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Mr. Gilbert R, Ward, C.P.G.
Texas Water Development Board
170 North Congress Avenue
Austin, Texas 78711-3231

RE: Final Brazoria County Master Drainage Plan Report
Contract No. 99-483-318
Klotz Associates Project No, 25903

Dear Mr. Ward:

Klotz Associates and Baker & Lawson would like to submit the attached Final Brazoria
County Master Drainage Plan Report. Copies of this report have also been submitted to Mr.
Gerald Roberts at Brazoria County.

This report represents the culmination of efforts by Brazoria County, the Texas Water
Development Board, the seven drainage districts, from several cities and from the public who
submitted thoughts and comments throughout the development of the report. The report
contains the text, tables and exhibits to the report. The Technical Appendix (Volume 2) that
contains the Hec-1 and Hec-2 models.

Brazoria County is a developing county which is situated along the Texas coast, experiences
heavy rainfall from tropical storms and hurricanes, is generally flat in topography and is
influenced by tides and hurricane surge. The plan has brought together the efforts of the
County and Drainage Districts to identify problem areas and provide solutions to some of the
challenges associated with drainage that could be constructed or sponsored within the
financial basis of each.

There were few available computer models available for use on the watersheds in Brazoria
county prior to this study. This repost provides computer hydrologic and hydraulic for much
of the watersheds in Brazoria County and those models are included in the attached CD in the
report. We identified the location of bridge or structures crossing some channels that were
not reflected in the previous modeling. Most of the computer models indicate a need for a
complete remapping of the Brazoria County flood plain maps by FEMA. A needed survey
bench mark loop was also prepared to be utilized in future survey in the County. The items
mentioned in this paragraph are significant in nature and will provide the basis for the
County, Drainage District, City or others to evaluate more effectively the possible effects to
improvements, changes in the watershed, development or many other items.

We appreciate the opportunity to be of assistance to Brazoria County and to the Texas Water
Development Board on this important project. If you have any questions please call me at
(281) 589-7257.
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EXECUTIVE SUMMARY

Klotz Associates, Inc. and Baker & Lawson, Inc. were authorized to prepare a Master Drainage
Plan for Brazoria County. The scope of this plan was to gather previous information regarding
the study, analysis, development, and operation of drainage systems within Brazona County,
review and evaluate the data and reports, and develop a Master Drainage Plan and the applicable
cost estimates for the proposed improvements. The Master Drainage Plan is presented in five
sections: Introduction, Background Consideration, Master Drainage Plan, Coordination Between
Drainage Districts, and Summary and Recommendations. The plan focuses on each of the
eighteen watersheds in the County. However, the operation and coordination by each of the
Drainage Districts within the County was also considered.

This Master Drainage Plan was made possible through funds provided from Brazoria County
Commissioners Court and though a grant from the Texas Water Development Board. This
Master Drainage Plan was developed to provide the County and the seven Drainage Districts
with a plan that was watershed based and was affordable by the applicable Drainage District.

Representatives of Brazoria County, the Texas Water Development Board, Brazoria County
Commissioners and the seven Drainage Districts all worked together to provide input into this
Master Drainage Plan. This Master Drainage Plan does not propose improvements that would
completely eliminate flooding during the 100 year rainfall event. Such improvements would
greatly exceed the funding capacity of the Drainage Districts and the County. This report and the
accompanying hydrologic and hydraulic models are tools which the County and Drainage
Districts can use to determine the effects of proposed developments or drainage improvements
with the watersheds. Recommendations of improvements that helped the watershed while within
the agreed upon budget for each Drainage District are provided.

Brazoria County is located in southeastern Texas. The county contains approximately 1597
square miles with a population of 227,523 people. The County is bounded on the west by
Wharton County and Matagorda County, north by Fort Bend County and Harris County, east by
Galveston County, and southeast by the Gulf of Mexico. In order to estimate the local inflow
and drainage area, the borders of some watersheds are slightly over the County lines such as
those of the Mustang Bayou, Chocolate Bayou, Halls Bayou and Oyster Bayou, etc. The Brazos
River and the San Bernard River both extend a considerable distance and area outside the county.
The County has seen considerable residential, retail and light industrial development. During
this time, a wide variety of entities have been involved in the regulation, study, and development
of drainage controls. As a result, a wide variety of drainage issues have been encountered. Some
of the previous identified drainage problems have been resolved and some of these problems,
although studied and presented, still remain to be resolved.
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The county is experiencing an increase in development and in population. The population
increased approximately 19 percent between 1990 and 1998. Additional developments and
population increases have been experienced since 1998. The northern areas of Brazoria County
near the 288 parkway and the Sam Houston Tollway have experienced significant growth in
recent years. The development and population increases are anticipated to increase in the next
few years and possibly beyond. The relative location to Houston plus economical land prices
combined with relatively good roadway access and proximity to the Gulf of Mexico all indicate
that population increases should continue to occur in Brazoria County.

Drainage controls in and around Brazoria County include most every type of drainage structure
currently used in the practice of storm water management. The variety of storm water controls is
partially the result of the pattern of development. Decisions made by the entities controlling each
area of development have also influenced the complexity of the overall drainage system. Both
the pattern of development and decisions on types of controls installed have been primarily
influenced by topography and economics. Given these factors, aside from their fundamental
difference in geographic location, each watershed in Brazoria County has a unique set of
challenges. This report addresses the individual watersheds with summaries provided when
necessary to describe the study area as a whole.

Eighteen (18) different watersheds were identified within the limits of Brazoria County. The
watersheds within the limits of Brazoria County include: Austin Bayou, Bastrop Bayou, Big
Slough, Brazos River, Cedar Lake Creck, Chocolate Bayou, Clear Creek, Coastal, Dickinson
Bayou, Flores Bayou, Halls Bayou, Linville Bayou, Mustang Bayou, New Bayou, Oyster Bayou,
Salt Bayou, San Bernard River, and Wharton Bayou.

In this report, many of the watersheds were studied based on detailed hydrologic and hydraulic
analysis using HEC-1 and HEC-2 models, respectively. The models were obtained from either
FEMA, Brazoria County files or previous study reports. Drainage area maps were prepared for
the watersheds. The hydrology was updated for many of the watersheds since updated drainage
arcas were determined and because the HEC-1 program was utilized to produce updated
hydrologic analysis. The updated hydrology included: updated development conditions,
constructed changes to the watersheds and other physical elements. This updated hydrologic
analysis generally produced higher flows for most of the watersheds when compared to the
FEMA reports. Some areas did experience reduced flows. Listed below 1s a very general
summary of the changes determined from these updated hydrologic analyses by watershed. See
the specifics for each watershed and associated tables:
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Name of Change in Approx. 100 yr. Approx.100yr.
Watershed Drainage area Change in flows Elev. change
Austin Bayou +4 square miles + 4400 cfs +1tod’
Bastrop Bayou +23 square miles +17000cfs +3t0 -2’
Big Slough No changes No changes No changes
Brazos River No changes No changes +2 to -0.47**
Cedar Lake Creek No changes No changes No changes
Chocolate Bayou -3.5 square miles +2000 cfs +1.5 to -0.6°
Clear Creek No changes No changes See report
Coastal Not available Not available No changes
Dickinson Bayou No changes No changes See report
Flores Baycu +5.5 square miles +1000 cfs +2.1t0-2.7
Halls Bayou +2.5 square miles +4000 cfs +4to -0.4°
Linville Bayou No changes No changes No changes
Mustang Bayou -0.5 square miles +600 cfs +2.5t0-0.5
New Bayou -1.5 square miles +400 cfs +3’ to -4’
Oyster Creek * Previous Drainage Increases & See tables
Area not available decreases +3to -5’
Salt Bayou No changes No changes No changes
San Bernard River No Changes No changes -0.17%*
Wharton Bayou No changes No changes No changes

8y
[~ ]
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*Note for Oyster Creek —~ This creek has experienced major drainage area changes when
comparing the previous FEMA flows from the FEMA report to the new flows. A complete
Oyster Creek diversion has been constructed in Fort Bend County and directs the Oyster Creek
flows to the Brazos River.

** Note these changes are due to using an updated version of the HEC-2 program.
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Updated hydraulic models were prepared for most of the watersheds. After revising the models
using new survey sections provided by Baker & Lawson, Inc., and the BRINSAP data obtained
from TXDOT, plus updated flows the models were used to perform analysis for the existing
condition. Available digital aerials (DOQQ’s) were utilized to review the watershed, and
location of existing bridge structures crossing the bayous were determined. Most of these
structures were surveyed when access to the structures could be obtained. The updated hydraulic
models were prepared using the HEC-2 program. The updated hydraulic models generally
produced slightly higher water surface elevations. Some models produced lower water surface
elevations. Proposed drainage alternatives based on updated hydrologic and hydraulic models
and the estimated costs are also given for such watersheds. For those watersheds without
sufficient information, the current and potential drainage problems are mentioned and the
conceptual recommendations are given.

Section 1, Introduction, discusses more general countywide issues and the source of the data.
Section 2, Background Considerations, reviews the development of the base map, land use,
hydrologic parameters, and drainage areas. The Master Drainage Plan in Section 3 discusses the
hydrologic and hydraulic methodologies used for analysis and specifics of the existing drainage
systems by watershed and the needed drainage improvements. In Section 4, the operation and
coordination of the Drainage Districts is briefly discussed and the suggestions to each District are
addressed. Section 5 summarizes the drainage problems and recommendations, and provides
further considerations.

This Master Drainage Plan identified areas where improvements are needed to allow for
protection of the public and to plan for future development in the watersheds without increasing
the flooding potential. If each of the entities listed above could share in some or much of the
drainage improvements to these watersheds, and the County and Drainage Districts could
evaluate their current improvement program and develop specific plans, with the applicable
entities, then a long term plan and schedule can be created. This would provide for future
development without increasing flooding.

This report development included gathering available data, reviewing drainage areas, obtaining
GIS data from the County, reviewing digital and regular aerial photographs, determining areas to
survey, review of the assembled data by the seven Drainage Districts and by the County,
conducting the identified surveying, preparing digital hydrologic and hydraulic models from the
hard copy versions, updating the models using the survey data, conducting public meetings,
meeting with the drainage districts, identifying problem areas within the watersheds, reviewing
the available drainage district budgets, developing a plan for the County, obtaining comments
from the Drainage Districts and the Texas Water Development Board of the plan, incorporating
applicable changes to the plan and producing the final Master Plan Report.
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For some portions of Brazoria County updated hydrologic and or hydraulic models had been
prepared along with recommended solutions. These watersheds include Clear Creek (plus the
Pearland area) plus Dickinson Bayou. For these areas the recent work and reports were
referenced. These areas were not reevaluated as preferred by the Drainage Districts. In addition
some drainage districts had drainage or improvement analysis or plans for their district. These
Districts include the C & R Drainage District #3 and the Velasco Drainage District. For these
areas the plans and analysis was reviewed and referenced. Most of the previous plans developed
for a specific watershed are still recommended for implementation.

