantify and therefore
are represented qualitatively.

The benefit-cost analysis is described in Section 7 of this report, and presented in greater detail
in Appendix E.
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2.3.6 Task 6 — Project Financing and Cost Pro Forma

The purpose of this task is to develop alternative strategies for financing a regional plan, and to
identify the roles and responsibilities that public, private and non-profit interests would assume
in order to collectively implement any strategy.

To support this task, a cash flow model was developed to simulate different financial scenarios.
The model included the phasing of project features, land recovery over time, and an initial
startup cost that would be required to launch the project. While specific roles assigned to the
various parties would be formally developed in subsequent implementation phases, a general
framework has been provided.

An implementation scenario with five specific project elements was developed for each of the
management plans. The main purpose of the implementation strategy is to initiate features
where feasible, to establish the building blocks of the plan, and to enable financial participation
from near term land development. This recognizes the near term development pressures, and
allows for the establishment of cash flow for the project elements that will facilitate future plan
elements. In addition, this allows for the preparation of the environmental investigations
required to support the permitting of the large storage reservoir elements, which could take a
number of years to complete.

The financing and implementation elements are described in Section 8 of this report, and
presented in greater detail in Appendix F.

2.4 Task 7 — Public Outreach Program

The purpose of the outreach program is to engage the public in this planning effort as well as to
solicit input that may be incorporated into the study.

The public outreach program included a steering committee that met twice monthly for the
duration of the study and a stakeholder group that was engaged at two meetings. HCFCD also
held three public meetings at which the public was educated and updated about the study
process, and public comments were received and given due consideration. The outreach efforts
are described in Section 9 of this report, and presented in greater detail in Appendix H.

2.5 Task 8 — Final Report

The purpose of this task is to summarize the findings of all study investigations into a final report
for adoption by Harris County Commissioners Court and potentially Waller County
Commissioners Court, as well as a final submittal to the TWDB.
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3 Quantifying and Delineating Flood Risk

The identification of management plans to address a perceived problem requires a thorough
understanding of the problem. Historically, the conventional computational and modeling tools
used to understand flooding were not adequate to simulate the overflow, and the high-end tools
were not readily available and accessible. As a result, historically it has been a challenge to
quantify the extent and magnitude of the Cypress Creek Overflow.

Technical advances in software, hardware and topographic data have provided the engineering
community the ability to better simulate the Cypress Creek Overflow using two-dimensional
(2D) models. This study included the development of a coupled one-dimensional and two-
dimensional (1D/2D) model specifically tailored to support the planning activity described in this
report.

The evaluation of flood risk in the study area is complicated by the presence of the Addicks
Reservoir, which receives all stormwater runoff from the 136-square-mile Addicks Reservoir
watershed as well as the Cypress Creek Overflow. While it is known that the current operation
of the reservoir limits its ability to accommodate additional volume, the actual impact of land
development on the reservoir is relatively uncertain. There have been efforts to study this
through simulations. This study considered the land development potential as it pertained to the
two observed events (1991-92 and 2009). These events resulted in the two highest recorded pool
elevations in the Addicks Reservoir.

Section 3.1 describes the quantification and delineation of the overflow, while Section 3.2
describes the investigation into what effect(s) future development in the study area may have on
the Addicks Reservoir.

3.1 Quantification and Delineation of Overflow Flooding

The local community has had knowledge of the overflow from Cypress Creek into the Addicks
Reservoir watershed for quite some time. In fact, the original plan for Addicks and Barker
reservoirs developed by the USACE in the 1930s included construction of a levee along the
watershed divide to prevent floodwaters in the Cypress Creek watershed from spilling over into
the Addicks Reservoir watershed. The levee along the watershed divide was not constructed, as
it was determined that it would be more cost effective to mitigate the overflow by acquiring
additional land behind the Addicks Reservoir dam. The additional land was acquired before
completing construction of the Addicks Reservoir in the latter 1940s. According to the USACE,
approximately one-third of volume in the Addicks Reservoir right-of-way is reserved for
overflows from the Cypress Creek watershed.

The overflow is predicted to occur about once every 5-10 years. The total number of times the
Cypress Creek overflow has occurred has not been well documented; however, the overflow has
been recorded five times in the past 30 years. Two of the largest overflow events were observed
in October 1994 and October 1998; smaller overflow events were also recorded in 2002, 2003
and 2012. Figure 3.1 shows photographs taken from the air by the HCFCD during the overflow
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event in November 2002. As the photographs in Figure 3.1 indicate, the inundation from the
overflow covers a vast area. The overflow is relatively shallow, with depths less than 3 feet.

Once stormwater along Cypress Creek overtops the watershed divide during a 1% (100-year)
storm event, the overflow itself continues for approximately 1-2 days. During such an event, the
inundation in the overflow area will last for several days, particularly in low-lying areas.

The Cypress Creek Overflow Management Plan study utilized a two-dimensional model to
simulate the overflow. While a one-dimensional model utilizes cross sections along a channel, a
two-dimensional model utilizes a grid. This allows for the simulation of flow to and from a grid
cell to its neighboring cells, and therefore takes into account two potential directions. Two
dimensional models have existed for some time; however, they are computationally intense and
require vast volumes of data storage. The advent of faster processors and more economical
storage media have resulted in a significant expansion of two-dimensional modeling.
Furthermore, the availability of digital elevation models, such as those developed from LiDAR
(Light Detection and Ranging) technology, has facilitated the use of two-dimensional modeling
software.

The two-dimensional component was utilized to represent the overflow, and was “coupled” to a
one-dimensional representation of defined streams, such as Cypress Creek, Bear Creek and
South Mayde Creek. Consequently, the model utilized in this study is known as a “coupled
1D/2D” model.
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Figure 3.1  November, 2002 event (Note: arrows in center image depict camera location
and angle)

3.1.1 Quantification of the Overflow

Using the model, hydrographs were determined at the locations depicted on Figure 3.2, and these
locations are summarized in Table 3.1.
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Table 3.1 Hydrograph locations
No Location Description
1 Mound Creek/Little Mound Creek Represents Cypress Creek flow upstream of the overflow

the line crosses Cypress Creek tributaries DS of where the
overflow begins.

2 Cypress Creek downstream of Katy- Represents Cypress Creek flow at the Katy-Hockley Road
Hockley Road gage

3 Cypress Creek upstream of Grand Represents Cypress Creek flow downstream of the
Parkway overflow

4 Overflow “1” — west (toward S. Mayde Represents overflow that flows toward South Mayde
Crk) Creek

5 Overflow “2” —middle (toward Bear Represents overflow that flows toward Bear Creek
Crk)

6 Overflow “3” — east (toward Langham Represents overflow that flows toward Langham Creek
Crk)

7 North Overflow at Katy-Hockley Road Represents overflow that flows across JPL to Bear Creek
(to Bear Creek) about halfway across the overflow

8 Middle Overflow at Katy-Hockley Road | Represents overflow that flows south of JPL to Bear
(to Bear Creek) Creek about halfway across the overflow.

9 South Overflow at Katy-Hockley Road ( | Represents flow along South Mayde Creek about halfway
to S. Mayde Crk) Creek across the overflow.

10 Diversion from Bear Creek to South Overflow that is diverted from Bear Creek to South
Mayde Creek Mayde Creek

11 Flow entering South Mayde Creek Represents overflow in South Mayde Creek as it enters
development area the developed reach

12 Flow entering Bear Creek development Represents overflow in Bear Creek as it enters the
area developed reach

13 Flow entering Langham Creek Represents the overflow in Langham creek as it enters the

development area

developed reach
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Figure 3.2  Hydrograph computation locations

Table 3.2 presents the computed peak discharges, and Table 3.3 presents the computed volumes
at these key locations.
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Table 3.2 Computed peak discharges

Location Peak Discharge (cfs)
No Description 1% 10% 20% 50%
(100-yr) | (10-yr) | (5-yr) | (2-yr)

1 Mound Creek/Little Mound Creek 18,419 7,424 4,681 2,233

2 Cypress Creek downstream of Katy-Hockley Road 5,231 1,711 1,189 871

3 Cypress Creek upstream of Grand Parkway 5,138 1,675 1,111 802

4 Overflow “1” — west (toward S. Mayde Crk) 3,258 569 117 0

5 Overflow “2” —middle (toward Bear Crk) 8,590 2,476 1,297 349

6 Overflow “3” — east (toward Langham Crk) 829 232 58 0
Total Overflow at Watershed Divide (4, 5, & 6) 12,678 3,278 1472 349

7 North Overflow at Katy-Hockley Road (to Bear 2 858 1,161 614 112
Creek)

8 Middle Overflow at Katy-Hockley Road (to Bear 4221 633 263 34
Creek)

9 ?;?E)th Overflow at Katy-Hockley Road (to S. Mayde 1,958 83 0 0

10 Diversion from Bear Creek to South Mayde Creek 589 0 0 0

11 Flow entering South Mayde Creek developmentarea | 1,918 62 0 0

12 Flow entering Bear Creek development area 2,593 459 214 23

13 Flow entering Langham Creek development area 394 55 7 0
Total Overflow Entering Addicks Reservoir 4,905 576 214 0
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Table 3.3 Computed flow volumes

Flow Volume (ac-ft)
Location
No Description 1% 10% 20% 50%
(100-yr) | (10yr) | (5yr) | (2yr)
1 Mound Creek/Little Mound Creek 28,846 12,281 8,319 4,972
2 Cypress Creek downstream of Katy-Hockley Road 19,916 9,850 6,015 5,215
3 Cypress Creek upstream of Grand Parkway 29,861 13,162 6,428 5,393
4 Overflow “1” — west (toward S. Mayde Crk) 5,192 783 160 0
5 Overflow “2” —middle (toward Bear Crk) 16,583 5,263 2,699 541
6 Overflow “3” — east (toward Langham Crk) 1,580 394 73 0
Total Overflow at Watershed Divide (4, 5, & 6) 23,355 6,439 2,933 541
7 North Overflow at Katy-Hockley Road (to Bear 6,856 2,744 1,275 187
8 Middle Overflow at Katy-Hockley Road (to Bear 8,852 1,567 444 27
9 South Overflow at Katy-Hockley Road (to S. Mayde | 3,302 193 0 0
10 Diversion from Bear Creek to South Mayde Creek 747 0 0 0
11 Flow entering South Mayde Creek development area | 5,939 783 160 0
12 Flow entering Bear Creek development area 15,836 5,263 2,699 541
13 Flow entering Langham Creek development area 1,580 394 73 0
Total Overflow Entering Addicks Reservoir 23,355 6,439 2,933 541

The computed flows and volumes are discussed below.
Total Overflow

The computed 1% (100-year) peak discharge along Cypress Creek upstream of the overflow is
18,419 cfs. The peak 1% overflow discharge is 12,678 cfs. The computed 1% (100-year
discharge along Cypress Creek downstream of the overflow is 5,138 cfs.

The total volume that overflows from the Cypress Creek watershed to the Addicks Reservoir
watershed during the 1% (100-year) event is computed to be 23,355 acre-feet, which is 83% of
the stormwater volume flowing through Cypress Creek upstream of the overflow. The majority
of the overflow drains into Addicks Reservoir. It is estimated that for a 1% (100-year) event,
approximately 650 acre-feet of the 23,355 acre-feet (about 3%) leaving the Cypress Creek
watershed drains into the Addicks Reservoir watershed and then overflows into the Barker
Reservoir watershed. For the purpose of this study, the overflow reaching Barker Reservoir is
considered negligible. However, the potential impacts of an increased volume of inflow
associated with future land development in the Barker Reservoir is not considered negligible, and
will be discussed further in Section 3.2.

For the 10% (10-year) event, the peak discharge along Cypress Creek upstream of the overflow
Is 7,424 cfs, and the peak 10% overflow discharge is 3,278 cfs. The total volume that overflows
from the Cypress Creek Watershed to the Addicks Reservoir watershed during the 10% (10-year)
event is computed to be 6,439 acre-feet, which is 56% of the volume flowing in Cypress Creek
upstream of the overflow.
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Figure 3.3 shows the hydrographs in Cypress Creek, along with the overflow hydrograph and the
hydrograph in Cypress Creek downstream of the overflow for the 1% (100-year) and 10% (10-

year) storm events.
As the calculations indicate, during a flood event a substantial amount of the Upper Cypress
Creek flows divert into the Addicks Reservoir watershed.
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Figure 3.3  Cypress Creek and overflow hydrographs (at watershed divide)

South Mayde Creek

During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper portion of
South Mayde Creek is 3,258 cfs, with a total volume of 5,192 acre-feet.

In addition, a portion of the overflow that reaches Bear Creek eventually overflows into South
Mayde Creek. During a 1% (100-year) event, the peak overflow rate from Bear Creek is 589 cfs,
and the total overflow volume is 747 acre-feet. South Mayde Creek ultimately receives about
20% of the total overflow volume during the 1% (100-year) event. See Figure 3.2 for location

reference.

The peak discharge is substantially attenuated as the overflow flows across open land. The
peak 1% flow rate from the overflow along South Mayde Creek at the Grand Parkway (where
South Mayde Creek begins to flow through existing development) is reduced to 1,918 cfs. It
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takes about 38 hours for the peak flow to move from the watershed divide to this point. For
comparison, the peak 1% (100-year) flow rate from a local rainfall event (without the occurrence
of the overflow) is 4,473 cfs. This event would typically peak much more quickly than the
overflow event - by approximately two days. Consequently, the local event will dissipate prior to
the overflow event. The 1% peak flow rate for the local event is much higher than the peak 1%
peak flow rate from the overflow; however, the total volume for each event is similar. The total
1% volume for the local event along South Mayde Creek at the Grand Parkway is 6,627 acre-
feet, while the total 1% volume for the overflow event is 5,939 acre-feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of South Mayde
Creek is 569 cfs. During this event there is no further overflow from Bear Creek to South
Mayde Creek. This flow rate is attenuated to 62 cfs near the Grand Parkway. The total 10%
(10-year) overflow volume into South Mayde Creek is 783 acre-feet.

Figure 3.4 shows the 1% (100-year) and 10% (10-year) overflow hydrographs at upper extent of
South Mayde Creek and at the Grand Parkway.
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Figure 3.4  South Mayde Creek overflow hydrographs
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Bear Creek

During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper extent of
Bear Creek is 8,590 cfs, with a total volume of 16,583 acre-feet. As noted in the previous
section, a portion of this volume (747 acre-feet) overflows to South Mayde Creek. Bear Creek
receives about 75% of the total overflow volume during the 1% (100-year) event.

The peak discharge is substantially attenuated as the overflow flows across the open land in the
Addicks Reservoir watershed. As the overflow passes Katy-Hockley Road, the 1% peak
discharge has been reduced to 7,079 cfs; and by the time it reaches the developed area just
upstream of Fry Road, the 1% peak discharge has been reduced to 2,593 cfs (see Figure 3.2 for
location reference). It takes about 40 hours for the peak flow to convey from the watershed
divide to this point. For comparison, the peak 1% (100-year) flow rate at this location from a
local rainfall event (without overflow) is 6,031 cfs. This event would typically peak much more
quickly than the overflow event. Assuming that rainfall occurs simultaneously across the upper
Cypress Creek watershed and the Addicks Reservoir watershed, the peak runoff rate from the
local event is anticipated to occur about two days before the overflow reaches Bear Creek and
would dissipate prior to the overflow event. While the 1% peak flow rate for the local event
upstream of Fry Road is much higher, the computed volume for the overflow event is
significantly higher than the local event. The total 1% volume for the local event along Bear
Creek upstream of Fry Road is 8,514 acre-feet, while the total 1% volume for the overflow event
at the same location is 15,836 acre-feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of Bear Creek is
2,476 cfs. During this event there is no further overflow from Bear Creek to South Mayde
Creek. This flow rate is attenuated to 459 cfs upstream of Fry Road. The total 10% (10-year)
overflow volume into Bear Creek is 5,263 acre-feet.

Figure 3.5 shows the overflow 1% (100-year) and 10% (10-year) overflow hydrographs along
Bear Creek in upper portion of the watershed and just upstream of Fry Road.
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Figure 3.5  Bear Creek overflow hydrographs

Langham Creek

During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper portion of
Langham Creek is 829 cfs, with a total volume of 1,580 acre-feet. Langham Creek receives
about 5% of the total overflow volume during the 1% (100-year) storm event.

The peak discharge is substantially attenuated as the overflow moves across open land. By the
time it reaches the developed area near Fry Road, the 1% peak discharge has been reduced to 394
cfs. It takes about 40 hours for the peak flow to move from the watershed divide to this point.
For comparison, the peak 1% (100-year) flow rate at this location from a local rainfall event
(without overflow) is 1,980 cfs. This event would typically peak more quickly than the overflow
event — by approximately two days. Consequently, the local event will dissipate prior to the
overflow event. The total volume for the local event is much higher than the overflow event.
The total 1% volume for the local event along Langham Creek upstream of Fry Road is 3,143
acre-feet, while the total 1% volume for the overflow event at the same location is 1,580 acre-

feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of Langham 232 cfs.
The total 10% (10-year) overflow volume into Langham Creek is 394 acre-feet.

Figure 3.6 shows the 1% (100-year) and 10% (10-year) overflow hydrographs along Langham
Creek in the upper portion of the watershed and near Fry Road.
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Figure 3.6  Langham Creek overflow hydrographs

Addicks Reservoir

During a local 24-hour 1% (100-year) event, the Addicks Reservoir watershed is expected to
deliver 67,005 acre-feet of stormwater runoff volume to the reservoir (under current
development conditions). The resultant 1% peak discharge into the reservoir, considering all of
the tributaries, is 42,731 cfs.

For a similar overflow event and under current development conditions, Cypress Creek is
expected to contribute 23,355 acre-feet of overflow volume at a peak discharge of 4,905 cfs.
This peak discharge is anticipated to occur about two days later than the local event.

For a combined 24-hour 1% (100-year) rainfall event over both the Addicks Reservoir watershed
and the Upper Cypress Creek watershed, the peak flow rates would remain unchanged. The total
runoff volume under current development conditions is estimated to be 90,360 acre-feet. Of
this, 74% is from rainfall over the Addicks Reservoir watershed, and 26% is from rainfall over
the Upper Cypress Creek watershed.

The peak flow rates and total volumes from the 1% (100-year) rainfall event for Addicks
Reservoir and the its three tributaries are summarized in Table 3.4
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Table 3.4 Peak 1% flow rates and flow volumes along Addicks Reservoir tributaries
Parameter Addicks Watershed Rainfall Upper_Cypress Watershed
(Local) Rainfall (Overflow)
Peak Flow Volume Peak Flow Volume

(cfs) (ac-ft) (cfs) (ac-ft)

Langham Creek

At Fry Rd 1,980 3,143 394 7,941

Entering Addicks Reservoir 8,701 13,568 394 7,941

Bear Creek

At Katy-Hockley Road [\UA* N/A* 4,221 10,252

AtFry Rd 6,031 8,514 2,593 9,505

Entering Addicks Reservoir 7,959 11,899 2,593 9,505

South Mayde Creek

At Katy-Hockley Road N/A* N/A* 1,772 5,162

At The Grand Parkway 4,473 6,627 1,918 5,909

Entering Addicks Reservoir 11,508 17,123 1,918 5,909

Addicks Reservoir

Total Addicks Reservoir 42,731 67,005 4,905 23,355

*Local flows not computed — at headwaters of channel

An additional hydrologic analysis was conducted to estimate the increase in the overflow volume
that could result from development in the Upper Cypress Creek watershed. This analysis
assumes that (1) the land will develop in a manner typical of typical mixed-use suburbia, with
the exception of existing lands held in conservation (which will remain undeveloped); (2) current
detention policies are in place; and (3) current detention policies are adequate to offset the
potential increase in peak flow rate.

The analysis indicates that the peak flow rates of the overflow would not be impacted, and would
remain the same. However, Cypress Creek would stay at flood stage for a slightly longer
duration as the detention basins empty, resulting in a 15% increase in the overflow volume.

With full development and current policy, it is estimated that the overflow volume would
increase from 23,355 acre-feet to 26,267 acre-feet. Figure 3.7 presents a comparison of the
Upper Cypress Creek overflow hydrographs for both the existing and ultimate development
during the 1% (100-year) storm event.
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Figure 3.7  Existing and full development overflow hydrographs (with current design
criteria in place)

3.1.2 Delineation of the Overflow

The two-dimensional simulation facilitated the determination of areas that would be inundated
by the overflow for various events. Furthermore, the model allowed the development of a depth-
grid that depicts flow depths across the overflow area. Depth grids were developed for the 1%
(100-year), 10% (10-year), and 20% (5-year) events. Lastly, lines of equivalent water surface
elevation were developed for the 1% (100-year) event.

The area inundated by the 1% (100-year) overflow is depicted in Figure 3.8; the area inundated
by the 10% (10-year) overflow is depicted in Figure 3.9; and the area inundated by the 20% (5-
year) overflow is depicted in Figure 3.10. These maps also display the peak depth of inundation
throughout the overflow area, which are also summarized in Table 3.5 for the 1% and 10%
annual storm events. Areas inundated by flooding caused by stormwater overtopping channel
banks are not included on the map - only the overflow floodplain is depicted.
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Figure 3.8
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10% (10-year) overflow inundation (riverine floodplains not depicted)
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Figure 3.10 20% (5-year) overflow inundation (riverine floodplains not depicted)
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Table 3.5 Total area (Acres) of overflow, by depth

Overflow Depth (feet) 10% (10-year) | 1% (100-year)
0.0-05 4,376 7,695

0.5-1.0 1,980 5,045

1.0-2.0 1,993 5,485

2.0-3.0 190 1,672

3.0+ 67 941

Total Area 8,606 20,838

As indicated in Table 3.5, the total area inundated by the 1% (100-year) overflow event is 20,838
acres. Of this, over one-half (12,730 acres) has an inundation depth of less than 1 foot, and the
overwhelming majority (almost 90%) of the area has an overflow depth of less than 2 feet.

During the 10% (10-year) event, 8,606 acres would be inundated, with 6,356 acres inundated at a
depth of 1 foot or less.

The deeper overflow areas are generally located within or near existing drainage channels, such
as along or near Bear Creek.

3.2 Effect of Development on Addicks and Barker Reservoirs

Addicks Reservoir and the adjacent Barker Reservoir combine to protect the City of Houston
from flooding from Buffalo Bayou. These reservoirs were constructed, and are currently
operated by, the USACE. They were constructed in the 1940s, after floods devastated downtown
Houston in 1927 and 1935. The Addicks Reservoir occupies 12,460 acres of land north of IH -
10 and west of Beltway 8. The reservoir is bisected by SH 6, which runs north-south through the
reservoir. The locations of the Addicks Reservoir and Barker Reservoir are shown in Figure
3.11.
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Figure 3.11 Addicks and Barker Reservoirs

Addicks and Barker Reservoirs were components of a larger flood control plan developed by the
USACE in the 1930s. However, due to changing conditions throughout Harris County, such as
rapid development and increased property costs, modifications were made to the original plan.
These included adding capacity to Addicks Reservoir to accommodate the overflow from
Cypress Creek in lieu of constructing a levee along Cypress Creek to prevent the overflow, as
well as reducing the combined discharge rates from the two reservoirs down to 2,000 cfs or less
to avoid damages downstream along Buffalo Bayou. These modifications resulted in a higher
expected pool elevation during rainfall events. For Barker Reservoir, the computed 1% (100-
year) pool elevation slightly exceeds the limits of government-owned land for the reservoir,
while the computed 1% (100-year) pool elevation for Addicks Reservoir remains within the
limits of government-owned right-of-way for the reservoir. Furthermore, land development had
occurred adjacent to the reservoirs.
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While there is sufficient government-owned right-of-way within the Addicks Reservoir for the
1% (100-year) pool elevation, there is little if any additional capacity available to accommodate
increases in the 1% pool elevation if the inflow into Addicks Reservoir is increased, or if
discharge from Addicks Reservoir is further restricted in the future. And since the Barker
Reservoir’s 1% (100-year) pool elevation exceeds the limit of government-owned land, there is
no additional capacity for increased stormwater runoff volume into that reservoir.

The study considered the current operation of Addicks and Barker reservoirs as it relates to
future development and potential management measures. The purpose of this analysis was to
determine what flood risk reduction measures and/or policies are desirable within the study area
upstream of the Addicks Reservoir. This section describes the analysis in support of this; further
detail can be found in Appendix B. Ultimately, this section concludes that the Addicks
Reservoir does not have the capacity to accept additional runoff anticipated from land
development activities in the Addicks Reservoir watershed and the Upper Cypress Creek
watershed, and recommends that development policy include mitigation measures to prevent the
increase in runoff volume that may exacerbate flood risks upstream and downstream of the
Addicks and Barker reservoirs.

3.2.1 The Effect of Development

The Addicks Reservoir watershed has been steadily developing since the late 1970s. Since 1980,
HCFCD has required that new development install adequate detention to ensure that peak
downstream flow rates are not increased. However, this relatively short-term detention
mitigation measure does not offset the impact of development on runoff volume, and it is well
known that development activity decreases the pervious characteristics of land and increases
stormwater runoff volume.

A five-year moving average of the peak annual pool volume in Addicks Reservoir between 1973
and 2012 is depicted in Figure 3.12. In addition, the figure shows a computed trend line. As the
graph indicates, the peak storage volume in Addicks Reservoir has been steadily rising.
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1995 2000 2005

Figure 3.12 Addicks Reservoir annual peak volume - five year moving average with
trend line

Figure 3.13 shows annual rainfall amounts over the same time period. This data is based on
observed data within the reservoir after 1985 and from recorded data at the National Oceanic and
Atmospheric Administration (NOAA) gage at George Bush Intercontinental Airport for the years
prior to 1985. As the figure indicates, there is no discernible trend in the rainfall amounts, and
therefore the upward trend in reservoir storage pools cannot be correlated to increases in rainfall.
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Figure 3.13 Annual rainfall - 1973 to 2012

The Addicks and Barker Reservoirs can be filled from a large single rainfall event as well as
multiple smaller rainfall events, which was demonstrated in 1992 and 2009 when the top record
pool levels were recorded in the Addicks Reservoir. While both rainfall events were significant
in terms of their impact on pool elevations in the Addicks Reservoir, the characteristics of the
two rainfall events were very different. In 2009, a moderately severe rainfall, approximately
equivalent to a 10% (10-year) annual chance flood event, occurred in the Addicks Reservoir
watershed. The rainfall fell over a 14-day period in late April through early May. A storm that
resulted in a large amount of rainfall occurred at the end of April. While the rainfall amount was
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approximately equivalent to a 10% annual storm event during this period, Addicks Reservoir
filled to almost half of the storage capacity within the government owned right-of-way.

In 1992, a series of small to moderate floods occurred over a 90-day period, with an estimated 21
inches of rainfall occurring between December 1991 and March 1992. It is estimated that the
combined rainfall amount that fell during this 90-day period approximated a 3% annual chance
storm event. Similar to the March 2009 event, Addicks Reservoir was filled to just over half of
the storage capacity within the government owned right-of-way.

In both 1992 and 2009, Addicks Reservoir was well within the limits of government-owned land.
The two rainfall events were moderate, and in neither case did a significant overflow from
Cypress Creek occur.

A mass balance of the 1991-92 event that resulted in then record pool elevations in the Addicks
Reservoir was conducted using observed data from the USACE, as well as rainfall data collected
from the HCFCD. The observed peak stage in the Addicks Reservoir in 1992 was 100.6 feet,
and the rainfall runoff rate was estimated to be about 75%. If this rainfall runoff rate was to
increase to 90%, which is an expected result of development, the peak stage would have been
104.1 feet, which is equivalent to the current 1% (100-year) pool elevation in the reservoir, and
would represent a 59% increase in the peak storage volume during the event. This is particularly
significant, considering that the 1% (100-year) pool elevation would be achieved without a
similarly large rainfall event or an overflow event.

A similar exercise was conducted for the 2009 event. Reservoir elevation and release data was
not available for this event and had to be approximated. The elevation was estimated using rating
curves for the Addicks Reservoir published by the USGS. The estimated peak stage in 2009 was
100.7 feet. If the rainfall runoff rate were to increase to 90%, the peak stage would have been
102.6 feet, which would represent a 32% increase in the peak storage volume during the event.

The resultant stage is lower for the 2009 event, when compared to the 1991-92 event, because
the 2009 event was the result of a short duration of intense rainfall, and the 1991-92 event was
the result of several smaller events over a prolonged period of time.

3.2.2 Summary — Addicks and Barker Reservoirs

The following summary and conclusions have been identified as a result of this review and
analysis:

e Addicks Reservoir is subject to operational constraints that prohibit it from performing in
the manner that was originally planned. The reservoir maintains sufficient capacity to
manage the expected runoff volume from typical design events in Harris County,
including the 24-hour, 1% (100-year) storm event. During such an event, pool elevations
will be maintained within the boundaries of government-owned land for the reservoir
under current land use conditions.

e The Addicks Reservoir pool has the capacity to impound a significant volume of water

before pool elevations rise to the level of the spillways. Eventually, pool elevations
would exceed reservoir lands and inundate private property at the reservoir’s fringes. At
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current development levels, it would take an extraordinary rainfall to achieve these pool
elevations.

Current development policy requires that detention basins temporarily store water to
ensure that downstream peak discharges are not increased as a result of development.
However, detention basins only address the peak flow rate and do not provide mitigation
for the increase in stormwater volume due to development. While this may not be a
concern in free-flowing watersheds, the impact of increased volumes should be
considered when long-term storage features, such as the Addicks and Barker reservoirs,
are located downstream.

Simulations of the two largest recorded storm events on the Addicks Reservoir suggest
that the increase in the rainfall runoff relationship associated with new development will
significantly increase pool elevations in the Addicks Reservoir if not mitigated,.

Simulations of these events suggest that during larger storm events, about 75% of the
rainfall volume is converted to runoff that makes its way into the Addicks Reservoir.
Furthermore, past studies suggest that developed watersheds convert about 90% of
rainfall to runoff. This 15%increase is equivalent to 2 inches when considering a 1%
(100-year) 24-hour rainfall amount of 13.5 inches.

Under current detention criteria, land development activity in the Upper Cypress Creek
watershed will result in a longer duration of flood flows. This will result in a higher
volume of overflow into the Addicks Reservoir watershed, and eventually will increase
the expected pool elevation in the Addicks Reservoir.

This analysis did not consider Barker Reservoir; however, Barker Reservoir is subject to
the same operational constraints as Addicks Reservoir, and the two reservoirs function as
a single system. Furthermore, current estimates of the 1% (100-year) pool elevation in
Barker Reservoir indicate that it would exceed the limit of government owned land in the
reservoir. All conclusions relating to available capacity in the Addicks Reservoir can be
applied to the Barker Reservoir.
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4 ldentifying Mitigation Strategies

The identification of mitigation strategies involved a deliberate process of identifying potential
measures and combining them into viable management plans. The planning process involved
extensive coordination with the steering committee, which was a group of key stakeholders and
decision makers that met approximately twice a month throughout the study (see Section 9.1).
The committee received regular briefings and provided feedback on the proposed options and
strategies. The steering committee was also instrumental in identifying the planning objectives
and constraints that guided the planning process.

4.1 Planning Objectives and Constraints

Planning objectives and constraints provide structure and direction for the planning process. A
thorough understanding of these is essential to ensuring that plans are developed that fully
address the purpose and need of the project. Likewise, it is essential that the stated objectives and
constraints provide a framework for that pursuit.

4.1.1 Planning Objectives

Planning objectives are used to formulate and evaluate alternative strategies. These are different
than overall study goals and objectives, which provide a more comprehensive overview
regarding the study’s general purpose. In contrast, planning objectives are specifically directed
at management strategies - and management strategies are evaluated based on how well they
address the planning objectives without violating planning constraints.

The primary motive of the planning objectives is to address the flood control benefit of the
resultant strategy. However, objectives of other stakeholders are relevant as well as, addressing
multiple needs will encourage community support and possible funding participation by others.

The planning objectives utilized in this study are as follows:

Objective 1 — Overflow Management - Identify and implement a management plan consisting of
structural and/or nonstructural measures that allows for predictable, fair and sustainable
approach for a regional management plan.

The development of the overflow area is a near certain. Current development policy and flood
plain criteria is tailored to riverine flooding, however the unique phenomena of the large
overflow area requires specific development policy and guidelines. To maintain orderly
development of the area, and to avoid future drainage problems caused by a lack of overall
planning, it is necessary to take a comprehensive look at how a public policy drainage plan can
be implemented. This planning effort must balance the competing interests of land use:
preservation, business interests, and environmental mitigation needs.

The overflow management objective strives to identify development policies that recognize the
unique nature of the overflow; and to identify a regional structural solution that is more
economical and favorable to land utilization and development practices than individual ad -hoc
solutions, if such solutions exist.
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This objective, the management of the overflow, drives the planning effort. While the remaining
objectives are vital to the study, this objective underscores the overall purpose and need of the
planning study.

Objective 2 — No Adverse Flood Risk to the existing communities upstream and downstream of
the Addicks Reservoir - Estimate the impacts of future runoff on Addicks Reservoir and
determine if additional development guideline should be adopted to protect the existing
communities adjacent to the reservoir.

The Addicks Reservoir, as well as the Barker Reservoir, does not have available capacity to
accept additional runoff volume. Most of the study area drains to the Addicks Reservoir;
however, a small portion of the Cypress Creek Overflow makes its way to the Barker Reservoir
via Cane Island Branch. Anticipated land development activity in the Addicks Reservoir
watershed will increase the total volume of stormwater runoff into the Addicks Reservoir. In
addition, increased runoff volume in the upper Cypress Creek watershed will lead to a longer
duration of flow that produces overflows into the Addicks Reservoir watershed, and
consequently, a larger volume of overflow that will drain to the Addicks and Barker reservoirs.

The Cypress Creek Overflow Management Planning Study provides an opportunity to identify
measures, structural and/or non-structural, to offset this anticipated increase — and even to
provide for a net decrease in volume into the reservoirs.

Objective 3 — Conservation - Preserve contiguous green-space in the study area, including the
preservation and re-establishment of native prairie grasslands.

The Katy Prairie includes remnant prairie vegetation, wetlands and agricultural practices that
provide a measure of flood control to areas downstream, including Cypress Creek, the tributary
channels that drain to Addicks Reservoir, and Addicks Reservoir itself. These systems also
make a positive contribution to water quality and natural habitat. There is a flood control interest
in the preservation of this land. Given the challenges of addressing flooding problems
throughout the county, HCFCD does not have the reasonable financial resources to secure vast
amounts of land in the Katy Prairie, nor does it have the authority to prohibit development
activity that conforms to established policy. However, the Katy Prairie Conservancy has a stated
goal to secure 50,000 acres of contiguous land within the Katy Prairie, and there is a flood
control interest in supporting this goal.

Objective 4 — Flood Damage Reduction - Reduce flood risk to existing structures in the overflow
area

While the reduction of flood risk in the overflow area is a primary objective of the study, the
reduction of flood risks in riverine areas within the study area was also considered. There are
rural homes and structures in the study area that are subject to riverine flooding and flood risk
associated with the Cypress Creek Overflow. This objective considers the potential reduction in
flood risks for these structures.

Obijective 5 — Facilitate Projects by Other Public Entities - Implement strategies that assist

others, including Waller County, Harris County Precincts 3 and 4, and Harris County Public
Infrastructure Department, in the implementation of their respective plans and programs.

47



Texas Water Development Board Contract Report Number 1248321466

There are many public entities with master plans and programs that overlay the study area.
Where possible, it is desirable to identify common elements among those plans and programs
and mitigation strategies that support the Cypress Creek Overflow Management Planning Study.
The convergence of plans in the study area will provide a greater efficiency in land utilization,
the delivery of public infrastructure, and the encouragement of partnerships and cost sharing.

4.1.2 Planning Constraints

Planning constraints are elements that should be avoided or minimized. Some constraints are
absolute, and cannot be violated, while others are not absolute and mitigation strategies are
evaluated on their success in minimizing violation of the constraint. The planning constraints
utilized in the study area are as follows:

Constraint 1 — Avoid Increase in Flood Risk - Avoid any action or measure that will increase
the risk of flooding within, and downstream of, the study area.

This is an absolute constraint that is common to HCFCD planning studies. No measure will be
considered that increases water surface elevations associated with the 1% (100-year) event unless
proper provisions are included in the plan (such as property acquisition or drainage easements)
that contain the 1% (100-year) flood. The consideration of potential impacts should include
simulations of the overflow independent of local flows from rainfall in the Addicks Reservoir
watershed.

This constraint also recognizes that no measure or strategy will be considered that increases
flood risk associated with pool elevations in the Addicks Reservoir.

Constraint 2 — Value - Strategies should be economically viable, with net benefits in excess of
COsts.

An economic analysis will be conducted for any recommended strategy to ensure that it yields
benefits in support of investment. A wide range of economic benefits may be considered,
including flood damage reduction, intensification of land use, environmental benefits, and other
tangible and intangible benefits.

Constraint 3 — Implementable - Strategies should be implementable, with a reasonable
implementation strategy that recognizes cost and cash flow, funding partnerships, phasing, and
near-term delivery. Implementation may not delay ongoing land development activity.

There must be a reasonable means to implement the recommended strategies. The market
demand for new housing is current, and land development activity is certain in the near term.
Strategies may not unnecessarily delay current activity, and implementation plans must take the
demand for development into consideration. Implementation strategies must identify a funding
source, and the plans shall be implementable in a manner that recognizes the cash flows from
various funding sources.

Constraint 4 — Compatible with Plans and Programs of Other Public Entities - Strategies must
be compatible with features, plans, and program of other public entities in the study area,
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including Waller County, Harris County Precincts 3 and 4, and the Harris County Engineering
Division.

While Objective 5 strives to identify synergies between other entities and strategic measures, this
constraint requires that recommended strategies not compromise infrastructure owned and
maintained by others. If compromised, the plan must include provisions to mitigate impacts and
coordinate with the affected entities.

Furthermore, strategies should be in alignment with other entities’ plans and programs. Wherever
and whenever this is not possible, the affected entity will be engaged to determine if there is an
acceptable refinement or revision to the plan and program can be identified.

4.2  *“Do-Nothing” Strategy

This section describes the current and future conditions should “no action,” structural or non-
structural, be taken. As such, this “do-nothing” strategy is a viable strategy, and all other
management strategies will be compared to the “do-nothing” strategy, as a baseline for plan
comparison and evaluation.

4.2.1 Land Development in the Overflow Area

Eventual and imminent development of undeveloped land in the study area is highly likely.
Within the 277 square mile study area, approximately 210 square miles are undeveloped. When
conservation land, the Addicks Reservoir, parkland, and other public land is excluded, 165
square miles have future development potential. Of this, about 32.5 square miles (almost 21,000
acres) are subject to inundation from the Cypress Creek Overflow. Land development activity is
expected to proceed from the east and from the south, and the land with the highest immediate
land development pressure is primarily land within the overflow area. Figure 4.1 shows an aerial
photograph of the study area along with the overflow and illustrates the amount of land subject to
future development. This is also illustrated in the land use map developed by the Houston-
Galveston Area Council, shown in Figure 4.2.

The inundation associated with the overflow from Cypress Creek to the Addicks Reservoir
watershed presents challenges to land development activity in the areas subject to inundation.
These challenges are different and more complex than those associated with traditional riverine
flooding. The delineation of this area was accomplished by using an approximation method
since a precise determination method is not available. Engineers will be required to demonstrate
that land development projects result in no net loss of conveyance and no net increase in
conveyance. This will typically require the development of a pre-project condition and post-
project condition calculation.

The availability of two-dimensional models, such as the one utilized for this overflow study, are
well suited for the simulation of the overflow. As such, two-dimensional models may be used to
evaluate the impact of land development projects as it pertains to the overflow.

Developments will likely have to reserve land for accommodation of the overflow. Furthermore,
additional land and facilities will likely be required to store the overflow in order to avoid
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increasing the rate of conveyance of the overflow through the site. Large master planned
communities in the overflow area have the opportunity to develop and implement large scale
master drainage plans to manage the overflow through their property. However, smaller
developments, and those properties located in the deeper portions of the overflow, will be
challenged in identifying economically-feasible development plans.

Figure4.1  Aerial Photograph with 1% Floodplain

50



Texas Water Development Board Contract Report Number 1248321466

Figure 4.2  Land use in study area (Source: Houston-Galveston Area Council)

Development activities will be required to demonstrate no adverse impact in accordance with
HCFCD and Harris County criteria. While these criteria were developed to ensure no increase in
flood risk, they were developed with consideration of flooding along channel systems throughout
Harris County rather than consideration of the overflow phenomena. In order to ensure no
increase in flood risk and to avoid unintended impacts associated with management of the
overflow, additional measures are likely needed.

One potential risk is the loss of overflow dissipation provided by the natural undeveloped and
agricultural land. As mentioned earlier, smaller overflow events have been observed near the
watershed divide that are not later observed in the Addicks Reservoir.

This has been attributed to the infiltration and attenuation provided by the existing undeveloped
land. If this land is developed, the overflow will be conveyed and stored, but it is unlikely that
the dissipation provided by the undeveloped areas will be duplicated.
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As development in the area progresses, there will be market pressure on undeveloped tracts to
follow the same course. Potential real estate values will rise, increasing development margins
and allowing for the development of tracts with a lower housing yield than has been traditionally
been constructed in the region. In such cases, areas deeper in the overflow will also develop.
While all developments must demonstrate no downstream or upstream impact, land development
activity in areas of higher and deeper flood risk have a much smaller margin of error.

Absent a regional management plan, smaller-scale management plans will be devised for new
communities as they are developed, leading to a series of disconnected plans that will protect the
individual developments but won’t necessarily work in concert to provide protection throughout
the region. It is possible that problems may occur that are not captured in impact studies, and
those impacts will need to be addressed and mitigated in the future.

Land development activity in the Upper Cypress Creek watershed (upstream of the overflow)
and the Addicks Reservoir watershed will also contribute additional runoff volume to the
Addicks Reservoir. With the current operating policies, there is no availability for additional
runoff volume in the reservoir.

4.2.2 Structural Flood Damage

Most flood risks to existing structures in the study area lies within the Addicks Reservoir
watershed, where homes in the watershed’s riverine floodplains have the potential to be
inundated during storm events. There has been a history of house flooding along South Mayde
Creek, Bear Creek, and Horsepen Creek. In addition, there are structures subject to flooding in
the overflow and along upper Cypress Creek and Mound Creek, although these areas are mostly
undeveloped.

The HCFCD has developed a structural database of homes estimated to be subject to flooding.
This database estimates the first floor elevation for each structure. This estimation is typically
based on an adjustment to the LIDAR data to reflect the elevation of the structure above grade.
In some instances, this estimated elevation has been updated with information from a field
survey. This structural database was utilized, along with computed flood elevations, to assess the
structural risk associated with major flooding sources in the study area. This is discussed in
greater detail in Appendix E.

Without a regional plan, development criteria strive to ensure that new development does not
increase existing flood risk. Therefore, it is assumed that in the “without project” condition, the
current risk of flooding for these structures will remain unchanged. It is also assumed that new
development will occur despite the existing flood risk, and therefore new structures will be
constructed 1.5 feet above the base flood (1%, or 100-year) elevation, in accordance with
Unincorporated Harris County Floodplain regulations.