Brazona County provided a substantial amount of base drawing data from their Geographic
Information System (GIS). This information included street or roadway alignments, locations of
cities, developments and locations of streams and repetitive loss structures. This base GIS data
was utilized in the preparation of this plan. The repetitive loss information was utilized in
helping to locate potential drainage problem areas. We then added the boundaries of the seven
drainage districts to the base data. We then developed drainage areas and added them to the
overall GIS data. Input to this base map data, drainage areas, drainage district boundaries and
other information was obtained by meeting on a monthly basis with the drainage districts, with
the County and from public meetings. A steering committee was formed with a representative
from each Drainage District and from the County. This forum provided for all to have input and
share ideas and problem areas as well as watershed wide solutions.

To deal with the drainage problems and flooding issues detected in this study, a number of
recommendations have been made for the Brazoria County watersheds.

Prior to development of these digital hydrologic and hydraulic models the local drainage districts,
cities or other interested persons could not afford to develop hydrologic or hydraulic models for a
watershed. The cost was too high for the local needs. The lack of available models led to many of
the future developments or computer evaluation of the systems to be impractical. The hydrologic
and hydraulic models will now be included in digital form with this report and available for
others to use. These models will also be available should FEMA determine to update the flood
plains for Brazoria County.

Through the evaluation of the hydrological systems and the current County criteria, it was
determined that the current methodology was not suited for areas of flat overland slopes. Most of
Brazoria County has flat overland slopes. This new information led to the use of updated
hydrological analyses for the watersheds.

The available digital aerial photos (DOQQ’s) were utilized in evaluating the current development
of conditions in the watersheds. This tool was not available when most of these watersheds were
last updated.
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Approximately 500 cross sections were surveyed across the county to provide better and updated
hydraulic models for the watersheds. The existing structures that crossed the waterways were
located using the DOQQ’s and most were surveyed and included in the hydraulic models. The
availability of the DOQQ’s was important to locate the existence of these bridge structures.

Another side benefit to the development of the report was the creation of a Steering Committee.
This steering committee included one representative from each of the seven drainage districts and
from the county. This committee met almost monthly for over one and one-half years. Through
this process they worked together to identify problems and to help determine watershed wide
solutions that would work for all individuals. This process worked well and each drainage district
that attended most of the meetings contributed significantly to the overall product in this report.

The County or Drainage Districts can use the base GIS data to evaluate future changes or
developments in the watersheds. These tools will assist the county and drainage districts to
adequately evaluate drainage conditions in their areas of interest.

The main proposed alternatives and the effects are briefly described as follows:

Austin Bayou and Flores Bayou Watersheds

B Austin Bayou watershed has been affected by the flooding problems at the confluence of
Flores Bayou and Iowa Colony Ditch (Big Diich.) A retention/weir facility on Iowa Colony
Ditch having 1,900 acre-ft of storage is proposed as alternative. This pond, if constructed,
will relieve some of Flores Bayou Watersheds impact on the Austin Bayou Watershed.

The benefits of the side weir detention pond indicate a large reduction in 100 year flows in
the upper reach of Flores Bayou a reduction of approximately 1000 cfs at the confluence with
Austin Bayou and a smaller reduction of approximately 500 cfs downstream along Austin
Bayou. This project is estimated to cost approximately $35 M. The construction cost can be
significantly reduced if the Towa Colony Drainage District (C & R District #5) constructs the
facility with its own forces. These reductions in flows are estimated to reduce the water
surface elevations along the lower portion of Flores Bayou approximately 1.5 feet and about
0.5 feet along the upper portion of Austin Bayou. The purchase or lease-purchase of this site
is important to the future construction of this detention facility. Phased construction would be
helpful and could allow the construction as funds are available.

B There is concern about the impact of the railroad bridge near CR 171, the CR 171 bridge, and
the CR 210 bridge on Austin Bayou. Bridge replacements for these bridges are proposed.
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The construction cost of the new bridges is estimated at $206K. If the Drainage District
constructs the bridges, or works with Railroad company and or others, there could be a cost
savings to all. The replacement of these structures is estimate to reduce the water surface
elevation approximately 1 foot in the area and help reduce flooding of adjacent structures and
provide for better roadway access during heavy rainfall events. Depending on what
structure(s) are replaced will determine any downstream effects. A mitigation analysis will be
needed based on the final determination of what structures will be replaced and the size of the
new structure(s).

Bastrop Bayou Watershed

A system of detention and retention ponds has been recommended for Ditch 7 Watershed, a
major tributary of Bastrop Bayou, that would restrict runoff from the fully developed
watershed to the capacity of the existing culverts at CR 220 and Ditch 7. We recommend
that the Angleton Drainage District continue the development of this program. This program
is already underway.

Due to the restricted capacity of Bastrop Bayou as it currently exists (less than 10 year
capacity) and the very low probability that either the Angleton or Velasco Drainage Districts
will pursue the Corps 1989 Reconnaissance Report recommendations, we recommend that
the two involved Districts re-visit the detention policy for this watershed, pursue a re-
mapping of the flood plains by FEMA and close coordination with the County Flood Plain
Administrator relating to any new development in the watershed. Current practice requires
that developers mitigate the difference between the 100-year undeveloped and 100 year
developed condition. This process will not cost the Districts much but much can be gained
with this combined District coordination.

An expansion of the Lake Jackson Pumping Station would add additional pumping capacity
along the Clute - Lake Jackson Interceptor Channel to handle increased development in the
Northwest Corridor (north of 332 and west of FM 523.) We suggest Velasco Drainage
District continue to pursue the goals of the Internal Drainage Plan as revised. This expansion
project involves a multi-year plan to fund and construct the improvements over the next six
to eight years.

Brazos River Watershed

In major flood events, the Brazos River exceeds its banks near Harris Reservoir and causes
extensive flooding on Oyster Creek. The overflow also enters Bastrop Bayou south of
Angleton and is a significant cause of flooding. The overflow areas should be carefully
monitored to ensure that no development or structures are constructed in these areas. The
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overflow area upstream of Harris Reservoir could be evaluated to reduce the amount of flow
leaving the Brazos River and entering Oyster Creek. This effort will take some effort on
Brazoria County’s part because this part of the county is not in a defined Drainage District.
However the City of Angleton and the Velasco Drainage District both receive some of the
overflows from Oyster Creek and therefore have a vested interest in protecting these
communities or areas and in evaluating the Brazos River. Brazoria County and Velasco
Drainage District and West Brazoria County Drainage District could work with the Corps of
Engineers to fund a major re-evaluation of the Brazos River including alternatives, cost
estimates and project participants.

B A bridge replacement by TxDOT on SH 35 crossing just east of West Columbia is proposed
for the Brazos River. This bridge replacement project is being evaluated by TxDOT.
Additional analyses and impact evaluation will be needed from TxDOT.

B Channel cleaning for the Jones Creek between FM 2004 and CR 36 is proposed to rclieve
local flood problem. This project is estimate to cost approximately $1.5 M if bid for
construction. This project is estimate to reduce the water surface elevation along the creek
approximately 1’ and more in the upper reaches of the improvements. Access to the creek
will be an important element to allow this project to move forward. The West Brazoria
County Drainage District would be the District to handle this project. This Drainage District
has subdivided the District into specific areas and the limited funding is also divided by the
specific area. Funding the project will take many years to accomplish. This channel cleaning
will probably send more flow downstream than current conditions flows but should not create
significant downstream effects. Recommend a specific mitigation analysis be prepared to
assess any change in flows and applicable mitigation if needed.

Chocolate Bayou Watershed

On Chocolate Bayou, a 90-acre detention pond with storage of 900 acre-ft is under
construction near FM 1462. This side-weir pond is estimated to reduce the downstream 100-
year peak flows by approximately 2000cfs.This reduction in discharge is estimated to reduce
the water surface elevation near FM 1462 1.5 feet. Downstream the reduction in water
surface elevation will vary but should produce an average of a 0.5 foot reduction in water
surface elevation for approximately two miles. This area of the state is very flat and
improvements or reductions in water surface elevations of 0.5 feet are very helpful. The
construction cost for this project is estimated at $16.2M. This project will help the lowa
Colony and the Conservation & Reclamation Drainage District # 3. The purchase or lease-
purchase of this site is important to the future construction of this detention facility. Phased
construction would be helpful and could allow the construction as funds are available.
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B Flooding problems at the confluences between Chocolate Bayou and its tributaries have been
reported. For the West Fork Chocolate Bayou, channel cleaning from confluence with
Chocolate Bayou upstream to CR 64 is proposed. Structure replacing at CR 48 crossing is
proposed as well. The proposed cleaning of the West Fork of Chocolate Bayou is estimate at
$575K. This would help to re-establish the previous capacity of this section of the stream.
The reduction in water surface elevations is estimated at (.5 feet. The replacement of the CR
64 structure is estimated at $3204K. The structure replacement when coupled with the
downstream channel cleaning will help reduce the water surface elevations approximately 0.5
feet. The channel cleaning will probably send some additional flows downstream but these
flows were what was there before the channel needed cleaning. The replacement of CR 48

structure will require a mitigation analysis to address any significant change in downstream
flows.

B Cleaning the North Hayes Creek from confluence with Chocolate Bayou upstream to CR 121
1s proposed. The construction cost is estimated at approximately $159K. This project will
help to re-establish the previous water surface elevations in the channel prior to the
overgrowth. This work is estimated to reduce the water surface elevation approximately 0.3
feet. This channel cleaning will probably send more flow downstream than current conditions
flows but should not create significant downstream effects. Recommend a specific mitigation
analysis be prepared to assess any change in flows when the final limits and size of cleaning
is determined.

W To relieve South Hayes Creek, a diversion of the Brunner Ditch 1s proposed. Brunner Ditch
currently diverts flows from North Hayes Creek and South Hayes Creek and cuts all the way
through Chocolate Bayou at downstream of SH 35. Under the proposed alternative, Brunner
Ditch could cut all the way to Cottonwood Bayou. Cottonwood flows through south of
Liverpool and back into Chocolate Bayou below Amsterdam. This enlargement of Brunner
Ditch would help Drainage Districts No. 3, 4, 5, and 8. The construction cost for this project
is estimated at $4.8M. This project is estimated to reduce the water surface elevations along
the lower portion of Brunner Ditch approximately 1 to 2 feet. Some enlargement of Brunner
Ditch could be considered if additional reductions are desired. The project would increase the
flows in a short section of Chocolate Bayou approximately +1000cfs near the bay. However
this project would reduce the flows and water surface elevations through Liverpool and
where C-1 ditch sends flows from New Bayou into Chocolate Bayou. This reduction in water
surface elevation is estimated at 1 foot. Acquisition of the right of way will be important to
the success of this alternative. The construction of a diversion of Brunner Ditch will require a
mitigation analysis to address any significant change in downstream flows.
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Mustang Bayou Watershed

B The Alvin District is planning a diversion for Mustang Bayou to send water from just south
of Manvel area around Alvin. The recommended plan is to divert the Mustang Bayou flows
into Ditch C-1 near Manvel via Ditch C-1-J, around Alvin and back to Mustang Bayou via
Ditch M-1. This plan will include the diversion of M-1 (from Alvin) to C1-B. The designed
initial Mustang Bayou diversion flow should be limited to approximately one half of the
existing 100-year flow. This project should divert flows from Mustang Bayou around the City
of Alvin. This project has been discussed for some time and it is thought efforts are being
made to have this project funded from the Corps of Engineers or others. The project benefits
are estimated at a decrease of approximately 3000 cfs and a 1 to 2 foot reduction in flows in
Mustang Bayou through Alvin. This project is estimated at approximately $4M. Acquisition
of the project then acquisition of the needed right of way will be the important elements to
ensure this project is constructed. Care should be taken in sizing the diversion channel and
any needed mitigation areas to not send additional impacts downstream to New Bayou.