In addition, without a regional plan, current flood risk along existing channels will not be
addressed. While development will likely avoid the floodplain along the upper portion of
Cypress Creek, there is already development within the 1% (100-year) floodplain along many of
the Addicks Reservoir tributaries, including South Mayde Creek, Bear Creek, and Horsepen
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Creek. Homes, infrastructure, and parks in the overflow floodplain will continue to be subject to
flooding from overflows.

4.2.3 Addicks Reservoir

The unique hydrology for Addicks Reservoir is discussed in Appendix B: Addicks Reservoir
Hydrology. In summary, the Addicks and Barker reservoirs were initially designed under a
different operating concept than is currently implemented. The original concept called for un-
gated conduits with a combined peak discharge of 15,700 cfs. However, the design and
operational procedures for the Addicks and Barker Reservoirs were modified, and today the
reservoirs are gated, with a maximum combined release of 2,000 cfs when the gates are open (the
gates are closed when there is existing rainfall or the threat of rainfall).

The federal government acquired land upstream of the reservoirs based on the original operating
plan, which called for a levee along the Cypress Creek and Addicks Reservoir watershed divide
to prevent the overflow from entering the Addicks Reservoir watershed. They later purchased
additional land upstream of the Addicks Dam when it was determined that this would be more
cost effective than constructing the levee.

Table 4.1 depicts key data associated with both the Addicks and Barker reservoirs.

Current development policy aims to prevent the increase in peak discharge from development
activity, as peak discharges define flood risk along downstream channels. However, the flood
risk within the Addicks and Barker reservoirs, with their restricted release policy, is driven by
inflow volume. Detention associated with land development in the Addicks Reservoir watershed
will offset peak discharges, and will delay the time it takes for runoff to reach the watershed;
however, it will not mitigate the increase in volume associated with land development.

Development in the Cypress Creek watershed will also result in an increase in runoff volume.
Although the peak discharge associated with the overflow will not increase, flood flows along
Cypress Creek will rise for a longer duration as the watershed develops, resulting in an increased
overflow volume. A large portion of the upper Cypress Creek watershed lies within Waller
County, and is outside the jurisdiction of the HCFCD and Harris County. However, Waller
County has adopted similar criteria as Harris County, and it is anticipated that their policy will
continue to mirror Harris County policy.
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Table 4.1 Addicks and Barker Reservoir data
Addicks Reservoir Barker Reservoir
Watershed area (square miles) 136 130
Elevation (1973 adj. of 1929 datum)
Top of dam 122.7 114.7
Standard project flood 110.6 100.4
(approx. a 1,000 yr frequency for Addicks
Res. and a 500-yr frequency for Barker Res.)
Natural ground at ends of dam 112.0 106.0
Government owned land 106.1 97.3
1% (100-Year) 104.1 97.8
March 1992 flood (Barker flood of record) 100.6 95.9
Conduit invert 71.1 73.2
Storage Capacity (acre-feet)
Standard project flood 178,556 123,653
Natural ground at ends of dam 200,800 209,000
Government owned land 116,263 83,410
March 1992 flood of record 57,956 66,910
Surface area (acres)
Natural ground at ends of dam 16,423 16,739
Government owned land 12,460 12,060

Note: Data in Table 4.1 was obtained from the U.S. Army Corps of Engineers —
Galveston District’s 1995 report ““Buffalo Bayou and Tributaries, Texas

Reconnaissance Report on Section 216 Study of Addicks and Barker Reservoirs at
Houston, TX™.

Appendix D: Land Use and Stormwater Runoff Rates Investigation considers the impact of land
development on runoff volume. It was determined that, for a single 24-hour 1% (100-year)
rainfall event, a typical land development will increase the volume of runoff by the volume
equivalent to two inches over the development. Appendix B considered the cumulative risk to
Addicks Reservoir based on long term simulations. These analyses determined that the future
development of the Addicks Reservoir watershed and Upper Cypress Creek watershed would

increase the total pool volume and elevations in the Addicks Reservoir.
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4.2.4 Conservation Land

Approximately 15,400 acres of land in the study area is currently held in conservation interests.
Existing covenants and easements ensure the preservation of this land and there is no risk of
future development of this property. In addition, the HCFCD holds 440 acres of land for
conservation interests. There are a number of potential uses for the conservation lands, including
the maintenance of current agricultural practices; the preservation of existing remnant prairies
and wetlands; and the restoration of prairie, wetlands and natural streams. Some of the latter
take the form of mitigation banks, where credits are sold to offset impacts elsewhere.

Substantial ecological value is obtained from contiguous green space when compared to non-
contiguous green space in the same area. It is anticipated that conservation interests will
continue to move to secure more land; however, development pressure in the study area will
impact land prices and affect landowner motivations. This could potentially hinder conservation
interests.

Without a regional plan, land development interests will be required to dedicate substantial land
to facilities that convey the overflow. This will result in green space preservation, but this land
will be altered and excavated to convey and store the overflow. Economics may dictate that
certain smaller tracts, and tracts subject to deeper overflows, may not develop, leaving some
intermittent vacant tracts in the overflow area. The cumulative impact of this type of land
development will likely result in intermittent areas that are undeveloped and green space;
however, these areas will probably not be contiguous and will have minimal ecological value.

425 Summary

Without a management plan, land development activity will continue. However, the
development yield on the property will be incrementally reduced because of the need to convey
the overflow.

The “do nothing” strategy will result in a missed opportunity to increase the area’s conservation
footprint. Current conservation efforts would continue, however conservation will likely become
more difficult with anticipated increases in land cost as development pressure grows. Similarly,
“do nothing” strategy would result in a missed opportunity to address the anticipated increase in
flow volume into the Addicks Reservoir as development occurs.

4.3 Development of Management Strategies

The development of management strategies progressed through three steps. First, a number of
conceptual strategies were introduced and discussed with the steering committee. These
strategies included both structural concepts, such as the construction of conveyance channels and
large-scale reservoirs; and non-structural concepts, such as the identification of regions where
restrictions on land use and development could be required. After initial investigation and
discussion, some of these were omitted from further consideration, and “bookend” solutions
were developed for the remaining concepts. In the bookend solutions, the strategies were
generally considered as stand-alone solutions, and were developed in a manner to provide, where
possible, a full solution. This facilitated a “biggest case” consideration of the concepts.
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The second step was the development of management plans. A workshop was held with the
steering committee at which each of these bookend solutions was evaluated and discussed, and
ideas were developed for how they might be more effective in combination with other measures.
The plans were combined in a manner that attempted to optimize performance in consideration
of the objectives and constraints. A total of six management strategies were developed.

Finally, two of the six management strategies were identified as the most desirable and carried
forward for additional consideration. For these two, cost estimates were further refined and
implementation plans and cost pro forma were developed.

4.3.1 Bookend Solutions

A number of concepts were initially identified and introduced. Structural concepts included
conveyance measures that collect and convey the overflow downstream, levee measures that
maintain the overflow in the Cypress Creek watershed, diversion measures that divert a portion
of Cypress Creek flows to the Brazos River watershed, and storage measures that collect and
store the overflow until it can be safely released. Nonstructural concepts involved acquisition
and preservation of land subject to the overflow, along with various policy measures to address
development in the overflow and/or to protect the Addicks Reservoir. Most of these were carried
forward for further consideration; however, the levee along the watershed divide and the
diversion to the Brazos River were omitted due to concerns with public acceptability and
permitting.

Bookend measures fall under a number of categories, each of which have been assigned a letter
category: non-structural (Category “A’), mitigation measures (Category “B”), storage (Category
“C”), and conveyance (Category “D”). In addition, the do-nothing alternative described in
Section 4.2 was assigned Category “E”. The bookend solutions are listed in Table 4.2.

Table 4.2 Bookend solutions

No. Bookend Solution Description

Al Acquisition of Overflow

Prohibit development of areas in current overflow area
Establish conservation easements or fee ownership of overflow lands

A2 Overflow Development
Criteria

Develop and adopt policy to guide land development activity in the
overflow

Establish a master two-dimensional hydraulic model to be utilized by
developers in the analysis of proposed
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Table 4.2 (Continued)

Bookend solutions

No.

Bookend Solution

Description

A3

Overflow Conveyance Zone

Acquire land (drainage easements or fee) in the primary conveyance
area, which is the deepest portion of the overflow — area to be known as
the “Overflow Protection Zone”

Define Overflow Protection Zone with two-dimensional model, using
encroachments and maximum allowable rise in overflow flood elevation
Allow development in “Overflow Fringe” (the unprotected overflow),
but require it to be at elevations above the allowable rise in the Overflow
Protection Zone

Acquire land for “training” of overflow

A4

Prairie Restoration

Undertake prairie restoration initiatives to decrease runoff from green
space participating in a restoration program

Research suggests that native prairie vegetation increases the infiltration
capacity of soil, including clay soils

This summary sheet assumes 1,000 acres of prairie restoration in the
Upper Cypress watershed and 1,000 acres of prairie restoration in the
Addicks Reservoir watershed.

This is not a complete solution, and will not eliminate overflow

Bl

Upper Cypress Creek
Extended Detention

Develop and adopt policy requiring land development to detain a higher
volume of runoff generally equivalent to full retention of 1% event)
Runoff will be drained at a much lower rate than pre-project

This is not a complete solution, and will not eliminate overflow

B2

Addicks Reservoir High
Flow Retention

Develop and adopt policy requiring land development to retain runoff
without outfall

Infiltration and Evaporation will be utilized to “drain” basins

Because of prolonged drain time, basins will be designed to only accept
high flows

B3

Development Options

Develop incentives to encourage development to implement measures to
reduce runoff volume

Incentives may include reduction in detention requirement

May be used to facilitate small site commercial development

Measures may include Low Impact Development features such as rain
gardens, bio swales, rainwater harvesting, and permeable pavement
This is not a complete solution, and will not eliminate overflow

C1

Katy-Hockley N — Cypress
Reservoir

A reservoir with an earthen dam along Longenbaugh Rd and Katy-
Hockley Road.

Un-gated outlets to Bear Creek, S. Mayde Creek, and Langham Creek.
Gated outlet to Cypress Creek — operated to duplicate pre-project flow
conditions.

C2

Mound Creek Reservoir

A reservoir with an earth dam downstream of confluence of Mound
Creek and Live Oak Creek

Gated outlet to Cypress Creek- operated to prevent discharge that
contributes to overflow and to prevent inducing additional flood risk
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Table 4.2 (Continued)

Bookend solutions

No.

Bookend Solution

Description

C3

JPL Detention

A lake system is proposed in John Paul’s Landing Park. There is
freeboard above the permanent water surface available for detention.
A portion of the available detention is reserved for the Langham Creek
Regional Plan

Residual detention volume would be used to manage overflows east of
Katy-Hockley Road

The detention lakes would connect to Bear Creek via a channel with a
control structure that governs flow in each direction

C4

Katy-Hockley Reservoir

Construct a reservoir with an earth dam along Longenbaugh and Katy-
Hockley Roads

Reservoir would have two cells separated by an earth berm to allow for
differing stage elevations

Reservoir entirely located in Addicks Reservoir watershed

Un-gated outlet to Bear Creek

D1

Overflow Conveyance
Channel

A widened corridor channel extension of Bear Creek to convey overflow
to Addicks Reservoir watershed

Widened corridor channel extends from Cypress Creek watershed divide
to West Little York

Conventional channel enlargement and deepening from West Little
York into Addicks Reservoir

Attenuation area at collection channels to slightly reduce overflow rate

D2

Overflow Bermed Floodway

Establishment of a “floodway” contained by berms that define overland
flow path along existing Bear Creek channel and extended to collection
area

Floodway will transition into existing Bear Creek channel upstream of
West Little York

¢ No modification to Bear Creek downstream of West Little York
e Training berms will collect overflow south of watershed divide and

funnel flow into floodway
Perimeter channels will be constructed on exterior of each berm to
collect and convey local runoff

Do-Nothing

When flood flows in Cypress Creek reach a certain threshold flood
flows break over the south watershed divide and flow overland to
tributaries of Addicks Reservoir (primarily Bear Creek and South
Mayde Creek).

This approach describes the status-quo and the impacts of taking no
deliberate actions, structural or non-structural, to address the overflow
area.

Future development activity within the overflow area and tributary
watersheds will be in conformance with Harris County Flood Control
District criteria and other relevant criteria

Reservoir storage measures are those that manage the overflow by storing large volumes of
runoff in designated reservoir areas. The reservoir will slowly release runoff in a manner that
does not result in an overflow. Two primary bookend reservoirs were considered — a reservoir in
the Addicks Reservoir and Cypress Creek watersheds that collects overflow waters, known as the
Katy-Hockley N - Cypress Reservoir (C1); and a reservoir along Mound Creek (C2), upstream of
the overflow that strives to reduce flows and eliminate the overflow. The Mound Creek
Reservoir concept requires a small berm along the watershed divide to prevent residual
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overflows that would occur, even with the reservoir in place. Both of these bookend solutions
must adhere to Dam Safety Requirements of the Texas Commission on Environmental Quality
(TCEQ), which requires that the facilities adequately and safely store stormwater from a flood
resulting from the Probably Maximum Precipitation (PMP) event - an event considered to be the
most critical possible rainfall. For this reason, these plans would require the acquisition (fee or
drainage easement) of land necessary to contain the pool required to store stormwater generated
by this event. In addition to these two larger storage concepts, storage obtained using residual
detention capacity in the HCFCD’s John Paul’s Landing Stormwater Detention Basin may be
used to manage flows (C3).

Conveyance measures are those that manage the overflow by concentrating it into reserved or
defined corridors that convey it to the Addicks Reservoir. Two bookend conveyance measures
were considered: the conveyance of the overflow via an enlarged Bear Creek (D1); and the
conveyance of the overflow via a bermed floodway (D2), where floodway is defined as an area
designated for high conveyance of floodwaters (not to be defined according to FEMA’s very
specific definition of a regulatory floodway).

Non-structural measures are those that reduce flood damage and risk in the overflow without
physically altering the drainage system or overflow. Four specific non-structural measures were
considered: Acquisition (measure Al), Development Criteria (measure A2), an Overflow
Protection Zone (measure A3), and Prairie Restoration (measure A4). Two of these —
Development Criteria and Prairie Restoration- fall short of the “bookend” concept because they
do not provide a full solution, as a full solution is not viable. However, they are still presented in
this solution set because they may potentially contribute to a larger combined solution.

Mitigation measures are those measures that strive to offset the potential adverse impacts created
by land development. Current policy requires development to install stormwater detention, and
this is an example of a mitigation measure commonly employed. However, as noted earlier,
traditional mitigation measures do not address the unique phenomena associated with the
Cypress Creek Overflow and the Addicks Reservoir. Mitigation measures are generally
considered non-structural measures, but for purposes of this study they are categorized
separately. Three specific mitigation measures were considered: Upper Cypress Creek Extended
Detention (B1), Addicks Reservoir High-Flow Retention (B2), and Development Options (B3).
All of these fall short of the “bookend” concept because they do not provide a full solution, as a
full solution is not viable. However, they are still presented in this solution set because they may
potentially contribute to a larger combined solution.

4.3.2 Management Plans

Six management plans were developed from the various bookend solutions by combining various
elements. In addition, some new elements were introduced in the formulation of the six plans.
These include the Katy-Hockley Reservoir (C4) and John Paul’s Landing Detention (C3).

Larger structural bookend elements were reduced in size and combined with other features to
present more reasonable and economical measures.
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Management Plan 1 — Katy-Hockley Reservoir

This strategy is based upon the Katy-Hockley Reservoir (C4) located entirely in the Addicks
Reservoir watershed. The reservoir would capture overflow after it crosses the watershed divide.
This measure would be supplemented by storage within John Paul’s Landing (JPL) (C3) and
Development Criteria (A2). The reservoir would outfall into Bear Creek, which would be
enlarged between the reservoir and the downstream development (where the existing channel is
larger).

Management Strategy 1 — Katy-Hockley Storage is depicted in Figure 4.3. There would be two
cells within the reservoir, referred to as the lower pool and the upper pool. The lower pool is
located along Katy-Hockley Road, and the upper pool is located immediately to the west of and
adjacent to the lower pool. The purpose of the two cells is to maximize the use of available
volume within the reservoir footprint without exceeding the natural ground elevation at the
watershed divide, as this is necessary to prevent an influence on the volume of overflow.

The berms would vary in height, with a maximum height of 11feet. They would be constructed
using excavated material from within the reservoir. This would be the only excavation within the
reservoir.

Bear Creek will be enlarged approximately 22,000 feet, from the outlet of the lower pool near the
intersection of Longenbaugh Road and Porter Road, downstream to the existing enlarged channel
(approximately 7,500 feet west of Fry Road). This enlarged channel will utilize natural channel
design principles within a 500-foot corridor. The channel will be sufficiently deep to accept
drainage from lateral channels. In addition, an outlet channel will be located along the perimeter
of the dam to provide drainage access for the upper pool.

The two pools will have a combined maximum 1% (100-year) release of 4,500 cfs, which is the
maximum capacity of the lower reach of Bear Creek.
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Figure 4.3  Management plan 1 schematic — Katy-Hockley Storage

The lower pool will inundate about 3,300 acres at a 1% (100-yr) pool elevation of 161.9 feet,
providing 6,600 acre-feet of storage. It will outfall at a peak rate of 3,000 cfs via a constrained
channel section. Not including current channel areas, the average depth is about two feet, and
the maximum depth is about five feet. This cell will drain in about two days.

The upper pool will inundate about 2,600 acres at a 1% (100-year) pool elevation of 165.4 feet,
providing 4,200 acre-feet of storage. It will outfall at a peak rate of 1,500 cfs via a box culvert
conduit into an outlet channel that will run along the perimeter of the dam and ultimately into
Bear Creek near the lower pool outlet. The average depth is about two feet, with a maximum
depth of eight feet. This cell will drain in about five days.

In both pools, the dam will include a wide spillway that will protect the structure from larger
events. During extreme events (those larger than 1% or (100-year), flows may exceed
downstream capacity; however, the net impact of the extreme event flow will be less than the
existing condition.

In total, 5,899 acres of land will be inundated during the 1% (100-yr) event. This includes 5,425
acres of private land, 245 acres of conservation land, and 230 acres of public land. The current
footprint includes Paul Rushing Park; however, this footprint could be revised to avoid the park.
This would result in a decrease in storage volume.
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Detention would also be provided within John Paul’s Landing (JPL). A channel would be
constructed to collect residual overflow downstream of Katy-Hockley Road and to convey this
overflow into John Paul’s Landing. Approximately 300 acre-feet of storage is required in John
Paul’s Landing to accommodate the 1% (100-year) overflow east of Katy-Hockley Road.

This strategy includes the adoption of development criteria that prevents the increase in runoff
volume into the Addicks and Barker reservoirs as the study area develops. The criteria will
require developers to manage the volume equivalent of two inches of runoff. The criteria will be
outcome based, and developers will determine the approach to managing this runoff.

Management Plan 2 — Mound Creek Reservoir with Overflow Conveyance “A”

This strategy is based on a scaled down version of both the Mound Creek Reservoir (C2) and the
Overflow Conveyance Channel (D1). The conveyance channel is reduced in size and capacity to
recognize the constraints in flow rate in the lower reach of Bear Creek, and to therefore avoid the
need for this channel modification in the developed portion of lower Bear Creek. This measure
would be supplemented by John Paul’s Landing storage (C3) and Development Criteria (A2).
The conveyance channel would include collection channels along the watershed divide (this
“collection” configuration is known as Conveyance “A”). Bear Creek would be constructed
using natural channel design techniques within a 500-foot corridor.

Management Plan 2 — Mound Creek Reservoir with Overflow Conveyance “A” is depicted in
Figure 4.4. The channel will be expanded to convey 4,500 cfs of discharge into the enlarged
Bear Creek channel approximately 7,500 feet upstream of Fry Road. The channel will utilize
natural channel design techniques, and will be sufficiently deep to accept drainage from lateral
systems. The overflow will be intercepted by collection channels adjacent to, and south of, the
watershed divide that convey flow to the conveyance channel (Conveyance “A”).

The existing peak 1% (100-year) overflow of 12,678 cfs will be reduced by the construction of
the Mound Creek Reservoir. However, since the reservoir will still allow for a considerable
overflow, the required storage volume is substantially smaller. For a 1% (100-year) event, the
reservoir will fill to a pool elevation of 188.0 feet and inundate 2,880 acres of land, storing
15,730 acre-feet. The maximum storage depth would be 13 feet, with an average depth of seven
feet. The vast majority of the reservoir will drain in 3-4 days, although the lowest areas near the
outlet may drain over a week’s time. With the reservoir in place, the 1% peak overflow would
be reduced from 12,678 cfs to approximately 5,500 cfs. The 1% peak overflow volume would
be reduced from 23,000 acre-feet to approximately 17,000 acre-feet into the Addicks Reservoir
watershed. The remainder of the overflow balance, 6,000 acre-feet, would be slowly released
into Cypress Creek. This reservoir will require 3,765 acres of land, and will provide 15,730 acre-
feet of storage during the 1% (100-year) event.
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Figure 44  Management plan 2 schematic — Mound Creek Reservoir with Overflow
Conveyance “A”

The reservoir will be controlled by an earthen dam with a maximum height of 22 feet. The
embankment would be constructed from excavation within the reservoir. This is the only
excavation that would occur in the reservoir. The embankment would include a stabilized
emergency spillway that would convey stormwater flows in excess of the 1% (100-year) event.
Such flows may exceed the design capacity of existing infrastructure, but would not exceed
current flow rates for a similar event.

There would be a primary outlet structure to Mound Creek, and a secondary outlet structure to
Live Oak Creek. The Mound Creek outlet would be in the form of an armored open channel,
while the Live Oak Creek outfall would be via a boxed structure.

The reservoir footprint, which consists of the pool as well as the land necessary for the berm,
encompasses 3,765 acres of land. This includes 1,520 acres of private land and 2,245 acres of
conservation land, which are private lands with conservation easements and/or protected
conservation use.

Detention would also be provided within John Paul Landing. A channel would be constructed to
collect residual overflow downstream of Katy-Hockley Road and to convey this overflow into
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John Paul’s Landing. Approximately 300 acre-feet of storage is required in John Paul Landing
to accommodate the 1% (100-year) overflow east of Katy-Hockley Road.

This strategy includes the adoption of development criteria that prevents the increase in runoff
volume into the Addicks and Barker reservoirs as the study area develops. The criteria will
require developers to manage the volume equivalent of two inches of runoff. The criteria will be
outcome based, and developers will determine the approach to managing this runoff.

Management Plan 3 — Mound Creek Storage with Overflow Conveyance “B”

This strategy is based upon a scaled down version of both the Mound Creek Reservoir (C2) and
the Overflow Conveyance Channel (D1). The conveyance channel is reduced in size and
capacity to recognize the flow rate constraints in the lower reach of Bear Creek, and to therefore
avoid the need for this channel modification in the developed portion of lower Bear Creek. This
measure would be supplemented by JPL storage (C3) and Development Criteria (A2). The
conveyance channel would be located downstream of an overflow collection and conservation
area downstream of the watershed divide. The overflow will be collected in channels that are
supplemented by small berms along the perimeter of the overflow collection area (this
“collection” configuration is known as Conveyance “B”). Bear Creek would be constructed
using natural channel design techniques within a 500-foot corridor. This strategy is similar to
that presented previously, with the primary difference being the means of collecting the overflow
and conveying it into the channel.

Management Plan 3 — Mound Creek Reservoir with Overflow Conveyance “B” is depicted in
Figure 4.5. The channel will be expanded to convey 4,500 cfs of discharge into the enlarged
Bear Creek channel approximately 7,500 feet upstream of Fry Road. The channel will utilize
natural channel design techniques, and will be sufficiently deep to accept drainage from lateral
systems. The overflow would continue to inundate about 2,200 acres, 1,580 acres of which is
privately held land and the balance is currently being held as conservation land. The 1,580 acres
will be preserved as a conservation area, and the collection channels will be located on the south
and east perimeter of this conservation area. The conservation area helps assure that the
collection will not influence overflow rates and volume, and also provides for additional
conservation area. In addition, it will provide some additional attenuation of overflow.

The existing peak 1% (100-year) overflow of 12,678 cfs will be reduced by the construction of
the Mound Creek Reservoir. However, since the reservoir will still allow for a considerable
overflow, the required storage volume is substantially smaller. For a 1% (100-year) event, the
reservoir will fill to a pool elevation of 188.0 feet and inundate 2,880 acres of land during the 1%
(100-year) event, and will store 15,730 acre-feet of stormwater. The maximum storage depth
would be 13 feet, with an average depth of seven feet. The reservoir would drain in 3-4 days.
With the reservoir in place, the peak overflow would be reduced from 12,678 cfs to
approximately 5,500 cfs. The peak 1% overflow volume would be reduced from 23,395acre-feet
to approximately 17,000 acre-feet.

The reservoir will be controlled by an earthen dam with a maximum height of 22 feet. The
embankment would be constructed from excavation within the reservoir. This is the only
excavation that would occur within the reservoir. The embankment would include a stabilized
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emergency spillway that would convey stormwater in excess of the 1% (100-year) event. Such
flows may exceed the design capacity of existing infrastructure, but would not exceed current
flow rates for a similar event. This reservoir will require 3,765 acres of land, and will provide
15,730 acre-feet of storage during the 1% (100-year) event.

Figure 45  Management plan 3 schematic — Mound Creek Reservoir with Overflow
Conveyance “B”

There would be a primary outlet structure to Mound Creek, and a secondary outlet structure to
Live Oak Creek. The Mound Creek outlet would be in the form of an armored open channel,
while the Live Oak Creek outfall would be via a boxed structure.

The reservoir footprint, which consists of the pool as well as the land necessary for the berm,
encompasses 3,765 acres of land. This includes 1,520 acres of private land and 2,245 acres of
conservation land, which is privately-held land with conservation easements and/or protected
conservation use. In addition, the conservation area influences 2,200 acres, including 440 acres
of public land (HCFCD Unit No. K700-01-0000) that is being held in conservation.

Detention would also be provided within John Paul’s Landing. A channel would be constructed
to collect residual overflow downstream of Katy-Hockley Road and to convey this overflow into
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John Paul’s Landing. Approximately 300 acre-feet of storage is required in John Paul’s Landing
to accommodate the 1% (100-year) overflow east of Katy-Hockley Road.

This strategy includes the adoption of development criteria that prevents the increase in runoff
volume into the Addicks and Barker reservoirs as the study area develops. The criteria will
require developers to manage the volume equivalent of two inches of runoff. The criteria will be
outcome-based, and developers will determine the approach to managing this runoff.

Management Plan 4 — Private Sector Strategy w/ Channel Reserve

This strategy is fully based upon the “Do Nothing” Measure (E), but includes the adoption of
Development Criteria (A2). In discussions with the steering committee, it was the widely agreed
that some development criteria is necessary to recognize the unique nature of the overflow area
as well as the Addicks and Barker watersheds, and that the development and adoption of such
criteria would occur even without a project. As such, this management strategy adequately
serves as a surrogate for the “do-nothing” alternative. The development criteria will require the
reservation of a corridor along Bear Creek to maintain the existing overflow and to allow for any
future measures or solutions should they be desired.

Management Plan 4 — Private Sector Strategy w/ Channel Reserve is depicted on Figure 4.6. A
1,000-foot corridor will be defined along Bear Creek between the watershed divide and the
enlarged Bear Creek channel approximately 7,500 feet upstream of Fry Road. As development
occurs, the project will acquire land within the corridor.

Development criteria will be developed and adopted, and guidelines prepared, that establishes
requirements and methods for evaluating potential impacts to the overflow area. These criteria
will require the use of a two-dimensional flow model similar to the one used to delineate and
quantify the overflow. The criteria will also require provisions to manage runoff volume, and
the management of the equivalent of two-inches of runoff volume.

Developers may utilize the reserved corridor for their stormwater detention if they can
demonstrate that there would be no adverse impact to the system. However, they would be
required to dedicate this land to the public in lieu of compensation.
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Figure 4.6  Management plan 4 schematic — Private Sector Strategy with Channel
Reserve

Management Plan 5 — Katy-Hockley N - Cypress Reservoir

This strategy is based upon the Katy-Hockley N - Cypress Reservoir (C1) located in both the
Upper Cypress Creek and Addicks Reservoir watersheds. The reservoir would capture and
direct flow along Cypress Creek and the overflow area in one contiguous pool, and includes
outlets to Cypress Creek and Bear Creek. Bear Creek would be enlarged between the reservoir
and the downstream development (where the existing channel is larger). An internal reservoir
balance channel and structure would be constructed to prevent the increase in volume to either
Addicks Reservoir or Cypress Creek. This measure would be supplemented by John Paul’s
Landing storage (C3) and Development Criteria (A2).

Management Plan 5 — Katy-Hockley N - Cypress Reservoir is depicted in Figure 4.7. The
reservoir would be formed by an earthen berm or dam that extends along Longenbaugh Road,
around and outside of Paul Rushing Park, and northward along Katy-Hockley Road across
Cypress Creek. The berms would vary in height, with a maximum height of eight feet. It would
be constructed using excavated material from within the reservoir. This is the only excavation
that would occur within the reservoir.
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Bear Creek will be enlarged for a distance of about 24,000 feet, from the outlet of the lower pool
near the intersection of Longenbaugh Road and West Road, downstream to the existing enlarged
channel (approximately 7,500 feet west of Fry Road).

This enlarged channel will utilize natural channel design principles within a 500-foot corridor.
The channel will be sufficiently deep to accept drainage from lateral channels. The outlet to
Bear Creek will be restricted to 2,000 cfs via a boxed conduit. This restriction is necessary to
prevent the diversion of additional flow volume from Cypress Creek to the Addicks Reservoir
during events smaller than the 1% (100-year) event. The outlet to Cypress Creek will be
restricted to existing flow rates for all events via a constrained channel section. During the 1%
(100-year) event, the release to Cypress Creek will be restricted to 5,300 cfs. This results in a
combined maximum release rate of 7,300 cfs.

The 1% (100-year) reservoir pool elevation is 168, inundating 7,400 acres and providing 26,500
acre-feet of storage. The maximum depth in the basin, excluding existing channels, will be
eight feet, with an average depth of four feet. Most of the reservoir will drain in 4-6 days, while
the lowest areas near the outfall will drain in about eight days.

Figure 4.7  Management plan 5 schematic — Katy-Hockley N — Cypress Reservoir
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The dam will include wide spillways that will protect the structure during larger events. During
extreme events (those larger than the 100-year event), flows may exceed downstream capacity;
however, the net impact of the extreme event flow will be less than the existing condition. There
will be spillways that allow extreme event flows to discharge into both watersheds.

There will be a small channel inside the reservoir along the south dam that will direct low flows
to the outlet to Bear Creek. In addition, there will be a channel inside the east dam that will
allow flows to drain back to the Cypress Creek watershed from the Addicks Reservoir
watershed. This is necessary because the higher elevations along Cypress Creek created by the
dam will result in the diversion of additional volume across the watershed, and this channel is
necessary to return volume to Cypress Creek. A backflow prevention structure will be
constructed near the watershed divide to ensure the channel does not allow flows from the
Cypress Creek watershed to the Addicks Reservoir watershed.

In total, approximately 7,400 acres of land will be inundated during the 1% (100-year) event.
This includes 3,540 acres of private land, 3,401 acres of conservation land, and 459 acres of
public land (held for conservation).

While 1% inundation will require 7,400 acres of right-of-way to impound 26,500 acre-feet of
stormwater, it was assumed that the A2 reservoir would be required to accommodate the
Probable Maximum Precipitation (PMP) event. This will require increasing the reservoir right-
of-way to 11,260 acres and providing 56,500 acre-feet of stormwater storage.

Detention would also be provided within John Paul’s Landing. A channel would be constructed
to collect residual overflow downstream of Katy-Hockley Road and to convey this overflow into
John Paul’s Landing. Approximately 300 acre-feet of storage is required in JPL to accommodate
the 1% (100-year) overflow east of Katy-Hockley Road.

This strategy includes the adoption of development criteria that prevents the increase in runoff
volume into the Addicks and Barker reservoirs as the study area develops. The criteria will
require developers to manage the volume equivalent of two inches of runoff. The criteria will be
outcome based, and developers will determine the approach to managing this runoff.

Management Plan 6 — Frontier Channel w Storage/Conveyance “B”/Storage

This strategy is based on a channel in a wide corridor (also known as a “frontier channel”) with
Storage/ Conveyance “B” (D1) measure. A wide “frontier” channel would be constructed along
Bear Creek downstream to the enlarged Bear Creek channel approximately 7,500 feet upstream
of Fry Road. The plan would include a conservation area and collection system similar to
Conveyance “B” described in Section 5.4. This measure would be supplemented by John Paul’s
Landing storage (C3) and Development Criteria (A2).

Management Plan 6 — Frontier Channel with Storage/Conveyance “B” is depicted in Figure 4.8.
A 2,200 acre conservation area would be established immediately downstream of the overflow.
This area would preserve about 1,580 acres of currently privately-held land, and would facilitate
the attenuation of flow and interception of runoff into collection channels south and east of the
conservation area. The collection channels would vary in width from 300 feet to 1,000 feet, and
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would provide attenuation of the overflow while conveying it to the “frontier” channel along
Bear Creek.

Bear Creek would be widened and deepened as a “frontier” section, using natural channel design
techniques and including intermittent structures to maximize storage and assist in the attenuation
and reduction of flows. The frontier channel would be located in a 1,000-foot-wide corridor, and
will extend for a length of about 24,000 feet. It will originate near the intersection of Katy-
Hockley Road and West Road. In total, approximately 2,900 acres of land will be reserved for

the project.

Figure 4.8  Management plan 6 schematic — Frontier Channel with
Storage/Conveyance “B”

Detention would also be provided within John Paul’s Landing. A channel would be constructed
to collect residual overflow downstream of Katy-Hockley Road and to convey this overflow into
John Paul’s Landing. Approximately 300 acre-feet of storage is required in John Paul’s Landing
to accommodate the 1% (100-year) overflow east of Katy-Hockley Road.

This strategy includes the adoption of development criteria that prevents the increase in runoff
volume into the Addicks and Barker reservoirs as the study area develops. The criteria will
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require developers to manage the volume equivalent of two inches of runoff. The criteria will be
outcome-based, and developers will determine the approach to managing this runoff.

Evaluation of Management Strategies

The management strategies were presented and discussed with the Steering Committee over the
course of several meetings. In the course of the meetings refinements were made to the
strategies, and additional strategies were added. The six strategies presented in this section
include these refinements.

The six management strategies are summarized in Table 4.3. This table includes relative
comparisons of the strategies’ various attributes.

In addition, the evaluation included a complete consideration of the full set of planning
objectives and constraints. The goal of the evaluation was to gain feedback from the Steering
Committee in the evaluation of the objectives and constraints, to identify management strategies
that the steering committee could accept and endorse, and ultimately to identify two strategies to
carry forward for additional evaluation.

The following bullet points summarize considerations and conclusions of the steering committee
and the planning team:

e The high cost and the implementation time associated with the structural solutions is of
great concern to land development interests.

e Inorder to utilize conservation land as part of the solution, the project must in return
increase the net value of conservation efforts in the study area.

e Development criteria that address runoff volume from future development must be
adopted for both Harris County and Waller County, and it may be necessary to return in
kind value back to Waller County in recognition of the county’s adoption policy that
addresses a problem in Harris County.

e Development criteria is necessary, however outcome-based criteria is preferred over
prescriptive criteria.

e A private sector solution should always be considered as a viable option.

There was general consensus among the steering committee regarding these considerations and
conclusions; therefore, they provided a framework for and they framed the further evaluation and
identification of preferred strategies.
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Table 4.3 Comparison of management plans
Plans 1-3
Parameter Plan 1 Plan 2 Plan 3

Katy-Hockley Reservoir

Mound Crk Reservoir w
Overflow Conveyance

Mound Crk Reservoir w
Overflow Conveyance

Managed Storage

100yr Pool Elev 161.9 (upper pool)/ 188.0 188.0
165.4 (lower pool)

PMP Pool Elev n/a 191.7 191.7

PMP+Freeboard (4.5") n/a 196.5 196.5

100yr Storage (ac-ft) 10,800 (6,600 upper pool + | 15,730 15,730

4,200 lower pool)

PMP Storage (ac-ft) n/a 27,500 27,500

PMP Spillway Length (ft) | 4,000 6,000 6,000
Storage/Conservation Land

Private (ac) 5,424 1,520 3,100

KPC/Conservation (ac) 245 2,245 2,245

Public (ac) 230 0 400

Total (ac) 5,899 3,765 5,745
Collection/Channel Land

Private (ac) 325 570 650

KPC/Conservation (ac) 0 30 0

Public (ac) 0 0 0

Total (ac) 325 600 650
Excavation/Earthwork

Volume (cy) 4,600,000 8,200,000 8,900,000
Attributes
Unit Land Value Highest Low Low/Moderate
Change in Overflow Volume | None Decrease Decrease
Permits Moderate Most Difficult Most Difficult
Criteria Change Yes Yes Yes

Storage Area - Inundation
Depth

8 ft max, 2 ft avg (upper
pool)/5 ft max, 2 feet avg
(lower pool)

13 ft max, 7 ftavg

13 ft max, 7 ftavg

Storage Area Drain Time 5 days (upper pool) 3 days (most) 3 days (most)
2 days (lower pool)

Land Removed from 15,000 ac 19,000 18,500

Cost
Land $176,000,000 $79,000,000 $117,000,000
Construction $125,000,000 $128,000,000 $126,000,000
Professional $27,500,000 $29,000,000 $28,000,000

Total $328,000,000 $235,000,000 $271,000,000
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Table 4.3 (Continued)

Plans 4-6

Comparison of management plans

Parameter

Plan 4

Plan 5

Plan 6

Private Sector with
Channel Reserve

Katy-Hockley N -
Cypress Reservoir

Frontier Channel w
Storage/Conveyance "'B"

Managed Storage

100yr Pool Elev 168.0
PMP Pool Elev 170.7
PMP+Freeboard (4.5") 175.2
100yr Storage (ac-ft) 26,500
PMP Storage (ac-ft) 56,636

PMP Spillway Length (ft)

8,000 (4,000+4,000)

Storage/Conservation Land

Private (ac) 0 5,120 1,180
KPC/Conservation (ac) 0 5,725 0
Public (ac) 0 415 400
Total (ac) 0 11,260 1,580
Collection/Channel Land
Private (ac) 0 420 1,180
KPC/Conservation (ac) 0 0 0
Public (ac) 0 0 0
Total (ac) 0 420 1,180
Excavation/Earthwork
Volume (cy) TBD 7,100,000 20,000,000
Attributes
Unit Land Value Moderate Moderate/High Moderate
Change in Overflow Volume None None None
Permits Easiest Difficult Easy/Moderate
Criteria Change Yes Yes Yes
Storage Area - Inundation Depth | n/a 8 ft max, 4 ftavg n/a
Storage Area Drain Time n/a 4-6 days n/a
Land Removed from Overflow 19,000 (by others) 18,000 ac 18,000 ac
Cost
Land $206,000,000 $77,800,000
Construction $134,000,000 $213,000,000
Professional $29,000,000 $46,800,000
Total n/a $369,000,000 $337,000,000

4.3.3 Preferred Strategies

According to the TWDB Grant, two management plans are to be identified and studied in greater
detail. For the reasons described below, it was determined that the two preferred strategies are
Management Plan 3 — Mound Creek Reservoir with Overflow Conveyance “B”, and
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Management Plan 5 — Katy-Hockley N - Cypress Reservoir. In addition, as a surrogate for the
no-action alternative, the Management Plan 4 — Private Sector Strategy with Channel Reserve
remains a viable option. Due to its passive nature, it does not warrant further analysis and
refinement beyond the identification and adoption of development guidelines.

During the review and discussion of management strategies, the concept of the Mound Creek
Reservoir was well received by the steering committee. The reservoir is located furthest away
from areas of development pressure, and therefore the land may be less expensive. In addition,
the topography of the area, with relatively more relief, results in more efficient storage. The
reservoir could also be refined to include provisions for the Waller County Master Drainage
Plan, and may afford additional recreation and park opportunities for Waller County. When
compared with other structural alternatives, it is the least expensive.

Management Plans 2 and 3 both consider the Mound Creek Reservoir, with the only difference
being the means to intercept and collect the overflow. While Management Plan 2 is less
expensive, it does not meaningfully contribute to conservation interests. The location of the
reservoir requires the use of conservation land, and additional conservation measures are
necessary to ensure that the project contributes to the net conservation value in the study area.
That is the primary reason for the selection of Management Plan 3 over Management Plan 2. It
was further determined that these two strategies were too similar to warrant the selection of both,
so Management Plan 2 was omitted from further consideration.

It was determined that Management Plan 5 — Katy-Hockley N - Cypress Reservoir was
preferable to Management Plan 1 — Katy-Hockley Reservoir and to Management Plan 6 —
Frontier Channel Conveyance “B” Storage. This was decided primarily through the process of
elimination. The goal of Management Plan 1 was to maintain the storage within the Addicks
Reservoir. This concept was originally conceived for a reservoir located further to the south and
east; however known development activity resulted in its alignment closer to the watershed
divide. This caused challenges with the allowable pool, eventually resulting in the two reservoir
pools. Holding the pool elevation to natural ground elevation at the watershed divide ultimately
compromised the effectiveness of the reservoir; therefore, Management Strategy 5 was
determined to be more effective and superior.

Management Plan 6 relies upon excavation to provide the necessary storage. The project will
require a substantial amount of storage volume to prevent an increase flood risk in downstream
channels. The most effective and economical means to obtain a large volume of storage is to
utilize the natural topography of land and dams along waterways, as excavation proves to be too
costly and difficult to implement. Cost estimates confirmed this supposition, resulting in the
elimination of Management Plan 6.

Management Plan 5 is also costly, but provides an extensive conservation footprint, and avoids
the prime development activity to the south and east.

Detailed planning level cost estimates and implementation plans are described in Sections 7.0
and 8.0 of this report.
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5 Benefits of Prairie Restoration for Flood Control

The study area for the Cypress Creek Overflow Management Plan is mostly undeveloped, with
the primary land use being agricultural. However, there are also significant areas of native
prairie that were once common to the entire region. There is a generally accepted belief that
prairie provides flood control benefits by reducing both the discharge rate and total volume of
stormwater runoff. However, the actual study of this is limited and research has not been
conducted in areas local to, or similar to, Harris County (Appendix 1). As part of the Cypress
Creek Overflow Management Plan, a monitoring study was established to assess the impact of
prairie vegetation on runoff in terms of infiltration and time of concentration. The purpose of this
effort is to increase understanding of the impacts that prairie preservation and restoration may
have on stormwater runoff and the potential to reduce downstream flood risk through prairie
restoration. This monitoring study will attempt to quantify the benefits of land-use for flood
control, with a particular focus on native prairie, agricultural land, and developed urban spaces.

Monitoring was initiated in January 2013 and is planned to continue through January 2019. This
timeline is well beyond the extent of the requirements of this grant. As such, this report only
provides descriptions of the methodology used to collect and analyze data, along with initial
findings established during the first year of the monitoring effort. Given the limited data set,
only initial conclusions regarding the data will be offered in this report. The HCFCD will
continue to collect and analyze data throughout the duration of the monitoring effort, and
conclusions (if any) will be made upon evaluation of the total data set over the six-year time
period. During this time, however, as data is acquired it will be applied, with appropriate regard
to uncertainty given the limited data set, to specific land cover type values and variables into
flood control planning elements, such as engineering calculations and infrastructure design.

5.1 General Background

The relationship between rainfall and runoff is generally understood, and can be quantified
through a number of methodologies and numerical models. Rainfall data and gage data are
utilized to evaluate these methods. The U.S. Geologic Survey and the HCFCD operate a robust
network of rainfall and stream flow gages that allow for the continued evaluation of the rainfall
and runoff relationship. HCFCD, in its Hydrology and Hydraulics Manual, specifies parameters
for runoff using the Green and Ampt Method. These parameters are based upon calibration of
hydrologic models, and are prescribed on a watershed-by-watershed basis as presented in the
effective hydrologic models for each watershed.

The determination of the Green and Ampt parameters treat all land as either impervious or
pervious. Furthermore, the parameters are applied to all impervious land without recognition of
the land use. In other words, lawns, pastures and crops are all treated similarly. While this is
generally adequate for determining peak flow rates to support hydraulic models, it does not
facilitate a deeper understanding of the relationship between rainfall volume and runoff volume
at a specific land-use level.

Variability in vegetation and soil characteristics are hypothesized as having a corresponding
effect on volumetric storage and discharge capacities in response to storm event runoff. In
particular, native prairie plants are thought to absorb a greater volume of runoff through a higher
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density of groundcover vegetation, increased depth and density of plant roots, and larger
percentage of soil pore spaces (see Figure 5.1). The impact of these root systems is even more
prominent in areas of poorly draining soils, such as in Harris County. While this is generally
accepted in the hydrology community, the actual study of this is limited and has not focused on
areas local or similar to Harris County.

Turf Prairie Vegetation ]

Figure 5.1  Root structure of turf grasses versus prairie vegetation (Source: Heidi
Natura for the Conservation Research Institute)

5.1.1 NRCS Methodology

The Natural Resources Conservation Service (NRCS) uses a “Curve Number” (CN) to represent
the infiltrative ability of the soil. The CN ranges between 30 and 100, with lower CNs
representing soils with higher infiltrative capacities. Undeveloped land in Harris County
generally has CN values ranging between 75 and 85, which is reflective of the poorly draining
clay soil common to the area. The NRCS CN tables do not recognize a “native prairie” as a land
cover type. However, they do have a land use for sage-grass, which is a vegetation type common
to native prairie. It is interesting to note that the CN for sage-grass is substantially lower than the
other cover types in this table (the cover types were selected because they are consistent with the
study area in question). For example, the CN for sage-grass, with a “good” hydrologic condition
and soil type “D” is 55 (NRCS categorizes soils as “A,” “B,” “C,” or “D,” with “A” soils having
high infiltrative capacity and “D” soils having the lowest infiltrative capacity). This is an
extremely low number for a “D” soil, and is the same as “B” soils for woods. There are
contributing factors to the CN besides the infiltration; however, there would most likely be more
interception in wooded areas, suggesting that the difference is mostly in the soils (and perhaps in
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depression storage that may be more common in some prairie areas). Overall, this seems to
support the notion that native prairie substantially reduces infiltration capability.

5.1.2 Rainfall-Runoff Investigations

Past studies and analyses have been performed by HCFCD to better understand the rainfall
runoff relationship, and additional analysis was conducted as part of the Cypress Creek Overflow
Management Plan. These are described below.

HEC-HMS Analysis

The HCFCD maintains and manages hydrology models for each watershed that utilize the HEC-
HMS software developed by the U.S. Army Corps of Engineers. These models apply the Green
and Ampt Method, a time-based model that simulates infiltration into the soil based upon
hydraulic parameters. Some of these parameters are empirical and difficult to measure and
characterize; however, literature provides initial guidance, and the parameters were adjusted
during the calibration of the hydrologic models.

A key parameter in the computation of runoff volume from rainfall is the drainage area and the
percentage of the area that is impervious. The Green and Ampt parameters are only applied to
the percentage of the area that is pervious, as it is assumed that impervious surfaces convert
100% of the rainfall to runoff. A sensitivity comparison was performed by varying the amount of
impervious cover in the watershed. The analysis shows that, for a fully pervious watershed,
about two inches are lost (via infiltration) during a 50% (2-year) rainfall event, and about
3.5inches are lost during a 1% (100-year) rainfall event. The percentage of rainfall that converts
to runoff would vary depending on the amount of rainfall, and this computation shows that it
varies between 30% and 60% for large events (defined as those greater than a 50% or 2-year
event).

Considering the development of a single-family subdivision with an impervious cover of 50%,
about one inch is lost during a 50% (2-year) event, and almost two inches are lost during a 1%
(100-year) event. Therefore, based upon the HEC-HMS model using the Green and Ampt
method, the development of a single-family subdivision would increase the runoff volume by
1.02 inches during a 50% (2-year) event, and by 1.79 inches during a 1% (100-year) event.

A commercial or industrial development with an impervious area of 90% will have a greater
impact. For a 50% (2-year) event, only 0.2 inches are lost; and for a 1% (100-year) event, only
about 0.4 inches are lost. Based upon the HEC-HMS model using the Green and Ampt method,
the development of a commercial or industrial site would increase the runoff volume by 1.83
inches during a 50% (2-year) event, and by 3.21 inches during a 1% (100-year) event.

HCFCD Rainfall-Runoff Evaluation (R.G. Miller)

In 2012, HCFCD engaged RG Miller Engineers to evaluate observed stream flow data and to
compare the resultant runoff volume with the measured precipitation in the upstream watershed.
The report is entitled Rainfall Volume vs. Runoff Volume Evaluation Study. The goal of this
study was “to develop an improved understanding of a relationship between rainfall and runoff
for various intensity storm events.”
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The results of this analysis are presented in greater detail in Appendix B. The analysis found that
the average rainfall to runoff percentage in the Addicks Reservoir, for the full spectrum of
events, is 70%. It is difficult to correlate this value to the values in Table D4.1 in Appendix D
due to the variability in rainfall amount, percentage of impervious cover, and antecedent
moisture condition. However, the results offer no indication of conflict and generally are within
expected ranges.

The observed rainfall-runoff relationship in the Upper Cypress Creek watershed is much lower,
averaging about 41%. This is not unexpected given the unique topography of the upper Cypress
Creek watershed. This is also evident that the areas of remnant native prairie are retaining a
much greater percentage of rainfall.

Analysis of Addicks Reservoir Inflow Data, 1992

Daily pool elevation and release data from the Addicks Reservoir was collected and analyzed as
part of a study of the reservoirs described in Appendix B. The daily inflow can be reduced from
the daily pool elevation and release volume, and this inflow can be compared to measured
rainfall in the watershed. Between December 1992 and March 1993 frequent rainfalls during a
wet season resulted in the reservoir achieving its record pool elevation.

Section 3.1 of Appendix B summarizes a detailed analysis of the daily data. Among the
conclusions from this evaluation is that the rainfall-to-runoff conversion over this period was
about 75%. This is slightly higher than the R.G. Miller evaluation of 70%, but within the same
order of magnitude. Furthermore, much of the rainfall occurred during a high antecedent
moisture condition. As with the R.G. Miller study, there is no indication of conflict with previous
studies and understanding.

5.2 The Monitoring Study

Monitoring sites were located at six locations throughout the study area. Each of the monitoring
sites was used to collect precipitation, infiltration, and runoff data to attempt to quantify the
impact of native prairie vegetation on the rainfall-runoff relationship. Initial data was collected
and analyzed as part of the Cypress Creek Overflow Management Study. Additional and more
detailed methods for obtaining and calculating the results from this monitoring study can be
found in Appendix I.

5.2.1 Study Sites

Initial study activities included the identification of two representative sites for three varying
land cover types: 1) Open Space; 2) Native Prairie; and, 3) Developed (Figure 5.2). Following
aerial photographic review of candidate sites using Geographical Information Systems (GIS)
software, field reconnaissance was conducted to verify photographic signatures and to confirm
the sites to be incorporated into the study. As a result, a total of six sites were confirmed.
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Figure 5.2  Rainfall and runoff monitoring site locations

The open space land cover type, hereby referred to as the Bing and Manor sites, was identified as
areas where fallow agriculture/rice crop production has been replaced by cattle grazing, or
remains fallow. The native prairie land cover type, hereby referred to as the Upper Tucker and
Lower Tucker sites, was identified as sites where native prairie habitat preservation has been
performed. The developed land cover type was chosen from a commercial property (hereby
referred to as Kroger), and a residential development (hereby referred to as Westgate).

5.2.2 Field Measurements

On-site identification and quantification of vegetation species was conducted for each site
(Appendix ). In addition, soil types as provided by the NRCS database were sampled in the field
to verify soil descriptions (Appendices | and L).

Monitoring stations at each site were used to record rainfall and water levels (Appendix I). As
data was collected for rainfall, depth of water within a storm sewer or culvert, and the depth of
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water in an adjacent shallow groundwater well, several analytical evaluations were possible,
including determination of runoff and storage volumes; initial abstraction (la); time of
concentration (Tc); time to peak (Tp); and, antecedent moisture condition (AMC). While the
calculation of these analytical values may be achieved, as provided herein, the calculations
related to storage and runoff volumes for each distinct land cover type would be the focal
parameters for this specific research topic (Appendix I).

5.2.3 Results and Discussion

The following narrative provides a discussion of the observed field data in comparison with
standard hydrologic techniques primarily incorporated into the TR-55 Manual — Urban
Hydrology for Small Watersheds.

Curve Number

Table 5.1 presents a comparison of the CN computed from the observed data and the CN
predicted based on land use type. For the open space land use, the observed CN is lower than the
TR-55 CN tables suggest. This calculation is based upon only two events, and it is not possible
to make conclusions. It is noted that the two events were substantially different in magnitude,
with one being about 0.8 inches, and the other 4.9 inches. The larger event equates to about a
two-year event, and that is the event used as a basis for the TR-55 tables. For that particular
event, there was a closer correlation between observed and expected CN. Another consideration
is that the observed CN may be influenced by the recent land-use change from rice farming to
cattle grazing, producing the lower than expected CN from the field data.

Table 5.1 Curve number analysis
Station TR-55 Manual Field Data

Land Cover Type Designation Technique Computation
Open Space Bing 88 73

Open Space Manor 88 N/A!

Native Prairie Upper Tucker 75 N/A!

Native Prairie Lower Tucker 65 53

Developed (Commercial) | Kroger 95 97

Developed (Residential) | Westgate 87 87

! Data for Manor site suspect due to-equipment malfunction and runoff data for Upper Tucker site incalculably low.

For native prairie, the initial data is returning similar results, with an observed CN lower than the
expected CN based upon the TR-55 tables. The expected CN in Table 5-1 is based upon the
“open land” designation. As noted previously, the NRCS does not provide a specific value for
the native prairie land cover type, but the “sage-grass-sage with an understory of grass”
designation was used in lieu of a prairie vegetation designation. In the TR-55 manual, for “Group
D” soils (soils with high runoff potential) and “Good Hydrologic Conditions,” the NRCS
recommends a CN of 55, which correlates to the field data CN of 53. This is just but one
plausible explanation of this difference.
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The lower calculated CN values from field data may also be a result of direct site reconnaissance
and site-specific data collection, whereas TR-55 Manual calculations rely on average conditions
for particular land cover type. The low CN from field data may also have been due to the low
runoff in the native prairie land cover type, and could be a result of the ability of native prairie
land cover types to absorb larger amounts of runoff. In addition, the inherent ability of the native
prairie land cover type to store rainfall within its soils may result in lower CN values than the
general assumptions provided within the TR-55 Manual techniques. Another factor for
dissimilarity may be the reduced accuracy associated with low runoff (<0.5 inches) from the
Lower Tucker site.

For the developed land cover type CN, the field data was generally consistent with the TR-55
Manual for both Commercial and Residential land-use

Thus far, the initial field data CN supports the notion that native prairie land cover type
substantially increases the infiltrative capacity of the soil. A CN of 53 is extremely low
considering the sandy loam soil types found within the proposed study area (Appendix L).

Time of Concentration and Flow Path

The expected time of concentrations (Tc) for each of the open space and native prairie
monitoring stations were calculated using the TR-55 Manual techniques. These calculated
values are compared with the observed values in Table 5.2. Tc data for the developed land cover
type were not considered since their monitoring stations are located at “end of conduit” systems
that may have additional interconnectivity with other upstream systems.

Table 5.2 Time of concentration (tc) data

. . . TR-55 Technique
Land Cover Type Station Designation Tc (hr) q Calculated Tc (hr.)
Open Space Bing 1.38 1.75
Open Space Manor 2.82 1.93
Native Prairie Upper Tucker 0.65 1.31
Native Prairie Lower Tucker 0.44 0.97

For the open space land cover type, both computational method results were similar, and the
change in land-use from rice farming to cattle grazing did not substantially affect the Tc
calculated from field data calculations. For the land cover type, Tc from field data was about
twice that calculated. This indication from initial data supports the notion that native prairie
influences the overall Tc of the contributing watershed.

Initial Abstraction and Antecedent Moisture Content

The initial data was also utilized to compare the initial abstraction of rainfall, to determine the
antecedent moisture condition, and to consider the specific soil and vegetation types. These
initial evaluations are presented in greater detail in Appendix I, and are summarized below.
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The initial abstraction is the initial portion of rainfall that is removed from the system. TR-55
assumes that this value is equivalent to 20% of the total infiltrative capacity of the soil, although
this assumption has never been scientifically validated. An evaluation of the initial data shows
that observed initial abstraction was three to five times greater than that assumed by TR-55.
While it is premature to generate conclusions, a higher initial abstraction suggests that when the
soil is available to absorb rainfall, it will absorb most of the rainfall until it reaches it saturation
point, where it will then shed most of the rainfall (in contrast to a more gradual distribution of
infiltration and runoff).

Antecedent moisture condition refers to the condition of the soil at the beginning of a rainfall
event. TR-55 identifies three conditions: | (dry), Il (average), and 11l (saturated). Absent more
information for a specific analysis, TR-55 recommends the use of condition Il — and the
evaluation of the initial data supports the use of condition II.

Soil and Vegetation Influences

The analysis of the soil and vegetation is an important consideration with respect to the
individual land types. The land use classification is “static” in that it represents the current use;
however, the actual character of the land is influenced by its past uses. This was noted earlier in
the discussion of the open space, as the open space land use has converted from rice farming to
cattle grazing. All of the sites were located atop sandy loam Alfisols, which commonly features
impermeable subsoil clays and intermittent hydric conditions. The observed infiltration capacity
of the native prairie land cover type was determined to be much higher than the open space and
developed land cover types, even with the same soil cover (Appendix L). These differences may
be due to the roots of species found in the native prairie land cover type, known to extend to deep
within the soil (see Figure 5.1). The soils of open space and developed land cover types are
generally more highly compacted, which restricts root growth and reduces water infiltration rate
(Appendix L). These land cover types are able to support hardy, but shallow-rooted species
typically used for sod or forage (Appendix I). In addition, a higher percentage of bare ground
exists within open space land cover type compared to the native prairie land cover type,
providing fewer water-absorbing roots and pore spaces within the soil (Appendix I).

On a smaller scale, soil biology within the native prairie land cover type was found to be more
favorable for flood control reduction as well (Appendix L). Greater soil microbial numbers found
in soils of the native prairie land cover type equate to favorable properties such as nutrient
retention and nutrient cycling, carbon sequestration, soil moisture-holding capacity, soil structure
and porosity, and water infiltration. Since land-use modifications altered the physical and
chemical structure of soils within the open space and developed land cover types, these areas
cannot support the diverse soil biology found in the native prairie land cover type. These changes
in microbial diversity can negatively affect the vegetation composition, and ultimately the ability
of the soil to function effectively as a flood reduction tool.

Impact of Prairie Restoration

The existing HEC-HMS subarea models and a sensitivity analysis of NRCS CNs (by HCFCD)
were used to determine the potential benefits of native prairie restoration. A spreadsheet was
developed to compute potential volume decreases provided by restoration of native prairie land
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cover type based on the change in the CN. This analysis assumes an existing CN of 85 for areas
to be restored to native prairie land cover type. According to the National Engineering
Handbook, the appropriate CN for “Group D” soils for “sage-grass-sage with an understory of
grass” designation is 55. To be conservative, a reduction to 60 is assumed. The analysis was
conducted for a 50% (2-year) 24-hour rainfall, and for a 1% (100-year) 24-hour rainfall.

Presuming that native prairie land cover type would be capable of lowering the CN from 85 to
60, these calculations suggest that substantial benefit would be gained from the restoration of the
native prairie land cover type (Table VV4.6). For events up to the 2-year event, native prairie land
cover type would capture almost 100% of the runoff, and for large events, the establishment of
native prairie would be equivalent to 0.29 acre-feet per acre of detention, reducing runoff by
55% (Table 5.3).

Table 5.3 NRCS curve number reduction in volume
50% (2-yr Event) 1% (100-yr Event)

Existing CN 85 85
Existing Precipitation (in.) 2.01in 12.0in
Existing Runoff (in.) 0.80in 10.08 in
Existing Runoff (% Precipitation) 40% 84%
Proposed CN 60 60
Proposed Precipitation (in.) 2.0in 12.0in
Proposed Runoff (in.) 0.06 in 6.56 in
Proposed Runoff (% Precipitation) | 3% 55%
Additional Losses (in.) 0.74 in 3.52in
Additional Losses (ac-ft/ac) 0.06 ac-ft/ac 0.29 ac-ft/ac
Additional Losses (ac-ft/1000 ac) 62 ac-ft 293 ac-ft

Initial Conclusions

The data gathered and analyzed throughout 2013 initially support the hypothesis that the native
prairie land cover type has a significant impact on stormwater runoff volume. However, in order
to achieve necessary significance, data must be recorded for a period longer than one year. As an
interim measure, study efforts throughout the first year were reviewed and initial data was
analyzed. Based upon limited data that has been collected and literature review that has been
performed, it appears that one acre of prairie would increase the infiltration capacity of
undeveloped land by 3.52 inches in a 100-year flood event (Table 5.3). The restoration of one
acre of prairie would offset the volume impact of about two acres of a single-family subdivision,
or about one acre of commercial or retail development. These changes in hydrology appear to be
driven by the theory that native prairie vegetation increases the infiltrative capacity of soil. A
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reduction in flood control benefits due to the altered soil and vegetation composition are most
likely a result of land-use modifications such as agriculture, ranchland, residential or commercial
development.

Ideally, conserving existing high-quality native coastal prairie will preserve the flood reduction
characteristics of the native prairie land cover type. Unfortunately, few areas of high-quality
coastal prairie remain, as the majority of land within the proposed study area has been converted
to agricultural or ranch land (Figure 5.3). Furthermore, no additional flood reduction benefits
will be achieved by preserving existing high-quality coastal prairie, as these ecological services
are currently functioning. The most effective flood reduction benefits will be achieved by the
restoration of land parcels that hold the greatest uplift, such as “intermediate” and “low” quality
Coastal Prairie (Figure 5.4), or open space land cover type that has been left fallow. Conversion
of large amounts of these lands to the native prairie land cover type could significantly slow and
absorb runoff during flood events. Preferred areas for prairie restoration are discussed further in
Section 6.

Figure 5.3  Land use in the study area (Source: Houston-Galveston Area Council)
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Figure 5.4  Ecological type and quality (Source: Houston-Galveston Area Council)

Modifications to the existing hydrologic models to reflect changing land uses are explored in
more detail in Appendix I. The importance of using site-specific field observations in lieu of
global assumptions may provide hydrologists with a useful data set for which watershed-based
approaches to storage and effective runoff values could be incorporated into future watershed
analyses. However, additional field data should be gathered and evaluated prior to their
application towards hydrologic modeling. Additional data may provide conclusive results to
confidently support the hydrologic principles based upon this concept, which may be achieved
with an additional five years of data collection.
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6 ldentifying Critical Conservation Areas

Based upon the conservation objectives of this study, a list of criteria was developed to aid in the
identification of critical conservation areas in the study area. The selection criteria are a
combination of interdependent ecological principles and engineering concepts/requirements. The
criteria will be used to identify areas that have a high conservation value, and can be used as a
guide in the management of land parcels associated with the Cypress Creek Overflow
Management Plan.

6.1 Methodology

In order to identify the condition of land parcels the proposed study area, multi-spectral and
infrared photography was used for large-scale land cover classification, while field signatures,
raster based image analysis, and ground-truthing allowed for classification of soils and land
cover differentiation. Light Detection and Ranging (LiDAR) was used to gather topographic
information and conveyance zone data about the study area, which was laid over land-use
information. Potential wetland areas were mapped using existing data from the National Wetland
Inventory and HCFCD databases, while additional mapping of land cover type and ecological
quality was accessed through the Houston-Galveston Area Council’s GIS database.

Each of the criteria was given a “high” or “moderate” priority ranking based on its conservation
potential. A site suitability score was produced for each land parcel, depending on the number of
criteria it met and the weight of its priority ranking. A score (0-3 scale) was awarded to each land
parcel, with three (3) being the highest score and, zero (0) being the lowest. Land parcels with
the highest site suitability score were given priority with regard to the preservation and
expansion of existing floodplains, improvement and conservation of ecological quality, and the
creation of passive recreation and wetland mitigation bank opportunities.

6.2 Conservation Criteria

The criteria that were developed to identify and prioritize potential critical conservation areas in
the study area included:

Land Connectivity
Ecological Type and Quality
Potential for Prairie Restoration
Potential for Passive Recreation
Potential for Wetland Mitigation Bank
a. Ability to Support Wetland or Upland Species
b. Presence of Hydric Soils
c. Preferable Hydrology
Aesthetic Quality
7. Absence of Current Residential or Commercial Development

agrwdE

S

These criteria, and the basis for their priority ranking, are defined further in Appendix J.
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6.3 Results and Discussion

Based on the priority ranking exercise, Management Plans 3 and 5 both have a significant
amount of land identified as “critical conservation area.” Approximately 7,800 acres of land
within the Management Plan 3 and Management Plan 5 project areas were awarded a site
suitability score of 3, which was the score identified with “critical conservation areas.” This
means that the land scored high on the majority of the conservation criteria outlined in Section
6.2, and is considered ideally suited for environmental restoration for the purposes of flood
control management, preservation of environmental habitat or wetland characteristics, or societal
enhancement. Of the 7,800 acres identified as critical conservation areas, approximately 60%
(4,690 acres) are currently managed as conservation land or held under conservation easements.
The remainder of the identified acreage is not currently utilized for conservation and
preservation purposes.

approximately 2,060 acres of land identified as critical conservation area in Management Plan 3
is located in the Mound Creek Reservoir and conservation/collection area described in Section
4.3.2 (Table 6.1). Approximately 1,240 acres is currently managed by the landowner as
conservation land or has an existing conservation easement. The critical conservation areas
located within Management Plan 3 offer a high potential for a wetland mitigation banking
opportunity as well as for passive recreation. High quality coastal prairie and bottomland forest
are found within the identified critical conservation area located near and adjacent to this
management plan. Figure 6.1 illustrates the identified critical conservation areas and their
proximity to the project area identified in Management Plan 3: Mound Creek Reservoir with
Overflow Conveyance “B”.
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Figure 6.1  Critical conservation area within and adjacent to Management Plan 3:
Mound Creek Reservoir with Overflow Conveyance “B”

Table 6.1 Critical conservation areas for Management Plan 3

Critical Conservation Under Current | Mitigation Bank | Recreation
County | Area Acreage Conservation Ranking Potential
Waller 1,212 Yes High Potential Yes
Harris 28 Yes Low Potential Yes
Harris 803 No High Potential Yes
Harris 13 No Medium Potential | No

Management Plan 5 presents the greatest opportunity for conservation with approximately 5,740
acres of land identified as critical conservation area within the Katy-Hockley N — Cypress
Reservoir (Section 4.3.2) (Table 6.2). Approximately 3,440 acres of identified critical
conservation areas are currently managed as conservation land or held under conservation
easements. Approximately 5,340 acres were identified as having potential for passive recreation,
while 2,810 acres are considered to have high or medium potential for a wetlands mitigation
bank. Intermediate and lower quality coastal prairie was the most prevalent ecological type and
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quality; however, this presents the greatest opportunity for prairie restoration, and the potential
flood control benefits that the native coastal prairie may possess. Figure 6.2 illustrates the
proximity of the identified critical conservation areas and their proximity to the project are
identified in Management Plan 5: Katy-Hockley N-Cypress Reservoir.

Figure 6.2  Critical conservation area within and adjacent to Management Plan 5: Katy-
Hockley N-Cypress Reservoir
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Table 6.2 Critical conservation areas for Management Plan 5

Critical Conservation Under Current | Mitigation Bank | Recreation
County Area Acreage Conservation Ranking Potential
Harris 839 Yes High Potential Yes
Harris 8 Yes Medium Potential | Yes
Harris 2,474 Yes Low Potential Yes
Harris 117 Yes Low Potential No
Waller 1,092 No High Potential Yes
Harris 725 No High Potential Yes
Harris 111 No Medium Potential | Yes
Harris 31 No Medium Potential | No
Harris 95 No Low Potential Yes
Harris 246 No Low Potential No
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7 Analysis of Costs and Benefits

This section describes and summarizes the development of cost estimates and a benefit-cost
analysis for the two alternative management plans developed as part of the Cypress Creek
Overflow Management Plan study process. The development of planning level cost estimates for
each of these alternatives is summarized, as well as the determination of the benefits provided by
each. A benefit-to-cost relationship is also presented for each of the management plans. A
comprehensive presentation is provided in Appendix E.

7.1 Cost Estimates

Planning level cost estimates were developed throughout the formulation of the various options
presented earlier in this report. Costs were developed for the original “bookend” strategies and
six alternative plans described in Appendix C. Cost estimates were developed in slightly greater
detail for the final two recommended plans. Those two cost estimates are described below.

7.1.1 Plan 3 Cost Estimates

Two versions of the Plan 3 cost estimate were developed. The initial version is the total cost of
the plan. The second version is the total cost of the plan assuming in-kind contributions by
conservation interests and through development activity. These in-kind contributions are
discussed in Section 8 and in Appendix F.

Plan 3 Total Cost

Plan 3 is estimated to cost approximately $271 million. This includes $117 million in land costs,
$126 million in construction costs and $28 million in professional fees. Table 7.1 summarizes
the cost estimate by project element.
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Table 7.1 Plan 3 cost estimate - full cost

Element 1 - Initial Collection Area

No. | Item Quantity | Unit | Unit Price | Cost Totals
L3 | 7,000" Corridor 70 ac $30,000 $2,100,000
L2 | Collection Channels 215 ac $22,500 $4,837,500
L8 | Temporary Flood Esmt - Private 1580 ac $5,625 $8,887,500
L6 | Temporary Flood Esmt - Hornberger 415 ac $0 $0
Total - Land $15,825,000
E2 | Collection Channel Excavation 785,000 cy $8 $2,335,000
D5 | Backslope Drains 20,000 If $25 $500,000
E2 | Daylight/Bear Crk Channel Excavation 739,400 cy $7.5 $5,545,500
R3 | Katy-Hockley Road 1 ea $1,500,000 | $1,500,000
Maintain Irrigation 5 ea $150,000 $750,000
Subtotal - Construction $10,650,000
25% Contingency 25% $2,662,625
Total - Construction $13,313,125
Engineering/Design 8% $1,065,050
Environmental/Permitting/ROW 4% $532,525
Construction Management 10% $1,331,312
Total - Professional $2,928,888
ELEMENT 1-TOTAL $32,067,013
Element 2 - Bear Creek Channel
No. | Item Quantity | Unit | Unit Price | Cost Totals
L3 | Land 295 ac $30,000 $8,850,000
Total - Land $8,850,000
E2 | Channel Excavation 2,059,800 | cy $7.5 $15,448,500
R3 | Longenbaugh Road 1 ea $1,500,000 | $1,500,000
R4 | FM 529 1 ea $3,000,000 | $3,000,000
R3 | Stockdick School Rd 1 ea $1,500,000 | $1,500,000
R6 | Major Natural Gas Pipelines 5 ea $1,000,000 | $5,000,000
D7 | Transition to Downstream 1 ea $500,000 $500,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 50 ac $7,000 $350,000
S3 | Silt Fence 14,000 If $2 $28,000
S4 | Care and Control of Water 7,000 If $30 $210,000
S5 | Hydromulch 50 ac $3,000 $150,000
D5 | Backslope Drains 7,000 If $25 $175,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 180 ac $7,000 $1,260,000
S3 | Silt Fence 39,000 If $2 $78,000
S4 | Care and Control of Water 19,500 If $30 $585,000
S5 | Hydromulch 180 ac $3,000 $540,000
D5 | Backslope Drains 19,500 If $25 $487,500
M1 | Stream Mitigation 26,500 If $250 $6,625,000
Subtotal - Construction $37,637,000
25% Contingency 25% $9,409,250
Total - Construction $47,046,250
Engineering/Design 8% $3,763,700
Environmental/Permitting/ROW 4% $1,881,850
Construction Management 10% $4,704,625
Total - Professional $10,350,175
ELEMENT 2 TOTAL $66,246,425
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Table 7.1 (Continued)

Plan 3 cost estimate - full cost

Element 3 - JPL Landing Detention

No. | Item Quantity | Unit | UnitPrice | Cost Totals
L3 | Upper Langham Collection 55 ac $30,000 $1,650,000
Total - Land $1,650,000
E2 | Channel Excavation 289,900 cy $7.5 $2,174,250
D6 | JPL Control Structure 1 ea $250,000 $250,000
E2 | Detention Excavation 800,000 cy $7.5 $6,000,000
Subtotal - Construction $8,174,250
25% Contingency 25% $2,043,563
Total - Construction $10,530,313
Engineering/Design 8% $842,425
Environmental/Permitting/ROW 4% $421,213
Construction Management 10% $1,053,031
Total - Professional $2,316,669
ELEMENT 3 TOTAL $14,496,981
Element 4 - Conservation/Collection Area
No. | Item Quantity | Unit | Unit Price | Cost Totals
L2 | Collection Channels 90 ac $22,500 $2,025,000
L9 | Convert Temp Esmt to Permanent 1,580 ac $16,875 $26,662,500
L6 | County Land 440 ac $0 $0
Total - Land $28,687,500
E1 | Excavation 1,573,800 | cy $3 $4,721,400
D5 | Back Slope Drains 13,000 If $25 $325,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 Clear and Grub 230 ac $7,000 $1,610,000
S3 Silt Fence 33,000 If $2 $66,000
S5 | Hydromulch 230 ac $3,000 $690,000
S8 | Construction Entrance 3 ea $5,000 $15,000
Subtotal - Construction $7,527,400
25% Contingency 25% $1,881,850
Total - Construction $9,409,250
Engineering/Design 8% $752,740
Environmental/Permitting/ROW 4% $282,278
Construction Management 10% $940,925
Total - Professional $1,975,943
ELEMENT 4 TOTAL $40,072,693
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Table 7.1 (Continued)

Plan 3 cost estimate - full cost

Element 5 - Mound Creek Storage

No. Item Quantity Unit | Unit Price | Cost Totals
L2 Land value B 1,520 ac $22,500 $34,200,000
L5 Conservation land 2,245 ac $12,500 $28,062,500
Total - Land $62,262,500
E6 Key Trench Excavation 106,950 cy $7.5 $802,125
E5 Embankment 1,236,950 cy $15 $18,554,250
D2 Mound Crk Outfall Rip-Rap/Slope Paving | 15,000 sy $125 $1,875,000
D3 Spillway 52,000 If $250 $13,000,000
D1 Live Oak 200 If 1-6'x6' box 7,200 sf-If | $15 $108,000
E2 Live Oak Excavation 267 cy $7.5 $2,000
D2 Live Oak Rip-Rap/Slope Paving 1,733 sy $125 $216,666
S1 Mobilization 1 ea $100,000.0 | $100,000
S2 Clear and Grub 190 ac $7,000 $1,330,000
S3 Silt Fence 27,500 If $2 $55,000
S5 Hydromulch 190 ac $3,000 $570,000
S8 Construction Entrance 3 ea $5,000 $15,000
M1 Stream Mitigation 1,000 If $250 $250,000
Subtotal - Construction $36,878,041
25% Contingency 25% $9,219,510
Total - Construction $46,097,552
Engineering/Design 8% $3,687,804
Environmental/Permitting/ROW 4% $1,843,902
Construction Management 10% $4,609,755
Total - Professional $10,141,461
ELEMENT 5 TOTAL $118,501,513
Plan Totals
Land $117,275,000
Construction | $126,396,489
Professional $27,713,135
TOTAL PLAN COST $271,384,624

Plan 3 Effective Cost (With In-Kind Contributions)

With in-kind contributions from the conservation and development communities, Plan 3 is
estimated to cost approximately $178 million. This includes $79 million in land costs, $79
million in construction costs and $20 million in professional fees. Table 7.2 summarizes the cost
estimate by project element.
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Table 7.2 Plan 3 cost estimate — with in-kind contributions
Element 1 - Initial Collection Area
No. | Item Quantity | Unit | Unit Price Cost Totals
L3 | 7,000" Corridor 70 ac $30,000 $2,100,000
L2 | Collection Channels 215 ac $22,500 $4,837,500
L8 | Temporary Flood Esmt - Private 1580 ac $5,625 $8,887,500
L6 | Temporary Flood Esmt - Hornberger 415 ac $0 $0
Total - Land $15,825,000
E2 | Collection Channel Excavation 785,000 cy $8 $5,887,500
E2 | Daylight/Bear Crk Channel Excavation 739,400 | cy $8 $5,545,500
D5 | Backslope Drains 20,000 If $25 $500,000
R3 | Katy-Hockley Road 1 ea $1,500,000 $1,500,000
Maintain Irrigation 5 ea $150,000 $750,000
Subtotal - Construction $14,183,000
25% Contingency 25% $3,545,750
Total - Construction $17,728,750
Engineering/Design 8% $1,418,300
Environmental/Permitting/ROW 4% $709,150
Construction Management 10% $1,772,875
Total - Professional $3,900,325
ELEMENT 1-TOTAL $37,454,075
Element 2 - Bear Creek Channel
No. | Item Quantity | Unit | Unit Price Cost Totals
L7 Land Dedicated by Dev 295 ac $0 $0
Total - Land $0
Al | Channel Excavation 2,059,800 | 0 $0.0 $0
Al | Longenbaugh Road 1 0 $0 $0
R4 | FM 529 1 ea $3,000,000 $3,000,000
Al | Stockdick School Rd 1 0 30 $0
Al | Major Natural Gas Pipelines 5 0 $0 $0
D7 | Transition to Downstream 1 ea $500,000 $500,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 50 ac $7,000 $350,000
S3 | Silt Fence 14,000 If $2 $28,000
S4 | Care and Control of Water 7,000 If $30 $210,000
S5 | Hydromulch 50 ac $3,000 $150,000
D5 | Backslope Drains 7000 If $25 $175,000
Al | Mobilization 1 0 $0 $0
Al | Clear and Grub 180 0 30 $0
Al | Silt Fence 39,000 0 $0 $0
Al | Care and Control of Water 19,500 0 $0 $0
Al | Hydromulch 180 0 $0 $0
Al | Backslope Drains 19,500 0 $0 $0
M1 | Stream Mitigation 7,000 If $250 $1,750,000
Al | Stream Mitigation 19,500 0 $0 $0
Subtotal - Construction $6,263,000
25% Contingency 25% $1,565,750
Total - Construction $7,828,750
Engineering/Design 8% $626,300
Environmental/Permitting/ROW 4% $313,150
Construction Management 10% $782,875
Total - Professional $1,722,325
ELEMENT 2 TOTAL $9,551,075
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Table 7.2 (Continued)

Plan 3 cost estimate — with in-kind contributions

Element 3 - JPL Landing Detention

No. | Item Quantity | Unit | Unit Price Cost Totals
L7 | Upper Langham Collection 55 ac $0 $0
Total - Land 30
D6 | JPL Control Structure 1 ea $250,000 $250,000
E2 | Detention Excavation 800,000 cy $7.5 $6,000,000
Subtotal - Construction $6,250,000
25% Contingency 25% $1,565,750
Total - Construction $7,828,750
Engineering/Design 8% $625,000
Environmental/Permitting/ROW 4% $312,500
Construction Management 10% $781,250
Total - Professional $1,718,750
ELEMENT 3 TOTAL $9,531,250
Element 4 - Conservation/Collection Area
No. | Item Quantity | Unit | Unit Price Cost Totals
L2 | Collection Channels 90 ac $22,500 $2,025,000
L9 | Convert Temp Esmt to Permanent 1,580 ac $16,875 $26,662,500
L6 | County Land 440 ac $0 $0
Total - Land $28,687,500
E1 | Excavation 1,573,800 | cy $3 $4,721,400
D5 | Back Slope Drains 13,000 If $25 $325,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 230 ac $7,000 $1,610,000
S3 Silt Fence 33,000 If $2 $66,000
S5 | Hydromulch 230 ac $3,000 $690,000
S8 | Construction Entrance 3 ea $5,000 $15,000
Subtotal - Construction $7,527,400
25% Contingency 25% $1,881,850
Total - Construction $9,409,250
Engineering/Design 8% $752,740
Environmental/Permitting/ROW 4% $376,370
Construction Management 10% $940,925
Total - Professional $2,070,035
ELEMENT 4 TOTAL $40,166,785
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Plan 3 cost estimate — with in-kind contributions

Element 5 - Mound Creek Storage

No. Item Quantity | Unit | Unit Price | Cost Totals
L2 Land value B 1,520 ac $22,500 $34,200,000
L7 Conservation land 2,245 ac $0 $0
Total - Land $34,200,000
E6 Key Trench Excavation 106,950 cy $7.5 $802,125
E5 Embankment 1,236,950 | cy $15 $18,554,250
Mound Crk Outfall Rip-Rap/Slope
D2 Paving 15,000 sy $125 $1,875,000
D3 Spillway 52,000 If $250 $13,000,000
D1 Live Oak 200 If 1-6'x6' box 7,200 sf-If $15 $108,000
E2 Live Oak Excavation 267 cy $7.5 $2,000
D2 Live Oak Rip-Rap/Slope Paving 1,733 sy $125 $216,666
$100,00
S1 Mobilization 1 ea 0.0 $100,000
S2 Clear and Grub 190 ac $7,000 $1,330,000
S3 Silt Fence 27,500 If $2 $55,000
S5 Hydromulch 190 ac $3,000 $570,000
S8 Construction Entrance 3 ea $5,000 $15,000
M1 Stream Mitigation 1,000 If $250 $250,000
Subtotal - Construction $36,878,041
25% Contingency 25% $9,219,510
Total - Construction $46,097,552
Engineering/Design 8% $3,687,804
Environmental/Permitting/ROW 4% $1,843,902
Construction Management 10% $4,609,755
Total - Professional $10,141,461
ELEMENT 5 TOTAL $90,439,013
Plan Totals
Land $78,712,500
Construction | $79,467,552
Professional $19,552,896
TOTAL PLAN COST $177,732,948

7.1.2 Plan 5 Cost Estimates

Two versions of the Plan 5 cost estimate were developed. The initial version is the total cost of
the plan. The second version is the total cost of the plan assuming in-kind contributions by
potential partners. These in-kind contributions are discussed in Section 8 and in Appendix F.