B Channel cleaning for Mustang Bayou from De Bello Road (CR 90) west to Fort Bend County
Line is also proposed. This will reduce the flood levels from the north of Manvel area. The
construction is estimated at approximately $1.4M. The acquisition of the rnight of way or
construction easements will be an important element to this work. The work is estimate to
reduce the water surface elevation approximately 0.5 feet. This channel cleaning will
probably send more flow downstream than current conditions flows but should not create
significant downstream effects. Recommend a specific mitigation analysis be prepared to
assess any change in flows when the final limits and size of cleaning is determined.

New Bayou Watershed

B For New Bayou and C-1 Ditch, bridge enlargement for SH 6 crossing is proposed to reduce
the 100-year flood stage. This project is estimated to reduce the water surface elevation
approximately 0.5 feet around the bridge area. The construction cost is estimated at $1.5M.
Any proposed improvements to SH6 must be coordinated with TxDOT. TxDOT could be a
joint partner and could help cover much of the cost of the bridge. This bridge replacement
project will need to be evaluated by TxDOT. Additional analyses and impacts will be needed
from TxDOT.

San Bernard River Watershed

W For the San Bernard River Watershed, channel cleaning for the tributary Mound Creek from
Damon to SH 35 is proposed. Mound Creek floods the San Bernard from developed areas in
Fort Bend County. The Fort Bend County Drainage District has improved the channel to the
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Brazoria County line. The construction of this project will help provide or re-establish
capacity of the river in this area. Care should be taken in dealing with any environmental
issues associated with this stretch of the river. This project is estimated to reduce the water
surface elevation approximately 0.5 feet. The construction cost for this project is estimated at
$3.2 M. This project will require acquisition of construction easements or right of ways. The
right of ways will be one of the major elements in constructing this project. This river
cleaning will probably send more flow downstream than current conditions flows but should
not create significant downstream effects. Recommend a specific mitigation analysis be
prepared to assess any change in flows when the final limits and size of cleaning is
determined.

The Texas Water Development Board could be considered as a funding alternative. See the
Flood Control Loan program is published in Board rules, Texas Administrative Code Title
31, Chapter 363.401-404 (the Texas Water Code site is Chapter 17.771-776). Interest rates
for this program are set at the Board's cost of funds plus 0.35%. The TWDB currently meets
on the third Wednesday of each month. Currently there is no Intended Use Plan for this
program, funding is on a first-come first-served basis.

Brazoria County by virtue of its participation in the National Flood Insurance Program, and in
accordance with Section 16.236 (d) (4) of the Texas Water Code, has approval authority for
the project. Brazoria County and or the applicable Drainage District along with the Brazoria
County Flood Plain Administrator should insure that any of the proposed construction is
documented and permitted in accordance with their Flood Hazard Prevention Court Order.
This documentation should also be submitted by the County to the Federai Emergency
Management Agency to obtain a Letter of Map Revision (LOMR) of Brazoria's Flood
Insurance Rate Map.

Additional details of the various elements listed in this executive summary along with the
recommendations, comparisons tables, cost estimates, exhibits and text can be found in the
following sections of this report.

It is recommended that the seven drainage districts and county continue to meet on a regular
basis to exchange information and to coordinate on existing or future drainage solutions.

It is recommended that the County approach FEMA to have all of the flood plain maps
updated for Brazoria County. Many of the FEMA maps and analyses are based on old data
and previous versions of computer HEC-1 or HEC-2 models. This County in growing and
accurate up to date flood plain maps will be important to the appropriate future developments
or construction in Brazoria County.

ES-11

Klotz Associates Project No. 25903 Brazoria County
August 2002 Final Master Drainage Plan



KLOTZ m

ASSOCIATES, B o L
INC. o

300 £ CEDAR 5T, ANGLETON, FEXAS 73514

CONSULTITING
ENGINEEFRS

The financial creation of this Master Drainage Plan was provided by jointly by Brazoria
County and by the Texas Water Development Board. Brazoria County Commissioners Court
secured the overall project funding. The cooperation of the seven Drainage Districts was vital
to the completion of this report.
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SECTION 1
INTRODUCTION
Purpose and Scope

Klotz Associates, Inc. and Baker & Lawson, Inc. have prepared a Master
Drainage Plan for Brazoria County, Texas. The plan addresses the existing
conditions and presents recommendations to address the drainage needs within
the County.

This Master Drainage Plan was made possible through a combination of half the
study funds provided from Brazoria County Commissioners Court and the other
half through a grant from the Texas Water Development Board. This Master
Drainage Plan was developed to provide the County and the seven Drainage
Districts with a plan that was watershed based and was affordable by the
applicable Drainage District.

Brazoria County would like to acknowledge the cooperative spirit between the
representatives of the Texas Water Development Board, the Brazoria County
Commissioners and from the seven Drainage Districts. The Drainage Districts
play a vital role in drainage elements in the County and by participating in
regular monthly meetings, supplying information and in reviewing the results of
this plan.

This Master Drainage Plan does not propose improvements that would
completely eliminate flooding during the 100 year rainfall event. Such
improvements would greatly exceed the funding capacity of the Drainage
Districts and the County. This report and the accompanying hydrologic and
hydraulic models are tools which the County and Drainage Districts can use to
determine the effects of proposed developments or drainage improvements with
the watersheds. Recommendations of improvements that helped the watershed
while within the agreed upon budget for each Drainage District are provided.
The watersheds were evaluated for the 10, 25 and 100-year event storms.

The Brazona County Master Drainage Plan was completed with the intent to
gather previous information regarding the study, analysis, development, and
operation of drainage systems within Brazoria County. Once gathered, this
information was reviewed, organized, and summarized for development of the
Master Drainage Plan. The Brazoria County Master Drainage Plan therefore
provides a review of current drainage conditions within Brazoria County,
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constructed improvements in the area and proposed improvements to correct and
prepare for flooding within Brazoria County.

The seven Drainage Districts each are charged with drainage maintenance and
improvements within their Drainage District boundaries. Over the years each
Drainage District has communicated with adjacent Drainage District(s) on
maintenance and drainage improvements. The computer models of the streams
that were studied and mapped by FEMA were not readily available in digital
form to the Drainage Districts. Additionally it had been many years since the
FEMA models and associated maps had been updated. One of the basic goals of
this plan was to obtain available hard copies of computer models, update them
with limited survey data, reevaluate the hydrology and hydraulics and make
these models and data available for future use by the Dranage Districts,
Brazoria County and others. This was the largest single effort in this plan
preparation.

1.2 Use of Report

The Brazoria County Master Drainage Plan is provided for Brazoria County to
assist in the understanding of their unique drainage systems and in planning for
improvements to these systems for the protection of the residents and businesses
located within the County. The report can also be used to plan for drainage
needs associated with new developments within the County.

This report is based on the available information at the time it was prepared, at a
level of detail appropriate to the scale of the study. More detailed studies may
result in somewhat different findings.

1.3 Data Sources

Data was gathered from a variety of sources including earlier studies and reports
from Brazoria County and Consultants, hydraulic and hydrologic models from
FEMA, maps from the USGS, field reconnaissance, and from discussions and
correspondence with citizens, Brazoria County, and the Drainage Districts. A
listing of the references is provided at the end of Section 1. A listing of the
information utilized in each watershed is included in the detailed watershed
description in Section 2 & Section 3.
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Background Information

Over the course of the last twenty years, Brazoria County has seen considerable
residential, retail and light industrial development. During this time, a wide
variety of entities have been involved in the regulation, study, and development
of drainage controls in Brazoria County. As a result, a wide variety of drainage
issues have been encountered. Some of the previous identified drainage
problems have been resolved and some of these problems, although studied and
presented, still remain to be resolved.

Drainage controls in and around Brazoria County include most every type of
drainage structure currently used in the practice of storm water management.
Included in the overall drainage controls for the County are: large natural
drainage channels; muiltiple small dam structures; levees; culverts of various
shapes, sizes, and material; storm sewer systems; detention facilities;
recreational facilities used for detention storage; and various diversionary type
methods.

The vaniety of storm water controls is partially the result of the pattern of
development.  Decisions made by the entities controlling each area of
development have also influenced the complexity of the overall drainage system.
Both the pattern of development and decisions on types of controls installed
have been primarily influenced by topography and economics. Given these
factors, aside from their fundamental difference in geographic location, each
watershed in Brazoria County has a unique set of challenges. This report
addresses the individual watersheds with summaries provided when necessary to
describe the study area as a whole.

Eighteen (18) different watersheds were identified within the limits of Brazoria
County. The watersheds within the limits of Brazoria County include: Austin
Bayou, Bastrop Bayou, Big Slough, Brazos River, Cedar Lake Creek, Chocolate
Bayou, Clear Creek, Coastal, Dickinson Bayou, Flores Bayou, Halls Bayou,
Linville Bayou, Mustang Bayou, New Bayou, Oyster Bayou, Salt Bayou, San
Bemard Bayou, and Wharton Bayou.

A steering committee was organized in mid 1999 and included one
representative from each of the seven Drainage Districts, one from Brazoria
County, Brazona County Flood Plain Administrator, County staff, Klotz
Associates representatives and Baker & Lawson representatives. This steering
committee met approximately once a month. The meetings were held at the
various Drainage District facilities. Meeting notes and applicable information
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from these steering committee meetings is provided in the appendix. The
steering committee met for approximately 18 months. At these meetings the
status of the study was discussed along with problems solutions, needs, conflicts
and new information was presented.