Plan 5 Full Cost

Plan 5 is estimated to cost approximately $369 million. This includes $206 million in land costs,
$134 million in construction costs and $29 million in professional fees. Table 7.3 summarizes
the cost estimate by project element.
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Table 7.3 Plan 5 cost estimate - full cost
Element 1 - Initial Collection Area
No | Item Quantity | Unit Unit Price Cost Totals
L3 | 7,000 Corridor 70 ac $30,000 $2,100,000
L2 | Collection Channels 285 ac $22,500 $6,412,500
L8 | Temporary Flood Esmt - Private 1580 ac $5,625 $8,887,500
L6 | Temporary Flood Esmt - Hornberger 415 ac $0 $0
Total - Land $17,400,000
E2 | Collection Channel Excavation 785,000 cy $7.5 $5,887,500
E2 | Daylight/Bear Crk Channel Excavation 739,400 cy $7.5 $5,545,500
Maintain Irrigation 5 ea $150,000 $750,000
Subtotal - Construction $12,183,000
25% Contingency 25% $3,045,750
Total - Construction $15,228,750
Engineering/Design 8% $1,218,300
Environmental/Permitting/ROW 4% $609,150
Construction Management 10% $1,522,875
Total - Professional $3,350,325
ELEMENT 1-TOTAL $35,979,075
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Plan 5 cost estimate - full cost

Element 2 - Bear Creek Channel

No | Item Quantity | Uni | UnitPrice Cost Totals
L3 Land 295 ac $30,000 $8,850,000
Total - Land $8,850,000
E2 | Channel Excavation 2,059,800 | cy $7.5 $15,448,500
R3 | Longenbaugh Road 1 ea $1,500,000 $1,500,000
R4 | FM 529 1 ea $3,000,000 $3,000,000
R3 | Stockdick School Rd 1 ea $1,500,000 $1,500,000
R6 | Major Natural Gas Pipelines 5 ea $1,000,000 $5,000,000
D7 | Transition to Downstream 1 ea $500,000 $500,000
S1 | Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 50 ac $7,000 $350,000
S3 Silt Fence 14,000 If $2 $28,000
S4 | Care and Control of Water 7,000 If $30 $210,000
S5 | Hydromulch 50 ac $3,000 $150,000
D5 | Backslope Drains 7,000 If $25 $175,000
S1 Mobilization 1 ea $100,000 $100,000
S2 | Clear and Grub 180 ac $7,000 $1,260,000
S3 Silt Fence 39,000 If $2 $78,000
S4 | Care and Control of Water 19,500 If $30 $585,000
S5 Hydromulch 180 ac $3,000 $540,000
D5 | Backslope Drains 19,500 If $25 $487,500
M1 | Stream Mitigation 26,500 If $250 $6,625,000
S1 Mobilization 1 ea $100,000 $100,000
E2 | Channel Excavation 80,000 cy $7.5 $600,000
D5 | Backslope Drains 10,000 If $25 $250,000
S3 Silt Fence 20,000 If $2 $40,000
S5 | Hydromulch 28 ac $3,000 $84,000
D1 | Remove Ex Structure 1 ea $50,000 $50,000
R7 | Adjust Bridges at Fry and W Little Yk 2 ea $250,000 $500,000
Subtotal - Construction $39,261,000
25% Contingency 25% $9,815,250
Total - Construction $49,076,250
Engineering/Design 8% $3,926,100
Environmental/Permitting/ROW 4% $1,963,050
Construction Management 10% $4,907,625
Total - Professional $10,796,775
ELEMENT 2 TOTAL $68,723,025
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Table7.3 (Continued)

Plan 5 cost estimate - full cost

Element 3 - JPL Landing Detention

No |[Item Quantity Unit  |Unit Price  |Cost [Totals
L3 Upper Langham Collection 55 ac $30,000 $1,650,000
Total - Land $1,650,000
E2 |Channel Excavation 6 cy $7.5 $2,174,250
E2 |Detention Excavation 800,000 cy $7.5 $6,000,000
D6 JPL Control Structure il ea $250,000 $250,000
Subtotal - Construction $8,174,250
25% Contingency 25% $2,043,563
Total - Construction $10,530,313
Engineering/Design 8% $842,425
Environmental/Permitting/ROW 4% $421,213
Construction Management 10% $1,053,031
Total - Professional $2,316,669
ELEMENT 3 TOTAL $14,496,981
Element 4 - Acquire Land for KH N-Cypress Storage
No |[ltem Quantity Unit  |Unit Price  |Cost [Totals
L2 |Land value B 3536 ac $22,500 $79,560,000
L4 |Conservation land 5,725 ac $12,500 $71,562,500
L6 [County Land 415 ac $0 $0
L9 |Land Value B Convert Temp Esmt to Perm 1584 ac $16,875 $26,730,000
Total - Land $177,852,500
[Total - Construction $0
Engineering/Design 8% $0
Environmental/Permitting/ROW 4% $0
Construction Management 10% $0
[Total - Professional $0
ELEMENT 4 TOTAL $177,852,500
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Table7.3 (Continued) Plan 5 cost estimate - full cost

Element 5 - Construct KH N-Cypress Storage

Unit
No. Item Quantity Unit | Price Cost Totals
Total - Land $0
El Channel Excavation (Res. Balance Chnl) | 197,800 | cy $3 $593,400
E6 Key Trench Excavation 89,800 cy $7.5 $673,500
E5 Embankment 788,200 cy $15 $11,823,000
D2 Cypress Outlet - riprap/slope paving 13,300 sy $125 $1,662,500
D3 Cypress Spillway 18,667 If $250 $4,666,750
D3 Bear Creek Spillway 18,667 If $250 $4,666,750
El Channel Excavation (Res. Balance Chnl) | 197,800 | cy $3 $593,400
sf-
D1 S Mayde Crk- 200 If 1-6'x8" hox 9,600 If $15 $144,000
E2 S Mayde Excavation 356 cy $7.5 $2,667
D2 S Mayde Rip-Rap/Slope Paving 1,733 sy $125 $216,667
sf-
D1 Balance Structure 50 If 9-6x6 box 16,200 If $15 $243,000
D11 Balance Structure Backflow Prevention 6 ea $300,000 $1,800,000
E5 Road Emb - Warren Rnch, Hebert 380,000 | cy $15 $5,700,000
sf-
D1 Road Culvert - Warren Rnch, Hebert 180,000 | If $15 $2,700,000
L2 Add ROW - Warren Rnch, Hebert 41 ac $22,500 $922,500
Add Pvmt - Warren Rnch, Hebert 120,000 sy $50 $6,000,000
S1 Mobilization 1 ea $100,000 $100,000
S2 Clear and Grub 400 ac $7,000 $2,800,000
S3 Silt Fence 53,900 If $2 $107,800
S5 Hydromulch 400 ac $3,000 $1,200,000
S8 Construction Entrance 3 ea $5,000 $15,000
M1 Stream Mitigation 3,000 If $250 $750,000
Subtotal - Construction $47,380,933
25% Contingency 25% $11,845,233
Total - Construction $59,226,167
Engineering/Design 8% $4,738,093
Environmental/Permitting/ROW 4% $2,369,047
Construction Management 10% $5,922,617
Total - Professional $13,029,757
ELEMENT 5 TOTAL $72,255,923
Plan Totals
Land $205,752,500
Construction $134,061,479
Professional $29,493,525
TOTAL PLAN COST $369,307,505

Plan 5 Effective Cost (With In-Kind Contributions)

With in-kind contributions from the conservation and development communities, Plan 5 is
estimated to cost approximately $243 million. This includes $124 million in land costs, $98
million in construction costs, and $21 million in professional fees. Table 7.4 summarizes the
cost estimate, by project element.
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Table 7.4

Plan 5 cost estimate — with in-kind contributions

Element 1 - Initial Collection Area

No. | Item Quantity | Unit | Unit Price Cost Totals
L3 7,000' Corridor 70 ac $30,000 $2,100,000
L2 Collection Channels 285 ac $22,500 $6,412,500
L8 | Temporary Flood Esmt - Private 1580 ac $5,625 $8,887,500
L6 Temporary Flood Esmt - Hornberger 415 ac $0 $0
Total - Land $17,400,000
E2 Collection Channel Excavation 785,000 cy $7.5 $5,887,500
E2 Daylight/Bear Crk Channel Excavation 739,400 cy $7.5 $5,545,500
Maintain Irrigation 5 ea $150,000 $750,000
Subtotal - Construction $12,183,000
25% Contingency 25% $3,045,750
Total - Construction $15,228,750
Engineering/Design 8% $1,218,300
Environmental/Permitting/ROW 4% $609,150
Construction Management 10% $1,522,875
Total - Professional $3,350,325
ELEMENT 1-TOTAL $35,979,075
Element 2 - Bear Creek Channel
No. | Item Quantity | Unit | Unit Price Cost Totals
L7 Land 295 ac $0 $0
Total - Land $0
Al | Channel Excavation 2,059,800 | O $0 $0
Al Longenbaugh Road 1 0 $0 $0
R4 | FM 529 1 ea $3,000,000 $3,000,000
Al | Stockdick School Rd 1 0 $0 $0
Al Major Natural Gas Pipelines 5 0 $0 $0
D7 | Transition to Downstream 1 ea $500,000 $500,000
S1 Mobilization 1 ea $100,000 $100,000
S2 Clear and Grub 50 ac $7,000 $350,000
S3 Silt Fence 14,000 If $2 $28,000
S4 Care and Control of Water 7,000 If $30 $210,000
S5 Hydromulch 50 ac $3,000 $150,000
D5 | Backslope Drains 7,000 If $25 $175,000
Al | Mobilization 1 0 $0 $0
Al | Clear and Grub 180 0 $0 $0
Al | Silt Fence 39,000 0 $0 $0
Al | Care and Control of Water 19,500 0 $0 $0
Al Hydromulch 180 0 $0 $0
Al | Backslope Drains 19,500 0 $0 $0
M1 | Stream Mitigation 7,000 If $250 $1,750,000
Al | Stream Mitigation 19,500 0 $0 $0
S1 Mobilization 1 ea $100,000 $100,000
E2 Channel Excavation 80,000 cy $3 $600,000
D5 | Backslope Drains 10000 If $25 $250,000
S3 Silt Fence 20,000 If $2 $40,000
S5 Hydromulch 28 ac $3,000 $84,000
D12 | Remove Ex Structure 1 ea $50,000 $50,000
R7 | Adjust Bridges at Fry and W Little Yk 2 ea $250,000 $500,000
Subtotal - Construction $7,887,000
25% Contingency 25% $1,971,750
Total - Construction $9,858,750
Engineering/Design 8% $788,700
Environmental/Permitting/ROW 4% $394,350
Construction Management 10% $985,875
Total - Professional $2,168,925
ELEMENT 2 TOTAL $12,027,675
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Table7.4 (Continued) Plan 5 cost estimate — with in-kind contributions
Element 3 - JPL Landing Detention
No. | Item Quantity | Unit | Unit Price | Cost Totals
L7 Upper Langham Collection 55 ac $0 $0
Total - Land $0
Al | Channel Excavation 289,900 | 0 $0.0 $0
E2 | Detention Excavation 800,000 | cy $7.5 $6,000,000
D6 | JPL Control Structure 1 ea $250,000 $250,000
Subtotal - Construction $6,250,000
25% Contingency 25% $1,562,500
Total - Construction $7,812,500
Engineering/Design 8% $625,000
Environmental/Permitting/ROW 4% $312,500
Construction Management 10% $781,250
Total - Professional $1,718,7500
ELEMENT 3 TOTAL $9,531,250
Element 4 - Acquire Land for KH N-Cypress Storage
No. | Item Quantity | Unit | Unit Price | Cost Totals
L2 | Land value B 3536 ac $22,500 $79,560,000
L3 | Land value C 0 ac $30,000 $0
L7 | Conservation land 5,725 ac $0 $0
L6 | County Land 415 ac $0 $0
L9 | Land Value B Convert Temp Esmt to Perm 1,584 ac $16,875 $26,730,000
Total - Land $106,290,000
Total - Construction $0
Engineering/Design 8% $0
Environmental/Permitting/ROW 4% $0
Construction Management 10% $0
Total - Professional $0
ELEMENT 4 TOTAL $106,290,000
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Table7.4 (Continued)

Plan 5 cost estimate — with in-kind contributions

Element 5 - Construct KH N-Cypress Storage

No. Item | Quantity [ Unit [ Unit Price | Cost Totals
Total - Land $0
El Channel Excavation (Res. Balance Chnl) | 197,800 | cy $3 $593,400
E6 Key Trench Excavation 89,800 cy $7.5 $673,500
E5 Embankment 788,200 | cy $15 $11,823,000
D2 Cypress Outlet - riprap/slope paving 13,300 sy $125 $1,662,500
D3 Cypress Spillway 18,667 If $250 $4,666,750
D3 Bear Crk Spillway 18,667 If $250 $4,666,750
E1l Channel Excavation (Res. Balance Chnl) | 197,800 | cy $3 $593,400
D3 Spillway 18,667 If $250 $4,666,667
D1 S Mayde Crk- 200 If 1-6'x8" box 9,600 sf-If $15 $144,000
E2 S Mayde Excavation 356 cy $8 $2,667
D2 S Mayde Rip-Rap/Slope Paving 1,733 sy $125 $216,667
D1 Balance Structure 50 If 9-6x6 box 16,200 sf-If $15 $243,000
D11 Balance Structure Backflow Prevention 6 ea 300,000 $1,800,000
E5 Road Emb - Warren Rnch, Hebert 380,000 cy $15 $5,700,000
D1 Road Culvert - Warren Rnch, Hebert 180,000 | sf-If $15 $2,700,000
L2 Add ROW - Warren Rnch, Hebert 41 ac $22,500 $922,500
Add Pvmt - Warren Rnch, Hebert 120,000 | sy $50 $6,000,000
S1 Mobilization 1 ea 100,000 $100,000
S2 Clear and Grub 400 ac $7,000 $2,800,000
S3 Silt Fence 53,900 If $2 $107,800
S5 Hydromulch 400 ac $3,000 $1,200,000
S8 Construction Entrance 3 ea $5,000 $15,000
M1 Stream Mitigation 3,000 If $250 $750,000
Subtotal - Construction $52,047,600
25% Contingency 25% $13,011,900
Total - Construction $69,059,500
Engineering/Design 8% $5,204,760
Environmental/Permitting/ROW 4% $2,602,380
Construction Management 10% $6,505,950
Total - Professional $143,313,090
ELEMENT 5 TOTAL $79,372,590
Plan Totals
Land $123,690,000
Construction $97,959,500
Professional $21,551,090
TOTAL PLAN COST $243,200,590

7.2  Benefit-Cost Analysis

The purpose of the benefit-cost analysis is to identify specific benefits of the respective plans,
quantify them monetarily, and compare them to project costs in the form of a benefit-cost ratio.
Some benefits, such as flood damages avoided, can be directly determined. However, this can be
more difficult with other benefit categories, such as ecological benefits. This section describes
the benefit categories and the determination of economic benefits, as well as the computation of

a benefit-cost relationship for each plan.
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7.2.1 Benefit Categories

Both plans provide benefits by 1) decreasing structural flooding in the overflow area, 2)
increasing the economic value of the land manifest in development potential; 3) providing
contiguous green space and increasing the conservation footprint; 4) providing protection for
Addicks Reservoir via new development policy; and, 5) providing recreational opportunities.

The various benefit sections are described below, along with the quantification for each of the
two plans.

Flood Damage Reduction

There are existing flood prone properties in the study area that will be beneficially impacted by
the proposed project. These include properties in the existing overflow area, developments along
Addicks Reservoir tributaries, and properties along Cypress Creek downstream of the overflow.

Cypress Creek Overflow

The HCFCD Structural Inventory Database was used to evaluate properties in the overflow, and
the structures estimated to be subject to flooding are depicted in Figure 7.1. During the 1% (100-
year) flood event, it is estimated that 107 structures are subject to flooding. This includes 53
single family homes, 19 mobile homes, 17 warehouses (or industrial/commercial) buildings, 1
government or utility structure, and 17 under the category of home/repair use. This last category
primarily refers to toolsheds and/or barns adjacent to single family homes. Table 7.5
summarizes the flood prone structures affected by various studied storm events.
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Figure 7.1  Flood prone structures in the cypress creek overflow

Table 7.5 Flood prone structures in overflow

20% (5-yr) | 10% (10-yr) | 1% (100-yr)
Single Family House 7 14 53
Mobile Home 4 5 19
Warehouse/Commercial | 3 4 17
Government/Utility 0 0 1
Repair/Home Use 0 3 17
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Expected damages for the structure and contents were determined by comparing the computed
flood elevation at a location with the estimated elevation of the structure, and then applying a
damage estimate to the appraised value. The damage estimates were determined by using curves
developed by the U.S. Army Corps of Engineers New Orleans District. These damages were
converted to annual average damages using the annual exceedance probability for event. The
present value was developed using a period of 40 years and a discount rate of 3.9% based on
guidance from the Office of Management and Budget (OMB Circular A-94, 2014).

The damage computations are summarized in Table 7.6. A single 1% (100-year) flood event in
the overflow area is estimated to cause almost $8 million in damages. Over time, damages are
estimated to average just over $300,000 per year, resulting in a present value of about $6.5
million.

Table 7.6 Summary of structural damages in overflow

Storm Probability | Single Event | Average Incremental Annual

Damages Annual Average Damages
Damages

5-yr 20% $863,636 $173,000 $173,000

10-yr 10% $1,569,000 $157,000 $71,000

100-yr 1% $7,716,000 $77,000 $61,000

Total Average Annual Damages $305,000

Present Value of Damages $6,552,000

The analysis of structures summarized in Table 7.6 does not include the potential damage to
vehicles. The structural database was utilized in the estimation of vehicle damages. While
structures are generally assumed to be one foot above natural grade, it is assumed that vehicles
will be parked at natural ground and incur damage when floodwaters are at least 2 feet deep.
Therefore, the flood depths utilized in the computation of structure damages were increased by
one foot to estimate the cost of vehicle damages.

A cursory survey was developed by driving through the study area. Based on this survey, a
breakdown of the type of vehicles owned by residents was assumed for structures in the overflow
area, as depicted in Table 7.7. Depth damage curves for vehicles were utilized to evaluate
estimated damages, which were then converted to average annual damages and present value
damages. Table 7.8 summarizes the computation of vehicle damages. A single 1% (100-year)

107



Texas Water Development Board Contract Report Number 1248321466

event is estimated to cause over $1.1 million in vehicle damages. Over time, vehicle damages
are estimated to average just over $80,000 per year, resulting in a present value of almost $1.8
million. The present value was developed using a period of 40 years and a discount rate of 3.9%
based on guidance from the Office of Management and Budget (OMB Circular A-94, 2014).

Table 7.7 Assumed vehicle values and inventory factor

Sedans | Pickups | SUV Sports | Minivans

Assumed Value $10,000 $18,000 $20,000 $22,000 $15,000

Structure Type — No. of Vehicles for Each

Single Family 0.3 0.9 0.4 0.1 0.3
Public & Semi Public 0.0 1.0 0.0 0.0 0.0
Mobile Home 0.6 0.9 0.3 0.0 0.2
Repairs & Home Use 0.0 1.0 0.0 0.0 0.0
Warehouse & Contractor 0.0 2.0 0.0 0.0 0.0
Services

Table 7.8 Summary of vehicle damages in overflow

Storm Probability Single Event Average Annual | Incremental Annual
Damages Damages Average Damages

5-yr 20% $338,332 $68,000 $68,000

10-yr 10% $419,092 $42,000 $8,000

100-yr 1% $1,126,213 $11,000 $7,000

Total Average Annual Damages $83,000

Present Value of Damages $1,783,000
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Both Plan 3 and Plan 5 will eliminate all structural flood damages associated with the overflow.
Three mobile homes would be acquired as part of the project, and ultimately most, if not all,
flood-prone properties will be acquired by private development interests. Since the cost of the
structures was not included in the land cost, the benefit of the flood damage reduction is
considered throughout the duration of the project.

Addicks Reservoir Tributaries

There are mapped floodplains along Addicks Reservoir’s various tributaries, including Bear
Creek, South Mayde Creek, and Langham Creek. Each of these channels carry runoff generated
by the surrounding drainage areas in addition to the Cypress Creek Overflow. The local runoff
generally reaches these tributaries much more quickly and at higher flow rates than the overflow.
Flooding along these tributaries is generally associated with local runoff; the 1% annual chance
floodplain mapped on the effective flood insurance rate maps for these tributaries is based on
flow generated by the surrounding drainage areas. In some cases, an overflow-only event creates
flow rates that result in flooding along these tributaries, but in almost all cases the regulatory
floodplain is controlled by the local event.

Plan 5 includes some minor channel modifications along Bear Creek in the vicinity of Fry Road.
These improvements will provide a slight reduction in flood elevations. During the 1% (100-
year) event, water surface elevations will be reduced by 0.5-1foot. This area was subject to
flooding during a recent flood event. The structural inventory does not show any damages for
events up to and including the 1% (100-year) event.

There are likely non-quantifiable benefits along Bear Creek as a result of the Plan 5
improvements. These include reduced inundation of neighborhoods’ lower-lying areas.
Reduced inundation would help improve mobility through neighborhood streets during heavy
rainfall events, and would also reduce general nuisance experienced by residents when
stormwater inundates a neighborhood, but does not result in structural flooding.

Cypress Creek

There are many flood prone areas along Cypress Creek downstream of the study area. This area,
which is commonly known as “Lower Cypress Creek,” has experienced more development than
Upper Cypress Creek, and is subject to a double peak hydrograph. The channel hydrograph
experiences an initial rise from local runoff in the developed areas of lower Cypress Creek that
usually recedes before another rise occurs as the flood wave from Upper Cypress Creek makes
its way down stream. The actual nature of rainfall determines which of these peaks results in the
greatest source of flood damage. Measures that address the local runoff, or the first peak, will
not affect the second peak; likewise, upstream measures that address the second peak will not
affect the initial first peak.

Both Plan 3 and Plan 5 include storage reservoirs that are similar in character and location to
features proposed in the Cypress Creek Master Drainage Plan, which was prepared by
engineering firm Turner, Collie & Braden and adopted by Harris County Commissioners Court
in the 1980’s. The measures will reduce, but not eliminate, the peak flow from the Upper
Cypress Creek watershed. For rainfall where this event causes the most flooding, both plans will
have a noticeable impact. Because of the nature of the dual peak, it is difficult to quantify the
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benefit to lower Cypress Creek therefore it is considered a non-quantified benefit for this
analysis.

Addicks Reservoir

As noted in Appendix B, Addicks Reservoir does not have the capacity to accept additional
runoff volume, whether it is from the additional development or from stormwater diversion
related to a flood control project. The development policy adopted for both plans will offset and
prevent additional runoff, and is a benefit when compared to a most likely future condition that
does not include such controls. In addition, securing additional land for conservation, via the
large storage reservoirs, prevents that land from being developed and controls existing runoff.
This will also positively impact Addicks Reservoir.

In the 1990s, the U.S. Army Corps of Engineers conducted a Section 216 Reconnaissance Study
of the Addicks and Barker reservoirs. As part of this study, an economic analysis was
conducted. No structural damages were computed within the 1% (100-year) reservoir pool. It
should be noted that this study did not consider the impact of anticipated changes in land use in
the Addicks and Barker reservoir watersheds.

For the reasons described above, the benefits to Addicks Reservoir are considered a non-
quantifiable benefit. The measures introduced by both plans will provide significant relief for a
very large, but rare, flood event.

Land Intensification

Land intensification refers to the increase in overall land value and potential use as it relates to a
project. Both projects will have direct and significant impacts on the development characteristic
of the land which is manifest in the land intensification benefit.

Development within the project area is highly likely. Absent a regional management plan,
management of the overflow would be implemented on a case-by-case basis as each new
development is constructed. Results would be focused on the individual developments rather
than the region. Overflow management will be provided in an ad-hoc manner, which will
require substantial detention, and therefore land, to maintain the existing overflow attenuation.

Without Project Mitigation Cost

Two general approaches were utilized to measure land intensification. The initial approach was
to estimate the land required for mitigation of the overflow attenuation based upon the total
existing “storage volume” of the overflow. Table 7.9 shows the total area for various overflow
depths during the 10% (10-year) and 1% (100-year) events. For the 1% (100-year) event, this
results in a total area of 20,838 acres and a “storage volume” of 10,938 acre-feet. For these
20,838 acres to develop without impacts, they must either maintain or replace this storage
volume. On a prorated basis, this works out to 0.52 acre-feet per acre — in addition to onsite
detention and retention requirements. Under current criteria, it is not unusual that new
developments within Harris County reserve 10% -12% of the project area for detention facilities
to serve primarily residential subdivisions.
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Table 7.9 Total area (acres) of overflow, by depth

10% (10-year) | 1% (100-year)
Overflow Depth (feet)
0.0-05 4,376 7,695
0.5-1.0 1,980 5,045
1.0-2.0 1,993 5,485
2.0-3.0 190 1,672
3.0+ 67 941
Total Area 8,606 20,838

The available depth of overflow mitigation is limited by outfall depth. In some cases,
development may be able to drain its collected overflow into channel systems. This might be
possible when a development is immediately upstream and adjacent to a previously constructed
development that provides access to outfall. However, in areas without such outfall capacity, the
construction of new outfall would expedite the flow velocity and overflow travel time, and
would require significant attenuation in order to mimic the existing hydrology and avoid adverse
impacts. This analysis assumes that new development will occur without the availability of
outfall. The deepest overflows are about three feet. Assuming that the mitigation measure will
maintain a depth of three feet, approximately 17% of a project site would need to be reserved for
overflow mitigation, or 3,542 acres in total throughout the overflow area. Assuming a cost of
$30,000 per acre for land, the total land cost required for overflow mitigation would be about
$106 million. In addition, the storage mitigation area must be excavated. Using an excavation
cost of $3 per cubic yard, total mitigation excavation costs in the overflow area would be
approximately $117 million. When combined, a total mitigation cost would be approximately
$213 million.

Development Yield

A second approach was to evaluate the cumulative development yield for the entire study area.
This computation assumed a 1,000-acre single-family master-planned community as its
prototype. The “with project” condition represents either Plan 3 or Plan 5. In such a case, the
land would develop in a manner consistent with other areas that are not inundated by floodplain
or an overflow. The development plan assumes 10% of land for detention, 50% for single family
lots, 25% for roads and common areas, 8% for commercial, 4% for schools, and 3% for utilities.
Income is produced by single family lots, commercial areas, and school sites. It is assumed that
raw land will be purchased for $30,000 per acre, which is the same value used in the project cost
estimates. There will be four residential lots per acre of single family land, and they will sell for
$20,000 each. Commercial land and school land will sell at $80,000 per acre. Development
construction costs are omitted because they will typically be passed on to the municipal utility
district.

The “without project” condition is similar; however, the detention commitment is increased from

10% to 27% based upon the computation that 17% of land will be required for overflow
mitigation. The resultant acreages for income producing uses are adjusted accordingly.
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This calculation and comparison of the “with project” and “without project” conditions is
tabulated in Table 7.10. Based on this table, the “without project” condition produces income of
about $10,000 per acre, while the “with project” condition produces income of about $19,600 per
acre. The difference between these, $9,600, spread over 18,000 acres that would be protected
from the overflow if a regional management facility is constructed, results in a value of
approximately $175 million. This is similar to the value of $213 million computed using the first
method (the value of land required for additional detention).

Table 7.10  Computation of land intensification based on use
ltem Without Plan With Plan (Plan 3 or Plan 5)
Income Income
Acreage 1000 1000
Raw Land Price $(30,000) $(30,000)
Land Cost $(30,000,000) $(30,000,000)
Single Family Density 4 4
% for Detention 10% 10%
% for Overflow Mitigation | 17% 0%
% SF Lots 39% 50%
% Roads, Common 20% 25%
% Commercial 7% 8%
% School 4% 4%
% Utility 3% 3%
Summary
Avrea for Lots (ac) 390 500
No. Lots 1560 2000
Lot Sale Price (per lot) $20,000.00 $20,000.00
Lot Income $31,200,000 $40,000,000
Area for Commercial (ac) 70 80
Commercial Sale Price $80,000.00 $80,000.00
Commercial Income $5,600,000 $6,400,000
Avrea for School (ac) 40 40
School Sale Price (per ac) $80,000.00 $80,000.00
School Site Income $3,200,000 $3,200,000
TOTAL VALUE (1000 AC) $10,000,000 $19,600,000
TOTAL VALUE/ac $10,000 $19,600

Conservation
There is an abundance of literature regarding the value of conservation land, including a

compilation of studies by the Trust for Public Land. It is difficult to derive a correlation for use
in placing a value on conservation land in the project area. There have been a number of deals
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made to preserve land within the study area; however the financial details of these are
unavailable. The HCFCD paid about $2,000 per acre in 2003 for property located within the
path of the 1% overflow, downstream of the watershed divide. This equates to $3,100 per acre in
2014 dollars. However, land values have increased considerably in recent years. It is estimated
that the property would cost $20,000 - 30,000 per/acre in 2014.

Plans 3 and 5 both present an opportunity to expand the conservation footprint within the area
inundated by the 1% annual chance overflow event. However, it would require that some of the
land protected by existing conservation easements be included in the regional overflow
management plan and provide the dual use of conservation and drainage. Considering the large
opportunity costs foregone by various conservation transactions, a value of $12,500 seems
reasonable. This is about one-half of the market value, and is the value utilized for conservation
land in the cost estimates.

Infrastructure Benefits

The project will provide benefits for existing infrastructure by alleviating flooding problems
along public roadways in the study area, and by providing a much needed drainage artery along
Bear Creek.

Roads

Every time there is an overflow event, there are costs associated with the impact on public
roadways. These include damage to the roads and bridges, lost travel time, cleanup activities and
emergency services. A detailed economic study of all of these is beyond the scope of this study,
and these potential benefits have minimal impact on the overall benefit. Instead, this benefit is
recognized but not quantified.

Drainage

As the study area develops, there will need to be a drainage artery along Bear Creek to provide
adjacent developments access to drainage infrastructure. The same goes for, developments that
drain to Bear Creek tributaries. The project will provide this artery, so the benefit is the cost of
deepening Bear Creek to a 15-foot deep channel, without consideration for additional capacity.
The cost would be approximately $6 million.

Park Facilities

The project will reduce flooding in Paul Rushing Park, and will provide a means to excavate a
portion of lakes in John Paul’s Landing. The John Paul’s Landing impact is neutral as it pertains
to benefits. The benefit to Paul Rushing Park is difficult to quantify and relatively small;
therefore, it is considered a non-quantified benefit.

Green Space

Studies have indicated that parks and green space and increase land values. This relative impact
decreases with distance from the park or open space. There are algorithms to compute this.
Both Plan 3 and Plan 5 will increase the conservation and green space footprint, and will thus
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provide a benefit. However, the “without project” condition also has large green space reserves,
considering the existence of Precinct 3 parks and conservation land. Therefore, the relative
impact is small and is considered a non-quantified benefit.

Other Non-Quantified Benefits

The plans deliver additional benefits that are difficult to quantify but that warrant recognition.
These include opportunities to provide or improve wetland mitigation banks, water quality
improvement measures, general public recreation facilities, ecosystem services and carbon
sequestration.

7.2.2 Comparison of Benefits and Costs

Benefits and costs were assigned throughout the life of the project based on the implementation
plan described in Appendix F. Efforts were made to align costs and benefits based on this
model. For the evaluation of Plan 3 and Plan 5, it is assumed that development will occur at 800
acres per year for both the “with” and “without project” condition. However, the “with project”
condition will reflect the higher development yield made possible by the project.

Project costs for the benefit-cost comparison were based on the Plan 3 and Plan 5 cost estimates
that assumed in-kind contributions. This is a valid approach because the in-kind contributions do
not represent economic costs incurred by any party. For example, if a conservation organization
active in the area allowed the use of conservation land for the project, it would require no
expenditure on the organization’s part. The in-kind contributions provided by developers are
activities they would perform as part of their normal development activity.

The benefits and costs were distributed over 50 years based on the implementation plans. The
annual costs are based upon 2014 dollars. The expenditures over the life of the project were
brought to present value using a discount rate of 2.0%, which is the premium over the annual
inflation index (1.9%) cited in OMB Circular A-94.

Benefit-to-Cost Ratio - Plan 3

The costs and benefits were distributed over the life of the Plan 3 project, at 2014 present values.
This distribution is shown in Appendix E. The total present value cost of Plan 3, with in-kind
contributions, is $148 million; while the total benefit is $168 million. The largest benefit
category is land intensification, which accounts for $120 million, or 71%, of the total quantified
benefit. There are non-quantified benefits as well, such as the value of increasing the
conservation footprint in a contiguous manner, that if quantified, would trend the overall benefit
upward.

Plan 3’s resultant benefit-to-cost ratio, defined as annualized benefits divided by annualized
costs, is 1.14. This does not consider the aforementioned non-quantified benefits. Full
consideration of this would result in a slightly higher benefit-to-cost ratio.
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Benefit-to-Cost Ratio - Plan 5

The costs and benefits were distributed over the life of the Plan 5 project, at 2014 present values.
This distribution is shown in Appendix E. The total present value cost of Plan 5, with in-kind
contributions, is $206 million; while the total benefit is $183 million. The largest benefit
category is land intensification, which accounts for $114 million, or 62%, of the total quantified
benefit. There are other non-quantified benefits as well.

Plan 5’s resultant benefit-to-cost ratio, defined as annualized benefits divided by annualized
costs, is 0.89. This does not consider the aforementioned non-quantified benefits. Full
consideration of this would result in a slightly higher benefit-to-cost ratio.
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8 Project Financing and Cost Pro-Forma

The study area lies within a large area that is experiencing immediate development pressure.
However, the two preferred management plans include flood control reservoirs that will take
years to plan, design, permit and construct. The proposed implementation strategy for each
preferred management plan considers this factor, and provides a mechanism to phase in project
features over time in a manner that will incrementally address the overflow. It doesso ina
manner that does not restrict or inhibit land use, whether it be to maintain the status quo or to
change land use for the purpose of development, conservation, recreational use, etc.

8.1 Plan Implementation

As mentioned, implementation plans were developed for the two preferred management plans,
Plan 3 and Plan 5. The primary purpose of these implementation plans was to determine key
activities required to construct components of the preferred management plans, and to develop a
strategy for how these activities could be carried out in a series of steps. The implementation
plans also consider funding mechanisms and potential partnerships that could be used to help
offset costs and to fund the entirety of the projects.

In addition to the project scope, it must be taken into consideration that the environmental
investigations and permitting for both management plans may take several years to accomplish.
The reservoirs will likely require Individual Section 404 Permits from the U.S. Army Corps of
Engineers, and it is possible that an Environmental Assessment will be required in order to
conform with the National Environmental Policy Act. For these reasons, it is recommended that
initials construction activities be those that would not require extensive permitting processes or
environmental investigations.

With that said, the initial implementation steps should include the commencement of the
necessary investigations and pursuit of environmental permits that would be required for the
longer-term project components. Activities related to permitting will continue throughout project
implementation, and should be considered separately from the individual timeline for individual
project elements.

8.1.1 Plan 3 Implementation

The Mound Creek Reservoir with Overflow Conveyance “B” (Plan 3) is depicted in Figure 4.5,
and is described in Section 4.3.2. The total cost of Plan 3 is estimated to be $271 million;
however, with in-kind contributions (see Section 8.2.2) the project cost is reduced to $177
million. It will remove the overflow from about 18,500 acres of land, and has the potential to
increase the conservation footprint by 3,100 acres. There are five elements to Plan 3’s
implementation, as are described in the following sections.

Plan 3, Element 1 — Initial interception

First, an interim collection channel would be constructed in a north-south orientation along Katy-
Hockley Road. Spoil material from this construction activity will be used to construct a small
berm on the east bank of the channel. The channel and berm will intercept overflow and convey
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it to the upper end of Bear Creek, which will be deepened for a distance of about 7,000 feet, at a
very minimal slope, until it daylights to the bottom of the existing stream. This element is
illustrated in Figure 8.1.

This initial project element will not address overflow west of Bear Creek, but it will remove
stormwater inundation from areas immediately east of the channel and berm. Bear Creek does
not have the capacity to convey all of the overflow, so the overflow will maintain its current
boundaries and patterns downstream of the interim collection channel and north of Bear Creek
until channel modifications are constructed along Bear Creek that provide additional channel
capacity to accommodate the overflow. However, once this interim collection channel is
constructed, along with the incremental construction of measures described in Plan 3, Element 2
(Bear Creek conveyance improvements), and some onsite mitigation, the land east of Bear Creek
would be available for development

Permitting and environmental investigations necessary to construct the full Management Plan 3

are anticipated take several years to complete. Therefore, these tasks would be initiated as part

of Element 1. The permitting would continue throughout the duration of implementation, and is
included in each of the elements as part of “Professional Services.”

This interim measure would cost about $37 million. It assumes that temporary flooding
easements will be obtained on almost 1,600 acres of private land in the collection area, which is
property that is inundated by the overflow under existing conditions.
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Figure 8.1  Plan 3, element 1: initial interception

Plan 3, Element 2 — Bear Creek Conveyance Improvements

Plan 3, Element 2 is the reservation of the 500-foot Bear Creek corridor and the construction of
the modified channel. Coupled with Element 1, this element will protect 5,500 acres from
inundation during the 1% (100-year) event. This element is illustrated in Figure 8.2.

These features will be implemented as development progresses along Bear Creek. Individual
development activity within the 5,500 acres may occur ahead of full implementation; however,
those that occur along the Bear Creek corridor will be required to reserve right-of-way and to
construct portions of the channel. This will provide outfall depth to serve drainage infrastructure
and fill material for future development, as well as a potential location for limited detention.
Depending on the status of the overall project, developments may have to install interim
measures to protect against the overflow until the full project is constructed. This may be in the
form of fill, levees and channels that protect the development.

Considering in-kind contributions, Element 2 costs approximately $10 million and (coupled with
Element 1) will protect approximately 5,500 acres of land from the overflow during a 1% (100-
year) storm event.
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Figure 8.2  Plan 3, element 2: Bear Creek conveyance improvements

Plan 3, Element 3 — John Paul’s Landing Detention

John Paul’s Landing is a Harris County Precinct 3 park located along the east side of Katy-
Hockley Road. Plans for the park include about 400 acres of lakes that would have a permanent
water surface about eight feet below natural ground; and, therefore, would have significant
detention capacity. The Upper Langham Creek Master Drainage Plan intends to utilize a portion
of the available detention storage, with the remaining storage capacity used to collect and store
the relatively small volume of overflow east of Katy-Hockley Road. Element 3 involves the
excavation of this storage, which is about 500 acre-feet. This element is illustrated in Figure 8.3.

A channel would be constructed north of the park near the watershed divide, and this channel
will collect overflow east of Katy-Hockley Road and convey it to the John Paul’s Landing
detention basins. The implementation of Element 3 will require coordination with park
construction and activity associated with the Upper Langham Creek Master Drainage Plan. With
in-kind contributions, this element will cost approximately $9 million, and will protect an
approximately 3,500 additional acres of land from the 1% (100-year) overflow event.
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Figure 8.3  Plan 3, element 3: JPL detention

Plan 3, Element 4 — Acquire Conservation/Collection Area

The implementation of Element 1 would require obtaining temporary flood easements across
approximately 1,600 acres of land for the collection of the overflow and the construction of the
east-west collection channel. Element 4 involves the conversion of these temporary easements
into permanent easements or fee ownership. It also includes the construction of an east-west
collection channel; however this channel cannot be constructed until Element 5, the Mound
Creek Reservoir, is constructed.

Element 4 will cost approximately $90 million. This element does not recover overflow land
without the Mound Creek Reservoir (Element 5); therefore, land recovery is discussed in the
description of that element.

Plan 3, Element 5 — Mound Creek Reservoir

This element involves the acquisition of land required for the Mound Creek Reservoir, as well
the construction of a berm that would occasionally impound water for a short duration. This
storage area will decrease the frequency and magnitude of the overflow. Element 5 will cost
approximately $90 million, and together with Elements 4 and 5, will protect about 9,500 acres
from the overflow.
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Figure 8.4 illustrates Elements 4 and 5 for Plan 3.

Figure 8.4  Plan 3, elements 4&5: conservation/collection area and Mound Creek
Reservoir

8.1.2 Plan 5 Implementation

The Katy-Hockley N — Cypress Reservoir (Management Plan 5) is depicted in Figure 4.7 and is
described in Section 4.3.2. The total cost of Plan 3 is estimated to be about $369 million.
However with in-kind contributions (described in Section 8.2.2) the project cost is reduced to
$243 million. It will remove the overflow from about 18,000 acres of land, and has the potential
to increase the conservation footprint by 5,000 acres. There are five elements to Plan
5’simplementation, as are described in the following sections.

Plan 5, Element 1 — Initial interception

An interim collection channel would be constructed in an east-west orientation that will intercept
overflow west of Katy-Hockley Road. Spoil material from this construction activity will be used
to construct a small berm on the right bank of the channel. The channel and berm will intercept
overflow and convey it to the upper end of Bear Creek, which will be deepened for a distance of
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about 7,000 feet, at very minimal slope, until it daylights to the bottom of the existing stream.
This element is illustrated in Figure 8.5.

This initial element will not address overflow east and north of Bear Creek, but it will remove
stormwater inundation from areas immediately south of the interim collection channel and
adjacent berm. Bear Creek does not have the capacity to convey the flows, so the overflow will
maintain its current overflow boundaries and patterns downstream of the interim collection
channels until channel modifications are constructed along Bear Creek that provide additional
channel capacity to accommodate the overflow.

Permitting and environmental investigations necessary to construct the full Management Plan 5
are anticipated take several years to complete. Therefore, these tasks would be included as part
of Element 1. The permitting would continue throughout the duration of implementation, and is
included in each of the elements as part of “Professional Services.”

This interim measure would cost about $36 million. It assumes that temporary flooding
easements will be obtained on almost 1,600 acres of private land in the collection area, which is
property that is inundated by the overflow under existing conditions.

Figure 85  Plan 5, element 1: initial collection
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Plan 5, Element 2 — Bear Creek Conveyance Improvements

Plan 5, Element 2 is the reservation of the 500-foot Bear Creek corridor and the construction of
the modified channel. Coupled with Element 1, this element will protect 9,000 acres from
inundation during the 1% (100-year) event. This element is illustrated in Figure 8.6.

These features will be implemented as development progresses along Bear Creek. Individual
development activity within the 9,000 acres may occur ahead of full implementation; however
those that occur along the Bear Creek corridor will be required to reserve right-of-way and to
construct portions of the channel. This will provide outfall depth to serve drainage infrastructure
and fill material for future development, as well as a potential location for limited detention.
Depending on the status of the overall project, developments may have to install interim
measures to protect against the overflow until the full project is constructed. This may be in the
form of fill, levees and channels that protect the development.

As the channel enlargements are completed, the peak overflow discharge in the channel may
eventually exceed current peak overflow discharges in Bear Creek as it passes through developed
areas. While the resultant 1% (100-year) overflow flow rate is less than the 1% (100-year) flow
rate from a local rainfall event, this would result in a temporary slight increase in flood risk
through this reach. To offset this, Element 2 includes about one mile of channel enlargement,
generally between Fry Road and West Little York Road. The channel enlargement would start
upstream of the sheet pile transition structure located downstream of Fry Road, and would
extend upstream to just past West Little York Road. Minor modifications to the bridge structures
may be necessary to accommodate the enlarged and deepened channel. This channel widening
would be accommodated within the existing channel right-of-way.

Considering in-kind contributions, Element 2 costs approximately $12 million and (coupled with
Element 1) will protect approximately 9,000 acres of land from the overflow during a 1% (100-
year) storm event.
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Figure 8.6  Plan 5, elements 2: Bear Creek conveyance improvements

Plan 5, Element 3 — John Paul’s Landing Detention

John Paul’s Landing is a Harris County Precinct 3 park located along, and east of, Katy-Hockley
Road. Plans for the park include about 400 acres of lakes that would have a permanent water
surface about eight feet below natural ground; and, therefore, would have significant detention
capacity. The Upper Langham Creek Master Drainage Plan intends to utilize a portion of that
available detention storage, with the remaining storage capacity used to collect and store the
relatively small volume of overflow east of Katy-Hockley Road. Element 3 involves the
excavation of this storage, which is about 500 acre-feet. This element is illustrated in Figure 8.7.

A channel would be constructed north of the park near the watershed divide, and this channel
will collect overflow east of Katy-Hockley Road and convey it to the John Paul’s Landing
detention basins. The implementation of Element 3 will require coordination with park
construction and activity associated with the Upper Langham Creek Master Drainage Plan. With
in-kind contributions, this element will cost approximately $9 million, and will protect an
approximately 3,500 acres from the 1% (100-year) overflow event.
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Figure 8.7  Plan 5, element 3:— JPL detention

Plan 5, Element 4 — Acquire Land for Construct Katy-Hockley N — Cypress Reservoir

The implementation of Element 1 would require obtaining flood easements across approximately
1,600 acres of land for the collection of the overflow and the construction of the east-west
collection channel. This element requires the conversion of these temporary easements into
permanent easements and/or fee ownership, as well as securing additional land for the reservoir.

With in-kind contributions, Element 4 will cost approximately $106 million. There is no land
recovery singularly associated with Element 4.

Plan 5, Element 5 — Construct Katy-Hockley N — Cypress Reservoir

This element involves the construction of the berms necessary to occasionally impound water in
the Katy-Hockley N — Cypress Reservoir, as well as the outfall and equalization structures.

Element 5 will cost approximately $79 million. Together, Elements 4 and 5 will protect an
additional 5,500 acres from the 1% (100-year) overflow event.

Figure 8.8 illustrates Elements 4 and 5 for Plan 5.
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Figure 8.8  Plan 5, elements 4&5: acquire land and construct Katy-Hockley N-Cypress
Reservoir

8.2 Funding and Finance Considerations

The development of a funding and financing plan is critical to the potential project’s success
Elements of a detailed implementation strategy would need to be developed further if a project is
pursued. This document presents only a general framework of various options and strategies.

Ultimately, the goals of a funding program are to (1) develop a mechanism whereas the
beneficiaries of the project pay an appropriate share of the project; and (2) develop a means to
finance the initial project activity.