Initially three public meetings were held in the County. The first public meeting
was held on Tuesday September 7, 1999 at a City of Pearland building at 3519
Liberty Drive with approximately 40 people in attendance. A representative from
the Texas Water Development Board, Mr. Gilbert Ward, was present at this
public meeting. The second public meeting was held in Angleton on Wednesday
September 8, 1999 at Brazoria County Commissioners Courtroom with
approximately 30 people in attendance. The third initial public meeting was held
in Sweeny on Thursday September 9, 1999 with approximately 20 people in
attendance. The forum, exhibits and presentation was essentially the same for all
three initial public meetings. The large 30” x 42” color exhibits provided cover
of all of Brazona County. The exhibits were presented and the public was
provided an opportunity to write comments or observations on these exhibits.
This data, along with other data, models, comments and recommendations from
others, was later utilized in the development of recommendations for the various
watersheds. The initial source data utilized to prepare these exhibits was
obtained from the GIS data from Brazoria County. Copies of the public meeting
notices and meeting outlines are provide in the appendix.

Coordination with the local communities also occurred through the County,
Drainage Districts and through the consultants utilized in the development of
this plan.

The goals of the updated Master Drainage Plan include:

¢ (Collect available drainage reports

e (Coordinate with adjacent entities

¢ Develop drainage area map

¢ Identify specific issues by watershed

¢ Provide working HEC-1 and HEC-2 models
e Develop Master Plan

e Submit Report to Brazoria County

Each watershed was evaluated individually. Discussions were held with the
applicable entities related to the watershed, its current condition, any
documented flooding or drainage issues, any plans by the entity to construct
improvements and cost information for the proposed improvements, and total
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cost information. The watersheds are discussed individually in Section 2 and
Section 3 of this report. A significant effort was conducted to obtain available
drainage studies, analyses, reports, and limited field reconnatssance visits.

The results of this Master Drainage Study are based on the evaluations and
studies conducted for each watershed. These recommendations are based on the
available information. The results are conceptual in nature and detail data and
analyses should be conducted to develop any final designs. Prior to
development of a final design project, specific engineering should be performed
including surveying, geotechnical investigation, environmental evaluation, right-
of-way investigation, as well as the applicable hydrologic and hydraulic analysis.
Coordination with Brazoria County, the applicable Drainage District, the
applicable city, the County Flood Plain Administrator, FEMA, the Corps of
Engineers, TNRCC, EPA and others as applicable.

1.5 Report Arrangement

The primary objective of this report is to present the findings of the plan so as to
enable its ready use by laymen, County, City and Drainage District officials, and
by design engineers. The principal findings of the plan appear on the color map
exhibits and in associated Tables.

Section 2 Background Considerations provides pertinent information on the
creation of the area base map and determination of hydrologic parameters and
drainage areas for each watershed.

The methodologies used for hydrologic and hydraulic analysis and the Master
Drainage Plan development are discussed in Section 3 Master Drainage Plan.

Section 4 of the Plan provides a brief description of the operation and
coordination of the Drainage Districts. Suggestions to each District and the
region not under any taxing jurisdiction are addressed as well.

Final summary and further considerations are addressed in Section 5. Also
included in this section is a brief descniption of the National Storm Water
program Phase II that proposed regulations for municipal storm water
management required by EPA.

Tables and exhibits are shown after Section 5. Tables show the estimated
hydrologic parameters, results of the hydrologic and hydraulic analysis, and the
cost estimates of the proposed alternatives. The exhibits display the drainage
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area of each watershed under detail study, the proposed improvements and
alternatives, and the plots of the computed water surface profiles. Tables and
exhibits are followed by appendices, which include the HEC-1 and HEC-2
model inputs and outputs, the selected field photos, and the pertinent materials
for the project.

1.6 Acknowledgments
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SECTION 2
BACKGROUND CONSIDERATION

Eighteen (18) different watersheds were identified within the limits of Brazoria County.
The Brazoria County Base Map (Exhibit 1) shows the limits of Brazoria County and
overall watershed boundaries. The watersheds within the County limits include: Austin
Bayou, Bastrop Bayou, Big Slough, Brazos River, Cedar Lake Creek, Chocolate Bayou,
Clear Creek, Coastal, Dickinson Bayou, Flores Bayou, Halls Bayou, Linville Bayou,
Mustang Bayou, New Bayou, Oyster Creek, Salt Bayou, San Bemnard River, and
Wharton Bayou. These watersheds are under the administration of seven (7) Drainage
Districts including Angleton Drainage District No.1, Velasco Drainage District No.2,
Conservation & Reclamation District No.3, Pearland Drainage District No.4, lowa
Colony Drainage District No.5, Danbury Drainage District No.8, and W. Brazona
County Drainage District No.11. Exhibit 2 shows the areas of each Drainage District.
The operation of the Districts and the coordination between them will be described in
Section 3 and Section 4.

2.1 Base Map Development

The Brazoria County Base Map (Exhibit 1) was developed to represent known

streams, rivers, channels, city limits, watershed boundaries, watershed drainage
areas, and in specific cases where HEC-1 models were developed sub-drainage
boundaries and sub-drainage areas.

An ArcView file was obtained from Brazoria County Engineering Office
containing county boundanies, roads, some streams, FEMA flood planes, and
city limits. All subsequent information obtained for the study has been
orientated to match the existing Brazoria County ArcView projection. A
database containing additional streams was obtained from the Texas Natural
Resources Information System (TNRIS) web site. The database was
incorporated into the Base Map (in ArcView file) to enhance and extend the
existing streams.

Drainage District boundaries (as shown in Exhibit 2) were estimated using an
existing hardcopy of a Baker & Lawson Drainage District Map. These
boundaries are for graphical purposes only and are not to be used to determine,
verify, or establish exact boundaries of the districts.
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Hydrologic Parameters Update (Time of Concentration and Constant
Values)

Hydrologic parameters for each watershed were updated based on the
information obtained from the base map and the aerial photographs dated
January 1995. This information was used to update the hydrologic parameters
(TC&R values) for each watershed that are needed in the HEC-1 model to
perform hydrologic analysis. The modified Clark Unit Hydrologic Method
(TC&R Method) was used to compute the peak flows. The variable TC
represents the time of concentration, and the variable R represents the routing
storage constant. The estimated hydrologic parameters for the watersheds under
detail study including Austin Bayou Watershed, Bastrop Bayou Watershed,
Chocolate Bayou Watershed, Flores Bayou Watershed, Halls Bayou Watershed,
Mustang Bayou Watershed, New bayou Watershed, and Oyster Creek Watershed
are shown in Table 1 through 8, respectively.

Drainage Areas

Brazona County’s watershed boundaries and Chocolate Bayou, Mustang Bayou,
and New Bayou Watershed sub-drainage areas (as shown in Exhibits 5, 14, and
16, respectively) were delineated utilizing the “Master Drainage Plan Report on
Mustang Bayou, Chocolate Bayou, Ditch C-1, Ditch M-1, New Bayou, Halls
Bayou, Chigger Creek, Ditch D-4 and Dickinson Bayou Watershed” prepared for
Brazoria County Conservation & Reclamation District No. 3 and the Texas
Water Development Board by Snowden Engineering, Inc. (November, 1989.)
The United States Geological Survey topographic map for Brazoria County was
also observed when delineating the watershed and drainage area boundaries.

The sub-drainage areas of Austin Bayou, Bastrop Bayou, Flores Bayou, Halls
Bayou, and Oyster Creek Watersheds (as shown in Exhibits 3, 4, 11, 13, 18)
were delineated based on the United States Geological Survey topographic map
and the survey data obtained by Baker & Lawson, Inc.

These boundaries were adjusted to match the known current conditions and were
reviewed by the County and Drainage District Officials. The scope of each
watershed and the corresponding revisions and changes made for this study are
expressed as follows.

Austin Bayou Watershed

The Austin Bayou Watershed is located in north central Brazoria County as
shown on Exhibit 1. The watershed is composed of the main stem of Austin
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Bayou. Flores Bayou outfalls into Austin Bayou. Exhibit 3 shows the
delineated sub-drainage areas of Austin Bayou Watershed.

2.3.2 Bastrop Bayou Watershed

The Bastrop Bayou Watershed is located in central Brazoria County as shown on
Exhibit 1. The watershed is composed of the main stem of Bastrop Bayou and
nine main tributaries: Bastrop Bayou (West), Bastrop Bayou (East), Little
Slough, New Brushy Bayou, Brushy Bayou, Ditches 21, 7, 9, and 10. Bastrop
Bayou Watershed has an eastern boundary that borders along Alligator Slough
Watershed. The eastern boundary along the City of Angleton was adjusted
based on Baker & Lawson’s observations. The northern boundary line along
Flores Bayou Watershed was also adjusted as per Baker and Lawson’s
recommendations regarding the areas that they are familiar with and responsible
for studying. Exhibit 4 shows the delineated sub-drainage areas of Bastrop
Bayou Watershed.

2.3.3 Big Slough Watershed

The Big Slough Watershed is located in mid-eastern Brazoria County as shown
on Exhibit 1. The watershed is composed of the main stem of Big Slough which
is a diffused outfall used by the Brazoria National Wildlife Refuge. The
boundaries of the watershed follow Big Slough closely. Big Slough outfalls mnto
Bastrop Bay.

2.3.4 Brazos River

The Brazos River Watershed is located in western Brazoria County as shown on
Exhibit 1. The watershed is composed of the main stem of the Brazos River and
four main tributaries: Cow Creek, Dry Bayou, Middle Bayou and Vamer Creek.
Old Brazos River, which is located in the City of Freeport and outfalls into the
Intercoastal Waterway.

2.3.5 Cedar Lake Creek Watershed
The Cedar Lake Creek Watershed is located in southwestern Brazoria County as
shown on Exhibit 1. The watershed is composed of the main stem of Cedar
Lake Creek and two main tributaries: Cocklebur Slough and Bear Creek.
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2.3.6 Chocolate Bayou Watershed

The Chocolate Bayou Watershed is located in eastern Brazoria County as shown
on Exhibit 1. The watershed is composed of the main stem of Chocolate Bayou
and four main tributaries: West Fork Chocolate Bayou, North Hayes Creek,
South Hayes Creek, and Brunner Ditch. A dam has been built at the confluence
of New Bayou and Ditch C-1. This structure causes the sub-drainage areas
upstream to flow into the New Bayou Watershed. Therefore, Ditch C-1 sub-
drainage areas were taken from Chocolate Bayou Watershed and placed into the
New Bayou Watershed. Brunner Ditch was extended from South Hayes Creek
northward to North Hayes Creek (Unnamed Tributary) as per lowa Colony
Drainage Districts comments on the sub-drainage maps. This change was
incorporated into the Brazoria County Base Map (Exhibit 1). Exhibit 5 shows
the delineated sub-drainage areas of Chocolate Bayou Watershed.

2.3.7 Clear Creek Watershed

Approximately 70 square miles of Clear Creek Watershed are located in
northern Brazoria County as shown on Exhibit 1. The remainder of Clear Creek
Watershed is located in Harris County and Galveston County, which is adjacent
to Brazona County. The watershed is composed of the main stem of Clear
Creek and four main tributaries: Mary's Creek, Mary's Creek Bypass Channel,
Chigger Creek, and Cowart Creek. Harris County Flood Control District
(HCFCD) is currently performing extensive studies on the Clear Creek
Watershed.

2.3.8 Coastal Watershed

The Coastal Watershed is located along the southeastern coast of Brazoria
County as shown on Exhibit 1.

2.3.9 Dickinson Bayou Watershed

Approximately 12 square miles of Dickinson Bayou Watershed is located in
castern Brazoria County as shown on Exhibit 1. The majority of Dickinson
Bayou Watershed is located in Galveston County. Dickinson Bayou main stem
is approximately 24 miles long, with approximately 2 miles of the bayou running
through Brazoria County. Ditch D-4 is a tributary to Dickinson Bayou with a
stream length of approximately 7.5 miles in Brazoria County.
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2.3.10 Flores Bayou Watershed

The Flores Bayou Watershed is located in central Brazoria County as shown on
Exhibit 1. The watershed is composed of the main stem of Flores Bayou which
itself is a tributary of Austin Bayou Watershed. Watershed southern boundary
that is adjacent to Bastrop Bayou Watershed and Austin Bayou Watershed was
adjusted as per Baker & Lawson’s recommendations. Exhibit 11 shows the
delineated sub-drainage areas of Flores Bayou Watershed.

2.3.11 Halls Bayou Watershed

The Halls Bayou Watershed encompasses a drainage area of approximately 60
square miles and 1s located in eastern Brazoria County as shown on Exhibit 1.
The eastern portion of Halls Bayou Watershed lies within Galveston County.
Thus the watershed boundaries along the eastern border of Brazoria County were
extended to coincide with watershed region to better represent the drainage areas
of the Halls Bayou. The area between Halls Bayou and Mustang Bayou that
encompasses Persimmon Bayou was incorporated into the Mustang Bayou
Watershed and deleted from the Halls Bayou Watershed. The area to the east of
Persimmon Bayou was left connected to Halls Bayou even though the majority
of the flows appear to flow directly into West Galveston Bay. No major
tributaries of Halls Bayou have been identified. Exhibit 13 shows the delineated
sub-drainage areas of Halls Bayou Watershed.

2.3.12 Linville Bayou Watershed

The Linville Bayou Watershed is located in western Brazoria as shown on
Exhibit 1. The watershed is composed of the main stem of Linville Bayou and
three main tributaries: Little Linville Bayou, Dance Bayou, and Red Bayou.

2.3.13 Mustang Bayou Watershed

The Mustang Bayou Watershed is located in eastern Brazoria County as shown
on Exhibit 1. The watershed is composed of the main stem of Mustang Bayou
and one tributary, Ditch M-1. Exhibit 14 shows the delineated sub-drainage
areas of Mustang Bayou Watershed.
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2.3.14 New Bayou Watershed

The New Bayou Watershed is located in eastern Brazoria County as shown on
Exhibit 1. The New Bayou is a man made channel which has confluence with
the Mustang Bayou in the coastal area. The capacity of New Bayou has recently
been increased for the diversion of additional flow from Ditch C-1 to New
Bayou. A dam has been built at the confluence of New Bayou and Ditch C-1.
This structure causes the sub-drainage areas upstream to flow into the New
Bayou Watershed. Therefore, eight sub-drainage areas of Ditch C-1 were taken
from Chocolate Bayou Watershed and placed into the New Bayou Watershed.
These changes on the watershed boundaries and sub-drainage areas were
reviewed by Drainage District No.3. Exhibit 16 shows the updated New Bayou
Watershed and the delineated sub-drainage areas.

2.3.15 Oyster Creek Watershed

The Oyster Creek runs from the north central to the southeastern boundaries of
Brazoria County as shown on Exhibit 1. The watershed is composed of the main
stem of Oyster Creek, Bunk Slough, and East Union Bayou. The sub-drainage
areas were delineated using United States Geological Survey (USGS)
topographic maps updated in 1972 and the ArcView base map. The Oyster
Creek Watershed and sub-drainage area’s boundaries were modified after
reviewing the notes and comments made to the originals by the Clute Service
Center and the Lake Jackson City Engineer’s office regarding the Shy Pond
Detention Area. The outer boundaries of Low Oyster Creek Watershed were
adjusted to agree with the comments. The changes were incorporated into the
GIS project. Exhibit 18 shows the Oyster Creek Watershed and the delineated
sub-drainage areas.

2.3.16 Salt Bayou Watershed
The Salt Bayou Watershed is located in southeastern Brazoria County as shown
on Exhibit 1. The watershed is composed of the main stem of Salt Bayou, Ridge
Slough, and Essex Bayou.

2.3.17 San Bernard River Watershed

The San Bernard River is located in western Brazoria County as shown on
Exhibit 1. The watershed 1s composed of the main stem of the San Bernard
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River and four main tributaries: Bell Creek, Cedar Creek, Mound Creek, and
Redfish Bayou.

2.3.18 Wharton Bayou Watershed

The Wharton Bayou Watershed is located in eastern Brazoria County. The
watershed 1s composed of the main stem of Wharton Bayou.
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MASTER DRAINAGE PLAN

This Master Drainage Plan has been developed around the concept of identifying the
major hydrologic and hydraulic issues and drainage problems in each watershed and
preparing a plan that would allow for improvements of the watershed without
signtficant downstream impacts. This plan addresses the major drainage elements in the
watersheds and is discussed by main channel improvements, tributary improvements,
diversions from urban or residential areas, regional detention or retention, and structure
replacements.  Note that, for each watershed, both the current and previous
recommendations are addressed, and, except specified, most of the previous
recommendations cited from former reports are still not implemented. As long as a
previous improvement or recommendation is implemented, it will be specified and
considered as an existing condition in analysis. Listed below is a discussion of various
planned improvements for each watershed.

3.0 Hydrologic and Hydraulic Methodologies

Most of the stream watersheds in Brazorta County were under detail analysis for
this project. The revised HEC-1 and HEC-2 models of these watersheds were
used for the corresponding hydrologic and hydraulic analysis. The 10, 25 and
100-year frequency analysis was prepared for the watershed. The HEC-1 models
utilized the modified Clark’s Method of hydrograph development for the
hydrologic analysis. The Clark’s method has been utilized and calibrated against
numerous gages in the Texas coastal area in and around Houston. In this report,
we use the term ‘modified Clark’s method’ to refer to Clark’s method with Tc &
R parameters calculated using the equations in Section 3.0. The modified Clark
Method requires three parameters in order to develop a unit hydrograph: the time
of concentration for the basin, TC, a storage coefficient, R, and a time-area
curve. The HEC-1 users manual states: “A time-area curve defines the
cumulative area of the watershed contributing runoff to the sub-basin outlet as a
function of time (expressed as a proportion of Tc). The program utilizes a
dimensionless time area curve. “The ordinates of the time-area curve are
converted to volume of runoff. The resulting hydrograph is routed through a
linear reservoir to simulate the storage effects of the subbasin”. The HEC-1
manual can be referred to for additional information. The following equations
were used to calculate the Clark Unit Hydrograph parameters, TC&R, in the
hydrologic analysis:
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1.06
Leca
TC = DJl - (0.0062)0.7DCI + 03DLU)|| —=
i - (0052 (4

0.706
TC+R=7.25(LJ if DLUL 18%
Vs
or
L 0.706
TC + R = 4295(DLU ) **"* (DCC) % (—) ifDLU  18%
Js

where:

TC = Time of Concentration (hours)

R = Watershed Storage

L = Watershed Length (miles)

L., = Length to Centroid (miles)

S = Channel Slope (feet/mile)

DLU= Percent Urban Development
DCI = Percent Channel Improvement
DCC= Percent Channel Conveyance at 100 yr expected discharge

D = 2.46if Sy <20 feet/mile

D = 3.791f20 feet/mile < Sy < 40 feet/mile
D = 5.12ifS)> 40 feet/mile

Sy = watershed slope (feet/mile)

The Clark’s Unit hydrograph parameters for the watersheds in Brazoria County
were derived using the base maps, the USGS topographic quadrangles and the
drainage area map provided by the County and each Drainage Districts. Subarea
development was approximated from the aerial photos. The percent channel
improvements and channel conveyance was approximated from field
observations and photographs. The percent ponding area listed in Tables 1
through 8 is that portion of a subarea where runoff in retarded from reaching a
watercourse due to obstruction or natural storage (rice farming creates ponding
effects in many subareas). Ponding is used to increase the Clark’s storage
coefficient R after its value has been calculated through the unit hydrograph
parameter equations. Percent ponding is generally used for areas of ponding
greater that 20% of the subarea. See the Brazoria County Criteria Manual for
additional information and the procedure for adjusting R for ponding effects.

DCC is taken for some subareas as 100 percent for an undeveloped subarea with
an unimproved channel. This method of DCC is consistent with the original
development of the modified Clark’s methodology utilized in these analyses.
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3.1

Ponding
10 year RModified =1.28P""”
25 year RModified =1.25P%""
100 year RModified =1.21P%'*

Ponding is generally developed on a subarea by subarea basis. Austin, Flores and
Halls Bayous have utilized uniform percent ponding within these watersheds

because of the large amount of rice farming and uniform topographic features in
these areas.

The derived hydrologic parameters for the analyzed watersheds are summarized
in Table 1 through 8 as mentioned in Section 2.2. The HEC-1 files created for
the analysis is included in Appendix B. Note that the storage-discharge
relationships within each HEC-1 model were determined from the corresponding
HEC-2 model as described in the following paragraph.

The effective HEC-2 models for the watersheds under study were obtained from
Brazoria County and from FEMA, which were revised based on the current
channel conditions and the TXDOT BRINSAP data. The surveyed cross-
sections provided by Baker & Lawson were inserted into the revised HEC-2
models to update or replace the existing cross-sections within the project reach.
For each stream, the revised HEC-2 model was used to develop the storage-
discharge relationships for the channel reaches and to compute the water surface
levels at each cross-section. The storage-discharge relationships from each
HEC-2 model were incorporated into the corresponding HEC-1 model for
routings, and the peak flows computed by the HEC-1 model were provided to
the HEC-2 model for modification. By this manner, consistent results from the
hydrologic and hydraulic analysis can be obtained.

Starting conditions will vary for each hydraulic model. For most of the
watersheds that outfall near the bay the higher tailwater elevations of the storm
surge were utilized. For tributary analysis normally the tailwater off of the
receiving stream was utilized in the starting conditions of the hydraulic model.

Austin Bayou Watershed

The Austin Bayou Watershed encompasses a drainage area of approximately 92
square miles and is located in north central Brazoria County as shown on Exhibit
1. The watershed is composed of the main stem of Austin Bayou which itself
outfalls into Bastrop Bayou. Flores Bayou outfalls into Austin Bayou. As
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shown in Exhibit 2, the Austin Bayou Watershed encompasses most of lowa
Colony Drainage District No. 5, the west portion of Danbury Drainage District
No. 8, and part of east portion of the Angleton Drainage District No. 1. The east
part of the City of Danbury is located within the watershed. The Austin Bayou
Watershed is bounded on the west by Flores Bayou Watershed, the north and
east by the Chocolate Bayou Watershed, and the south by the Bastrop Bayou
Watershed.