8.2.1 Funding Mechanism

The State of Texas makes available a number of potential infrastructure funding and financing
vehicles. As discussed in Section 7, the primary economic benefit of the plan is the increase to
the land value and efficiency of land development activity. Additionally, construction of a
regional overflow management plan would eliminate the need for development to incorporate
individual overflow management facilities into their overall design. As such, it is reasonable that
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a considerable share of the project cost will be borne by land interests. A number of finance
plans exist that utilize the resultant development as its basis. Many of these, such as special
purpose districts, issue debt and retire that debt through ad valorem taxes within the defined
district. Impact fees may be collected to offset the cost of infrastructure provided for land
development. Local government corporations can be established to oversee various layers of
revenue sources, which may include ad valorem taxes in utility districts, one penny of sales tax
(if not claimed by other entities in advance of implementing a regional overflow management
plan), tax increment reinvestment zones (where tax revenue is derived from a pre-defined portion
of the incremental rise in ad valorem tax values), and impact fees. In any of these, one party
must act as the project sponsor and banker — in that they oversee the construction and operation
of the project, secure the initial investment, and recover the investment through various revenue
streams.

The cost and cast-flow model developed in support of this study has the ability to consider
various financial mechanisms. Parameters can be adjusted to consider a range of funding
scenarios, impacts to tax base, bond finance and recovery, effects on property values over time,
and the rise in project costs over time. The most basic approach involved the determination of
the cost per affected acre for the land development share of the cost. While this is presented in a
manner consistent with an impact fee, and can be thought of in that manner, the primary purpose
IS to establish a project cost per acre of developed land. However, the model can then be utilized
in the consideration of various funding and finance mechanisms.

8.2.2 In-Kind Contributions

In addition to contributions by land interests, there are opportunities for in-kind contributions.
Development of land presents opportunities for the acquisition of the Bear Creek corridor,
whereby developers will dedicate the 500-foot right-of-way required for the channel as part of
their development platting. Because developers would typically prefer to deepen Bear Creek,
and to excavate it as a source of material, the channel construction would be provided by
developers as they work along the corridor. In addition, the corridor provides an opportunity for
on-line detention and/or excavated detention.

Both Plan 3 and Plan 5 have the potential to substantially increase the area’s conservation
footprint. The reservoirs both encompass land adjacent to existing conservation land, and they
propose occasional and short duration inundation of existing conservation land. This inundation
would not be significantly different than currently occurs, and would not affect the ultimate
ecology or health of the land. In particular, the inundation associated with Plan 5 is very
infrequent, as the existing conservation land is almost entirely outside of the 1% (100-year) pool,
and the land that is within this pool would be subject to very shallow inundation. If adjacent
land interests would allow the project to occasionally inundate this land, as described, in
exchange for an addition to the area’s conservation footprint, this would substantially reduce the
land cost associated with the plan.

Harris County Precinct 3 would benefit by gaining construction of lakes in John Paul’s Landing,
as well as a potential water source from Bear Creek and the interceptor channel to the north.
Their contribution to the plan is the allowance of a portion of John Paul’s Landing for detention.
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8.2.3 Harris County Flood Control District (HCFCD)

HCFCD, as the recipient of the TWDB grant, supported the project and contributed funding to
the overall study. The role of HCFCD in the ultimate implementation of a management plan is
not certain. There is a need for an overall project sponsor to oversee the implementation the
management plan; this role may be fulfilled by HCFCD or by another party, such as a special
purpose district.

The project requires initial seed funding of about $50 million to implement the initial plan
element. Once this initial element is constructed, land will be recovered for development,
allowing for the land interest’s contribution as described in Section 3.1. HCFCD benefits by
providing a higher standard of flood risk reduction and watershed management by reducing flood
damages to existing property, and by potentially reducing flood flows in Cypress Creek and Bear
Creek.

The TWDB provides funding to communities through low interest loans to support various water
resources development activities. The TWDB may be a viable source of funding for the project

8.2.4 Other Interests

The U.S. Army Corps of Engineers benefits from the proposed development policy that manages
runoff volume to Addicks Reservoir, and also from the additional conservation footprint that
protects land from future development. Funding support from the Corps is possible; however, it
would likely require a Congressional appropriation.

Waller County benefits by the removal of some overflow in Cane Island Branch, as well as the
certainty that comes with an established management plan in the Cypress Creek watershed. Plan
3 would provide opportunity for county park facilities in the portion of the reservoir land (Plan 3)
that is not already dedicated to conservation. Waller County could contribute to the plan by
adopting the development criteria recommended as part of both plans.

8.2.5 Pro Forma

A cash flow model was developed to assist in the evaluation of the two plans. This model
establishes a funding basis, computes a per-acre cost basis, tracks an implementation schedule,
and develops different charts that assist in evaluating the project. The model presented in this
section assumes the in-kind contribution described in Section 8.2, and assumes that 70% of the
remaining project cost would be borne by land interests and 30% would be borne by the project
sponsor. However, these assumptions can easily be modified in the model input.

The model, as developed, provides a useful planning tool and could also be utilized throughout
implementation. The model is in the form of an MS Excel spreadsheet. It is described in greater
detail in Appendix F. The model outputs for each plan are presented in the following sections.
These outputs demonstrate a viable implementation program for each plan. The actual
parameters can be adjusted within the model to recognize changes in development rate, impact
fee, funding mechanisms, and other constraints.
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8.2.6 Implementation Schedule

Table 8.1 shows an implementation schedule for Plan 3, and Table 8.2 shows an implementation
schedule for Plan 5.

The schedules shown depict an 18- to 20-year implementation timeline for both management
plans. Ultimately, the schedule depends on the time needed to complete the engineering,
permitting, land acquisition, and construction processes. Additional considerations available
funding and include available cash flows.

Table 8.1 Plan 3 — implementation schedule

Component Description (it;;t) Duration 6 7 8 9 |10(11 (12|13 | 14|15 16| 17 | 18| 19 | 20
1
1 4
Professional 1 2
Real Estate 2 1
Construction 2 2
2
5 14 19
Professional 7 7 14
Real Estate 5 3 8 | | I | I I I I I I |
Construction 8 11 19 . v . v < <
3 3 7 10
Professional 3 7 10
Real Estate 4 3 7 [ | |
Construction 7 2 9
4
2 13 15
Professional 2 11 13 |
Real Estate 2 11 13 [
Construction 13 2 15 |
5 8 12 20
Professional 8 6 14
Real Estate 12 4 16 L [ |
Construction 16 4 20 | | | | | | | | I
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Table 8.2 Plan 5 — implementation schedule

Element Activity Start Duration End 2 3 4 ‘ 5 6 7 8 9 (1011|1213 |14 |15 (16| 17 | 18 | 19| 20
(BOY) (BOY)
1
1 4 5
Professional 1 2 3 |
Real Estate 2 1 3 | |
Construction B 2 5]
2
5 14 19
Professional 7 7 14 | |
Real Estate 5 3 8 | [ [ [ | | | | | | |
Construction 8 11 19 |
3 6 10 16
Professional 6 3 9 |
Real Estate 7 3 10 | I I | | | |
Construction 10 6 16
4
2 13 15
Professional 2 13 15
Real Estate 2 13 15
5 10 9 19
Professional 10 6 16 |
Real Estate 16 0 16 | I I | | | | | | |
Construction 16 3 19 | | | | | |

8.2.7 Land Recovery

Figure 8.9 depicts a chart that illustrates the estimated land recovery rate versus development
demand in the overflow area over time for Plan 3. Figure 8.10 depicts the same for Plan 5.
These charts are based upon the development rate provided as part of the input data required to
develop the chart. The implementation schedule presented was based on an average
development rate of 800 acres per year, which was determined by investigating trends in other
large developments such as The Woodlands in south Montgomery County as well as in the Katy-
Fulshear corridor west of SH 99. The schedule also takes into account the population growth
forecast for the region.

To be effective, the management plan must be able to recover land at a rate necessary to meet the
overall development demand. During implementation, the model allows for the adjustment of
the implementation schedule to meet this demand, within the constraints of the engineering,
permitting, land acquisition and construction processes.

The models indicate that the implementation of the initial elements would satisfy this demand in
a manner that allows for the time needed to engineering, permitting, land acquisition, and
construction phases.
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Land Recovery vs. Development
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Figure 8.9  Plan 3 — Land Recovery vs. Development Demand
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Figure 8.10 Plan 5 - land recovery vs. development demand
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8.2.8 Annual Project Cost by Element (Component)

Figure 8.11 and Figure 8.12 illustrate, respectively, Plan 3 and Plan 5’s annual project cost by
element over the span of the proposed implementation schedule. The implementation schedules
were developed in a manner that attempts to maintain a level cost throughout the implementation
process. There is a higher cost in the second year because of the need to secure land in the initial
collection area associated with Element 1 in both plans. This represents a portion of the initial
investment that must be made in the project.

Annual Proje ent
$30,000,000
$25,000,000 -
$20,000,000 -+
$15,000,000 -+
1
$10,000,000
$5,000,000 -+
SO = | I L
123 456 7 8 9 1011121 '18 19 20 21 22 23 24
Year
p 1 - Collection rmed Conveyance
p3-JPL nservation Area
- p 5 - Mound Ck Storage

Figure 8.11 Plan 3 — annual project cost by element
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F nnual Project Cost by Elernent
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Figure 8.12 Plan 5 - annual project cost by element

8.2.9 Project Cost vs. Land Revenue

The management plans will provide a regional management strategy and eliminate the need for
development to construct individual onsite overflow management facilities; therefore as the land
develops it will contribute to the project cost. There are various methods for this to occur, and
the basic input allows for the consideration of various funding mechanisms. This section
presents the results of an impact fee model, which considers development impact fees paid as
land develops. The model determines an impact fee from the basic input parameters. For Plan 3,
the computed impact fee is $9,454 per acre; and for Plan 5, the computed impact fee is $11,708
per acre.

Figure 8.13 shows Plan 3’s annual project cost compared to the annual project revenue, based on
an impact fee model. Figure 8.14 shows the same for Plan 5. The revenue stream from the
project will change based on the rate of development and the impact fee.

133



Texas Water Development Board Contract Report Number 1248321466
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Figure 8.13 Plan 3 — annual project cost vs. land revenue (impact fee model)
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Figure 8.14 Plan 5 - annual project cost vs. land revenue (impact fee model)

The comparisons presented in Figures 8.5 and 8.6 provide insight into annual costs and revenue,
however they do not clearly reflect the overall financial structure of the implementation plan.
Figures 8.7 and 8.8 compare the cumulative annual costs and revenue of both plans. The red
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bars in both graphs represent the project costs in excess of the revenue that would be borne by
the project sponsor. This includes the initial investment in addition to the funds needed to
complete the project once the land is fully developed and revenue streams cease.
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Figure 8.15 Plan 3 — cumulative project cost vs. land revenue (impact fee model)
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Figure 8.16 Plan 5 — cumulative project cost vs. land revenue (impact fee model)
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8.2.10 Ad Valorem Tax Revenue

The management plans will open up land for development that is currently encumbered by the
overflow floodplain. The total tax base created by the proposed management plan and project
will influence future Harris County tax revenues. Figure 8.17 depicts the anticipated annual tax
revenue to Harris County, for Plan 3, from development in the overflow area, assuming a tax rate
of $0.658 per $100 valuation. Figure 8.18 depicts the anticipated annual tax revenue to Harris
County for Plan 5.

Total Revenue by Year - Harris County
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Figure 8.17 Plan 3 — annual Harris County tax revenue — development in overflow area
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Total Revenue by Year - Harris County
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Figure 8.18 Plan 5 - annual Harris County tax revenue — development in overflow area

8.2.11 Summary

The cash flow model has additional outputs that could be used to consider impacts to tax
revenue and other potential funding scenarios; however these outputs were not developed for this
plan.

The various charts presented in this report indicate the implementation viability of each
alternative assuming the provision of land revenue and in-kind contributions. The charts also
demonstrate how the “Schedule Input” can be adjusted to balance the annual costs, meet the land
development demand, and manage overall implementation.
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9 Public Outreach Program

The goals of the Cypress Creek Overflow Management Plan study’s public outreach program
have been to communicate to the public the scope of activities being considered, and to
solicit suggestions that might be incorporated into the planning effort. This purpose
complements the Harris County Flood Control District’s overall communications
strategy to inform, educate and engage the public in its flood damage reduction
activities. It also reflects the District’s mission statement: To provide flood damage
reduction projects that work with appropriate regard for community and natural
values. The District accomplishes its mission by devising the flood damage
reductions plans; implementing the plans; and maintaining the infrastructure.

9.1 Background

As HCFCD began to conceptualize this effort in late spring 2011, a steering committee
comprised of key stakeholders was established to assist in identifying the array
of issues associated with competing land interests and drainage concerns in the study
area. The steering committee encouraged HCFCD to apply to the Texas Water Development
Board for funds to conduct this planning effort, and has been central to the development of a
possible regional overflow management plan. The steering committee’s membership and its
meetings are described in Section 9.2.

Three public meetings were held during the course of the study. They are detailed in Section 9.5.

As the study progressed, additional interested groups and individuals were identified, and
meetings were held with a broader stakeholders group. Section 9.3 describes those meetings.

Meetings were also held with individuals and groups who had a stake in the outcome of the
planning effort. These meetings are listed in Section 9.4.

HCFCD used multiple communications tools to reach the individuals and groups
during the public outreach effort, including public notifications, direct mail, written
materials, public presentations and information posted on the HCFCD website. Sections
9.6 through 9.10 delineate the various public outreach tools, the settings in which they were
applied and the groups that were addressed.

The study team has worked to provide information to the interested public, and to public officials
who ultimately will decisions about the future course of a regional plan to manage the Cypress
Creek Overflow.

9.2 Overflow Steering Committee

In June 2011, the Flood Control District organized a steering committee of key stakeholders to
identify the array of issues associated with the competing land interests and drainage concerns in
the study area. The steering committee included representatives from Harris County Precincts 3
and 4, City of Houston, Katy Prairie Conservancy, U.S. Army Corps of Engineers, West Houston
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Association, Harris County Public Infrastructure Department and HCFCD. These are individuals
and entities that have some or all of the following characteristics in common:

Have major investments in the study area

Are responsible for or can influence development

Construct major public infrastructure projects

Were willing to work in a collaborative environment

Were willing to dedicate time to an 18-plus month study and meet twice
monthly.

One of the first questions addressed by the steering committee was whether additional members
were needed to adequately identify the issues and fairly represent the various interests in the
study area. As a result, representatives from Waller County and the Bayou Preservation
Association were added to the group.

Although the steering committee’s membership was drawn from several political subdivisions,
this study’s objective has been (1) to establish guidelines for development in Harris County that
are appropriate for the unique hydrologic environment in the overflow area; and (2) to develop a
regional plan to reduce flooding from the Cypress Creek Overflow that could gain support of all
the interests in the study area.

Procedurally, the steering committee’s meeting format generally has been to have fact-sharing
and interest-identifying presentations, followed by round table discussions. As the study
proceeded, many meetings were devoted to discerning consensus on potential strategies or
alternative plans for managing the Cypress Creek Overflow. The committee worked through a
reasonably long list of management strategies to identify a short list of promising alternative
overflow management plans for further analysis.

In January 2013, the steering committee met in a workshop format to discuss the relative merits
of alternative strategies, and how these strategies would affect the various interests represented.
The committee also discussed how information might be communicated with area interests. This
served as an aid to developing presentations and written materials for a meeting of area
stakeholders that was held the following month.

From its inception through September 2014, the steering committee met, considered information
and provided input to the project team at 35 separate meetings. Table 9.1 presents a list of the
steering committee meetings and the primary topics on the agenda. Presentations made by
HCFCD staff at the steering committee meetings are considered to be working documents.
Several steering committee members gave presentations that contained material that contained
confidential or proprietary information; therefore, those presentations are not reproduced here.
The steering committee continues to exist and was, and will be, a critical component of the
public outreach effort for this study.
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Table 9.1 Cypress Creek Overflow Management Plan Steering Committee meeting
chronology

Date

Agenda

2011 28 June

Organizational Meeting
Pres. on Concepts by Alan Potok, HCFCD
Discussion: Beginning to Define Issues

2011 12 July

Pres.: Flooding by Jeff Lindner, HCFCD

Pres.: Floodplains by Gary Bezemek, HCFCD
Pres.: Addicks/Barker by Richard Long, USACE
Discussion: Beginning to Define Issues

2011 26 July

Pres.: Addicks Mapping Update by David Randolph, HCFCD
Pres.: Langham Creek Plan by Potok and David Saha, HCFCD
Discussion: Magnitude, Boundaries of Overflow Area

2011 9 August

Discussion: Issues identified at the June 28 meeting.

2011 23 August

Pres.: Katy Prairie Conservancy by Mary Anne Piacentini, KPC

Pres.: Waller County Interests by S. Reiter and Yancy Scott, Waller Co.
Pres.: West Houston Assn. Interests by Roger Hord, WHA

Discussion: General

2011 13 September

Discussion: Items for Consultant Scope of Work
Discussion: Desirable Criteria for Consultant

2011 27 September

Pres.: Internal Committee Communication
Pres.: 2004 Overflow Study by Carl Woodward, HCFCD

Pres: Overflow 2007-08 Studies by Costello Inc.

Pres.: Addicks and Cypress Studies by Brown & Gay Engineers, Inc. by Lee Lenard,
BGE

Discussion: Mapping Conceptual Mitigation Scenarios

2011 11 October

Discussion: Mitigation Alternatives from Previous Studies

2011 25 October

Discussion: Internal Committee Communications Techniques
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Table 9.1 Cypress Creek Overflow Management Plan Steering Committee
meeting chronology

Date Agenda
Pres. by Alan Potok, HCFCD, on (1) Grant Appl. to TWDB; (2) Additional scope of
2012 24 January service items not covered in Grant; (3) Consultant Team

Discussion: General

Introduce Consultant Team: Mike Talbott, HCFCD

Pres.: Addicks Reservoir Repairs by Richard Long, USACE

Pres.: Waller County Drainage Criteria Update by Stephen Reiter, Halff Assoc.
Discussion: Summary of Issues and Goals of the Members

2012 26 June

Pres.: Prairie grass Study Update by Mary Anne Piacentini, KPC
2012 10 July Pres.: Addicks Reservoir Repairs Update by Richard Long USACE
Discussion: Mapping Areas of Special Concern

Pres.. CC Overflow Hydrology by Burton Johnson, Baker

Pres.: July 2012 Flood Event on CC, by Alan Potok, HCFCD

Pres.: Constraints on Widening Channels into Addicks Reservoir, by Kevin Shanley,
2012 24 July SWA

Pres.: Planning Concepts for Overflow Storage in Upper Addicks, by Kevin
Shanley, SWA

Discussion: Steering Committee Feedback on Presented Material

Pres.. Task 4 Environmental Issues, by Stephen Benigno, HCFCD
Pres.. Waller County Drainage, by Halff Associates. for Waller County
2012 14 August Pres.: Prairie Inundation, by Mary Anne Piacentini, KPC

Pres.. Overview of Upcoming Public Meeting, A. Potok, HCFCD
Discussion: Steering Committee Structure

Discussion: Project Schedule

Pres.: Mound Creek Base Plan Scenario

2012 28 August Discussion: Base Plan Scenario

Discussion: Next Conceptual Plan for Analysis

Discussion: Outcome of Public Meeting held on August 16, 2012

Discussion: Acquisition in the AO Zone
Discussion: Bear Creek Conveyance Corridor
Discussion: Next Conceptual Plan to Analyze
Discussion: Outcome of August 16 Public Meeting

2012 11 September

Discussion: Alternate Bear Creek Conveyance Channel Concept
2012 25 September Discussion: Katy-Hockley Storage Reservoir Concept
Discussion: Objectives for Comparing Conceptual Plans
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Table 9.1 (Continued) Cypress Creek Overflow Management Plan Steering Committee meeting

chronology
Date Agenda
2012 9 October Discussion: Planning Objectives for Evaluating the Strategies

Discussion: Cost Estimates for Katy-Hockley Storage Strategy

Discussion: Improved Cost Estimate for Mound Creek Strategy

Discussion: Hydrology and Hydraulic Considerations for Channel Conveyance
Strategy Considering Ultimate Development Conditions

2012 13 November Discussion: Project Schedule

Discussion: Formation of Stakeholder Group and Stakeholder Meeting
Pres.: Environmental Tasks Update

Pres.: Refined Cost Estimates

Pres.: 2-Dimensional Hydraulic Model

Pres.: Draft Strategy Evaluation Objections

2013 22 January Steering Committee Workshop

Pres.: Background Information and Basic Options: Store It; Move It; Manage It
Two Group Breakout for Discussion

Summaries of Group Findings

Discussion: Path Forward

2013 26 March Pres.: Concept of a Complete Management Plan
Pres.: Plan Evaluation Criteria List

Pres.: Project Team Proposed Plan #1

Discussion: How the Plan Addresses the Interests of the Steering Committee
Members

Pres.: Summary of Meetings with Corps of Engineers; West Houston Association
2013 9 April representatives; Waller County representatives; Katy Prairie Conservancy
representatives

Discussion: Steering Committee Interests and Concerns

Pres.. Summary of April 12, 2013 Meeting with the Corps of Engineers Galveston
District

Discussion: Continued Review of Management Plan #1
Pres.: Introduction of Proposed Management Plan #2

Pres.: Environmental Mitigation Limitations with the Addicks and Barker Project
Area

2013 24 April

2013 14 May Pres.. Summary of Preliminary Data from Rainfall Test Sites

Discussion: Management Plan #2

Discussion: Differences in Drainage Requirements between Plan #1 and Plan #2
Discussion: Cost Estimates for Management Plans #1 and #2

2013 11 June Discussion: Management #2 Revisions
Discussion: Management Plans #3, #4, #5
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Table 9.1 (Continued) Cypress Creek Overflow Management Plan Steering Committee meeting
chronology
Date Agenda
2013 25 June Pres.: Review of Management Strategy Options, by B. Johnson
Discussion: How to Evaluate as Thumbs Up, Thumbs Down, or Neutral
2013 23 July Pres.: Addicks Reservoir Watershed Update

Pres.. Rev

Discussion
Discussion

iew of Management Strategy Alternatives

Pres.: Stormwater Runoff Volume Assessment

. Prioritize Management Strategies
: Choose Two Strategies for Further Study

2013 13 August

Pres.: Analysis of Future Conditions
Discussion:
Discussion:

Evaluating Alternative Strategy Scenarios
Implementation Strategy

2013 10 September

Discussion:
Discussion:
Discussion:

Implementation Strategy/Phasing
Cash Flow Analysis
Completion of a Plan

2013 24 September

#5)

Discussion:
Discussion:

Conservation and Environmental Mitigation
Implementation Strategy and Cash Flow Analysis (Management Plan

2013 8 October

Discussion:
Discussion:
Discussion:

Bear Creek Overflow Conveyance Corridor
Community Value of the Regional Management Plans
Cash Flow Analysis Alternative Participation Scenario

2013 23 October

Burton Joh
Discussion

Discussion:

Cash Flow Analysis and Alternative Participation Scenario led by
nson

. Alternative Funding Strategy led by Kevin Shanley and James Vick

2013 26 November

Discussion
Discussion
Discussion

. Preparing a Draft Pathway for Implementation
. Cash Flow Analysis
. Inundation Depth and Duration Considerations

2014 4 February

2014 8 September

Discussion
Pres.: Rev
Johnson

Discussion

Pres.: Study Schedule Update by Dena Green, HCFCD

. Consensus for a Regional Plan
iew of Preferred Regional Management Plans by Dena Green and Burton

: Study Update; Moving Forward with a Regional Plan
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9.3 Stakeholder Meetings

At the introductory public meeting for the Cypress Creek Overflow Management Plan, attendees
were asked if they wanted to participate in additional meetings as an interested stakeholder. A
number of individuals indicated that they would like to do so in order to receive updated
information about progress of the study. Materials were developed and a stakeholders meeting
was held on February 12, 2013 at HCFCD’s North Service Center Pavilion Meeting Room.
Invitations to the meeting were mailed to all who had indicated at the public meeting that they
wanted to be included, as well as to established groups with known interests that might intersect
with overflow management planning.

Approximately 30 meeting participants heard presentations, received handout materials and
engaged in a question-and-answer session with project team members, including the study
manager and the Director of the Flood Control District. [See Appendix H Section 3.1 for meeting
materials, the PowerPoint presentation, list of invitees and list of attendees.]

During the question-and-answer period, the study team was questioned about future meetings.
Stakeholders were told that another meeting would be held, either just before or after the second
public meeting. A second stakeholders meeting was held on May 20, 2014, to provide an update
as the study neared completion. Topics discussed included options for the expected
recommended regional management strategy and the recommended Guidelines for Development
in the Upper Cypress Creek and Addicks Reservoir watersheds. [See Appendix H Section 3.2 for
the agenda, PowerPoint presentation, list of invitees and list of attendees.]

9.4 Group and Individual Meetings

Throughout the study process, meetings and briefings were held with individuals and groups who
are important to the outcome of the planning effort. Some of these are organizations with
representatives on the steering committee; others are organizations whose mission makes them
important to the success of a management plan. They include:

West Houston Association

Katy Prairie Conservancy

Bayou Preservation Association Board of Directors,

U.S. Army Corps of Engineers, Galveston District

Waller County

e Cypress Creek Flood Control Coalition Board of Directors

Meetings also were held with staff of Harris County Precincts 3 and 4 and with representatives of
the Harris County Public Infrastructure Department.

9.5 Public Meetings

The first of three public meetings scheduled for this study was held on August 16, 2012. The
meeting was held at the Harris County Precinct 3 Bear Creek Community Center, which is
physically located within the Addicks Reservoir footprint and is a popular and well-used
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meeting place. The study area is large and some meeting attendees faced extended travel time,
so the meeting was held at 3:30 p.m. to accommodate those who could attend during the day,
and those who were excused from work to attend. There were approximately 140 individuals
attendees at the meeting.

A PowerPoint presentation of study material was presented at the meeting, and questions were
taken after the presentation. Computer-Assisted Real Time Translation (CART) technology was
used to record the meeting and it provided a transcript (see Appendix H Section 4.1). Meeting
materials, including the presentation and transcript, were placed on the Cypress Creek Overflow
Management Plan study page on the HCFCD website.

The second public meeting was held on November 7, 2013 at the Harris County Precinct 3 Bear
Creek Community Center.

As with most public meetings, turnout estimates can be very imprecise. To provide some
assurance that the facilities would accommodate all who wanted to attend, two sessions were
held, one at 2 pm and one at 7 pm. As it turned out, the facility was adequate, with about 100
attending the afternoon meeting, and about 45 attending the evening meeting.

The same presentation was provided at each meeting, and questions were taken afterward.
Computer-Assisted Real Time Translation (CART) technology was used to record the meeting
and it provided a transcript (see Appendix H Section 4.2). Meeting materials were placed on
the HCFCD website.

A third public meeting was held on September 25, 2014 from 6-8 p.m. at the Harris County
Precinct 3 Bear Creek Community Center.

Members of the Flood Control District study team provided details of the Cypress Creek
Overflow Management Plan study, the final two concept plans (Plan 3 and Plan 5) and
information about study findings that was included in the draft study report (posted on the Flood
Control District’s website at www.hcfcd.org/cypressoverflow). The presentation was followed
by a question-and-answer period.

A summary of meeting details follows:
e 94 total attendees:
0 74 members of the public
0 20 staff (HFCFD study team plus employees who volunteered to work at the
meeting)
e 39 organizations/government agencies/firms were represented:
o Energy Corridor District, West Houston Association, Cypress Creek Flood
Control Coalition, Cypress Creek Greenway Coalition, Hearthstone Flood
Coalition, Katy Prairie Conservancy (6)
o City of Waller, City of Katy, Katy ISD, Morton Road MUD, Harris County MUD
127, Chimney Hill MUD, Harris County MUD 208, Harris County Public
Infrastructure Department, Harris County MUD 64, Texas Water Development
Board, Barker Cypress MUD, Harris County Precinct 4, City of Houston,
Ricewood MUD, Jackrabbit Road PUD, Chimney Hill MUD, Harris County
MUD 136 (17)
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0 Walter P. Moore, Gracious Engineering, Brown & Gay Engineering, Costello
Engineering, 5engineering, Halff Associates, Brewer Escalante, Charter
Development, EHRA Engineering, Freese & Nichols, Dannenbaum Engineering,
Michael Baker International, R. G. Miller Engineers, Lario Land Consultants,
Jones & Carter, LSA Engineering (16)

e 3 reporters (media) covered the meeting:

0 Shawn Arrajj, reporter, Community Impact News

o0 Bryan Kirk, reporter, Houston Chronicle

0 Karen Zurawski, editor, Houston Chronicle

The majority of attendees appeared to have prior knowledge of the study, and most likely, had
attended at least one of the two previously held public meetings or one of the two stakeholder
meetings. A question-and-answer session was held at the end of the public presentation. It was
announced that the draft report was available to download from the website, and that public
comments on the draft report were due to the Flood Control District by October 25, 2014.

9.6 Public Notifications
Newspaper

Many people still rely on legal advertisements in local newspapers to monitor the actions
of government agencies. In a metropolitan area as large as Houston, a major general
circulation newspaper provides a venue for notices of public meetings. For each Cypress
Creek Overflow public meeting, notice was placed in the Houston Chronicle, well in
advance of the meeting. See Appendix H, Sections 4.1.1 and 4.2.1 for copies of the
following notices:

o] Newspaper Notice, Houston Chronicle, July 26, 2012

o] Newspaper Notice, Houston Chronicle, October 4, 2013

o] Newspaper Notice, Houston Chronicle, September 3, 2014

Commissioners Court

Harris County Commissioners Court meeting agendas are posted with the Harris County
Clerk’s office and advertised the Harris County website at least three days before the
meeting. Items involving the Harris County Flood Control District are an identified
subgroup of actions on the Commissioners Court agenda. Public comments are received
on agenda items.

Permission to apply for a grant from the Texas Water Development Board was received
from Commissioners Court on January 10, 2012, and the awarded grant was accepted on
August 21, 2012. If the Cypress Creek Overflow Management Plan study results in a
recommendation for new or revised guidelines for development, those policies will be
placed on a Commissioners Court agenda for action.
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HCFCD casts a wide net to inform the public about opportunities to learn about its
activities and to comment on them, particularly in the surrounding area of a project or
study. Outdoor signs are placed strategically near meeting locations as an aid to the
public in locating meeting sites and to attract meeting attendees. Prior to the Cypress
Creek Overflow Management Plan study public meetings held at the Bear Creek Park
Community Center, Harris County Precinct 3 (Hon. Steve Radack, Commissioner)
contributed two movable signs, which were placed on major roadways (Eldridge
Parkway and SH 6) near the meeting location.

Direct Mail

Grant Application

Other

9.8

Direct mail notification of the application for a grant from the Texas Water Development
Board was made to local elected officials and to more than 400 local utility and water
districts in the study area on January 11, 2012 (See Appendix H, Section 5.1 for Letter to
Elected Officials).

e Letters were mailed to government and nonprofit agencies on July 20, 2012,
announcing the initial public meeting to be held on August 16, 2012 (See Appendix
H, Section 5.2). Elected officials were also sent a letter on July 26, 2012, advising
them of the public meeting (See Appendix H, Section 5.3).

e Letter invitations were sent to interested parties announcing the stakeholder meeting
in January 2013 (See Appendix H, Section 5.4). The list of interested parties
included individuals who had indicated their interest at the first public meeting, as
well as established groups or agencies who could be affected by an overflow
management plan.

e In April 2014, letter invitations were sent to interested parties announcing a
stakeholders meeting to be held on April 29, 2014 (See Appendix H, Section 5.5).
The interested parties list was similar to that of the stakeholders meeting held in 2013.

Written Materials

Collateral Materials for Meetings

e The grant application was distributed to local elected officials and municipal utility
districts in the study area.

e The HCFCD watershed fact sheets for the Addicks Reservoir Watershed and for the
Cypress Creek Watershed were available to the public at all three meetings. [See
Appendix H, Section 6.1 and 6.2 for copies of the watershed fact sheets.]
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e A briefing book was developed for the January 2012 stakeholder meeting.
e The U.S. Army Corps of Engineers supplied an Addicks Reservoir Fact Sheet for use
at all meetings. [See Appendix H, Section 6.3.]

Reports

e A draft final report was made available to the public for review and comment.
e When it is available, the final report will be posted on the HCFCD website.

9.9 HCFCD Website

The HCFCD website has a Cypress Creek Overflow Management Plan study page, which
provides general study information as well as information presented at the public meetings.
Additionally, the site provides a mechanism for questions and comments to be transmitted to
HCFCD. Appendix H, Section 7.1 presents a screen shot of the CCOMP webpage, which can be
found at www.hcfcd.org/cypresscreekoverflow. Appendix H, Section 7.2 shows the form for
submitting comments to HCFCD via email at the website. Materials located at the website
include:

Grant application

Meeting notices

Meeting transcripts

Comments received

Public comment submittal form

9.10 Moving To Implementation
Responding to Comments

Throughout the study process, response to comments has been largely informal; more focused on
sharing information, constructive dialogue and working toward a solution than arguing the fine
points of a particular proposal. All meetings have incorporated time for questions and answers,
either during or after presentations, or both. The objective has been to bring public questions and
comments into the planning process so that potential solutions developed by the project team
could accommodate public concerns and suggestions. A summary of comments received was
prepared and posted on the HCFCD website after each of the public meetings (See Appendix H,
Section 4).

Finding Acceptability

The Flood Control District has sought acceptability of a proposed regional overflow management
plan through several efforts. The first and central focus of these efforts has been through
discussions with the steering committee. Since this body represents a spectrum of interests that
must be accommodated in a successful management plan, many months of meetings were spent
defining a plan that would effectively manage the overflow itself while addressing the needs of
area businesses and communities. The steering committee narrowed the potential management
plan alternatives by conducting a “thumbs up/thumbs down” exercise, and then refining options
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that were potentially acceptable to the majority of the membership. The reduced number of
options were closely scrutinized, and finally narrowed to two. The study team ultimately decided
upon the most feasible option that was most likely to be accepted by the broader community.

At two points in the process, stakeholders were brought together to learn about the study’s
progress. In addition, study team members met with a number of groups that had a strong
interest in solutions proposed by the study.

Study team members also met individually with members of the steering committee outside of
the committee setting. Comments received at these meetings about the recommended Cypress
Creek Overflow Management Plan, and Interim Guidelines for Development in the Upper
Cypress Creek and Addicks Reservoir Watersheds, were key to helping determine the general
level of community acceptability of the proposed plan.

Building for the Long Term

It is clear that for a regional management plan to be accepted, HCFCD must have broad
community support that is strong enough to sustain at least two decades. That is the period of
time that it will likely take to implement the regional management strategy that is recommended
by the study team, both for engineering reasons and (mostly) for financial reasons. Maintaining
public support through that period will be critical.

Fortunately, the growth imperative that is making a regional management plan necessary also is
a long-term phenomenon. While development is imminent, and most striking because it is
occurring in an area that is largely undeveloped, it also will take many years to fully play out. If
an acceptable regional overflow management plan is defined, and is funded starting in the near
term, a phasing strategy can make implementation possible in the next two decades.
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10 Conclusions and Recommendations

The western edge of the Houston metropolitan area is currently one of the fastest growing sectors
in the region and this growth is now encroaching on land impacted by the Cypress Creek
Overflow. If unmanaged, the growth in the Addicks Reservoir and Barker Reservoir watersheds,
and in the Upper Cypress Creek watershed will create challenges for both public and private
entities to create safe, sustainable communities. For example:

a) The U.S. Army Corps of Engineers will have to respond to higher volumes of runoff,
and during larger or more sustained rainfall events, additional properties will be at
risk of flooding either within the maximum pool footprint of the reservoirs or in the
watershed downstream of the dams.

b) The Harris County Flood Control District may have to allocate additional capital and
operational dollars to respond to increased flood risks in the drainage area.

c) Property owners will find it increasingly difficult to design and develop safe
communities if the overflow is not managed on a regional basis.

The mission of the Harris County Flood Control District seeks to reduce or avoid flood risks and
damages, with due regard for community and natural values. In pursuit of these goals, the
District is recommending the following implementation steps to manage the periodic overflow
events:

1. Update the Harris County Drainage Criteria to include mitigation for changes in runoff
volume due to changes in land use in the reservoir watersheds and in the Upper Cypress
Creek watershed. Development guidelines that satisfy this recommendation will be
presented to Harris County Commissioners for their consideration.

2. Prepare detailed environmental analysis and engineering design of Management Plan 5.
The design will include guidelines for interim work that may be performed or funded by
entities other than the HCFCD, but will be part of the overall plan.

3. Initiate appropriate funding structures to most expeditiously implement the plan, and to
most appropriately allocate the capital and operational expenses to the parties that will
benefit from the plan.

4. Acquire necessary right-of-way for the plan and construct the berms, channels and
control structures that are a part of the plan.

5. Begin long-term management of the new facilities, including management of the storage
area, in order to increase its stormwater runoff reduction characteristics through prairie
restoration practices.
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1.0 Introduction

This appendix describes the hydrologic and hydraulic analysis of the overflow from the Cypress
Creek watershed into the Addicks Reservoir watershed during larger flood events, which is
anticipated to occur during hypothetical storm events equal to or greater than a 20% (5-year)
annual chance event. When such an overflow occurs, a very large portion of land is inundated
by shallow, slowly moving water that flows towards the southeast across much of the upper
Addicks Reservoir watershed as it makes its ways into the tributaries of Addicks Reservoir and
ultimately into Addicks Reservoir itself. Limited overflow is also anticipated to drain into the
Barker Reservoir as well; however, the volume of overflow estimated to reach the Barker
Reservoir is insignificant compared to the storm water storage volume provided by Addicks
Reservoir. For this reason, the assessment focusses on the overflow into the Addicks Reservoir
watershed. Furthermore, the preferred overflow management plans identified as part of this study
would effectively manage the overflow such that overflow that currently flows to Barker
Reservoir during a 1% design storm event would be eliminated; all of the overflow would be
directed towards Addicks Reservoir. In addition to the overflow, this appendix describes the
analysis of various management measures considered as part of the Cypress Creek Overflow
Planning Study.

The study utilized a coupled 1D/2D model to simulate the overflow and the management
measures. The development of the models, and results, are presented in this appendix.

1.1 Study Area Description

The study area is depicted in Exhibit A1.1. It consists of the Addicks Reservoir watershed as
well as the Upper Cypress Creek watershed, which for this study is defined as the portion of the
Cypress Creek watershed that contributes to drainage along Cypress Creek as it passes US 290.
Exhibit Al1.2 shows the floodplains depicted on the effective Flood Insurance Rate Maps
(FIRMs), including the Zone AO area associated with the overflow (FIRM Panel Nos.
48201C0160L, 48201C0190L, 48201C0595L, 48201C0605L, 48201C0610L, 48201C0615L,
48201C0620L, 48201C0630L, and 48201C0640L, all dated June 18, 2007; 48201C0170M,
48201C0360M, 48201C0370M, 48201C0380M, 48201C0385M, 48201C0390M,
48201C0395M, 48201C0405M, 48201C0410M, 48201C0415M, 48201C0420M,
48201C0580M, and 48201C0585M, all dated October 16, 2013; and 48473CO0175E,
48473C0275E, 48473C0375E, all dated February 18, 2009). The total study covers 277 square
miles, with the Addicks Reservoir watershed contributing 136 square miles, and the Upper
Cypress Creek watershed contributing 141 square miles. Within this study area, the overflow
analysis described in this appendix focuses on the areas subject to overflow as well as flow rates
along the channels within the study area.



Exhibit Al.1 - Study Area



Exhibit A1.2
Effective Special Flood Hazard Areas (from FIRM Panels effective as of April, 2014))

The natural topography of the study area is primarily flat, and generally drains from the
northwest to the southeast. However, the northern one-third of the study area— the portion of the
Upper Cypress Creek watershed that includes Mound Creek — has steeper topography than the
rest of the study area. Exhibit A1.3 depicts the topography, with elevations as high as 300 feet
above mean sea level in the upper portion of the Cypress Creek watershed in Waller County, and
as low as 80 feet in Addicks Reservoir. In the northern third of the study area natural land slopes
approximately 10-20 feet per mile, while the remainder of the study area slopes approximately 4-
6 feet per mile.



Exhibit A1.3
Topography

The location of the main channels in the study area is shown on Exhibit Al1.4. Most of the
channels in the Cypress Creek watershed are natural, although the main channel of Cypress
Creek was channelized in the mid 1900°s. Since that time, it has become incised and unstable,
has re-vegetated, and appears natural. Most of the channels in the Addicks watershed,
particularly those in the developed portion of the watershed, have been deepened and
straightened. A bypass was constructed along Bear Creek to divert flow around a large meander
and increase capacity as it flows into Addicks Reservoir. Within Addicks Reservoir, much of the
channel system remains natural.



Exhibit Al.4
Channels in the Study Area

Exhibit A1.5 depicts the land use as of 2013 in the study area. The majority of the study area is
undeveloped, although about 55 square miles are developed. Most development is concentrated
in the eastern and southern portion of the study area, in areas closer to the urbanized portion of
the Houston metropolitan area. Most development is single family residential, with commercial
and retail along the primary corridors. The undeveloped land is primarily agricultural, with a
combination of ranch land and row crops, as well as limited areas with native prairie cover.
Historically, much of the area was used for rice farming, however much of this agricultural use
has converted to corn in the past twenty years. Rice farming required the construction of
agricultural berms to facilitate flooding of the rice fields. As these farms have converted away
from rice, some of the berms have been removed, or at least the berms have been “broken” in
places.
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Exhibit AL5
Existing Land Use (Source: Houston-Galveston Area Council)

1.2 Observations of the Cypress Creek Overflow

Although the overflow from Cypress Creek into the Addicks Watershed has not been well
documented over time, there has been knowledge of the overflow. In fact, the original plan for
Addicks and Barker Reservoirs, developed by the U.S. Army Corps of Engineers (USACE) in
the 1930’s, included a levee along the watershed divide to ensure that the overflows remained in
the Cypress Creek watershed. This levee was never constructed, and the resultant plan was
revised to include the purchase of additional land behind Addicks Dam to accommodate the
overflow. According to the USACE, approximately one-third of the volume of Addicks
Reservoir on government land is relegated to overflows from the Cypress Creek watershed.
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The overflow is predicted to occur about once every 5-10 years. The total number of times the
Cypress Creek overflow has occurred has not been well documented; however, the overflow has
been recorded five times in the past 30 years. Two of the largest overflow events were observed
in October 1994 and October 1998; smaller overflow events were also recorded in 2002, 2003
and 2012. Exhibit A1.6 shows photographs taken from the air by the Harris County Flood
Control District (HCFCD) during the overflow event in 2003. As the photographs indicate, the
inundation from the overflow is vast. It typically last about one day, and is relatively shallow.

Exhibit A1.6
November 2002 Event

1.3 Previous Studies and Modeling

Floodplains in Harris County have historically been computed, mapped, and analyzed using a
combination of models developed by the USACE, Hydrologic Engineering Center (HEC). A
software program known as HEC-HMS (Hydrologic Modeling System), and before that, HEC-1,
have been utilized to develop computer models that simulate the runoff of rainfall from particular
rainfall events. The output of the HEC-HMS model is a series of hydrographs, which track the
flow rate from an upstream watershed over the course of the event.