3.1.1 Hydroelogic and Hydraulic Issues

The aenal photographs, dated January 1995, were reviewed to determine
the extent of development in the Austin Bayou Watersheds. These aerial
photographs indicate that the watershed remains approximately 90% in
rice fields, row crops or graze land. The only area of substantial
development is the eastern portion of the City of Danbury. However,
there is no substantial subdivision and/or development that contribute a
significant amount of flow to the watershed.

It is anticipated that as development continues south along the SH 288
Freeway Corridor, large lot (2-5 acres) subdivisions with some
commercial may occur.

In order to conduct hydrologic routing and hydraulic analysis for the
Austin Bayou Watershed under existing condition, a revised HEC-1
model and a revised HEC-2 model were created based on the current
effective FEMA models (the models that provide the computed stream
flow rates and water surface elevations for the most updated FEMA FIS
Reports.) The stream network configuration in the HEC-1 model is
designed according to the Austin Bayou Watershed Drainage Area Map
(Exhibit 3). The HEC-2 model includes the 2000 Baker & Lawson
survey sections and the revised bridge inspection information. The
surveyed sections are those at upstream and downstream of the bridges or
roadway crossings so that the Special Bridge method can be used in the
HEC-2 models. The comparisons between the revised HEC-1 model
outputs and the corresponding FEMA values for the 100-year event are
shown in Table 9. Note that since the drainage areas have been changed
based on existing conditions, and that most of the flows from the FIS are
based on results from regional USGS regression equations instead of
HEC-1 models, significant percentage changes in flows are found in
Table 9. The comparisons between the revised HEC-2 model outputs
and the corresponding FEMA values are shown in Table 10, 11, and 12
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for the 100-year, 25-year, and 10-year events, respectively, and the flood
profiles under the revised existing condition are shown in Exhibit 26.
The existing channel capacity of the Austin Bayou is less than 10-year
frequency as shown in Table 72.

Drainage Problems

Two minor drainage problems have been identified for the Austin Bayou
Watershed. The problems are: (1) blocked intersection/culvert problem
on SH 35 north of CR 33, and (2) blocked intersection/culvert problem
on SH 35 between CR 33 and CR 46.

Previous Improvements and Recommendations

1. The lowa Colony Drainage District had cut a channel, called “Big
Ditch,” which diverted flow from Austin Bayou into Flores Bayou.
Though the channel remains, a dam has been constructed just south
of Austin Bayou that prevents this diversion from occurring at
present. The lowa Colony Drainage District has recently de-snagged
the Bayou from CR 171 toward SH 35.

3.1.4 Current Recommendations

1. Austin Bayou flows at capacity in its current condition. It is
recommended that any future development on Austin Bayou be
required to mitigate any increased runoff by utilizing a detention or
retention system. A proposed retention pond is discussed in the
Flores Bayou Watershed section. This pond, if constructed, will
relieve some of Flores Bayou Watersheds impact on the Austin
Bayou Watershed.

2. The pipelines crossing Austin Bayou in the upstream reaches may be
causing a problem. These pipelines should be investigated to
specifically determine the local impact and maintenance issues.

3. There is a hydraulic capacity concern about the impact of the railroad
bridge near CR 171, the CR 171 bridge, and the CR 210 bridge.
Bridge replacements are proposed for these two roadway sites as
shown in Exhibit 21. The cost estimates for replacing a bridge are
shown in Table 96. The private bridge on Garrett Road (CR 33) is
also of concern. Depending on what structure(s) are replaced will
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determine any downstream impacts. A mitigation analysis will be
needed based on the final determination of what structures will be
replaced and the size of the new structure(s). The Iowa Colony
District should investigate further.

4, Recommend that the Drainage Districts and the County coordinate
with TxDOT on the SH 35 and 288 roadway crossings. Both of these
crossings are creating headloss and enlarging these crossings could
produce reductions to the upstream floodplain and residents who live
in those areas. Care should be taken to not create adverse
downstream impacts from these two bridge replacements. Additional
analyses and impact evaluation will be needed from TxDOT.

Bastrop Bayou Watershed

The Bastrop Bayou Watershed encompasses a drainage area of approximately 85
square miles and is located in central Brazoria County as shown on Exhibit 1.
The watershed is composed of the main stem of Bastrop Bayou and nine main
tributaries: Bastrop Bayou (West), Bastrop Bayou (East), Little Slough, New
Brushy Bayou, Brushy Bayou, Ditches 21, 7, 9, and 10. The Bastrop Bayou
Watershed encompasses most of Angleton Drainage District No. 1, and part of
Velasco Drainage District No. 2 and Danbury Drainage District No. 8. Most of
the City of Angleton and part of Richwood and the City of Lake Jackson are
located within the watershed. The Bastrop Bayou Watershed 1s bounded on the
west by Oyster Creek, the north by the Flores Bayou Watershed, the east by the
Alligator Slough Watershed and Bastrop Bay, and the south by Big Slough
watershed.

3.2.1 Hydrologic and Hydraulic Issues

The Bastrop Bayou is a sluggish, tidally influenced, turbid bayou with
good aquatic resources. The bayou has not been dredged or channelized
from FM 523 to the Missouri Pacific Railroad at Demi-John Place
(reference Exhibit 20) with little freshwater inflow except for agricultural
runoff during periods of rice field drainage. The Bayou below FM 2004
flows through an almost treeless coastal prairie that i1s used mostly as
pasture land with scattered rural homes on large lots along the banks.
The bayou is about 300-350 feet wide and 6-8 feet deep in this reach.
The reach from FM 2004 to HWY 227 (Old HWY 288) is comprised of a
combination of open forest, dense woodland, and open pasture land. The
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bayou is about 200-250 feet wide. The bayou narrows to less than 50-
100 feet wide above HWY 227 and shallows to 3-4 feet.

In major flood event, there is significant overflow out of the Brazos
River and Oyster Creek basins into Bastrop Bayou. Flooding in the
watershed results from two sources, localized runoff which exceeds the
limited channel capacity, and overflow from the Brazos River when the
river is flooding. Also, since Austin and Flores Bayous ultimately outfall
mto Bastrop Bayou, the Bastrop Bayou Watershed was impacted by
flooding from them as well.

The aerial photographs, dated January 1995, were reviewed to determine
the extent of development in the Bastrop Bayou Watershed. These aerial
photographs indicate that the watershed remains approximately 75% in
rice fields, row crops or graze land. The only areas of substantial
development in the watershed are in the City of Angleton and portions of
the Cities of Lake Jackson and Richwood.

There is no current major development within the Bastrop Bayou
Watershed. Development within the flood plain of the Bayou is limited
because of the flooding effects of the Brazos River riverine floods which
overflow into the Bastrop Bayou Watershed.

There is no substantial subdivision and/or development that contribute a
significant amount of flow to the watershed. It is the current policy of
the Angleton Drainage District and the Velasco Drainage District to
require mitigation of any increased runoff by development within the
Bastrop Bayou Watershed.

To conduct hydrologic routing and hydraulic analysis for the Bastrop
Bayou Watershed under existing condition, a revised HEC-1 model and a
revised HEC-2 model were created based on the current effective FEMA
models. The stream network configuration in the HEC-1 model is
designed according to the Bastrop Bayou Watershed Drainage Area Map
(Exhibit 4). The HEC-2 model includes the 2000 Baker & Lawson
survey sections and the revised bridge inspection information. The
comparisons of the HEC-1 run results between the revised model and the
FEMA model for the 100-year event are shown in Table 13. Note that
since the drainage areas have been updated for existing conditions, and
that the flows from the FIS are obtained from regional USGS regression
equations instead of HEC-1 models, Table 13 shows significant
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percentage changes in flows. The comparisons of the HEC-2 results
between the revised model and the FEMA model are shown in Table 14,
15, and 16 for the 100-year, 25-year, and 10-year events, respectively,
and the corresponding flocd profiles under the revised existing condition
are shown in Exhibit 27. In addition, the HEC-2 result comparisons for
the Bastrop Bayou - East Fork are shown in Table 17, 18, and 19 for the
100-year, 25-year, and 10-year events, respectively, and the
corresponding flood profiles under the existing condition are shown in
Exhibit 28. The existing channel capacity of the Bastrop Bayou is less
than 10-year frequency as shown in Table 73.

3.2.2 Drainage Problems

The following flooding problem areas have been identified in the Bastrop
Bayou Watershed:

¢ The Beechwood Subdivision, located north of Angleton adjacent to
SH 288B, has a protective levee and floods during heavy rains.

e FM 523 at FM 595: water ponds in this area and does not drain to
Bastrop Bayou

¢ Seventy-four locations within Angleton have filed repetitive flooding
damage claims. The entire Bastrop Bayou Watershed has a total of
eighty-six locations that have filed more than one claim.

¢ Brushy Bayou has been rerouted to outfall into Bastrop Bayou rather
than Austin Bayou. The new route is now called New Brushy Bayou.
The existing FEMA maps and models that generated the existing
flood maps do not reflect this change. However this change has been
incorporated into the revised models for Bastrop Bayou.

» There 1s a flooding problem on Bastrop Bayou between SH 288 and
288B, North of CR 2004 (reference Exhibit 19.)

3.2.3 Previous Improvements and Recommendations

1. The Army Corps of Engineers, Galveston District, recommended a
channel improvement to the Bastrop Bayou in their 1989
Reconnaissance Report. In view of the relatively large existing
capacity of the stream, the least costly alternative of snagging,
clearing, and silt removal along a 5.3-mile reach of Bastrop Bayou
between the Missouri Pacific Railroad and FM 523 was analyzed.
This channel improvement would begin about a mile downstream
from the FM 523 bridge. Experience has shown that this type of
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project would have the greatest potential for economic justification.
This plan was found to reduce 50-year flood elevations to 10-year
levels along the target reach.

2. Velasco Drainage District has approved a detention site and has plans
to add two more detention sites that may relieve the flooding problem
on Bastrop Bayou between SH 288 and 288B, North of CR 2004,

3. In major flood events, the Brazos River exceeds its banks near Harris
Reservoir, six miles upstream of SH 35, causing extensive flooding
on Oyster Creek. The overflow also enters Bastrop Bayou south of
Angleton and is a significant cause of flooding that must be
controlled to allow development in that portion of Bastrop Bayou
watershed.

3.2.4 Current Recommendations

Due to the restricted capacity of Bastrop Bayou as it currently exists
(less than 10 year capacity) and the very low probability that either
the Angleton or Velasco Drainage Districts will pursue the Corps
1989 Reconnaissance Report recommendations, we recommend that
the two involved Districts re-visit the detention policy for this
watershed, pursue a re-mapping of the flood plains by FEMA and
close coordination with the County Flood Plain Administrator
relating to any new development in the watershed. Current practice
requires that developers mitigate the difference between the 100-year
undeveloped and 100 year developed condition.

The Angleton Drainage District has completed a study of the Ditch 7
Watershed, a major tributary of Bastrop Bayou. Ditch 7 and its
tributaries drain the approximate south one-third of the City of
Angleton, That study recommended the development of the Peach
Street Detention Pond (land acquired by the City of Angleton) and of
the Erik West Detention Pond (approximately one — half
constructed). Additionally the Report recommended the acquisition
of the Phillip Services Sand Pit and integration of the pit into the
system as a retention facility (under negotiation between the
Angleton Drainage District and Phillip Services). This system of
detention and retention ponds would restrict runoff from the fully
developed watershed to the capacity of the existing culverts at CR

Klotz Associates Project No. 25903 Brazoria County
August 2002 Final Master Drainage Plan



KLOTZ :
ASSOCIATES, B é‘fﬂ: L
INC.

BAKER & LAWSON, ING.

H ENGINEERS * PLANNERS *» SURVEYORS [

CONSULTING 200 E. CEDAR ST, ANGLETON, TEXAS 77545
ENGINEERS

3.3

220 and Ditch 7. We recommend that the Angleton Drainage District
continue the development of this program.

1. Additional benefit will accrue from the proposed retention pond as
discussed in the Flores Bayou Watershed section. This pond, if
constructed, will relieve some of Flores Bayou Watersheds impact on
Austin Bayou and on Bastrop Bayou Watershed.

2. An expansion of the Lake Jackson Pumping Station would add
additional pumping capacity along the Clute - Lake Jackson
Interceptor Channel to handle increased development in the
Northwest Corridor {north of 332 and west of FM 523.) We suggest
Velasco Drainage District to continue to pursue the goals of the
Internal Drainage Plan as revised.

Brazos River Watershed

The Brazos River Watershed encompasses a drainage area of approximately 206
square miles within Brazonia County and is located in western Brazoria County
as shown on Exhibit 1. The watershed is composed of the main stem of the
Brazos River and four main tributaries within Brazoria County: Cow Creek, Dry
Bayou, Middle Bayou and Varner Creek. Old Brazos River, which is located in
the City of Freeport and outfalls into the Intercoastal Waterway. The Brazos
River Watershed encompasses part of Velasco Drainage District No. 2 and West
Brazoria County Drainage District No. 11. The west side of the Brazos River
Watershed encompasses the eastern portion of the West Brazoria County
Drainage District and the east side of the Brazos River encompasses a
substantial portion of the land not currently located within one of the seven
Drainage Districts in Brazoria County. City of Brazoria, City of Freeport, City
of Jones Creek, City of West Columbia, and part of the City of Baileys Prairie,
City of Clute, and the City of Lake Jackson are located within the watershed,
The Brazos River Watershed is bounded on the west by the San Bernard River
and Varner Creek and on the east by the Oyster Creek Watershed.

3.3.1 Hydrologic and Hydraulic Issues

The Brazos River watershed extends in a southeasterly direction from the
county border to the Gulf of Mexico at Freeport. Its upstream drainage
area below Possum Kingdom Dam, located in Palo Pinto County, Texas,
has a significant affect to its downstream flows. Brazos River is also
tidally influenced.

3-10
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During large floods, generally caused by heavy rainfalls in the upstream
area of Brazos River watershed, significant interbasin flow exchanges
occur between the Brazos River and Oyster Creek in Brazoria County
because of the gentle southeastern topographic trend and the perched
characteristic of river. The relatively flat topography and generally
inadequate {ributary streamed slopes and capacities also result in
flooding in the area from the intense local rainstorms and tropical storms
relatively common to the region.

Rainfall in the Brazos River basin varies widely in both seasonal
occurrence and yearly mean depth. The mean annual precipitation is
approximately 27.6 inches, varying from approximately 16 inches near
the headwaters to 47 inches in the coastal region. Snowfall in the lower
reaches of Brazos River is rare and makes no significant contribution to
runoff. Thunderstorms are common throughout the spring, summer, and
fall. Frequent hurricanes and tropical storms interrupt summer with high
winds, heavy rainfall, and high storm surges.

The aerial photographs, dated January 1995, were reviewed to determine
the extent of development in the Brazos River Watershed. These aerial
photographs indicate that the watershed within Brazoria County remains
approximately 80% in row crops, woodlands or graze land. The only
areas of substantial development are the Cities of Brazoria, Jones Creek,
Freeport and West Columbia. However, there is no substantial
subdivision and/or development that confribute a significant amount of
flow to the watershed within Brazoria County.

Development within the flood plain of the Bayou is limited because of
the Brazos River riverene floods, which spill into the wide flood plains
of the River. Continued development in Fort Bend County along the
Brazos River just north of Brazoria County continues to be a concern.

The effective FEMA HEC-2 model for Brazos River was coded into the
meodel and the model results are shown in Table 20 and 21 for the 100-
year and 10-year events, respectively, and the corresponding flood
profiles under the existing condition are shown in Exhibit 29. The
channel capacities of the Brazos River are shown in Table 74.
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Drainage Problems

The following flooding or drainage problem areas have been identified in
the Brazos River Watershed:

CR 25 between CR 27 and CR 23: flow from Brazos River spills
through bank, around Mann Lake levee, and into the residential
community.

14™ Street and West Columbia to SH 36: ditch is undersized.

CR 468 and SH 35: West Columbia ditch needs outlet.

Sugar Mill Subdivision: privately erected dams and ditch 1s not
maintained.

Small, isolated drainage problems have been identified in the upper
reaches of Vamner Creek.

Pecan Bend South Subdivision (FEMA Zone X) repeatedly floods
when the Brazos River flows into Cow Creek.

CR 16 at Damon Creek Bridge has undersized culverts.

A portion of the Brazos River watershed, between north of FM 2004
and east of Brazos River, is not under any taxing jurisdiction and
therefore cannot provide monies for drainage improvements. It has
been reported that, within this area, McFadden Slough floods over
CR 652 during frequent storms and some runoff backs up Buffalo
Camp Bayou along the highway. Private dams have also been
reported to block flow from McFadden Slough. Also it has been
reported that a major property owner has constructed some
improvements (levee) that appear to block and cause flooding of
adjacent properties.

Problem with Jones Creek near Red Fish Bayou (near CR 301 as
referred to Exhibit 24.)

Dry Bayou is silted up.

CR 301 and CR 304 bottleneck on Jones Creek, there 1s too much
flow with no adequate outfall, water overtops CR 301 and flows to
Red Fish Bayou.

The Brazos River overflows to Jones Creek then to Red Fish Bayou.

Previous Improvements and Recommendations

. There is a planned bridge replacement for the Brazos River on SH 35

just east of West Columbia as shown in Exhibit 23.
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The Federal Hurricane-Flood Protection System at Freeport also
protects against moderate Brazos River flooding. Local flood
protection projects in the form of levees, weirs, and impoundment
exist along portions of Brazos River flood plain which provide some
locals with up to 100-year flood protection. A local protection levee
1s also located west of Angleton.

Several multipurpose reservoirs having significant flood control
storage including Whitney, Waco, Belton, Proctor, Stillhouse
Hollow, Somerville, Granger, and North Fork in the upper portion of
the watershed have effects on river stages in the downstream reaches.

In major flood events, the Brazos River exceeds its banks near Harris
Reservoir, six miles upstream of SH 35, causing extensive flooding
on Oyster Creek. The overflow also enters Bastrop Bayou south of
Angleton and is a significant cause of flooding that must be
controlled.

3.3.4 Current Recommendations

1.

It is recommended that federal funding be solicited to study the
Brazos River Watershed (hydrologically and hydraulically) for at
least the section of the Brazos River from Richmond, Texas to its
outfall into the Gulf Coast.

The county along with other upstream counties has sent a joint
request to the Corps of Engineers for a restudy of the lower section of
the Brazos River from Waco all the way to the coast. This has had
no action in several years. Someone needs to take charge of this and
keep it in front of the Senators and Legislators.

Channel cleaning for the Jones Creek is proposed (as shown in
Exhibit 24) to relieve local flooding problems and to reduce the
potential of overflows going to Red Fish Bayou. The cost is
estimated at $1,436,000 for the dredging and is shown in Table 99.
This channel cleaning wili probably send more flows downstream
than current condition flows but should not create significant
downstreamn effects. Recommend a specific mitigation analysis be
prepared to assess any change in flows and applicable mitigation if
needed.
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3.4 Cedar Lake Creek Watershed

The Cedar Lake Creek Watershed encompasses a drainage area of approximately
90 square miles and is located in southwestern Brazoria County (within West
Brazoria County Drainage District No.11) as shown on Exhibits 1 and 2. The
watershed is composed of the main stem of Cedar Lake Creek and two main
tributaries: Cocklebur Slough and Bear Creek. Only a very small part of the City
of Sweeny is located within the watershed. The Cedar Lake Creek Watershed is
bounded on the west and south by county border, the north by Linville Bayou
Watershed, and the east by San Bernard River Watershed.

3.4.1

34.2

343

344

Hydrologic and Hydraulic Issues

The Cedar Lake Creek Watershed is essentially undeveloped. The aerial
photographs, dated January 1995, shows that the watershed remains
approximately 95% in rice fields, row crops, graze land, and woodlands.
Cedar Lake drains from west of the City of Sweeny and passes along the
southwestern border of Brazoria County then outfalls into Cedar Lakes
and the Gulf of Mexico.

Drainage Problems

The following flooding problem areas have been identified in the Cedar
Lake Creek Watershed:

e Bear Creek from C.R. 946 to C.R. 809 before its outfall into Cedar
Lake Creek has restricted channel which needs to be widened.

e C.R. 809 and C.R. 521 intersection; old sloughs need to be
maintained.

Previous Improvements and Recommendations

None reported.

Current Recommendations

Because of the low density of population and associated development
there 1s no current recommendation for Cedar Lake Creek Watershed.
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Chocolate Bayou Watershed

The Chocolate Bayou Watershed encompasses a drainage area of approximately
150 square miles and is located in eastern Brazoria County as shown on Exhibit
1. The watershed is composed of the main stem of Chocolate Bayou and four
main tributaries: West Fork Chocolate Bayou, North Hayes Creek, South Hayes
Creek, and Brunner Ditch. The Chocolate Bayou Watershed encompasses most
of lowa Colony Drainage District No. 5, part of Conservation & Reclamation
Drainage District No. 3 and Pearland Drainage District No. 4. City of Iowa
Colony, City of Liverpool, and west part of the City of Manvel are located
within the watershed. The Chocolate Bayou Watershed is bounded on the west
by South Texas Water Company Canal, the north by county border, the east by
Ditch C-1 and New Bayou Watershed, and the south by Chocolate Bay.