Peak flow rates from these computed hydrographs, at various locations along streams, are then
input into a second software program known as HEC-RAS (River Analysis System), and before
that, HEC-2. HEC-RAS computes water surface elevations at defined cross sections along a
stream or river for a given flow rate. A basic assumption of the model is that water flows from
Ccross section to cross section (the software does not consider that water may flow “away” from
the channel, or that it may flow up or down). Because of this assumption, HEC-RAS is known
as a one-dimensional model. While imperfect, one-dimensional models have proven to be
effective at computing flood elevations along defined water courses such as streams and rivers.
HEC-RAS computes water surface elevations along the stream or river for the given discharge,
and facilitates the determination of flood elevations and floodplain delineations.

HEC-RAS has the capability to compute water surface elevations using both a steady flow
routine and an unsteady flow routine. Historically, steady flow has been primarily utilized in
Harris County, and the historic computations in the study area are based upon a steady flow
routine, which means that only the peak discharge is computed along the channel. An unsteady
model considers discharges over time, and computes at a specified time interval. As such, the
hydrograph, and not just the peak discharge, is transferred from the HEC-HMS to HEC-RAS.

1.4 Overflow Modeling

While the HEC-HMS and steady flow HEC-RAS models are sufficient to model the riverine
flow along the channels and streams in Harris County, they are not well suited to consider the
overflow that occurs over a vast area when flood flows exceed the watershed divide and
overflow toward Addicks Reservoir. Historically, the overflow was approximated by taking
rough cross sections across the sparsely developed land in the upper Addicks Reservoir
watershed near the Cypress Creek watershed divide. While this facilitated a rough depiction of
the overflow, it does not provide a true understanding of the character and nature of the
overflow.

The Cypress Creek Overflow Planning Study utilized a two-dimensional model to simulate the
overflow. While a one-dimensional model utilizes cross sections along a channel, a two-
dimensional model utilizes a grid. This allows the simulation of flow to and from a grid cell to
its neighboring cells, and therefore considers two potential directions. Two dimensional models
have been around for some time; however they are computationally intense and require vast
volumes of storage. The advent of faster processors and more economical storage media have
resulted in a significant expansion of two-dimensional modeling. Furthermore, the availability
of digital elevation models, such as those developed from LIiDAR (Light Detection and Ranging)
technology, has facilitated the use of two-dimensional modeling software.

The two-dimensional component was utilized to represent the overflow, and was “coupled” to a
one-dimensional representation of the following defined streams: Cypress Creek, Bear Creek,
and South Mayde Creek. Consequently, the model utilized in this study is known as a “coupled
1D/2D” model. This model is described in more detail in this appendix.



2.0 Existing Condition Model Development

This section describes the development of the existing condition coupled 1D/2D model that
describes and quantifies the overflow.

2.1 Software

The modeling utilized software developed by XP Solutions known as xpstorm. This software
package utilizes multiple modules. The channels were modeled using the basic channel
capability in xpstorm, while the two-dimensional component was considered using the xp2D
module. The xp2D module utilizes a computational engine developed by Tuflow and used in
their highly regarded two-dimensional model. The channel modeling is based upon a link-node
concept, and is an unsteady model. The hydrographs developed in HEC-HMS are utilized as a
boundary condition.

2.2 Source Data

The model was developed from readily available data sources, including existing models, GIS
data sets, LIDAR elevation data, survey data, and field inspection. These are described below.

2.2.1 Source Models

The Cypress Creek FEMA effective HEC-HMS model (2012) model produced hydrographs for
the 1% event in the Upper Cypress Creek watershed. The FEMA effective Addicks Watershed
HEC-HMS model (2008) produced hydrographs for the 1% in the Addicks watershed. Both of
these HEC-HMS models are based upon 2001 levels of development.

The FEMA effective HEC-RAS models for Cypress Creek (2012) and for the Addicks Reservoir
tributaries (2008) were made available, and provided representation of roadway and pipeline
crossings and the location of cross sections. However, for Langham Creek, HCFCD is in the
process of submitting a Physical Map Revision (PMR). The HEC-RAS model utilized for the
PMR submittal was utilized in this study.

2.2.2 Topography

Elevation data was developed from airborne LIDAR based digital elevation data. LIiDAR is a
remote sensing technology that measures distance by illuminating a target with light and
analyzing the reflected light. LiDAR flights accumulate a vast amount data, and this data is
converted to usable elevation data through a process that first removes extraneous points, adjusts
the data to a benchmarked elevation, and then converts a mass of point to a grid, with elevations
represented by grid cells at a particular resolution.

In 2008, the Houston-Galveston Area Council (HGAC) obtained LIiDAR data for the region.
This dataset produced a digital elevation model at a five-foot resolution, and included Harris and
Waller counties. This dataset is based upon the NAVD 1998 vertical datum.

In Harris County, the dataset was further adjusted to the NAVD 2001 vertical datum adjustment,

which reflects subsidence. However, no such adjustment was made to the Waller County data.
Although there has been minimal subsidence in Waller County, this difference resulted in a
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“seam” at the county line, and necessitated the adjustment of the Waller County dataset. The
adjustment process included converting the two datasets into the State Plane coordinate system
and establishing the adjustment factors to be incorporated into the Waller dataset. Utilizing GIS
processes four distinct areas were defined an adjusted, with adjustment factors ranging from 0.20
to 0.30 feet as shown in Exhibit A2.1.

Exhibit A2.1
Waller County LIiDAR Adjustment

2.2.3 Agricultural Berms and Features

There are a substantial number of agricultural berms and elevated roadways, along with an
abandoned railroad trestle, that have the potential to influence overflows. While the LIiDAR
based elevation data captures these features, the conversion of the data into a five-foot grid can
result in the loss of detail regarding the peak elevation of these features. In addition, the LIDAR
is not as accurate as field survey because LIDAR can result in some error in recognizing these
critical features

HCFCD provided a shapefile with the location of known agricultural berms in the study area.
These berms were carefully evaluated to ensure elevations were appropriately recognized. In
addition, HCFCD provided additional field survey data of features. Exhibit A2.2 shows the
agricultural berms and other topographic features in the overflow area.
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2.24 GIS Data

A number of existing datasets were obtained and utilized in this study. Land use datasets were
obtained from HCFCD and HGAC. The HCFCD Channel Assessment Program shapefile was
obtained for stream centerline data. Additional coverages provided locations of roadways,
political boundaries, sub-watershed boundaries.

Exhibit A2.2
Berms and Features

2.3 Model Development

The model consists of both one-dimensional components and two-dimensional components. The
one-dimensional component is used to represent the main channel flows along Upper Cypress
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Creek, Langham Creek, South Mayde Creek, and Langham Creek. The two-dimensional
component is used to represent the land located beyond the channel banks, where the overbank
floodplain and overflow occur.

2.3.1 One-Dimensional Component

The one-dimensional development features were developed in xpstorm. For each of the
channels, the stream centerline was imported into the model as a series of links connecting
nodes, where the nodes are the respective cross sections. Cross sections were generally defined
in the same locations as those used in the FEMA effective HEC-RAS model, however cross
section data was obtained solely from the LIiDAR based DEM. The cross sections are
approximately 300-feet wide, which is sufficient width to capture the channel high bank on all
streams. The resultant cross sections were compared to the surveyed cross sections, which were
used to develop the effective HEC-RAS model, as a quality control measure, and refinements
were made if necessary.

As a naming convention, cross section nodes were given a prefix representative of their steam,
followed by a station number consistent with the approach used in the HEC-RAS model. Table
A2.1 lists the channels and their respective prefix. Links were given the same name as the
upstream node, but with the “L” suffix.

Table A2.1
Streams and Model Naming Convention
Stream Name Prefix | HCFCD Unit Number HEC-RAS model
Cypress Creek CcC K100-00-00 Cypress Creek FEMA effective model
Langham Creek LC U100-00-00 Addicks Watershed PMR model
South Mayde Creek | SM U101-00-00 Effective M3 Model
Bear Creek BC U102-00-00 Effective M3 Model

The xpstorm software, as with all node-link software packages, does not have a robust routine to
simulate bridges. Therefore rating curves were developed from the HEC-RAS model and
utilized to represent bridges. XP-Storm simulates culverts and storm sewer systems better than
HEC-RAS; therefore culvert data was taken from the HEC-RAS model and entered into the XP-
Storm model for analysis.

In total, the one-dimensional component of the model has 331 nodes and 321 links. All culverts
were coded into the model using data from HEC-RAS models. Bridges were modeled using
rating curves developed from the HEC-RAS models.

2.3.2 Two-Dimensional Component

Along the channels, the overbanks beyond the 300-foot channel cross-section corridor are
modeled using the two-dimensional xp2D module. These areas are represented by a DEM,
which is a grid with assigned elevations at each cell. In addition, Mound Creek was fully
modeled as a two-dimensional surface rather than a 1D/2D coupled model. The coverage of the
DEM was established wide enough to capture the full floodplains along each channel as well as
any overflows. At each time increment, the software computes a flow depth at each cell as well
as each cell boundary and assigns flow accordingly, resulting in a new computation at the
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subsequent time step. The end result is a flow depth or elevation at each location in the study
area at each time increment during the simulation.

The grid cell resolution is an important consideration in two-dimensional modeling. Small grid
cell sizes increase accuracy, but require additional computation times; while larger grid sizes
compromise accuracy but increase computation time. The determination of grid size requires a
trade-off to ensure a workable model without compromising satisfactory accuracy. For this
study, it was determined that a 70-foot grid cell for the overbanks and overflow area produced
highly accurate models with a reasonable run time. For Mound Creek, a 60-foot grid cell was
used to ensure adequate capture of elevation changes in the channel. The resulting model
completed a five-day rainfall hydrograph simulation, with a computation time-step of five
seconds, in 12.5 hours.

The overflow area has numerous elevated features such as agricultural berms, major roads and
abounded railroad. These structures should have a significant influence on the overflow and
would not be accurately represented in a 70-foot resolution grid. Hence, all of these features
were manually digitized in GIS and reintroduced into the model as elevation shapes, ensuring
that the true elevations of these features are captured in the model topographic data.

2.3.3 Manning’s “n” Values

Manning’s “n” values represent the resistance to flow from various surfaces. In the one-
dimensional regime, Manning’s “n” values were assigned across each cross section, with values
similar to those used in previous studies. In the two-dimensional regime, xp2D uses a Land Use
Land Coverage (LULC) depiction to assign “n” values to land uses. The source land use datasets
were utilized to develop this coverage, and the resultant LULC dataset has nine classifications.
It was observed that some of the areas classified as agricultural were no longer being used for
cultivation, resulting thick over growths in these areas. The “n” values for these areas were
adjusted accordingly. The roughness values varied from 0.22 in dense undeveloped areas to 0.08
for open lands.

2.3.4 Inflow Hydrographs

Existing condition hydrographs from the existing HEC-HMS models were utilized, and were
read into the coupled 1D/2D model at appropriate locations. With the exception of hydrographs
computed upstream of the study area, the hydrographs represent only runoff and not in-stream
routing, as losses from routing are developed within the two-dimensional model.

2.3.5 Boundary Conditions

A normal depth boundary condition was used at the downstream end of the Addicks Reservoir
tributaries (Langham Creek, South Mayde Creek, and Bear Creek). Normal depth was chosen to
prevent the consideration of any downstream condition upon the overflow behavior. The
overflow area is substantially upstream of any potential downstream influence, including
influence from Addicks Reservoir.
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2.4 Calibration

The model was executed using hydrographs developed from HEC-HMS models simulating
events in 1994, 1998, and 2012. For these events, high water marks were taken along Cypress
Creek and within the overflow. The locations of these high water marks are shown in Exhibit
A2.3. Marks 1 and 2 are along Cypress Creek, and therefore depict riverine flood elevations.
Marks 3 and 4 are in the overflow, and represent elevations from the overflow event.

Exhibit A2.3
Location of High Water Marks

It should be noted that there have been some changes to the study area between the 1994 and
1998 events and current time. A comparison of the aerial imagery in 1994 and 1998 to the 2008
LiDAR datasets along with comparison of the 2001 and 2008 LiDAR datasets was performed to
identify any major structural additions or deletions to be considered during calibration runs. The
exercise identified two areas with changes as shown in Exhibit A2.4. These changes were
incorporated into the calibration model runs.

The results of the simulations are compared with observed high water marks in Table A2.2.
Mark 1 is at Katy-Hockley Road, and the observed high water marks are about two feet lower
than the elevations recorded in 1994 and 1998. Historically, it has been difficult to replicate
these high water marks with computer simulations. The HEC-RAS model produced by HCFCD
as part of the Cypress Creek Physical Map Revision (PMR) was able to achieve a closer match to
this mark. Even though the coupled 1D/2D model shows two-foot difference, the 1D component
of the model closely duplicates the profile from the PMR model between Katy-Hockley Road
and Sharp Road. Mark 2, located near Sharp Road, shows a much closer match, with a
difference within one foot.
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Marks 3 and 4 are in the overflow. Mark 3 was taken after the 1994 event, and the simulation
shows a water surface just over one-half foot lower than observed. This is a reasonable match.
Mark 4 was taken after the 1998 event. The simulation predicts a substantially higher water
surface, with a difference of over seven feet. The elevation for the high water mark is well
below the LiDAR based topography in the area, and is likely an incorrect elevation.

With only one overflow high water mark, it is difficult to make a conclusion regarding the
overflow from observed data and simulations of events. However, the one mark supports the
modeling results. The water surface elevations along Cypress Creek show a close match at
Sharp Road. The Katy-Hockley Road marks show a larger departure than desired, however as
noted above, this mark has been difficult to confirm.

Exhibit A2.4
Adjustment to 1994/1998 Conditions
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Table A2.2
Calibration Summary

HWM No. Location/Event HWM Xpstorm Difference
(ft) (ft) (ft)

1 Cypress Creek at Katy-Hockley Rd
October, 1994 163.0 160.96 -2.04
October, 1998 162.9 160.46 -2.44
July, 2012 - 161.14 -

2 Cypress Creek at Sharp Road
October, 1994 168.9 168.09 -0.81
October, 1998 166.8 166.96 0.16
July, 2012 - 168.21 -

3 Overflow near Unit U102-14-00 and Sharp Rd
October, 1994 160.7 160.13 -0.57
October, 1998 - 159.20 -
July, 2012 - 160.14 -

4 Overflow near Katy-Hockley Rd/Bear Creek
October, 1994 - 165.71 -
October, 1998 157.9 165.19 7.29
July, 2012 - 165.76 -

3.0 Existing Condition Model Results

This section summarizes the results of the xpstorm simulation of the overflow from the Cypress
Creek watershed. The results consider the existing condition overflow associated with a standard
24-hour 1% rainfall. The model facilitates the estimation of the overflow hydrograph at various
locations along the overflow path, the overflow travel time, the volume of overflow, and the
depth of overflow. The overflow was simulated for the 1% annual probability event (100-year),
the 4% (25-year), the 20% (5-year) event, and the 50% (2-year). All of these simulations
consider existing development levels and a 24-hour rainfall distribution.

3.1 Hydrographs

Runoff hydrographs were initially determined in HEC-HMS, using the model from the Cypress
Creek Physical Map Revision. Hydrographs were injected at appropriate points in the
simulation. It was determined that runoff from rainfall over the Addicks Reservoir does not
impact the overflow event, as it occurs a day prior to the overflow. Therefore, the Addicks
Reservoir watershed hydrographs were not included in the overflow simulation in xpstorm.

Within the xpstorm software, the user may define “lines” where hydrographs are computed
during the simulation. The user must specify the computation lines prior to executing the model.
Exhibit A3.1 shows an aerial depiction of the study area, and highlights key areas where
hydrographs are computed and reported. Table A3.1 summarizes these key locations.
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Exhibit A3.1
Hydrograph Computation Locations

Table A3.2 presents the computed peak discharges and Table A3.3 presents the computed
volumes at these key locations.
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Table A3.1
Hydrograph Locations

No Location Description
1 Mound Creek/Little Mound Creek Represents Cypress Creek flow upstream of the overflow the
line crosses Cypress Creek tributaries downstream of where
the overflow begins.
2 Cypress Creek downstream of Katy- Represents Cypress Creek flow at the Katy-Hockley Rd gage
Hockley Rd
3 Cypress Creek upstream of Grand Parkway | Represents Cypress Creek flow downstream of the overflow
4 Overflow “1” — west (toward South Mayde | Represents overflow that flows toward South Mayde Creek
Creek)
Overflow “2” — middle (toward Bear Crk) | Represents overflow that flows toward Bear Creek
Overflow “3” — east (toward Langham Represents overflow that flows toward Langham Creek
Creek)
7 North Overflow at Katy-Hockley Rd (to Represents overflow that flows across JPL to Bear Creek
Bear Creek) about hallway across the overflow
8 Middle Overflow at Katy-Hockley Rd (to Represents overflow that flows south of JPL to Bear Creek
Bear Creek) about halfway across the overflow.
9 South Overflow at Katy-Hockley Rd (to S. | Represents flow along South Mayde Creek about halfway
Mayde Creek) across the overflow.
10 Diversion from Bear Creek to South Overflow that is diverted from Bear Creek to South Mayde
Mayde Creek Creek
11 Flow entering South Mayde Creek Represents overflow in South Mayde Creek as it enters the
development area developed reach
12 Flow entering Bear Creek development Represents overflow in Bear Creek as it enters the developed
area reach
13 Flow entering Langham Creek Represents the overflow in Langham Creek as it enters the
development area developed reach
Table A3.2
Computed Peak Discharges
No Description 1% 10% 20% 50%
(100-yr) | (10-yr) | (5-yr) | (2-yr)
1 Mound Creek/Little Mound Creek 18,419 7,424 4,681 2,233
2 Cypress Creek downstream of Katy-Hockley Rd 5,231 1,711 1,189 871
3 Cypress Creek upstream of Grand Parkway 5,138 1,675 1,111 802
4 Overflow “1” — west (toward South Mayde Creek) 3,258 569 117 0
5 Overflow “2” —middle (toward Bear Creek) 8,590 2,476 1,297 349
6 Overflow “3” — east (toward Langham Creek) 829 232 58 0
Total Overflow at Watershed Divide (4, 5, & 6) 12,678 3,278 1472 349
7 North Overflow at Katy-Hockley (to Bear Creek) 2,858 1,161 614 112
8 Middle Overflow at Katy-Hockley (to Bear Creek) 4,221 633 263 34
9 South Overflow at Katy-Hockley (to S. Mayde Crk) 1,958 83 0 0
10 Diversion from Bear Creek to South Mayde Creek 589 0 0 0
11 Flow entering South Mayde Creek development area 1,918 62 0 0
12 Flow entering Bear Creek development area 2,593 459 214 23
13 Flow entering Langham Creek development area 394 55 7 0

Total Overflow Entering Addicks Reservoir 4,905 576 214 0
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TableA3.3
Computed Flow Volumes

No Description 1% 10% 20% 50%

(100-yr) | (10yr) (5yr) (2yr)
1 Mound Creek/Little Mound Creek 28,846 12,281 8,319 4,972
2 Cypress Creek downstream of Katy-Hockley Rd 19,916 9,850 6,015 5,215
3 Cypress Creek upstream of Grand Parkway 29,861 13,162 6,428 5,393
4 Overflow “1” — west (toward South Mayde Creek) 5,192 783 160 0
5 Overflow “2” —middle (toward Bear Creek) 16,583 5,263 2,699 541
6 Overflow “3” — east (toward Langham Creek) 1,580 394 73 0
Total Overflow at Watershed Divide (4, 5, & 6) 23,355 6,439 2,933 541
7 North Overflow at Katy-Hockley Rd (to Bear Creek) 6,856 2,744 1,275 187
8 Middle Overflow at Katy-Hockley Rd (to Bear Creek) 8,852 1,567 444 27
9 South Overflow at Katy-Hockley Rd (to S. Mayde Crk) 3,302 193 0 0
10 Diversion from Bear Creek to South Mayde Creek 747 0 0 0
11 Flow entering South Mayde Creek development area 5,939 783 160 0
12 Flow entering Bear Creek development area 15,836 5,263 2,699 541
13 Flow entering Langham Creek development area 1,580 394 73 0
Total Overflow Entering Addicks Reservoir 23,355 6,439 2,933 541

The computed flows and volumes are discussed in the following sections.

3.1.1 Total Overflow

The computed 1% (100-year) peak discharge along Cypress Creek upstream of the overflow is
18,419 cfs. The peak 1% overflow discharge is 12,678 cfs. The computed 1% (100-year)
discharge along Cypress Creek downstream of the overflow is 5,138 cfs.

The total volume that overflows from the Cypress Creek watershed to the Addicks Reservoir
watershed during the 1% (100-year) event is computed to be 23,355 acre-feet, which is 83% of
the stormwater volume flowing through Cypress Creek upstream of the overflow. The majority
of the overflow drains into Addicks Reservoir. It is estimated that for a 1% (100-year) event,
approximately 650 acre-feet of the 23,355 acre-feet (less than 3%) leaving the Cypress Creek
watershed drains into the Addicks Reservoir watershed and then overflows into the Barker
Reservoir watershed. For the purpose of this study, the overflow reaching Barker Reservoir is
considered negligible.

For the 10% (10-year) event, the peak discharge along Cypress Creek upstream of the overflow
is 7,424 cfs, and the peak 10% overflow discharge is 3,278 cfs. The total volume that overflows
from the Cypress Creek Watershed to the Addicks Reservoir Watershed during the 10% (10-
year) event is computed to be 6,439 acre-feet, which is 56% of the volume flowing in Cypress
Creek upstream of the overflow.

Exhibit A3.2 shows the hydrographs in Cypress Creek, along with the overflow hydrograph and

the hydrograph in Cypress Creek downstream of the overflow for the 1% (100-year) and 10%
(10-year) storm events.
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As the calculations indicate, during a flood event a substantial amount of the Upper Cypress
Creek flows divert into the Addicks Watershed.
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Cypress Creek and Overflow Hydrographs

3.1.2 South Mayde Creek
During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper portion of

South Mayde Creek is 3,258 cfs, with a total volume of 5,192 acre-feet.

In addition, a portion of the overflow that reaches Bear Creek eventually overflows into South
Mayde Creek. During a 1% (100-year) event, the peak overflow rate from Bear Creek is 589 cfs,
and the total overflow volume is 747 acre-feet. South Mayde Creek ultimately receives about
20% of the total overflow volume during the 1% (100-year) event. See Exhibit A3.1 for location

reference.

The peak discharge is substantially attenuated as the overflow flows across open land.  The
peak 1% flow rate from the overflow along South Mayde Creek at the Grand Parkway (where
South Mayde Creek begins to flow through existing development) is reduced to 1,918 cfs. It
takes about 38 hours for the peak flow to move from the watershed divide to this point. For
comparison, the peak 1% (100-year) flow rate from a local rainfall event (without the occurrence
of the overflow) is 4,473 cfs. This event would typically peak much more quickly than the
overflow event - by approximately two days. Consequently, the local event will dissipate prior to
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the overflow event. The 1% peak flow rate for the local event is much higher than the peak 1%
peak flow rate from the overflow, however the total volume for each event is similar. The total
1% volume for the local event along South Mayde Creek at the Grand Parkway is 6,627 acre-
feet, while the total 1% volume for the overflow event is 5,939 acre-feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of South Mayde
Creek is 569 cfs. During this event there is no further overflow from Bear Creek to South
Mayde Creek. This flow rate is attenuated to 62 cfs near the Grand Parkway. The total 10%
(10-year) overflow volume into South Mayde Creek is 783 acre-feet.

Exhibit A3.3 shows the 1% (100-year) and 10% (10-year) overflow hydrographs at upper extent
of South Mayde Creek and at the Grand Parkway.
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Exhibit A3.3
South Mayde Creek Overflow Hydrographs

3.1.3 Bear Creek

During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper extent of
Bear Creek is 8,590 cfs, with a total volume of 16,583 acre-feet. As noted in the previous
section, a portion of this volume (747 acre-feet) overflows to South Mayde Creek. Bear Creek
receives about 75% of the total overflow volume during the 1% (100-year) event.

The peak discharge is substantially attenuated as the overflow conveys across the open land. As
the overflow passes Katy-Hockley Road (see Exhibit A3.1 for location), the 1% peak discharge
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has been reduced to 7,079 cfs; and by the time it reaches the developed area just upstream of Fry
Road, the 1% peak discharge has been reduced to 2,593 cfs (see Exhibit A3.1 for location). It
takes about 40 hours for the peak flow to convey from the watershed divide to this point. For
comparison, the peak 1% (100-year) flow rate at this location from a local rainfall event (without
overflow) is 6,031 cfs. This event would typically peak much quicker than the overflow event,
assuming that rainfall occurs simultaneously across the upper Cypress Creek Watershed and the
Addicks Reservoir watershed, the peak runoff rate from the local event is anticipated to occur
about two days before the overflow reaches Bear Creek and would dissipate prior to the overflow
event. While the 1% peak flow rate for the local event upstream of Fry Road is much higher, the
computed volume for the overflow event is significantly higher than the local event. The total
1% volume for the local event along Bear Creek upstream of Fry Road is 8,514 acre-feet, while
the total 1% volume for the overflow event at the same location is 15,836 acre-feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of Bear Creek 2,476
cfs. During this event there is no further overflow from Bear Creek to South Mayde Creek. This
flow rate is attenuated to 459 upstream of Fry Road. The total 10% (10-year) overflow volume
into Bear Creek is 5,263 acre-feet.

Exhibit A3.4 shows the overflow 1% (100-year) and 10% (10-year) overflow hydrographs along
Bear Creek at upper extent of the watershed and just upstream of Fry Road.
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Bear Creek Overflow Hydrographs
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3.1.4 Langham Creek

During the 1% (100-year) event, the peak overflow from Cypress Creek into the upper portion
Langham Creek is 829 cfs, with a total volume of 1,580 acre-feet. Langham Creek receives
about 5% of the total overflow volume during the 1% (100-year) storm event.

The peak discharge is substantially attenuated as the overflow moves across open land. By the
time it reaches the developed area near Fry Road, the 1% peak discharge has been reduced to 394
cfs. It takes about 40 hours for the peak flow to move from the watershed divide to this point.
For comparison, the peak 1% (100-year) flow rate at this location from a local rainfall event
(without overflow) is 1,980 cfs. This event would typically peak more quickly than the overflow
event — by approximately two days. Consequently, the local event will dissipate prior to the
overflow event. The total volume for the local event is much higher than the overflow event.
The total 1% volume for the local event along Langham Creek upstream of Fry Road is 3,143
acre-feet, while the total 1% volume for the overflow event at the same location is 1,580 acre-
feet.

The 10% (10-year) peak overflow from Cypress Creek into the upper extent of Langham 232 cfs.
The total 10% (10-year) overflow volume into Langham Creek is 394 acre-feet.

Exhibit A3.5 shows the 1% (100-year) and 10% (10-year) overflow hydrographs along Langham
Creek in the upper portion of the watershed near Fry Road.
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Langham Creek Overflow Hydrographs
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3.1.5 Addicks Reservoir

During a local 24-hour 1% (100-year) event, the Addicks Reservoir watershed is expected to
deliver 67,005 acre-feet of runoff volume to the reservoir (under current development
conditions). The resultant 1% peak discharge into the reservoir, considering all of the tributaries,
is 42,731 cfs.

For a similar overflow event, with current development conditions, Cypress Creek is expected to
contribute 23,355 acre-feet of overflow volume at a peak discharge of 4,905 cfs. This peak
discharge is anticipated to occur about two days later than the local event.

For a combined 24-hour 1% (100-year) rainfall event over both the Addicks Reservoir watershed
and the Upper Cypress Creek watershed, the peak flow rates would remain unchanged. The total
runoff volume under current development conditions is estimated to be 90,360 acre-feet.  Of
this, 74% is from rainfall over the Addicks Reservoir watershed, and 26% is from rainfall over
the Upper Cypress Creek watershed.

The peak flow rates and total volumes from the 1% (100-year) rainfall event for Addicks
Reservoirs and the three tributaries are summarized in Table A3.4

Table A3.4: Peak 1% Flow rates and Flow Volumes Along Addicks Tributaries

Parameter Addicks Watershed Rainfall Upper Cypress Watershed
(Local) Rainfall (Overflow)

Peak Flow (cfs) | Volume (ac-ft) | Peak Flow (cfs) | Volume (ac-ft)
Langham Creek
At Fry Rd 1,980 3,143 394 7,941
Entering Addicks Reservoir 8,701 13,568 394 7,941
Bear Creek
At Katy-Hockley Rd N/A* N/A* 4,221 10,252
At Fry Rd 6,031 8,514 2,593 9,505
Entering Addicks Reservoir 7,959 11,899 2,593 9,505
South Mayde Creek
At Katy-Hockley Rd N/A* N/A* 1,772 5,162
At The Grand Parkway 4,473 6,627 1,918 5,909
Entering Addicks Reservoir 11,508 17,123 1,918 5,909
Addicks Reservoir
Total Addicks Reservoir 42,731 67,005 4,905 23,355

An additional hydrologic analysis was conducted to consider the potential increase from
development in the Upper Cypress Watershed. This analysis assumes that (1) all land will
develop at a typical single family rate with the exception of existing lands held in conservation,
which will remain undeveloped; (2) current detention policies are in place; and (3) current
detention policies are adequate to offset the potential increase in peak flow rate.
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The analysis indicates that the peak flow rates of the overflow would not be impacted, and would
remain the same. However, Cypress Creek would stay at flood stage for a slightly longer
duration as the detention basins empty, resulting in a 15% increase in the overflow volume.
With full development and current policy, it is estimated that the overflow volume would
increase from 23,355 acre-feet to 26,267 acre-feet. Exhibit A3.6 presents a comparison of the
Upper Cypress Creek hydrographs and overflow hydrographs for both the existing and ultimate
development during the 1% (100-year) storm event.
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Exhibit A3.6
Existing and Full Development Overflow Hydrographs

3.2 Overflow Inundation

The xpstorm model facilitated the determination of areas that would be inundated by the
overflow for various events. Furthermore, the model allowed the development of a depth-grid
depicts overflow depths across the overflow area. Lastly, lines of equivalent water surface
elevation were developed for the 1% (100-year) event.

3.2.1 Inundation Mapping

The area inundated by the 1% (100-year) overflow is depicted in Exhibit A3.7, while the area
inundated by the 10% (10-year) overflow is depicted in Exhibit A3.8 and the area inundated by
the 20% (5-year) overflow is depicted in Exhibit A3.9. These maps also display the peak depth
of inundation throughout the overflow area, which are also summarized in Table A3.5.
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Table A3.5: Total Area (Acres) of Overflow, by Depth

Overflow Depth (feet) 10% (10-year) | 1% (100-year)
0.0-0.5 4,376 7,695
0.5-1.0 1,980 5,045
1.0-2.0 1,993 5,485
2.0-3.0 190 1,672
3.0+ 67 941
Total Area 8,606 20,838
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As the table indicates, the total area inundated by the 1% (100-year) overflow event is 20,838
acres. Of this, over one-half (12,730 acres) has an inundation depth of less than one foot, and the
overwhelming majority (almost 90%) of the area has an overflow depth of less than two feet

During the 10% (10-year) event, 8,606 acres would become inundated. Most of this, 6,356
acres, inundates at a depth of one-foot or less.
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The deeper overflow areas are generally those located within or near existing drainage courses,
such as along or near Bear Creek.
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4.0 Management Measures
This section describes the hydrologic and hydraulic modeling of the two management measures

and provides key information regarding the measures. In addition, the implementation phasing is
considered, with an emphasis on the initial phase of implementation.
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4.1 Management Plan 3 — Mound Creek Reservoir plus Conveyance “B”

Management Plan 3 - Mound Creek Reservoir plus Conveyance “B” is depicted in Exhibit A4.1.
The plan includes a large reservoir located along Mound Creek upstream of the overflow, a
conservation and collection area that will be used to intercept and collect the residual overflow,
and a 500-foot corridor along Bear Creek and modifications to Bear Creek to convey the
overflow. The plan also includes detention within John Paul’s Landing (JPL), a Harris County
Precinct Three facility that proposes to build amenity lakes, and additional development criteria.
When fully implemented, the plan will fully manage the overflow.

Exhibit A4.1
Management Plan 3 — Mound Creek Reservoir Plus Overflow Conveyance “B”

4.1.1 Modeling of Mound Creek Reservoir

The Mound Creek Reservoir is located upstream of the overflow along Mound Creek. It is also
beyond the gridded mesh used in the two-dimensional analysis. However, HEC-HMS is
sufficient to simulate the reservoir, and was therefore used in this study. The reservoir was
depicted with an elevation vs. storage volume relationship developed from the LIDAR based
Digital Elevation Model. The outfall was modeled as a conduit, although in reality an open
channel conduit would be designed in a fashion that mimics the necessary outfall behavior.
Exhibit A4.2 shows the 1% (100-year) hydrograph at the outfall of Mound Creek. Both the
existing (without the reservoir) and Plan 3 condition are depicted. The reservoir will have an
ungaged free outlet, and will provide very short duration storage of the overflow, as the shape of
the hydrograph indicates.
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Mound Creek Reservoir 1% (100-year) Hydrograph Comparison

During the 1% (100-year) event, the reservoir will reduce peak discharges along Mound Creek
from about 24,000 cfs to about 8,600 cfs. The 1% (100-year) peak pool elevation within the
reservoir is 188.0. During such an event, 2,880 acres will become inundated, and the reservoir
will store approximately 15,730 acre-feet. The maximum depth of this inundation is 13 feet,
with an average inundation depth of 7 feet. Most of the reservoir will drain in about four days.

TCEQ Dam Safety Permit criteria require the reservoir provide structural protection for events
up to the Probably Maximum Precipitation (PMP), which is the maximum precipitation that
could occur. For the Mound Creek Reservoir, it was determined that the critical storm duration
was 24 hours, resulting in a PMP event of 44.8 inches. In order to accommodate and pass the
PMP, the total land required for the Mound Creek Reservoir is about 3,765 acres.

The dam will be constructed to the PMP elevation plus additional height too account for wave
setup and run-up. A 4,000 foot wide overflow spillway will be constructed at the 1% (100-year)
pool elevation of 188.0. When elevations exceed this, flow will exit the reservoir over this
controlled spillway, which will be designed to protect the integrity of the structure. It is
estimated that the top of the dam will be at elevation 196.0, which provides the necessary depth
to accommodate the PMP event along with provisions for wave setup and run-up.

Exhibit A4.1 shows a schematic of the management plan.
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4.1.2 Duration of Inundation

As noted above, the vast majority of the Mound Creek Reservoir will drain within four days
during a 1% (100-year) event. Much of the area occupied by the reservoir is within the existing
floodplain of Mound Creek, and would be subject to a considerable duration of flooding even
without the reservoir.

Comparison depth hydrographs were presented for various locations in the reservoir. Exhibit
A4.3 shows the location of these comparisons, and depth hydrograph comparisons are presented
for the 50% (2-year), 20% (5-year), 10% (10-year), and 1% (100-year) events in Exhibits A4.4,
A4.5, A4.6, and A4.7. The comparisons confirm that the net change in inundation time for most
locations is relatively small, and even those locations that are not currently subject to inundation
would see very short and shallow inundations.

Exhibit A4.3
Plan 3 - Depth Hydrograph Locations
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4.1.3 Overflow Collection and Conveyance, and JPL Detention

The Mound Creek Reservoir will significantly reduce the peak overflow, as indicated on Exhibit
A4.2, but will not eliminate the overflow. There will also be a slight reduction in overflow
volume. The xpstorm model was revised to include the upstream hydrograph that results with
the Mound Creek Reservoir in place, allowing for the computation of a revised overflow
hydrograph. Exhibit A4.2 also shows the existing and Plan 3 overflow hydrograph for the 1%
(100-year) event. As the hydrographs indicated, the reservoir will reduce the overflow by
approximately 6,700 cfs, from approximately 11,500 cfs to approximately 5,200 cfs. The total
overflow volume will be reduced by about 3,100 acre-feet, from 23,350 to 20,250 acre-feet.

The digital elevation data was modified to include the collection channels and modified Bear
Creek. Because of the limitations of the model, the models were simplified and the channels
were represented as rectangular channels. Since the channels, in general, are wide and flat, this
was considered an adequate simulation. Once the basic configuration was developed, the
channels were sized using Manning’s Equation for open channel flow using the flow rates
determined in the xpstorm analysis. The DEM was also modified to reflect 1,800 acre-feet of
storage volume in JPL.

The north-south oriented collection channel along the east side of the area that will continue to
be inundated by the overflow during a 1% event will vary in size. At the south, near Bear Creek,
it will convey about 3,000 cfs and have a total top-width of 200 feet. The collection channel that
runs east-west along the overflow inundation area will convey about 3,500 cfs during the 1%
(100-year) event. Its size will also vary, but at the east end near Bear Creek it will have a top-
width of about 230 feet.

During a 1% (100-year) overflow event, Bear Creek will convey a peak flow of about 4,500 cfs
downstream of its connection with John Paul Landing. This channel will also convey local
runoff, however the local event would be conveyed down to Addicks Reservoir prior to the
overflow event. The modified channel section will utilize natural channel design techniques in
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order to minimize the need for mitigation credits, and to allow for the attenuation of flow as it
flows downstream.

4.1.4 Future Development

Current development criteria require the use of detention to mitigate the potential increase in
peak discharges. However, detention will not offset the increase in volume, which could impact
the behavior of flows in the Mound Creek Reservoir. An analysis was conducted that considered
ultimate development, with current detention policy, and it did slightly increase the computed
stage elevations in the reservoir. However, this relative impact was small and does not affect the
conclusions of this planning level study.

In addition to the structural measures described above, Management Plan 3 does include the
adoption of additional development criteria as a means to offset the increase in volume from new
development.

4.15 Initial Phases

Management Plan 3 also includes an implementation plan. A key part of this plan are the two
initial phases, which strive to utilize the conveyance and collection area as an interim means to
protect a portion of the study area from the overflow. Specifically, the initial phase of
Management Plan 3 calls for the construction of the north-south oriented collection channel near
Katy-Hockley Road, and the construction of modifications along Bear Creek for about 7,000 feet
downstream in order to daylight the deepened channel. The channel would intercept overflow
and convey it to the Bear Creek corridor. The captured overflow conveyed by Bear Creek would
be “released” and permitted to spread out downstream of the initial channel enlargements, as the
overflow currently does under existing conditions. Individual developments, as part of the
second phase, would construct the improved Bear Creek channel and implement interim
measures, as necessary, to protect their property from the overflow.

When these two phases are fully implemented, the modified Bear Creek Channel would extend
all the way down to a portion of lower Bear Creek that was previously enlarged during earlier
periods of development. The existing channel enlargements begin upstream of Fry Road. This
resultant configuration was simulated in the xpstorm model, without the Mound Creek Reservoir
in place. During simulations, it was determined that additional widening of the collection
channel was necessary in order to obtain some necessary attenuation and to ensure the capacity
of the lower Bear Creek channel (4,500 cfs) is not exceeded. In addition, it was found that it is
necessary to construct a berm on the east side of the collection channel in order to ensure that
overflows are intercepted, and to provide additional attenuation. The berm would have a
maximum height of about four feet. The collection channel would have an average width of 500
feet, but it would be smaller at the lower end to control discharges into the Bear Creek system.

The resultant analysis determined that the 1% (100-year) flow rate along Bear Creek upstream of
Fry Road would be about 4,500 cfs. While this is slightly higher than the existing 1% (100-year)
overflow of about 2,600 cfs into Bear Creek from the overflow, it is below the local 1% (100-
year) flow rate and does not exceed the capacity of the existing Bear Creek channel.
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4.2 Management Plan 5 — Katy-Hockley N — Cypress Reservoir

Management Plan 5, Katy-Hockley N — Cypress Reservoir is depicted in Exhibit A4.6. The plan
includes a large reservoir that encompasses much of the overflow. The reservoir would be
formed by a dam that extends across both Cypress Creek and Bear Creek. The reservoir would
outfall into both Cypress Creek and a modified Bear Creek. Bear Creek would be modified in a
500-foot corridor. There would be an internal channel within the reservoir to ensure that volume
will not divert from Cypress Creek to Addicks Reservoir. In addition, the plan proposed
detention in JPL and development criteria, both similar to those described for Management Plan
3. When fully implemented, the plan will fully manage the overflow.

Exhibit A4.6
Management Plan 5 — Katy-Hockley N — Cypress Reservoir

4.2.1 Modeling of the Katy-Hockley N — Cypress Reservoir

The Katy-Hockley N — Cypress Reservoir is located fully within the xpstorm grid mesh, so the
two-dimensional model could be was utilized to simulate the reservoir. This was simply done by
adjusting the elevation grid to reflect a dam, and by providing rating curves to reflect the outlets.
However, a HEC-HMS simulation was also performed to facilitate certain design considerations,
such as the potential to increase the overflow from Cypress Creek to Addicks Reservoir. This
analysis required numerous iterations, which would be time consuming using the two
dimensional model. To construct the HEC-HMS model, the Addicks and Upper Cypress HEC-
HMS models were merged into a single model. The reservoir was depicted with an elevation vs.
storage volume relationship developed from the LiDAR based Digital Elevation Model. The
outfalls were modeled as conduits. The reservoir will have ungaged free outlets, and will
provide very short duration storage of the overflow, as the shape of the hydrograph indicates.
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During the 1% (100-year) event, the reservoir will have a total discharge of 7,300 cfs. This
includes 5,300 cfs to Cypress Creek, and 2,000 cfs to Bear Creek. Along Cypress Creek, the
peak discharge will not exceed existing peak discharges. During the 1% (100-year) event, 7,400
acres will become inundated, and the reservoir will store 26,500 acre-feet. The 1% (100-year)
pool elevation would be 168. The maximum depth of this inundation is eight feet, with an
average inundation depth of four feet. Most of the reservoir will drain in four-to-six days, while
the lowest areas will drain in about eight days.

TCEQ Dam Safety Permit criteria require the reservoir provide structural protection for events
up to the Probably Maximum Precipitation (PMP), which is the maximum precipitation that
could occur. For the Katy-Hockley N — Cypress Reservoir, it was determined that the critical
storm duration was 24 hours, resulting in a PMP of 42.7 inches. The dam will be constructed to
the PMP elevation plus additional height too account for wave setup and run-up. Two 4,000 foot
wide overflow spillway will be constructed at the 1% (100-year) pool elevation of 170.7. One
spillway will direct flow to Cypress Creek and the other will direct flow to Bear Creek. When
elevations exceed this, flow will exit the reservoir over this controlled spillway, which will be
designed to protect the integrity of the structure. It is estimated that the top of the dam will be at
elevation 174.0, which provides the necessary depth to accommodate the PMP event along with
provisions for wave setup and run-up.

Exhibit A4.6 shows the Katy-Hockley N — Cypress Reservoir, along with key parameters.

4.2.2 Duration of Inundation

As noted above, the vast majority of the Katy-Hockley N — Cypress Reservoir will drain within
three days during a 1% (100-year) event. Much of the area occupied by the reservoir is within
the existing overflow floodplain or the existing floodplain of Cypress Creek, and would be
subject to a considerable duration of flooding even without the reservoir.

Comparison depth hydrographs were at various locations in the reservoir. Exhibit A4.7 shows
the location of these comparisons, and depth hydrograph comparisons are presented for the 50%
(2-year), 20% (5-year), 10% (10-year), and 1% (100-year) events in Exhibits A4.8, A4.9, A4.10,
and A4.11. The comparisons confirm that the net change in inundation time for most locations is
relatively small, and even those locations that are not currently subject to inundation would see
very short and shallow inundations.
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Exhibit A4.8
Plan 3 - Depth Hydrograph Locations
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Plan 5 - 50% (2-Yr) Depth Hydrograph Comparisons
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Plan 5 - 20% (5-Yr) Depth Hydrograph Comparisons
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4.2.3 Watershed Volume Balancing

The dam along Cypress Creek will create a rise in water surface elevation along Cypress Creek
upstream of the berm, which could result in additional volume being conveyed across the
watershed boundary. In order to evaluate that, the combined watershed HEC-HMS model was
modified to separate the portion of the reservoir in the Cypress Creek Watershed and the
Addicks Reservoir watershed. The reservoirs were connected in a manner that balanced the
water surface elevation in each. This facilitated a determination of volume transfer to each
watershed.

Initially, the outfalls limitations on each reservoir were established based upon peak flow criteria
in each watershed. The peak 1% (100-year) discharge in Cypress Creek was limited to the
existing rate of about 5,000 cfs, and the peak rate to Bear Creek was limited to the existing local
runoff rate of about 4,500 cfs. During the simulation, it was found that additional volume would
“escape” the Cypress Creek watershed and flow to the Addicks Reservoir watershed, since there
is substantially more storage capacity south of the watershed divide. To offset this, a return
channel is proposed to convey storage back into the Cypress watershed. This return channel
would have a backflow prevention structure at the watershed divide to ensure that it does not
facilitate additional diversion to the Addicks Reservoir watershed.

The analysis found that during a 1% (100-year) event, outflows to Bear Creek had to be slightly
reduced to prevent the diversion of volume from Cypress Creek to Addicks Reservoir. However,
it was found that even when a volume balance was achieved during the 1% event, the analysis
indicated a volume diversion during smaller events. Ultimately, it was determined that the
outfall to Bear Creek must be restricted to 1,984 cfs in order to prevent the diversion of volume
from the Cypress Creek watershed to the Addicks Reservoir watershed during all events up to
the 1% (100-year) event.

During a 1% (100-year) event, Bear Creek will be sized to convey a minimum flow of 2,000 cfs
near Katy-Hockley Road. The modified channel section will utilize natural channel design
techniques in order to minimize the need for mitigation credits, and to allow for the attenuation
of flow as it flows downstream.

43



4.2.4 Future Development

Current development criteria require the use of detention to mitigate the potential increase in
peak discharges. However, detention will not offset the increase in volume, which could impact
the behavior of flows in the Cypress — Katy Hockley North Reservoir. An analysis was
conducted that considered ultimate development, with current detention policy, and it did slightly
increase the computed stage elevations in the reservoir. However, this relative impact was small
and does not affect the conclusions of this planning level study.

In addition to the structural measures described above, Management Plan 5 does include the
adoption of additional development criteria as a means to offset the increase in volume from new
development.

4.25 Initial Phases

Management Plan 5 also includes an implementation plan. A key part of this plan are the two
initial phases, which strive to utilize the conveyance and collection area as an interim means to
protect a portion of the study area from the overflow. Specifically, the initial phase of
Management Plan 5 calls for the construction of an east-west oriented collection channel and
berm near Longenbaugh Road, and the construction of modifications along Bear Creek for about
7,000 feet downstream in order to daylight the deepened channel. The channel would intercept
overflow and convey it to the Bear Creek corridor. Even though the captured overflow would be
“released” and permitted to spread out, individual developments, as part of the second phase,
would construct the improved Bear Creek channel and implement interim measures, as
necessary, to protect their property from the overflow.

When these two phases are fully implemented, the modified Bear Creek Channel would extend
all the way to the enlarged development channel upstream of Fry Road. This resultant
configuration was simulated in the xpstorm model, without the Cypress — Katy Hockley North
Reservoir in place. During simulations, it was determined that additional widening of the
collection channel was necessary in order to obtain some necessary attenuation and to ensure the
capacity of the lower Bear Creek channel is not exceeded. In addition, it was found that it is
necessary to construct a berm on the south side of the collection channel in order to ensure that
overflows are intercepted. The berm would have a height of about four feet. The width of the
collection channel will vary, but will have an average width of 500 feet. The width will be
smaller at the downstream end in order to control flow into the Bear Creek system.

The resultant analysis determined that the 1% (100-year) flow rate along Bear Creek upstream of
Fry Road would be 5,500 cfs. While this is slightly higher than the capacity of Bear Creek, it
was found that there is a particular choke point upstream of Fry Road, and that the channel
capacity is much higher along the remainder of Bear Creek. Therefore, Phase 1 was revised to
include minor channel work along lower Bear Creek to increase its capacity. It should be noted
that this work will also increase the capacity of Bear Creek during local rainfall events. This
work involved widening within the existing right-of-way upstream of the drop structure located
about 2,000 feet downstream of Fry Road.
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1.0 Introduction

Addicks Reservoir and its adjacent reservoir, Barker Reservoir, combine to protect the City of
Houston from flooding along Buffalo Bayou. These reservoirs were constructed, and are
currently operated by, the U.S. Army Corps of Engineers (USACE). They were constructed in
the early 1940’s, after devastating floods in 1927 and 1935. Addicks Reservoir occupies 12,460
acres of land north of Interstate 10 and west of Beltway 8. The reservoir is bisected by State
Highway 6, which runs north south through the reservoir. The location of Addicks Reservoir
and Barker Reservoir are shown in Exhibit B1.1.

Exhibit B1.1
Addicks and Barker Reservoirs



Addicks and Barker Reservoir were components in a larger flood control plan developed by the
USACE in the 1930’s. However, due to changing conditions throughout Harris County such as
rapid development and increased land costs, the original design was modified. Modifications
included adding additional capacity to the Addicks Reservoir to accommodate the overflow from
Cypress Creek instead of constructing a levee along Cypress Creek to prevent the overflow, as
well as reducing the combined discharge rates from the two reservoirs down to 2,000 cfs or less
to avoid damages downstream along Buffalo Bayou. Changes have resulted in a higher expected
pool elevation during rainfall events. Addicks Reservoir still has capacity to accommodate the 1
% annual chance (100-year) event within the limits of the government owned right-of-way for
the reservoir, however a similar event in Barker Reservoir will slightly exceed the limits of the
government owned right-of-way. Furthermore, land development has occurred adjacent to the
reservoirs. While there is sufficient right-of-way within the government owned land for the 1 %
pool elevation within the reservoirs, there is little if any capacity to accommodate increases in
the 1% pool elevation if the inflow into the reservoirs is increased, or discharge from the
reservoirs is further restricted in the future.

The Cypress Creek Overflow Management Planning Study considered the current operations of
Addicks Reservoir as it relates to future development and potential management measures. The
purpose of this consideration was to determine what measures and/or policies are desirable
within the study area pertaining to flood risk upstream of Addicks Reservoir. This appendix
describes the analysis in support of this. Ultimately, this appendix concludes that Addicks
Reservoir does not have the capacity to accept additional runoff volume anticipated from land
development activities in the Addicks Reservoir Watershed and the Cypress Creek watershed
and Upper Cypress Creek watershed, and recommends that development policy include
mitigation measures to prevent the increase in runoff volume that may exasperate flood risk
within Addicks Reservoir. Additionally, mitigation measures to prevent increased runoff volume
from draining to Barker Reservoir as development occurs upstream of the Barker Reservoir.

1.1 Addicks Reservoir History

Addicks and Barker Reservoirs were constructed by the USACE in the 1940’s. The reservoirs
were a component of the Buffalo Bayou, Texas Flood Control Project authorized by the Rivers
and Harbors Act of 1938 and modified by the Flood Control Acts of 1939 and 1954.

The Buffalo Bayou and Tributaries, Texas, Flood Control Project was a federal response to
major flood events in 1929 and 1935 that inundated downtown Houston and closed the Ship
Channel, and consequently the plan was designed for the flood protection of downtown Houston
and the Houston Ship Channel. The plan included the construction of three detention reservoirs
(Addicks, Barker, and White Oak Reservoirs), a south canal to convey releases from the Addicks
and Barker Reservoirs to Galveston Bay, and north canal to convey releases from White Oak
Reservoir to the San Jacinto River, and a levee between the Buffalo Bayou and Cypress Creek
watershed divide so as to prevent overflows from Cypress Creek from entering Addicks
Reservoir.

The dams along the downstream periphery of Addicks and Barker Reservoirs were to each have

four uncontrolled outlet conduits and one controlled outlet conduit, resulting in a maximum
combined uncontrolled release of 15,700 cfs. The USACE purchased all the property within the
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Addicks and Barker Reservoir areas with ground elevations up to three feet above the predicted
pool elevation which would be caused by a storm similar to the 1935 flood event. This left
privately owned property with ground elevation above this design stage and below the maximum
pool elevation of the reservoirs (determined by their spillway elevations: 114.0 feet for Addicks
and 107.0 feet for Barker). These privately owned lands are commonly referred to as the
reservoir “fringe".

The levee separating the Cypress Creek and Addicks Reservoir watersheds was abandoned
during preconstruction planning, as it was determined to be more economical to increase the
capacity of Addicks Reservoir to accommodate the overflow. Consequently, additional storage
capacity was included in the Addicks Reservoir through the purchase of property up to 3.6 feet
above the elevation of the previously purchased property. Furthermore, the post-World War |1
rapid development in the Houston area delayed and eventually eliminated the ability to construct
the relief canals due to cost constraints that prohibited purchasing the necessary land. In their
place, gated structures were added to two of the four outlet conduits for both Addicks and Barker
Reservoirs, limiting combined uncontrolled flows into Buffalo Bayou to 7,900 cfs. The USACE
abandoned the White Oak Bayou Reservoir concept in the early 1950's. At that time the USACE
re-evaluated the entire project concept and formulated an alternate plan for regional flood control
which included rectification of White Oak, Brays, and Buffalo Bayous.

In 1960, the USACE completed a report addressing the feasibility of gating all of the outlet
conduits on the two reservoirs. That report concluded that the reservoirs could contain the
standard project flood with only minor flanking of the dams and minimal associated damages.
The channel rectification projects on White Oak Bayou and Brays Bayou were undertaken and
completed in accordance with the alternate regional plan. Local opposition to the rectification of
Buffalo Bayou along with encroaching development along the Buffalo Bayou channel caused
that project to be canceled. In 1963, the USACE installed gates on all of the remaining outlet
structures, thereby establishing manual control of the discharges from the reservoirs.

Throughout the time of the changing structural facilities and operational changes on the
reservoirs, the non-damaging flow rate along Buffalo Bayou downstream of the dams has been
re-evaluated. The original combined uncontrolled outflow from Addicks and Barker Reservoirs
was to be 15,700 cfs. After the reservoirs became fully controlled in 1963 the USACE operated
the gates such that the maximum combined outflow from the reservoirs was 6,000 cfs. In the
mid-1970’s, this combined outflow from the reservoirs was reduced to 2,000 cfs, although there
is no documentation of the basis for this decision. Subsequent studies have indicated that this is
the approximate level where structural damages along Buffalo Bayou begin to occur. Thus they
adopted a policy of operating the reservoirs such that the peak combined downstream discharge,
on “dry” days, would not exceed 2,000 cfs as measured at the U.S. Geological Survey (USGS)
gage at Piney Point. In addition, on days where rainfall is anticipated, outfalls are restricted
because of uncertainty regarding potential flows from local rainfalls in the downstream Buffalo
Bayou watershed. The travel time from the reservoirs to Piney Point is about eight hours, so the
USACE operators have to consider rainfall over about a one day period.

In accordance with current operational procedures, the 2,000 cfs outfall cannot be exceeded
unless potential dam breaching or overflow of the dam is imminent.



1.2 US. Army Corps of Engineers Reservoir Design Considerations —
General

There are four important definitions in understanding reservoir designs by the USACE - the
Probable Maximum Flood (PMF), Spillway Design Food (SDF), the Standard Project Flood
(SPF), and the 100-year flood. These are defined as follows:

Probable Maximum Flood (PMF) - the flood that may be expected from the most severe
combination of critical meteorological and hydrologic conditions that are reasonably possible in
a particular drainage area.

Spillway Design Flood (SDF) — the largest flood that a project is designed to pass safely.

Standard Project Flood (SPF) — flood resulting from the most severe flood-producing rainfall
depth-area-duration relationship and isohyetal pattern of any storm that is considered reasonably
characteristic of the region in which the drainage basin is located, giving consideration to the
runoff characteristics and existence of water regulation structure in the watershed.

100-Year Flood — flood expected to be equaled or exceeded, on average, once every 100-years.
Also known as the 1% flood, as the 100-year flood event has a 1% chance of being equaled or
exceeded in a given year.

The USACE does not typically consider the 100-year even in reservoir designs. They have
historically utilized the SPF as their design even, using this SPF to determine property
acquisition requirements and basic operations of the reservoir. They have also considered the
larger SDF in their public safety considerations, as reservoirs are designed to safely pass the SDF
without creating a downstream flood hazard. The selection of the SDF is based upon the
consequences of exceedance or failure, and for larger and higher hazard dams the PMF is used as
the SDF.

The SPF does not have a uniform frequency (such as the 100-year or 200-year), but is a site
specific determination made on the basis of flood frequency, damage potential, and cost of
construction. It is generally understood that a SPF ranges in the vicinity of a 200-year to 500-
year event.

When the National Flood Insurance Program developed a standard for flood protection they
chose the 100-year flood event. This was seen as a compromise between the Corps of
Engineers’ SPF and the event used in the design of most local drainage systems (5-year to 20-
year). However the design event utilized in any project should be aligned with the consequences
of failure or exceedance — where there is higher risk a higher design standard is warranted. The
Corps of Engineers continues to apply the SPF and SDF based upon this premise, although there
is a move toward more holistic risk-based approaches.

Current policy and law (Federal Register CFR Chapter V, Section 644.4) requires the USACE to
purchase land in fee up to the SPF.



1.3 Previous Hydrologic Studies of Reservoirs

A number of relevant studies have been prepared that establish the design and operating
parameters within the reservoir, or that further consider flood risk in the reservoir. These are
described in this section.

1. 3.1 Original USACE Study (1940)

Spillway Design Flood (SDF) — The 1899 Hearne, Texas storm. The total rainfall for the SDF
was 30 inches, and the total runoff volume to Addicks Reservoir was computed to be 190,000
acre-feet, assuming 90% of the runoff converted to volume.

Standard Project Flood (SPF) — The 1935 rainfall event over Houston, Texas with rainfall
depths increased by 50%. The total rainfall for the SPF event was 21 inches, and the total runoff
volume to Addicks Reservoir was computed to be 146,000 acre-feet, assuming 90% of the
rainfall converted to runoff. The resultant stage elevation in Addicks Reservoir is 102.9. This is
equivalent to a storage volume of 79,600 acre-feet — considerably less than the runoff volume of
146,000 acre-feet because the reservoirs were to be ungated.

Neither of these calculations considered overflow runoff from Cypress Creek, since at the time
of the study the plan still included the levee at the watershed divide.

1.3.2 Updated USACE Study (1977)

In 1977, the USACE conducted an in-depth hydrologic study of the reservoirs, updating past
hydrologic studies to consider the current reservoir operational status at that time. This study is
described in a report entitled Buffalo Bayou and Tributaries, Texas, Addicks and Barker
Reservoirs, Hydrology, Corps of Engineers, August 1977.

Spillway Design Flood (SDF) — A Spillway Design Storm (rainfall) was determined based upon
probable maximum precipitation using the method described in Hydrometeorological Report No.
51, dated September 1976, subject: Probable Maximum Precipitation Estimates, United States
East of the 105" Meridian. The SDF was computed by centering this event over the Addicks
Reservoir watershed. The resultant SDF is based upon an average of 43.5 inches of rainfall over
the 136 square mile Addicks Reservoir watershed, with 92% of rainfall converted to runoff; plus
the overflow from Cypress Creek from a similar event. The total runoff volume from the
Addicks Reservoir watershed is about 292,000 acre-feet, while the total runoff volume from
Cypress Creek overflow is about 170,000 acre-feet — about one-third of the overall runoff
volume. The resultant storage volume 462,000 acre-feet would exceed the spillway elevations at
the end of the dams. The spillways are at elevation 112.0 feet, with a corresponding storage
capacity of 200,800 acre-feet.

Standard Project Flood (SPF) — Utilized about 50% of rainfall from the SDF rainfall.
Specifically, 21.0 inches of rainfall was utilized, with 86% of the rainfall converted to runoff;
plus the overflow from Cypress Creek from a similar event. The total runoff volume from the
Addicks Reservoir watershed is about 131,000 acre-feet, while the total runoff volume from the
Cypress Creek overflow is about 63,000 acre-feet — about one-third of the overall runoff volume.



Based upon the Addicks Reservoir stage-storage relationship, the resultant storage volume of
194,000 acre-feet would produce a stage elevation of 111.6 feet.

Frequency Analysis/100-yr — Because the gated operations may result in an extended duration
event, it is not possible to determine a true stage-frequency relationship from a single
hypothetical rainfall event. The Corps of Engineers determined the stage-frequency relationship,
including a 100-year stage elevation, by simulating the Addicks and Barker Reservoirs over an
extended time period. This simulation utilized the recorded daily inflows into both reservoirs
from 1945 to 1976 (daily inflows were recorded since the completion of construction) along with
the recorded flows downstream in Piney Point. The USACE developed a FORTRAN computer
program to simulate the present day operations, and performed statistical analysis of these
simulations to determine a stage-frequency relationship. According to their calculations, the
computed 100-year water surface elevation in Addicks Reservoir is 104.1 feet allowed for the
establishment of pool elevations for various frequencies.

The maximum design water surface elevation represents the upper extreme of the worst flooding
conditions that could occur. The elevation was set based on the hypothetical premise of the
probable maximum flood (PMF) occurring directly after the occurrence of the standard project
flood (SPF). The design storm for the PMF incorporates a probable maximum precipitation
(PMP) of 43 inches occurring over a 72-hour period. The SPF reflects 21 inches of precipitation
in 72 hours. The peak inflow rate for the PMF is 295,000 cfs and 256,000 cfs for Addicks and
Barker Reservoirs, respectively. At the maximum design water surface, the outflow capacity of
the five outlet conduits is 7,850 cfs and 8,730 cfs, respectively, for Addicks and Barker. Thus,
for the maximum design water surface condition, most of the outflow would be over the
uncontrolled natural-ground spillways.

1.3.3 USACE Section 216 Reconnaissance Study

In 1995, the USACE completed a Section 216 Reconnaissance Study to determine if there is
federal interest in further flood control solutions regarding Addicks and Barker Reservoirs. That
study utilized the 1977 hydrologic study, with minor revision to recognize the addition of the
emergency spillways and the raising of the embankment. Table B1.1 shows the results of the
hydrologic analysis. Incidentally, the Section 216 did not identify a federal interest, and no
further feasibility studies were pursued by the USACE.



Table B1.1
Key Reservoir Parameters — Section 216 Reconnaissance Study (USACE)

Addicks Reservoir Barker Reservoir

Watershed area (square miles) 136 130
Elevation (1973 adj. of 1929 datum) (feet)

Top of dam 122.7 114.7

Standard project flood 110.6 100.4

(approx. a 1,000 yr frequency for Addicks

Res. and a 500-yr frequency for Barker Res.)

Natural ground at ends of dam 112.0 106.0

Government owned land 106.1 97.3

1% (100-Year) 104.1 97.8

March 1992 flood (Barker flood of record) 100.6 95.9

Conduit invert 71.1 73.2
Storage Capacity (acre-feet)

Standard project flood 178,556 123,653

Natural ground at ends of dam 200,800 209,000

Government owned land 116,263 83,410

March 1992 flood of record 57,956 66,910
Surface area (acres)

Natural ground at ends of dam 16,423 16,739

Government owned land 12,460 12,060

1.3.4 HCFCD Addicks Watershed Master Plan

The Harris County Flood Control District (HCFCD) has completed additional hydrologic studies
in support of the development of a watershed master plan for the Addicks Reservoir watershed.
In the 1990’s, Bernard Johnson, Inc. (BJI), and later Lockwood Andrews and Newnam, Inc.
(LAN), were engaged to develop watershed master plans for Addicks Reservoir, and they
utilized HEC-5 to update the 1977 USACE Hydrologic Study. However, the HEC-5 software
had limitations pertaining to the operation of the reservoirs which compromised the ability to
complete the study, and the reservoir simulations were never completed.

1.3.5 HCFCD Addicks and Barker Reservoir Feasibility Study

In 1996, HCFCD engaged Costello, Inc. to conduct a Feasibility Study of Addicks and Barker
Reservoir. This was partially in response to record flood stages in 1992, as well as potential



partnering opportunities available due to the pending reconstruction of the Katy Freeway. There
was specific concern related to a phenomenon known as the “ratcheting effect”, where a long
rainy season, absent a single significant event, would result in the reservoir pool levels slowly
rising due to the requirement to close the gates when rain is forecast. Furthermore, there were
allied concerns regarding erosion in the Buffalo Bayou due to the opening and closing of the
gates, as well as general drainage and flooding concerns in the Buffalo Bayou watershed
downstream of the reservoirs. Areas of concern included the Memorial Villages, Spring Branch,
and the new Katy Freeway.

Costello, Inc. engaged Dr. Ralph Wurbs from Texas A&M to perform a hydrologic analysis of
the reservoirs. Similar to the USACE, the Wurbs study utilized daily inflows into the reservoirs
and gage data at Piney Point to simulate current operating conditions. In addition, this study had
the benefit of approximately 20 years of additional data, including the rainfalls of 1992 that
resulted in the flood of record. As with the BJI study, the Wurbs study utilized HEC-5, however
the USACE had updated HEC-5 since the BJI study, with the updated version having the ability
to properly simulate operations (specifically, there is an option to specify the outflow rate if the
reservoir inflow is decreasing or increasing).

The Wurbs study predicted slightly lower pool elevations in Addicks Reservoir when compared
to previous USACE studies. For example, the USACE study predicted a 1% (100-Year) pool
elevation in Addicks Reservoir of 104.1 feet, while the Wurbs study predicted a 1% (100-Year)
pool elevation of 102.6. Conversely, the Wurbs study predicted slightly higher elevations in
Barker Reservoir. For example, the USACE study predicted a 1% (100-Year) pool elevation of
97.0 feet in Barker Reservoir, while the Wurbs study predicted a 1% (100-Year) pool elevation
of 97.7 feet.

As a supplement, and as a follow to Wurbs’ own recommendations, Dr. Wurbs was asked to
evaluate the development impacts in the reservoirs upon stage elevations given the current
operations of the reservoirs. Dr. Wurbs modified the observed inflows to simulate the full
development (the assumption is that the entire upstream watershed would consist of commercial
and high density residential development — a somewhat extreme case that represents a worst
case) of the Addicks and Barker Reservoir watersheds (by using the National Resources
Conservation Services (NRCS) Curve Number (CN) methodology). As expected, this study
indicated that the full development of the watersheds would result in higher pool elevations, but
the increase was considered to be relatively minor. According to the study, full development of
the Addicks Reservoir watershed would increase the 1% (100-Year) pool elevation in Addicks
Reservoir by 1.5 feet; and full development of the Barker Reservoir watershed would increase
the 1% (100-Year) pool elevation in Barker Reservoir by 0.1 feet.

The Wurbs study elevations are summarized in Table B.1.2



Table B1.2
Key Reservoir Elevations — Wurbs Study (HCFCD)

| Addicks Reservoir | Barker Reservoir

Study — 1% (100-Year) Pool Elevation (feet)

1. USACE 1977 Hydrology 104.1 97.0

2. Wurbs (from Stage-Frequency) 102.6 97.7

3. Wurbs (Plan 7) 103.1 97.7

4. Wurbs Ultimate Development (Plan 7) 104.6 97.8
Study — 0.5% (200-Year) Pool Elevation (feet)

1. USACE 1977 Hydrology 105.7 99.1

2. Wurbs (from Stage-Frequency) 103.4 98.5

3. Wurbs (base condition for Ultimate Dev) 104.1 98.8

4. Wurbs Ultimate Development (Plan 7) 106.0 99.0
Reference Elevations (feet)

Government owned land 106.1 97.3

Standard project flood 110.6 100.4

Natural ground at ends of dam 112.0 106.0

1.4 Review of Previous Work

The studies referenced in the previous section were reviewed and evaluated in order to further
the understanding of flood risk associated with the reservoir pools. A number of observations
regarding these studies were made, and are presented in the following sections.

1.4.1 Evaluation of the Simulation of Reservoir Operations

The determinations of the stage-frequency relationships by the Corps of Engineers and by Dr.
Wurbs are worthwhile and valued attempts to ascertain the relative level of risk associated with
the pool elevations of Addicks and Barker Reservoirs. However, there is a significant challenge
in simulating the operations of the gated structures, as there are numerous factors that influence
the operation of the outlet. Some of these factors, such as the respective pool elevation in each
reservoir and the current inflow condition, were ascertainable from the data. Others, such as the
weather forecast, were not. Furthermore, the simulations were conducted on a daily basis, while
operational decisions may be made numerous times throughout the day. The uncertainty
associated with that is best illustrated in the Wurbs analysis of the March 1992 event. According
to historical record, Addicks Reservoir achieved a pool elevation of 100.58, while Dr. Wurbs’
Plan 6 and Plan 7 simulations produced a stage elevation of 109.35 feet and 105.82 feet,
respectively. For perspective, the Plan 7 simulation, considered the most representative,
computes a peak storage volume over twice what was recorded. This illustrates the challenges
with attempting to replicate operational decisions, and introduces some uncertainty into the
calculations.

1.4.2 Stage-Frequency Analysis

Both the USACE study and the Wurbs’ study developed stage-frequency relationships from peak
annual data. The USACE utilized methods described by Leo Beard in Statistical Methods in
Hydrology, dated January 1962. This document recommends the utilization of reservoir volume
data in the determination of frequency. The USACE report on Addicks and Barker does not
explicitly describe what data was analyzed, but it is assumed that they analyzed peak storage
volumes in the determination of frequency, and related that back to stage elevations using the



rating curve. Dr. Wurbs utilized HEC-FFA, which is a USACE software package that applies
the same methods recommended in Statistical Methods in Hydrology. However, he performed
the analysis using the annual peak stage elevation in Addicks Reservoir. This is relevant because
stage elevations are not linear when compared to volume, as incrementally higher stages gain
more volume due to wedge storage. While the logarithmic distribution accounts for that, the
more appropriate measure of a reservoir is storage. To review this, Dr. Wurbs stage data was
duplicated in HEC-SSP, which is the modern successor to HEC-FFA. After a match was
confirmed, a similar analysis was performed using peak storage volumes from Wurbs” Combined
Plan. After the 100-year storage volume was determined, the Addicks Reservoir rating curve
was utilized to determine a 100-year stage. The resulting calculation yielded a 100-year pool
elevation of 103.6 feet (recall, the USACE predicted a 100-year stage elevation of 104.1, while
the Wurbs report predicts a 100-year stage elevation of 102.6 feet). Based upon this, it is
believed that Wurbs is under-predicting the 100-year elevation, and the USACE 100-year
elevation is more appropriate.

The HEC-FFA (and HEC-SSP) software also computed a 90% confidence interval. According
to the Wurbs report, the 100-year water surface elevation is 102.6, with 5% and 95% confidence
limits of 101.0 feet and 104.7 feet, respectively. The storage volume based calculation of Wurbs
Combined Plan yielded a 100-year water surface elevation of 103.6 feet, with 5% and 95%
confidence limits of 101.0 feet and 107.6 feet. The larger confidence interval is likely due to the
effect of the wedge storage, as higher disparities in recorded volume cluster around a
comparatively smaller range of stage elevations, again due to the wedge storage effect.

1.4.3 Wurbs Study on the Effect of Development on Reservoir Stages

Dr. Wurbs utilized the NRCS CN method to attempt to simulate the effect of various
development levels on runoff volumes. As noted in the Wurbs report, the NRCS CN method is
widely used and accepted, as it uses empirical relationships to consider different land use and
soil types. It has also been criticized for its simplicity and lack of theoretical basis. The runoff
CN is a dimensionless parameter between 0 and 100 that represents runoff characteristics relative
to precipitation. A CN of 100 would be a fully impervious condition where all precipitation is
converted to runoff, while conversely a CN of 0 would be a condition were no precipitation is
converted to runoff. While simplistic, the NRCS calculations are quite robust, and recognize that
as rainfall increases, losses will decrease.

The NRCS has published tables to facilitate the determination of CN. They provide different
land uses for four different soil types — A, B, C, D. Soil type D represents poorly draining soils,
such as clays, that are predominate in Harris County. The NRCS also recognizes three different
antecedent moisture conditions. Condition | represents dry soils, condition Il is an average
condition, and condition 111 is a saturated condition (heavy rainfall in the last five days). The
NRCS tables provide CN values based upon condition 1l. They also provide guidance for
adjusting the CN for condition | and Il1l. These adjustments can be substantial — for example, a
CN of 80 for condition I1 is reduced to 63 for condition I, and increased to 94 for condition IlI.
So for a watershed with land use and soils that suggests a CN of 80, the actual effective CN is
between 63 and 94, depending on the antecedent moisture condition. Based upon land use in
1998 and soil type, Wurbs computed the CN for the Addicks watershed to be between 83 and 87
assuming an antecedent moisture condition of Il (and between 96-97 for condition Ill, if there
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was significant rainfall in the past five days). This calculation assumed the reservoirs were
inundated, and therefore assigned a CN for 100 for the reservoirs. In addition, Wurbs computed
a pre-development CN representative of the 1940’s and 1950’s, and determined the pre-
development CN to be between 80 and 85 for antecedent moisture condition I1.

Wurbs also computed calibrated CNs based upon the observed daily inflows and annual
precipitation for the City of Houston. CNs were adjusted, and predicted rainfall amounts were
determined from the NRCS rainfall-runoff equations using a program developed by Dr. Wurbs.
The resultant rainfall was compared over a long time period with the mean annual rainfall for
that period, and the exercise was iterated until the method predicted rainfall that was consistent
with what was observed. The analysis was conducted for three distinct time periods — 1946 to
1965, 1966 to 1985, and 1986 to 1987. The computed CNs for the Addicks Watershed for these
three periods were 91.8, 91.5, and 87.7. Over the full time horizon, the average CN calibrated to
91.0, and Wurbs utilized this value to represent 1997 conditions.

For ultimate development conditions, Wurbs assumed a CN of 96. According to the report, this
value represents an extreme level of development (this value is more indicative of commercial
and business districts with a higher level of impervious cover).

In reviewing this approach, there is concern regarding the higher than anticipated CN used for
both existing and ultimate development conditions. It is clear from the review of Wurbs’ report
that CN is much more sensitive to antecedent moisture condition than it is to actual land use,
which is concerning since the purpose of the exercise was to evaluate changes from land use.
Furthermore, according to Wurbs, larger events show less impact from development because of
the eventual saturation of soils, and this explains the higher calibrated CN. While true, the CN is
applied to the Addicks watershed in determining precipitation amounts. No consideration was
provided for occasional overflows from Cypress Creek, and these overflows would tend to skew
the CN upward.

The over-riding conclusion of this review is the CN approach has significant uncertainties related
to antecedent moisture condition and the treatment of the Cypress Creek overflow. While this
does not invalidate Wurbs’ conclusion, these uncertainties must be considered in contemplation
of the results.

The same concerns exist regarding the frequency analysis. The ultimate condition analysis
utilized Plan 7 for both existing development and ultimate development. According to the
Wurbs report data, the computed existing condition 100-year stage is 103.1 feet (slightly higher
than the combined plan elevation of 102.6 feet), with 5% and 95% confidence limits of 101.0
feet and 105.8 feet, respectively. The ultimate condition 100-year stage is 104.6 feet, with 5%
and 95% confidence limits of 102.6 feet and 107.3 feet, respectively. Using the rating curve, the
computed increase in 100-year storage volume is 16,581 ac-ft, with 5% and 95% confidence
limit increases of 15,520 ac-ft and 19,056 ac-ft. Unlike the Combined Plan, using a volume
based frequency analysis yielded only slightly different results. The volume based existing
condition Plan 7 analysis results in a 100-year stage elevation of 103.2 feet, with 5% and 95%
confidence limits of 100.2 feet and 107.9 feet, respectively; while the ultimate condition Plan 7
analysis results in a 100-year stage elevation of 104.7 feet, with 5% and 95% confidence limits
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of 101.9 feet and 109.0 feet, respectively. While the stages are nearly the same as with Wurbs’
calculation, the confidence interval is larger.

1.4.4 General Summary Regarding Previous Study

The hydrologic studies conducted to quantify the flood risk in Addicks and Barker Reservoirs
requires the consideration of observed data and the simulation of reservoir operations. There are
inherent challenges in simulating past operating decisions that introduce uncertainty into the
results. However, uncertainty exists to some degree in all simulations, and it is generally
believed the current understanding of flood risk in the reservoirs is valid and within appropriate
confidence.

A major consideration in the Cypress Creek Overflow Management Plan is the capacity of
Addicks Reservoir to receive additional volume from anticipated land development activity in
the contributing watersheds (the Addicks Watershed and the Upper Cypress Creek Watershed).
Dr. Wurbs attempted to quantify the potential impact in his study, however the approach relied
upon a methodology to quantify the rainfall-runoff relationship is heavily influenced by an
independent variable — the antecedent moisture condition. For that reason, it is difficult to derive
conclusions for that study that have use and relevance in the Cypress Creek Overflow
Management Plan.

2.0 Rainfall-Runoff Relationship

The rainfall-runoff relationship is paramount to understanding potential changes to flood risk
associated with new development in the Addicks Watershed. While the rate of rise within the
reservoir is of interest as it relates to existing facilities within reservoir, such as Bear Creek Park
and state and county roads, the primary determination of risk is associated with total volume. As
land use transitions, the total volume of runoff may increase. Discharge policies related to
reservoir releases likely will not change over time. Traditional methods of development control
include detention, where increases in peak runoff rates are temporarily stored in detention basins,
which then meter flows out at pre-development rates. The objective of these detention basins is
to ensure that new developments do not increase peak flowrates downstream. New development
also typically introduces impervious cover, and therefore increases the overall percentage of
rainfall converted to runoff. While detention offsets the potential increase in peak flowrate
downstream, it is widely recognized that detention has minimal, if any, mitigating impact on
runoff volume.

Consequently, peak stage elevations in Addicks Reservoir can be expected to gradually increase
over time as development occurs, even with current detention policy. Exhibit B2.1 shows the
peak storage volume in Addicks Reservoir for every year between 1973 and 2012. These peak
volumes vary based upon the largest rainfall event in each particular year. However, if this
graph is converted into a moving 5-year average peak storage volume, a trend becomes more
apparent. Exhibit B2.2 illustrates this, and also presents a trend line determined from a linear
regression analysis.

Exhibit B2.2 shows a clear upward trend in peak pool storage volumes, even as there has been a
detention requirement in the watershed since 1980. However, there has been no similar upward
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trend in rainfall. Exhibit B2.3 depicts the annual rainfall between 1973 and 2012, and as the
graph indicates there is not a discernible trend in rainfall.

As noted previously, the Wurbs’ study attempted to ascertain the potential impact of land
development activities on runoff volume and reservoir flood stages using the NRCS CN
technique. However, this technique was limited in effectiveness, primarily due to uncertainty
related to the antecedent moisture condition. This section looks at a few other investigations,
and considers some general calculations, related to the rainfall-runoff relationship.

Exhibit B2.1
Addicks Reservoir Annual Peak Volumes (ac-ft), 1973-2012

1995 2000 2005

Exhibit B2.2
Addicks Reservoir Annual Peak Volume - Five Year Moving Average with Trend Line
(1975-2012)
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Exhibit B2.3
Annual Rainfall (1973-2012)

2.1 USGS - Johnson-Sayre Study (1973)

In 1973, the USGS, in cooperation with the City of Houston, published a report entitled Effects
of Urbanization on Floods in the Houston, Texas Metropolitan Area (WRI 3-73). This report,
widely referred to as the Johnson-Sayre report, analyzed stream-gage data from 33 gaging station
in the Houston area in order to ascertain relationships between drainage area, impervious cover
in order to provide relationships for study of ungaged areas, and to better understand the
relationship between urbanization and flooding.

The Johnson-Sayre study primarily involved flowrates, but did consider overall runoff volume.
They demonstrated the effects of urbanization on runoff by comparing the runoff from a
relatively undeveloped basin (Cypress Creek, near Westfield) to the runoff from a developing
basin (Brays Bayou at Houston/Main St.). At the time of the study, development in the Brays
Bayou watershed had increased rapidly in the previous fifteen years, from an impervious cover
of 2% in 1955 to 15% in 1969.

No conclusions were made regarding percentage of rainfall converted to runoff. In 1969, Brays
Bayou was not yet fully developed, but had undergone substantial development. If it was
assumed that Brays Bayou, in 1969, has a rainfall-to-runoff ratio of 90%, then based upon Figure
6 in Johnson-Sayre, Brays had a total runoff volume of about 310 inches (345 inches X
90%). Assuming the same rainfall in the Cypress Creek watershed results in a runoff of 150
inches, which equates to a runoff rate of 43%.

The Johnson-Sayre report also considers the relationship between annual runoff and impervious
cover from various gages in a dry year (1968) and a wet year (1969). In plotting the resultant
data, they noticed separate clusters of data for watersheds north of Buffalo Bayou and south of
Buffalo Bayou for the wet year. The watersheds north of Buffalo Bayou showed a lower runoff
volume than areas south of Buffalo Bayou. Maps provided by the Soils Conservation Service
(which became the NRCS) show that the soils north of Buffalo Bayou are generally more
permeable. They concluded that this effect did not occur during the dry year because cracks will
open in all soil types and infiltration will be very high. It is unknown if there was a greater
rainfall amount south of Buffalo Bayou in 1968.
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The Johnson-Sayre report relates peak discharge to rainfall, storm duration, and antecedent
moisture condition. They used a modification of the soil moisture index (M) method of Linsley,
Kohler, and Paulhus to track the antecedent moisture condition during the period of record for
the study. The modification involved the use of a constant soil-moisture depletion factor; they
used a variable factor throughout the year based upon the average monthly temperature in
Houston.

2.2 Tropical Storm Allison Recovery Project (TSARP) — 2004

Green and Ampt Method. The hydrologic study in support of the TSARP project was conducted
between 2001 and 2003. This study represented a new study to replace the FHS, and utilized the
new generation of USACE hydrology software known as HEC-HMS. At the time of the study,
HEC-HMS did not have the capability to apply the exponential method. The Green and Ampt
method was chosen because it is based on physical properties (although it is an empirical
relationship) and it allows for the decay of losses and rainfall increases. Green and Ampt loss
parameters were calibrated against gage data for each watershed.

Subareas from the Upper Cypress Creek watershed and the Addicks Reservoir watershed were
evaluated for a range of rainfall amounts and impervious cover using the Green and Ampt
method. The results are presented in Tables B2.1-B2.4.

Table B2.1
Runoff Amounts (inches) for Upper Cypress Creek Watershed
Green & Ampt

Impervious Rainfall Amount (in)

2.00 4.00 6.00 8.00 10.00 12.00 14.00

0% 0.27 2.02 3.96 5.94 7.92 9.91 11.90

20% 0.51 2.32 4.27 6.25 8.24 10.23 12.22

40% 0.76 2.61 4.58 6.56 8.55 10.55 12.54

60% 1.01 2.91 4.88 6.87 8.87 10.86 12.86

80% 1.25 3.20 5.19 7.19 9.18 11.18 13.18
100% 1.50 3.50 5.50 7.50 9.50 11.50 13.50

Table B2.2

Runoff Amounts (inches) for Addicks Watershed
Green & Ampt

Impervious Rainfall Amount (in)

2.00 4.00 6.00 8.00 10.00 12.00 14.00

0% 0.37 2.19 4.15 6.13 8.12 10.12 12.11

20% 0.63 2.49 4.46 6.44 8.44 10.43 12.43

40% 0.90 2.79 4.76 6.75 8.75 10.74 12.74

60% 1.16 3.09 5.07 7.06 9.06 11.06 13.05

80% 1.42 3.38 5.38 7.37 9.37 11.37 13.37
100% 1.68 3.68 5.68 7.68 9.68 11.68 13.68
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Table B2.3
Runoff Amounts (%o of rainfall) for Upper Cypress Creek Watershed

Green & Ampt

Impervious Rainfall Amount (in)
2.00 4.00 6.00 8.00 10.00 12.00 14.00
0% 14% 51% 66% 74% 79% 83% 85%
20% 26% 58% 71% 78% 82% 85% 87%
40% 38% 65% 76% 82% 86% 88% 90%
60% 51% 73% 81% 86% 89% 91% 92%
80% 63% 80% 87% 90% 92% 93% 94%
100% 75% 88% 92% 94% 95% 96% 96%
Table B2.4

Runoff Amounts (% of rainfall) for Addicks Reservoir Watershed

Green & Ampt

Impervious Rainfall Amount (in)
2.00 4.00 6.00 8.00 10.00 12.00 14.00
0% 19% 55% 69% 77% 81% 84% 87%
20% 32% 62% 74% 81% 84% 87% 89%
40% 45% 70% 79% 84% 88% 90% 91%
60% 58% 77% 85% 88% 91% 92% 93%
80% 71% 85% 90% 92% 94% 95% 96%
100% 84% 92% 95% 96% 97% 97% 98%

The calculations suggest a
rainfall) and 87% (for 14

increases because of the gradual saturation of the watershed. For a six-inch rain, the Green and
Ampt method predicts pre-development runoff rates of 66% in Cypress Creek watershed and
69% in the Addicks Reservoir watershed.

2.3 NRCS Methods

NRCS CN methods were discussed earlier in the summary of the Wurbs report. As noted, the
methodology utilizes a dimensionless parameter known as the Curve Number (CN) to represent

pre-development runoff percentage between 14% (for 2 inches of
The relative amount of runoff progressively

inches of rainfall).

the rainfall-runoff characteristics.

The runoff was computed for a range of CNs (which incorporates impervious cover and other
factors related to land use and soil type) and a range of rainfall amounts.

presented in Tables B2.5 and B2.6.

16

The results are




Runoff Amounts (inches) - NRCS Method

Table B2.5

CN Rainfall (in)
2.00 4.00 6.00 8.00 10.00 12.00 14.00
70 0.24 1.33 2.81 4.46 6.22 8.05 9.91
75 0.38 1.67 3.28 5.04 6.88 8.76 10.67
80 0.56 2.04 3.78 5.63 7.52 9.45 11.39
85 0.80 2.46 4.30 6.21 8.16 10.11 12.08
90 1.09 2.92 4.85 6.81 8.78 10.76 12.75
95 1.48 3.43 5.41 7.40 9.40 11.39 13.39
100 2.00 4.00 6.00 8.00 10.00 12.00 14.00
Table B2.6
Runoff Amounts (% of rainfall) - NRCS Method
CN Rainfall (in)

2.00 4.00 6.00 8.00 10.00 12.00 14.00
70 12% 33% 47% 56% 62% 67% 71%
75 19% 42% 55% 63% 69% 73% 76%
80 28% 51% 63% 70% 75% 79% 81%
85 40% 61% 72% 78% 82% 84% 86%
90 55% 73% 81% 85% 88% 90% 91%
95 74% 86% 90% 93% 94% 95% 96%
100 | 100% | 100% | 100% | 100% 100% 100% 100%

The existing Addicks Watershed has a CN of approximately 85 assuming an antecedent moisture
condition of Il. This corresponds to a predicted runoff rate between 40% and 86%, with a rate of
72% for a six-inch rain. For a dry condition (condition 1), the corresponding CN can be as low
as 70, resulting in a runoff rate of 47% for a six-inch rain; and for a saturated condition
(condition I11) the CN may be as high as 97, resulting in a runoff rate of about 98% for a six-inch
rain. The undeveloped Cypress Watershed has lower CN due to the soil type and the prominence
of prairie vegetation in portions of the watershed. Runoff rates are likely lower, particularly for
condition I and II.

2.4 Evaluation of May and June 1989 Floods in Harris County, Texas.

After two devastating floods in two months in 1989, HCFCD engaged LJA & Associates, Inc. to
evaluate the two events with a particular focus on the performance of the hydrologic and
hydraulic models developed from the 1984 Flood Hazard Study. The study compared observed
hydrographs with computed hydrographs from simulations of the rainfall events. The flood event
was mostly centered on the north and east sides of Harris County, so the Addicks Reservoir
watershed was not strongly impacted, and thus was not evaluated. However the Cypress Creek
watershed was studied. The rainfall event was not that significant in the upper watershed, as
each event had less than four-inches of precipitation at the Katy-Hockley gage. However, the
analysis of the rainfall event in the middle portion of the watershed, which was still
predominately undeveloped at the time of the event, may lend some insight. There was
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substantially greater rainfall at the gage at Huffmeister. This size of rainfall is appropriate for
considering the rainfall-runoff analysis because the resultant downstream hydrograph is not
influenced by an overflow event.

For the May, 1989 event, there was an average of about 2.5 inches of rainfall in the watershed
that contributes to the gage at Katy-Hockley, and about 4 inches of rainfall in the watershed that
contributes to Huffmeister. The event measured a total runoff volume of 0.24 inches at Katy-
Hockley Road and 0.49 inches at Huffmeister. The resultant runoff percentage is about 10%.

For the June, 1989, there was an average of about two inches of rainfall in the watershed that
contributes to the gage at Katy-Hockley, and about 3 inches of rainfall in the watershed that
contributes to Huffmeister. The event measured a total runoff volume of 0.08 inches at Katy-
Hockley and about 0.15 inches at Huffmeister.

It is difficult to derive specific conclusions of the appropriate rainfall-runoff value to use from
this analysis. However, the results support the notion that there is a large initial abstraction in
the upper Cypress Creek watershed. There are a number of factors that may contribute to this —
the soils types, the antecedent moisture condition, the lack of drainage infrastructure, and the
predominance of agricultural features that retain runoff.

2.5 HCFCD Rainfall-Runoff Evaluation (R.G. Miller)

In 2012, HCFCD engaged RG Miller Engineers to evaluate observed streamflow data and to
compare the resultant runoff volume with the measured precipitation in the upstream watershed.
The report is entitled Rainfall Volume vs. Runoff Volume Evaluation Study. The goal of this
study was to “to develop an improved understanding of a relationship between rainfall and runoff
for various intensity storm events.”

The study considered a number of events throughout Harris County. For each event, the
categorized the antecedent moisture condition as Low Saturation (less than 0.5 inches of rainfall
in preceding seven days), Medium Saturation (0.5 to 1.5 inches of rainfall in the preceding seven
days), or High Saturation (more than 1.5 inches in the preceding seven days). Contributing areas
were classified as having high, medium, or low urbanization based upon the level of
development in the watershed.

Table B2.7 presents the results of the evaluation of the Langham Creek sub-watershed, which is
within the Addicks Reservoir Watershed.
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Table B2.7
Langham Creek - Observed Rainfall-Runoff

Storm Duration Total Total Difference | Antecedent | Urbanization | Recurrence
Event Rainfall Runoff Condition
(hours) (inches) (inches) (%)

10/28/2002 12 3.53 2.84 80.2 High Medium 2Yr
11/3/2002 48 5.96 4.80 80.6 High Medium 2-5Yr
11/17/2003 48 4,71 1.92 40.9 Low Medium 2Yr
7/24/2006 48 4.44 3.71 83.6 Medium Medium 2Yr
9/12/2008 48 6.87 5.21 75.8 Low Medium 5-10 Yr
7/11/2012 96 10.42 6.11 58.6 Low Medium 10 Yr

The average runoff percentage is 70%. There is a correlation between antecedent condition and
runoff percentage.

Table B2.8 presents the results of the evaluation of the Bear Creek sub-watershed, which is
within the Addicks Reservoir Watershed.

Table B2.8
Bear Creek - Observed Rainfall-Runoff
Storm Duration Total Total Difference | Antecedent | Urbanization | Recurrence
Event Rainfall Runoff Condition
(hours) (inches) (inches) (%)

11/22/2004 96 7.74 7.03 90.8 High Medium 5Yr
7/24/2006 48 4,59 3.59 78.2 Low Medium 2Yr
4/24/2007 12 1.52 0.95 62.3 Low Medium <2Yr
9/12/2008 48 4.62 3.46 74.9 Low Medium 2Yr
7/11/2012 48 9.14 4.21 46.0 Low Medium 10 Yr

The average runoff percentage is also 70%, and there is also correlation between antecedent
condition and runoff percentage. For the one high antecedent moisture condition, the rate is
about 91%.

Table B2.9 presents the results of the evaluation of the Upper Cypress Creek watershed at Katy-
Hockley Road.

Table B2.9
Upper Cypress Creek - Observed Rainfall-Runoff
Storm Duration Total Total Difference | Antecedent | Urbanization | Recurrence
Event Rainfall Runoff Condition
(hours) (inches) (inches) (%)

10/18/1998 48 9.34 3.69 39.5 Low Low 10-20 Yr
11/4/2002 48 7.25 3.61 49.8 High Low 5-10 Yr
11/24/2004 96 10.26 3.60 35.1 High Low 10-20 Yr
4/29/2009 48 461 2.78 60.3 Low Low 2Yr
7/12/2012 96 15.57 3.43 22.0 Low Low 100-250 Yr

The average runoff percentage is much lower, at 41%, and varies between 22% and 60%. The
60% event occurs with a low antecedent moisture condition and a relatively smaller rainfall,
which is counter-intuitive. The analysis of gage data at Cypress Creek and Katy-Hockley Road
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is complicated by the presence of the overflow. If runoff escapes the watershed upstream of the
gage, then it is not possible to measure the rainfall-runoff relationship upstream. It is not known
which of the above events produced an overflow to Addicks Reservoir. The rainfall data
suggests that the 2012 would produce an overflow, however, the corresponding rainfall-runoff
data in Bear Creek does not. It is believed that overflow may occur at the watershed divide, and
then get captured in the large land areas between the watershed divide and drainage collection
systems. Based on this, it is difficult to ascertain a rainfall-runoff percentage in Upper Cypress,
but this data lends credence to the notion that there are greater losses in Upper Cypress
watershed when compared to the Addicks watershed (or just about any other watershed in Harris
County).

Exhibit B2.4 presents a summary of the rainfall-runoff relationships throughout Harris County.
Overall, the average rate was 70%, but it was much lower in Cypress Creek.
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Exhibit B2.4
Observed Rainfall-Runoff in Harris County

The data from the RG Miller study does not lend itself to making specific conclusions regarding
the rainfall-runoff relationship. This was not an intended outcome of the investigation. It does,
however, provide additional insight to the general relationship. The overall average rainfall-
runoff rate of 70% is consistent with computed values. The study does support the notion that
there may be a lower runoff rate associated with the Upper Cypress Watershed.
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3.0 Evaluation of Observed Events

As noted in the previous section, the potential impact of land development activity on pool
elevations in Addicks Reservoir is not well quantified. While previous studies have adequately
determined a stage-frequency relationship for the reservoirs, previous studies of development
impacts have not resulted in usable conclusions.

Since the mid-1980’s, the HCFCD has operated a number of rainfall and flood gages throughout
Harris County. The utilization of data from these gages, along with data provided by the
USACE, can be utilized to evaluate specific events by comparing rainfall, reservoirs stages, and
releases. The evaluation of these events supports the determination of rainfall-runoff
relationships in the watershed, as well as the simulation of potential behavior during those
particular events in the event the rainfall-runoff relationship is altered by land development
activity.

Two events of are particular interest — the event from the Winter of 1992 and the event from
Spring of 2009. Both events established record pool elevations in the Addicks and Barker
Reservoirs, however the events are very different. The 1992 event occurred after about three
months of rainfall. While over 20 inches of rainfall fell between late December, 1991 and
March, 1992, there was never a “massive” single event in the watershed that would typically be
expected when record pool elevations are established. Instead, there were many days of smaller
rainfall, and an almost constant threat of rain — inhibiting the ability of the USACE to release
volume from the reservoir. Over this period, the reservoir’s stage elevation “ratcheted” up, and
hence this phenomena is often referred to as the “ratcheting” effect. The 2009 event was the
result of about 14 days of rainfall in late April and early May, and was more representative of a
single event rainfall. While there was some rainfall in the early part of the period, the reservoir
mostly recovered, and the record pool elevations were mainly result of large rainfalls on two
days in late April.

3.1 Simulation of March, 1992 Event

On March 10, 1992, Addicks Reservoir crested at a pool elevation 100.6 feet, which is
equivalent to a storage volume of 57,900 acre-feet. At that time, this is the highest elevation
observed in Addicks Reservoir since its construction in the 1940’s, resulting in the closure of a
county roads and facilities in Bear Creek Park, as well as the temporary closing of State
Highway 6.

This section describes the simulation of the rainfall and reservoir elevations observed between
December, 1991 and March, 1992 that resulted in record pool elevations in Addicks Reservoir.
The approach described and applied involves using a mass balance using rainfall observed at
gages in the watershed, recorded daily pool elevations, and release data obtained from the
USACE.

3.1.1 Rainfall Data — December, 1991 to March, 1992

HCFCD monitors and records rainfall at four gages in or near the Addicks Reservoir watershed.
The location of these rain gages is shown in Exhibit B3.1. On December 8, 1991, Addicks
Reservoir was empty. Table B3.1 summarizes the rainfall recorded at each of these four gages in
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the 90-day period under consideration. As the table indicates, the four gages averaged just over
25 inches of rainfall over the 90 day period. Table B3.2 presents the daily rainfall at each of
these gages between December 8, 1991 and March 5, 1992. The maximum single day rainfall of
4.02 inches was recorded on December 22, 1991 at the gage along Cypress Creek at Katy-

Hockley Road.
Exhibit B3.1
Location of Rainfall Gages
Table B3.1
Summary of Observed Rainfall — 1991-92 Event
Gage Location Peak Total Rainfall (in)
No
7-day 14-day 30-day 60-day 90-day
2180 | Bear Creek at 529 5.8 7.2 10.1 18.3 23.9
2150 | S Mayde Crk at Greenhouse 4.9 7.1 9.6 16.0 24.6
2120 | Langham at W Little York 5.7 8.4 11.0 20.2 28.5
1180 | Cypress at Katy-Hockley 6.2 7.4 10.2 17.4 23.6
Average 5.6 7.5 10.2 18.0 25.2
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Table B3.2
Observed Daily Rainfall (inches) — 1991-92 Event

Date 2180 2150 2120 1180 Date 2180 2150 2120 1180
Bear Creek | S Mayde Langham [Cypress Crk Bear Creek [ S Mayde Langham [Cypress Crk
@ FM 529 Crk @ Crk@ W @ Katy- @ FM 529 Crk @ Crk@ W @ Katy-
Greenhouse | Little York | Hockley Greenhouse | Little York | Hockley

12/8/1991 0.24 0.04 0.04 0.04 1/24/1992 0.00 0.00 0.00 0.00
12/9/1991 2.09 2.60 291 1.61 1/25/1992 0.00 0.00 0.00 0.00
12/10/1991 0.00 0.00 0.00 0.00 1/26/1992 0.31 0.20 0.39 0.20
12/11/1991 0.04 0.20 0.16 0.08 1/27/1992 0.63 0.51 0.75 0.67
12/12/1991 0.00 0.00 0.00 0.00 1/28/1992 0.00 0.00 0.04 0.00
12/13/1991 0.04 0.16 0.16 0.00 1/29/1992 0.16 0.04 0.00 0.00
12/14/1991 0.00 0.00 0.00 0.00 1/30/1992 0.00 0.00 0.00 0.00
12/15/1991 0.00 0.00 0.00 0.00 1/31/1992 0.00 0.00 0.00 0.00
12/16/1991 0.00 0.00 0.00 0.00 2/1/1992 0.00 0.00 0.00 0.00
12/17/1991 0.04 0.04 0.12 0.08 2/2/1992 0.00 0.00 0.00 0.00
12/18/1991 0.83 0.63 0.91 0.98 2/3/1992 2.48 1.77 2.28 1.85
12/19/1991 0.08 0.12 0.12 0.16 2/4/1992 0.75 0.67 0.91 0.83
12/20/1991 0.00 0.00 0.00 0.00 2/5/1992 0.04 0.16 0.12 0.00
12/21/1991 3.43 2.99 3.54 4.02 2/6/1992 0.00 0.00 0.00 0.00
12/22/1991 0.67 0.35 0.47 0.43 2/7/1992 0.00 0.00 0.00 0.00
12/23/1991 0.08 0.04 0.00 0.00 2/8/1992 0.00 0.00 0.00 0.00
12/24/1991 0.00 0.00 0.00 0.00 2/9/1992 0.00 0.00 0.00 0.00
12/25/1991 0.00 0.00 0.00 0.00 2/10/1992 0.00 0.00 0.00 0.00
12/26/1991 1.61 1.34 1.54 1.61 2/11/1992 1.06 1.34 1.42 0.94
12/27/1991 0.00 0.16 0.20 0.12 2/12/1992 0.31 0.35 0.12 0.12
12/28/1991 0.00 0.00 0.00 0.00 2/13/1992 0.00 0.00 0.00 0.00
12/29/1991 0.04 0.00 0.00 0.00 2/14/1992 0.00 0.00 0.00 0.04
12/30/1991 0.00 0.08 0.00 0.00 2/15/1992 0.00 0.00 0.00 0.04
12/31/1991 0.00 0.00 0.04 0.08 2/16/1992 0.08 0.12 0.12 0.04
1/1/1992 0.00 0.00 0.00 0.00 2/17/1992 0.00 0.00 0.00 0.00
1/2/1992 0.12 0.04 0.04 0.04 2/18/1992 0.00 0.00 0.00 0.00
1/3/1992 0.00 0.00 0.04 0.00 2/19/1992 0.00 0.00 0.00 0.00
1/4/1992 0.16 0.20 0.12 0.20 2/20/1992 0.00 0.00 0.00 0.00
1/5/1992 0.43 0.55 0.59 0.51 2/21/1992 0.00 0.00 0.00 0.00
1/6/1992 0.04 0.00 0.00 0.00 2/22/1992 0.94 1.18 1.42 1.69
1/7/1992 0.00 0.12 0.08 0.00 2/23/1992 0.00 0.12 0.00 0.00
1/8/1992 0.47 0.47 0.87 0.08 2/24/1992 1.42 1.30 1.38 1.34
1/9/1992 0.00 0.00 0.00 0.00 2/25/1992 0.00 0.00 0.00 0.00
1/10/1992 0.00 0.00 0.00 0.00 2/26/1992 0.00 0.04 0.00 0.00
1/11/1992 0.39 0.16 0.16 0.43 2/27/1992 0.00 0.00 0.00 0.00
1/12/1992 0.63 0.43 0.63 0.47 2/28/1992 0.00 0.00 0.00 0.00
1/13/1992 0.08 0.00 0.00 0.04 2/29/1992 0.00 0.00 0.00 0.00
1/14/1992 0.00 0.00 0.00 0.00 3/1/1992 0.00 0.00 0.00 0.00
1/15/1992 0.00 0.00 0.00 0.00 3/2/1992 0.00 0.00 0.00 0.00
1/16/1992 0.00 0.00 0.00 0.00 3/3/1992 0.00 0.00 0.00 0.00
1/17/1992 1.02 0.24 1.14 1.22 3/4/1992 1.46 3.74 343 2.01
1/18/1992 0.91 0.00 1.26 0.87 3/5/1992 0.35 0.24 0.04 0.00
1/19/1992 0.00 1.26 0.04 0.08 3/6/1992 0.00 0.16 0.47 0.00
1/20/1992 0.00 0.00 0.00 0.00 3/7/1992 0.00 0.00 0.00 0.00
1/21/1992 0.43 0.00 0.39 0.51 3/8/1992 0.00 0.00 0.00 0.00
1/22/1992 0.08 0.47 0.12 0.16 3/9/1992 0.00 0.00 0.04 0.00
1/23/1992 0.00 0.00 0.00 0.00 3/10/1992 0.00 0.00 0.00 0.00
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The return interval of rainfall is described in terms of intensity — or the amount of rainfall over a
time period. HCFCD uses a 24-hour rainfall in the consideration of hypothetical events, as this
is an appropriate rainfall to consider given the size of most of the watersheds in Harris County.
The National Weather Service (NWS) has published charts that depict the recurrence interval
(which can be converted to annual probability) for various duration rainfall events give a
particular location. NWS Technical Paper No. 40 (TP-40) provides rainfall intensities between
the 1-year and 100-year recurrence interval for rainfall durations between 30-minutes and 24-
hours. NWS Technical Paper No 49 (TP-49) provides rainfall intensities between the 2-day and
10-day recurrence interval.

Even though the rainfall over the 90-day period occurred from different meteorological events,
the measured rainfall over the time period can be related to a return interval and annual
probability for a 90-day period. Rainfall values were taken from different durations for
particular return intervals and plotted for each return period. Trend line equations for each return
period were developed using the power equation as illustrated in Exhibit B3.2.
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Trendline Equations
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Exhibit B3.2
Determination of Rainfall Depth for Long Duration Events
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The resultant trend line equations were used to extrapolate the data to provide return intervals for
90-day durations, which then facilitated the determination of a return interval to the observed
rainfall events over the 90-day period at each of the four gages along with a watershed wide
estimation that considers the weighted average of the four gages. This is summarized in Table
B3.3. As the table indicates, the return intervals for the observed rainfall over the 90-day period
ranges between a 24-year event (Cypress Creek at Katy-Hockley Road) and a 70-year event
(Langham Creek at West Little York Road). Considering the weighted average of the four
gages, the rainfall associated with the March, 1992 event on Addicks Reservoir approximated a
38-year event.

Table B3.3
Annual Probability and Return Interval for Observed Rainfall — 1991-1992 Event
Gage
No Location Rainfall Weight Annual Return
Probability | Interval
(inches) (%) (%) (yn
10% (10-yr) 90-day Rainfall 19.5 10% 10-yr
4% (25-yr) 90-day Rainfall 23.8 2% 25-yr
2% (50-yr) 90-day Rainfall 21.7 4% 50-yr
1% (100-yr) 90-day Rainfall 29.7 1% 100-yr
2180 | Bear Creek at 529 23.9 37% 4% 25-yr
2150 | S Mayde Crk at Greenhouse 24.6 17% 3% 29-yr
2120 | Langham at W Little Yk 28.6 39% 1% 70-yr
1180 | Cypress at Katy-Hockley 23.6 7% 4% 24-yr
Weighted Average 25.8 3% 38-yr

3.1.2 Reservoir Releases — December, 1991 to March, 1992

The combined release from Addicks and Barker Reservoir is limited to a peak rate of 2,000 cfs.
The release is further restricted such that the reservoir releases cannot contribute to a flow in
excess of 2,000 cfs along Buffalo Bayou at Piney Point Drive as measured by a USGS gaging
station at that location. Therefore, if there are additional flows contributing to Buffalo Bayou,
whether from rainfall, irrigation, or wastewater discharges, the releases must be further restricted
to ensure that the 2,000 cfs threshold is not exceeded.

The USGS gage along Buffalo Bayou at Piney Point is located approximately nine miles
downstream of the Addicks Reservoir outlet, so there is a considerable travel time between the
reservoir and the gage. This requires that gate operations consider future conditions when
making operational decisions. For example, if rainfall is anticipated within the next ten hours,
discharges will be further restricted or closed completely in order to ensure the threshold at the
Piney Point gage is not exceeded. Often times, outflows are restricted even when a potential
rainfall does not occur. Because of this, simulation of gate operations based upon historical data
is particularly challenging. Actual release data was obtained from the USACE, and therefore
simulation of gage operating decisions was not necessary.
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Table B3.4
Addicks Reservoir Daily Release and Pool Storage — 1991-1992 Event

Date Average Pool Storage Date ng;:gf Pool Storage
Release Rate Volume Volume
Rate
(cfs) (ac-ft) (cfs) (ac-ft)

12/8/1991 49 0 1/24/1992 919 37,659
12/9/1991 322 2,739 1/25/1992 483 36,342
12/10/1991 548 5,215 1/26/1992 264 36,212
12/11/1991 607 5,380 1/27/1992 146 27,992
12/12/1991 356 5,215 1/28/1992 435 38,327
12/13/1991 202 5,334 1/29/1992 662 37,992
12/14/1991 303 5,127 1/30/1992 1,06 36,604
12/15/1991 400 4,551 1/31/1992 1,20 34,730
12/16/1991 555 3,705 2/1/1992 734 33,342
12/17/1991 438 2,846 2/2/1992 276 32,783
12/18/1991 213 2,819 2/3/1992 95 35,370
12/19/1991 36 3,661 2/4/1992 0 40,643
12/20/1991 0 4,311 2/5/1992 649 44,111
12/21/1991 0 10,117 2/6/1992 893 44,546
12/22/1991 0 20,078 2/7/1992 972 43,966
12/23/1991 170 24,384 2/8/1992 984 42,961
12/24/1991 233 26,365 2/9/1992 981 41,828
12/25/1991 99 27,418 2/10/1992 978 40,574
12/26/1991 0 30,715 2/11/1992 224 42,748
12/27/1991 380 34,285 2/12/1992 285 44,764
12/28/1991 721 34,730 2/13/1992 700 44,764
12/29/1991 721 35,050 2/14/1992 432 44,255
12/30/1991 627 35,757 2/15/1992 821 43,606
12/31/1991 246 36,017 2/16/1992 602 42,677
1/1/1992 0 35,822 2/17/1992 863 41,618
1/2/1992 462 36,082 2/18/1992 977 40,023
1/3/1992 933 35,178 2/19/1992 972 38,461
1/4/1992 610 34,349 2/20/1992 968 36,866
1/5/1992 409 34,285 2/21/1992 578 35,564
1/6/1992 706 33,781 2/22/1992 0 38,797
1/7/1992 185 33,280 2/23/1992 285 40,505
1/8/1992 0 34,730 2/24/1992 53 42,748
1/9/1992 310 35,435 2/25/1992 526 46,014
1/10/1992 433 35,370 2/26/1992 744 46,385
1/11/1992 80 34,985 2/27/1992 743 45,718
1/12/1992 0 36,669 2/28/1992 965 44,401
1/13/1992 579 33,718 2/29/1992 984 42,819
1/14/1992 717 32,845 3/1/1992 980 41,129
1/15/1992 715 31,740 3/2/1992 625 39,749
1/16/1992 618 30,595 3/3/1992 244 39,339
1/17/1992 134 31,074 3/4/1992 17 50,808
1/18/1992 0 36,082 3/5/1992 0 55,291
1/19/1992 326 38,192 3/6/1992 101 57,534
1/20/1992 349 38,528 3/7/1992 254 57,787
1/21/1992 101 39,068 3/8/1992 103 57,787
1/22/1992 583 39,475 3/9/1992 386 57,619
1/23/1992 730 38,865 3/10/1992 761 56,199
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For the analysis of the rainfall that preceded the March, 1992 event on Addicks Reservoir the
USACE provided daily average discharge data. This data, as well as the daily pool elevation
(taken at midnight) is provided on Table B3.4.

Over the duration of the period, a total of 85,571 acre-feet was released from Addicks Reservoir.
The pool elevation at the end of the period, on March 10, 1992, was 56,199 acre-feet.

3.1.3 Rainfall/Runoff Relationship - December, 1991 to March, 1992

Based upon the total Addicks Reservoir storage volume of 59,166 acre-feet on March 10, 1992,
and the cumulative release of 85,571 acre-feet since December 8, 1991 (the last prior date that
the reservoir was empty), it can be derived that 144,777 acre-feet of runoff contributed to
Addicks Reservoir between December 8, 1991 and March 10, 1992.

During dry times, the watershed flowrate averages about 40 cfs. The source of this flow is
primarily effluent from treatment plants and excess runoff from irrigation. Over the course of
the event it is estimated that about 7,458 acre-feet of runoff volume were provided by non-
rainfall sources.

Based upon this, that leaves a total of about 134,228 acre-feet of inflow volume from the rainfall
that was recorded between December 8, 1991 and March 10, 1992. As noted previously, the
weighted average of the rainfall from the four gages in or near the watershed is 25.84 inches. If
100% of the rainfall were to runoff to Addicks Reservoir, this volume would be 187,410 acre-
feet. By comparing the estimated inflow with the computed rainfall volume, it can be deduced
that 74.6% of the rainfall that fell in the Addicks Reservoir watershed during this period
eventually found its way into Addicks Reservoir.

This runoff rate is consistent with the previous studies, and is consistent with the existing
understanding of the rainfall-runoff relationship in Harris County. This relationship is more
complex than applying a simple rainfall-runoff conversion factor. Tracking the individual
rainfall events during the period of concern does not show a consistent factor. As expected, the
early rainfalls produce runoff at a lower rate reflective of the drier antecedent moisture condition.
As the time passes, rainfall is converted to runoff at a higher rate because the soils have become
saturated. However, the direct approach of using a consistent factor is expeditious and
reasonable, especially considering the uncertainties associated with daily simulations — and is an
effective way to consider the behavior of rainfall and runoff as long as these limitations are
understood.

3.1.4 Effects of Urbanization — December, 1991 to March, 1992

The daily simulation was utilized to consider the impacts of urbanization on pool elevations in
the reservoir. The inflows were adjusted to consider three scenarios — 80% runoff, 90% runoff,
and 100% runoff. These consider the change in expected pool elevation considering a future
development scenario in the watershed. Table B3.5 summarizes the results of these simulations.

27



Table B3.5
Sensitivity to Rainfall/Runoff — 1991-92 Event

Rainfall Runoff S(tle;%eg (:136};) S(?Cr_?tg)e
March 1992 Event 74.6% runoff (1991 Development) 100.6 58,153
March 1992 Event 80% runoff 102.2 73,758
March 1992 Event 90% runoff 104.1 92,407
March 1992 Event 100% runoff 105.7 111,055
100-year (USACE) 104.1 92,602
Government Land 106.1 116,300

As Table B3.5 indicates, increasing the rainfall-to-runoff conversion factor from 74.6% to 90%
would have resulted in an increase in pool elevation from 100.6 feet to 104.1 feet, and the
reservoir storage volume would increase by almost 60%. Furthermore, pool elevations would
reach the 1% (100-year) threshold, even though the rainfall event is closer to a 40-year event. A
rainfall-runoff conversion factor of 90% is a realistic depiction of a fully developed watershed.
A 100% runoff factor is presented to show an upper bound, but that is not considered a
reasonable full development condition.

3.1.5 Effects of Urbanization — March, 1992 adjusted to 1%

The weighted rainfall for the watershed during the December, 1991 to March, 1992 event yielded
25.84 inches of rainfall. The extrapolation exercise presented earlier predicted a 1% (100-year)
90-day rainfall to be 29.70 inches. In order to consider a 1% (100-year) rainfall that duplicated
the patterns of the 1992 event, each rainfall ordinate was increased by about 13% in order to
increase the rainfall to a 1% (100-year) equivalent. The results of this simulation are presented
in Table B3.6.

Table B3.6
Adjustment of 1991-92 Event to a 1% (100-year) Event
. Stage (feet) Storage
Rainfall Runoff (1973 adj) (ac-ft)
March 1992 Event adj to 1% 74.6% runoff (1991 Development) 103.3 84,339
March 1992 Event adj to 1% 80% runoff 104.4 96,044
March 1992 Event adj to 1% 90% runoff 106.2 117,478
March 1992 Event adj to 1% 100% runoff 107.8 138,912
100-year (USACE) 104.1 92,602
Government Land 106.1 116,300

During the adjusted March 1992 event, the predicted peak pool elevation was 103.3 feet. This is
lower than the USACE computed 100-year elevation of 104.1 feet, but is similar considering the
divergence of methods. Furthermore, the USACE simulation considers occasional overflows
from Cypress Creek that would tend to influence the computed storage volumes.
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Using a rainfall-runoff factor of 90%, the stage elevations increase to 106.2 feet, just higher than
the limit of government land. In such an event, reservoir pool elevations would encroach upon
private property on the fringes of the reservoir.

3.2 Simulation of April, 2009 Event

On April 30, 2009, Addicks Reservoir crested at an estimated pool elevation of 100.0 feet. (This
elevation is based on a conversion of 3.1 feet between the NGVD 1927, 1973 adjustment, used in
this analysis; and the NAVD 1988, 2001 adjustment pool elevation reported by the USACE This
elevation was estimated by using the USGS published daily pool storage volume of 59,300 acre-
feet in conjunction with the stage-storage relationship for Addicks Reservoir. This pool elevation
is the second highest in recorded history, after the 1992 event. Unlike the 1992 event, which
resulted from rainfall over a 90-day period, the rainfall that led to the record pool in 2009
occurred over a much shorter duration.

This section describes the simulation of the rainfall and reservoir elevations observed in late
April 2009. This approach uses a mass balance from rainfall observed at gages in the watershed
and recorded daily pool elevations. However, this required the use of assumed releases.

3.2.1 Rainfall Data — April, 2009

As with the analysis of the March, 1992 event, rainfall was taken from four gages in and near the
Addicks watershed. However, two of the four gages predicted unreasonably low rainfalls. The
gage at Langham Creek and West Little York Road, for instance, only recorded 0.08 inches
during this period, while many adjacent gages recorded in excess of ten inches. Nearby gages
were used as surrogates for the questionable gages. The gage at Mason Creek and Prince Creek
Drive was used in place of the South Mayde Creek gage at Greenhouse Road; and a gage along
White Oak Bayou at Lakeview as used in lieu of the gage along Langham Creek. These gages
returned reasonable data when comparing surrounding areas. The weightings for each gage were
the same as those utilized in the 1992 analysis.

Table B3.7 summarizes the rainfall recorded at each of the four gages in the 14-day period under
consideration. As the table indicates, the four gages averaged 13.5 inches over the period.
Comparing with the return period frequency for a 14-day rainfall event, this event approximates
a 10-year event. Table B3.8 depicts the daily rainfall at each of these gages between April 16,
2009 and May 5, 2009. The maximum single day rainfall of 6.32 inches was recorded at the
gage along Bear Creek at FM 529 on April 29. This gage actually recorded 11.88 inches over
the two-day period of April 28 and April 29.

3.2.2 Reservoir Releases — April, 2009

Daily release data for the 2009 event were obtained from the USACE Over the course of the
event, 7,991 acre-feet were released from Addicks Reservoir.
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Table B3.7
Annual Probability and Return Interval for Observed Rainfall — 2009 Event

Gage No Location Rainfall | Weight Annual Return
Probability | Interval
(inches) (%) (%) (yr)
10% (10-yr) 14-day Rainfall 13.4 10% 10-yr
4% (25-yr) 14-day Rainfall 16.2 2% 25-yr
2% (50-yr) 14-day Rainfall 18.6 4% 50-yr
1% (100-yr) 14-day Rainfall 20.4 1% 100-yr
2180 Bear Creek at 529 15.9 37% 4% 23-yr
2020 Mason Creek at Prince Creek Dr 15.3 17% 5% 18-yr
550 White Oak Bayou at Lakeview 10.8 39% 23% 4-yr
1180 Cypress at Katy-Hockley 11.5 7% 18% 5-yr
Weighted Average 13.5 10% 10-yr
Table B3.8
Observed Daily Rainfall (inches) — 2009 Event
Date 2180 2020 550 1180 Date 2180 2020 550 1180
Bear Creek | Mason Crk | White Oak |Cypress Crk Bear Creek [ Mason Crk | White Oak [Cypress Crk
@FM529 [ @ Prince Bayou @ @ Katy- @FM529 | @ Prince Bayou @ @ Katy-
Crk Dr Lakeview Hockley Crk Dr Lakeview Hockley
4/16/2009 0.00 0.00 0.00 0.00 4/26/2009 0.08 0.00 0.43 0.28
4/17/2009 0.00 0.56 0.00 0.00 4/27/2009 0.04 2.24 0.00 0.00
4/18/2009 1.68 3.04 1.68 2.36 4/28/2009 5.40 5.44 2.00 2.68
4/19/2009 2.16 0.00 252 1.32 4/29/2009 6.48 0.00 3.76 4.88
4/20/2009 0.00 0.00 0.00 0.00 4/30/2009 0.00 0.00 0.00 0.04
4/21/2009 0.00 0.00 0.00 0.00 5/1/2009 0.00 3.44 0.04 0.00
4/22/2009 0.00 0.00 0.00 0.00 5/2/2009 0.00 0.00 0.00 0.00
4/23/2009 0.00 0.00 0.00 0.00 5/3/2009 0.00 0.00 0.00 0.00
4/24/2009 0.00 048 0.00 0.00 5/4/2009 0.00 0.00 0.00 0.00
4/25/2009 0.08 0.08 0.36 0.00 5/5/2009 0.00 0.00 0.00 0.00

There are a number of factors that may contribute to releases. During the 1992 event, as the
reservoir stages “ratcheted” up, it is conceivable that the USACE was very aggressive in its
releases. However, the 90-day period was a very “wet” period that would have inhibited the
ability to release. Since the 2009 event is of much shorter duration, the simulation is less
sensitive to the release assumption. However, it is an important consideration, and the lack of
real release data compromises the assessment.

The USGS publishes daily reservoir pool storage volumes. These volumes were utilized in the
analysis, and are presented in Table B3.9.
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Table B3.9
Addicks Reservoir Daily Release (Estimated) and Pool Storage (Observed) — 2009 Event

Date Average Pool Storage Date g\ﬁgggg Pool Storage
Release Rate Volume Volume
Rate
(cfs) (ac-ft) (cfs) (ac-ft)

4/16/2009 458 - 4/26/2009 458 6,100
4/17/2009 458 64 4/27/2009 458 5,880
4/18/2009 458 1,480 4/28/2009 458 35,300
4/19/2009 458 12,300 4/29/2009 458 55,800
4/20/2009 458 14,400 4/30/2009 458 59,800
4/21/2009 458 13,200 5/1/2009 458 59,800
4/22/2009 458 11,100 5/2/2009 458 58,600
4/23/2009 458 8,700 5/3/2009 458 57,500
4/24/2009 458 6,200 5/4/2009 458 56,000
4/25/2009 458 5,570 5/5/2009 458 54,100

Based upon the assumed releases, a total of 18,158 acre-feet was released from Addicks
Reservoir. The pool elevation at the end of the period, on March 10, 1992, was 54,100 acre-feet.

3.2.3 Rainfall and Runoff Relationship - April, 2009

Based upon the total Addicks Reservoir storage volume of 54,100 acre-feet on May 5, 2009 and
the estimated cumulative release of 18,158 acre-feet since April 16, 2009 (the last prior date that
the reservoir was empty), it can be estimated that 72,258 acre-feet of runoff contributed to
Addicks Reservoir between April 16, 2009 and May 5, 2009.

During dry times, the watershed flowrate averages about 40 cfs. The source of this flow is
primarily effluent from treatment plants and excess runoff from irrigation. Over the course of
the event it is estimated that about 1,587 acre-feet of runoff volume were provided by non-
rainfall sources.

Based upon this, that leaves a total of about 70,671 acre-feet of inflow volume from the rainfall
that was recorded between April 16, 2009 and May 5, 2009. As noted previously, the weighted
average of the rainfall from the four gages in or near the watershed is 13.51 inches. If 100% of
the rainfall were to runoff to Addicks Reservoir, this volume would be 98,051 acre-feet. By
comparing the estimated inflow with the computed rainfall volume, it can be estimated that
72.0% of the rainfall that fell in the Addicks Reservoir watershed during this period eventually
found its way into Addicks Reservoir. A daily simulation was conducted, and adjusting this
rainfall-runoff factor such that the resultant simulated pool elevation matches the observed
elevation resulted in a rainfall-runoff factor of 74.5%. This difference can be attributed to
assumptions regarding the arrival time in the reservoir from the rainfall. The simulation assumed
that all rainfall arrives in the reservoir on the day it was measured. In reality, rainfall arrives in
the reservoir over several days.

This runoff rate is consistent with the previous studies, and is consistent with the existing
understanding of the rainfall-runoff relationship in Harris County. Furthermore, it is consistent
with the rate computed in the analysis of the March, 1992 event. Because of the assumptions
required for the missing rainfall and the releases, this simulation cannot be utilized to generate
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conclusions. However it can be used in concert with the March, 1992 simulation as a check for
reasonableness, and the results suggest that the assumption of about 75% for the existing rainfall
—runoff relationship is likely reasonable and valid.

3.2.4 Effects of Urbanization — April, 2009

The daily simulation was utilized to consider the impacts of urbanization on pool elevations in
the reservoir. The inflows were adjusted to consider three scenarios — 80% runoff, 90% runoff,
and 100% runoff. These consider the change in expected pool elevation taking into account a
future development scenario in the watershed. Table B3.10 summarizes the results of these
simulations.

Table B3.10
Sensitivity to Rainfall/Runoff — 2009 Event
Rainfall Runoff S(tle;%eg (;ZE};) S(t;cr_z:tg)e

April 2009 Event 74.5% runoff (2009 Development) 101.1 63,902
April 2009 Event 80% runoff 101.6 | 68,011
April 2009 Event 90% runoff 102.6 | 77,362
April 2009 Event 100% runoff 103.6 86,720
100-year (USACE) 104.1 92,602
Boundary of Reservoir Right-of-

Way 106.1 116,300

As Table B3.10 indicates, increasing the rainfall-to-runoff conversion factor from 74.6% to 90%
would have resulted in an increase in pool elevation from 101.1 feet to 102.6 feet, and the
reservoir storage volume would increase by about 21%. Furthermore, pool elevations would set
a new record, even though the rainfall event is closer to a 10-year event. As noted previously, a
rainfall-runoff conversion factor of 90% is a realistic depiction of a fully developed watershed.
A 100% runoff factor is presented to show an upper bound, but that is not considered a
reasonable full development condition.

3.2.5 Effects of Urbanization — April, 2009 adjusted to 1%

The weighted rainfall for the watershed during the April, 2009 event yielded 13.51 inches of
rainfall. The extrapolation exercise presented earlier predicted a 1% (100-year) 14-day rainfall
to be 20.4 inches. In order to consider a 1% (100-year) rainfall that duplicated the patterns of the
2009 event, each rainfall ordinate was increased by about 51% in order to increase the rainfall to
a 1% (100-year) equivalent. The results of this simulation are presented in Table B3.11. It
should be noted that this exercise did not consider the impact of an overflow event — it only
considers the impact of local runoff within the Addicks Reservoir watershed.

During the adjusted April, 2009 event, the predicted peak pool elevation was 102.2 feet. This is
notably lower than the USACE computed event (104.1 feet).

Using a rainfall-runoff factor of 90%, the stage elevations increase to 106.5 feet, just higher than
the limit of government land. In such an event, reservoir pool elevations would encroach upon
private property on the fringes of the reservoir.
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Table B3.11

Adjustment of 2009 Event to a 1% (100-year) Event

Rainfall Runoff S(tlf;%es(;gejt)) Sy
April 2009 Event adj to 1% 74.5% runoff (2009 Development) 104.6 98,232
April 2009 Event adj to 1% 80% runoff 105.3 106,225
April 2009 Event adj to 1% 90% runoff 106.4 120,360
April 2009 Event adj to 1% 100% runoff 107.5 134,496
100-year (USACE) 104.1 92,602
Government Land 106.1 116,300

4.0 Summary

This appendix presents a summary overview of Addicks Reservoir, and considers the behavior of
the reservoir during two observed events. Furthermore it attempts to predict the behavior of the
reservoir should these events have occurred during a future developed condition.

The following summary and conclusions have been identified as a result of this review and

analysis:

Addicks Reservoir is subject to operational constraints which prohibit it from performing
in the manner that was originally planned. The reservoir maintains sufficient capacity to
manage the expected runoff volume from typical design events in Harris County,
including the 24-hour 100-year event. In such an event, pool elevations will be
maintained within the boundaries of government owned land.

The Addicks Reservoir pool has the capacity to impound significant volumes of water
before pool elevations rise to the level of the spillways. Eventually, pool elevations
would exceed reservoir lands and inundate private property at the reservoir fringes. At
current development levels, it would take an extraordinary rainfall to achieve these pool
elevations.

Current development policy requires detention basins to ensure that downstream peak
discharges are not increased as a result of development. However, detention basins only
address the peak flowrate and do not provide mitigation for the increase in volume.
While this may not be a concern in free-flowing watersheds, the impact of increased
volumes should be considered when long term storage features are downstream.
Simulations of the two largest recorded events on Addicks Reservoir suggest that the
increase in the rainfall-runoff relationship associated with new development will, if not
mitigated, significantly increase pool elevations in Addicks Reservoir.

Simulations of these events suggest that that during larger events about 75% of rainfall is
converted to runoff that makes its way into Addicks Reservoir. Furthermore, past studies
suggest that developed watersheds convert about 90% of rainfall to runoff. This 15%
increase is equivalent to two-inches when considering a 1% (100-year) 24-hour rainfall
amount of 13.5 inches.

Land development activity in Upper Cypress Creek, with current detention policy, will
result in a longer duration of flood flows. This will result in a higher volume of overflow
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into the Addicks watershed, and eventually will increase the expected pool elevation in
Addicks Reservoir.

This analysis did not consider Barker Reservoir. However, Barker Reservoir is subject to
the same operational constraints as Addicks Reservoir, and the two reservoirs work as a
single system. All conclusions regarding Addicks Reservoir could be applied to Barker
Reservoir, with the exception of those regarding the overflow from Cypress Creek.
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