3.5.1 Hydrologic and Hydraulic Issues

The headwaters of Chocolate Bayou are located north of Texas State
Highway 6 (SH 6) approximately 1.4 miles west of the City of Manvel.
The headwaters of the West Fork Chocolate bayou begin near Arcola in
southeast Fort Bend County and outfall into Chocolate Bayou
approximately 2.5 miles south of FM 1128.

Most of the land making up the watershed of Chocolate Bayou 1s used
for agricultural purposes. The aerial photographs, dated January 1995,
show that the watershed remains approximately 85% in rice fields, row
crops or graze land. However, desired wooded areas along the bayou are
already being developed and greater demand for residential, commercial
and industrial sites is expected. Portions of the land being developed
were inundated by past floods, and substantially larger areas are within
reach of greater floods of the future.

The watershed is subject to intense local thundershowers of short
duration during the spring and summer months in which the majority of
past flooding has occurred. General storms extending over penods of
several days are more frequent in the winter season. Tropical
disturbances occurring between June and October produce torrential
rainfall causing substantial flooding in the watershed.

The tributaries of the Chocolate Bayou including West Fork Chocolate
bayou, North Hayes Creek, and South Hayes Creek that drain from City
of Towa Colony, City of Manvel and Fort Bend County contribute a
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significant amount of flow to the watershed. The continuous meandering
of the channel and the tidal effect in the downstream also cause flooding
problems.

In order to conduct hydrologic routing and hydraulic analysis for the
Chocolate Bayou Watershed under existing condition, a revised HEC-1
model and a HEC-2 model was completed from using the effective
model (by Snowden Engineering, Inc.) and revising the model to current
conditions. The stream network configuration in the HEC-1 model is
designed based on the Chocolate Bayou Watershed Drainage Area Map
(Exhibit 5). The HEC-2 model includes the 2000 Baker & Lawson
survey sections and the revised bridge inspection information.

A review was conducted of the USGS gage data for Chocolate Bayou.
This gage is located in upper half of Chocolate Bayou near FM 1462.
The historical data showed significant increases in stage elevation for
similar flows prior to 1988. This data was reviewed by was not utilized
due to the significant differences noted above. The gage may have been
adjusted or other physical elements constructed. There were other
watershed changes including the construction of Brunner Ditch and
diversions to 1t from North and South Hayes Creeks and the diversion of
C-1 Ditch which could all effect the results at this gage.

The comparisons between the Snowden HEC-1 model outputs and the
corresponding FEMA values for the 100-year event are shown in Table
22, and those comparisons between the Snowden model outputs and the
revised HEC-1 model outputs are shown in Table 23. The comparisons
for the 25-year event between the revised HEC-1 outputs and the
corresponding coded Snowden model outputs are shown in Table 24, and
those for the 10-year event between the revised HEC-1 outputs and the
corresponding FEMA values are shown in Table 25. Note that because
the drainage areas and hydrologic parameters have been modified based
on current existing conditions, certain percentage changes in flows are
shown in Tables 23, 24, and 25. The comparisons of the HEC-2 model
outputs between the revised existing model and the key-in Snowden
model are shown in Table 26, 27, and 28 for the 100-year, 25-year, and
10-year events, respectively, and the flood profiles under the revised
existing condition are shown in Exhibit 30.

In addition, for the tributary analyses, the Snowden HEC-2 models of the
West Fork Chocolate Bayou, North Hayes Creek, and the South Hayes
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Creek were also revised for the project based on the existing conditions.
A HEC-2 model for Brunner Ditch was also created using 2000 Baker &
Lawson survey sections. The outputs and comparisons of these revised
HEC-2 models for the tributaries under 100-year, 25-year, and 10-year
events are shown in Table 29 through 40, and the corresponding flood
profiles are shown in Exhibit 31 through 34.

3.5.2 Drainage Problems

The following flooding problem areas have been identified in the
Chocolate Bayou Watershed:

e Bull Murphy Road/CR 121 - CR 121 raised 1 to 2 feet in recent
years; drainage problem created as it close to the confluence of North
Hayes Creek and Chocolate Bayou;

¢ Jowa Colony - nearly every bridge is a one or two span undersized
bridge (Chocolate Bayou);

e (Chocolate Bayou and Parker School Road (CR 172)- flooding
problems reported as the channel capacity in CR 172 crossing is less
than 10-year frequency as shown in Table 75 (Chocolate Bayou),

¢ Chocolate Bayou in the vicinity of CR 193 and SH 35 —~ flooding
problems reported.

e Ditch C-7 and FM 1462 - flooding problems reported as the channel
capacity within this reach is less than 10-year frequency as shown in
Table 75 (Chocolate Bayouy);

e Ditch C-9 and Chocolate Bayou - flooding problems reported as the
channel capacity within this reach is less than 10-year frequency as
shown in Table 75 (Chocolate Bayou);

e Ditch C-12 and Chocolate Bayou - flooding problems reported as the
channel capacity within this reach (between Cross-sections 7.0 and
7.5 in the HEC-2 model) is less than 10-year frequency as shown in
Table 75 (Chocolate Bayou);

e West Fork Chocolate Bayou and Chocolate Bayou - flooding
problems reported as the channel capacity of West Chocolate at
confluence with Chocolate Bayou is less than 10-year frequency as
shown in Table 76 {West Fork Chocolate Bayou);

o North Hayes Creek and Chocolate Bayou - flooding problems
reported since the channel capacity of North Hayes Creek at
confluence with Chocolate Bayou is less than 10-year frequency as
shown in Table 77 (North Hayes Creek);
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Leedy Estates Subdivision (Sandy Lane at Tiffany near Chocolate
Bayou) - insufficient culvert capacity; culvert can be replaced as
roadway improvements are constructed.

CR 121 and CR 122 - CR 121 goes under water during routine
rainfall events since the channel capacity of South Hayes Creek at
confluence with Chocolate Bayou is less than 10-year frequency as
shown in Table 78 (South Hayes Creek);

South Hayes Creek and Chocolate Bayou - flooding problems
reported since the channel capacity of South Hayes Creek at
confluence with Chocolate Bayou is less than 10-year frequency as
shown 1n Table 78 (South Hayes Creek);

Brunner Ditch - channel capacity problems since its channel reach
capacities at confluence with North Hayes, South Hayes (the reach
from FM 1462 to Pasture Road), and Chocolate Bayou (the reach
from confluence with Chocolate Bayou to CR 192) are less than 10-
year frequency as shown in Table 79 (Brunner Ditch).

Previous Improvements and Recommendations

1.

Snowden Engineering, Inc. indicated in the 1989 Master Drainage
Plan Report that all streams in their study area including Mustang
Bayou, Chocolate Bayou, Ditch C-1, Ditch M-1, New Bayou, Halls
Bayou, Chigger Creek, Ditch D-4, and Dickinson Bayou have
inadequate capacity for a 25-year or 100-year frequency flood. They
recommended both regional detention ponds and channel
improvements for the Chocolate Bayou Watershed. These regional
detention ponds were proposed on West Fork Chocolate Bayou,
North Hayes Creek, and South Hayes Creek at the confluence with
Chocolate Bayou. The detention areas of the three ponds are 250
acre, 150 acre, and 200 acre, respectively. The channel
improvements begin downstream from the Briscoe Canal to Rifle
Range Road with a 50-foot bottom width earthen channel, a 100-foot
bottom width from Rifle Range Road downstream to Hayes Road and
a 200-foot bottom width earthen channel from this point to SH 35
and a 300-foot bottom width earthen channel from SH 35 to FM
2004. This recommended plan will contain a 100-year flood in the
bank all along the channel except for tidal flooding which will still
extend upstream of SH 35.

Drainage District No. 5 had conducted cleaning along Brunner Ditch
in 1998. The ditch flows full at times.
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3.5.4 Current Recommendations

Chocolate Bayou —

I.

A 90-acre planned detention pond for Chocolate Bayou at FM 1462.

A 90-acre detention pond is under construction for Chocolate Bayou
at FM 1462 by Drainage District No. 3 as shown in Exhibit 6 (at
Cross-section 14.1 within Drainage Area C-17 of Exhibit 5.)
Assume that the 1980 x 1980" (90 acres) detention pond has depth of
11.8 ft with freeboard of 1.0 ft and side slope of 3:1 so that its
volume for detention is about 900 acre-ft. The pond will detain flood
peaks and discharge later to the downstream. Results from HEC-1
model analysis shows that such a detention pond will reduce the
downstream 100-yr peak flows by 200 cfs. The cost estimates for
constructing the detention facility is shown in Table 86.

Cutting the meanders out of Chocolate Bayou was discussed. The
intent was to cut positive overflows across meander and let nature
slowly cut the straight-line channel.

There is a flooding problem at Oak Manor Subdivision, which is
located at Chocolate Bayou and CR 172. 1t is believed that the

. flooding is an internal problem in the subdivision and not the bridge

structure on the Bayou.

QOak Manor Subdivision is located between CR 172 and SH 35.
Under the revised existing condition, the channel reach at CR 172
(Cross-section 17.1 within Drainage Area C-19 in Exhibit 5) has
capacity less than 10-year frequency and will have flood stages of
26.55, 27.35, and 28.62 ft under 10-yr, 25-yr, and 100-yr events,
respectively, that are all higher than the bridge top (EL. 26.50 ft) as
shown in Exhibit 30. The diversion by Brunner Ditch to Cottonwood
Bayou (will be proposed in the recommendation for South Hayes
Creek) only bring the 25-yr and 100-yr flood levels down to 27.29 ft
and 28.56 ft, respectively, as shown in Table 27, 26 and Exhibit 35,
which does not help Oak Manor. The proposed 90-acre detention
pond may further reduce the flood stages. Down stream of CR 172,
the flood plain becomes much wider than the upstream region and the
subdivision is located in the flood plain Changing the bridge structure
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will reduce the upstream flooding levels. Other alternatives may
include levee, detention pond, or other diversion.

Other possible retention sites are in old sandpits on Fort Bend County
side of Chocolate Bayou along 288.

West Fork Chocolate Bayou —

1.

Cleaning West Fork from Chocolate Bayou confluence upstream to
CR 64.

As shown in Table 76, the channel capacity of West Fork Chocolate
Bayou from confluence with Chocolate Bayou to CR 64 is less than
10-year frequency. Cleaning West Fork from Chocolate Bayou
confluence upstream to CR 64 (as shown in Exhibit 9} will reduce
flood levels through the whole channel. Table 31, 30, 29 and Exhibit
36 show that, as a result of the channel cleaning, the average
reductions of flood levels are estimated as 0.58 ft, 0.51 ft, and 0.36 ft
for 10-yr, 25-yr, and 100-yr events, respectively. The cost estimates
for the channel cleaning is shown in Table 87. The channel cleaning
will probably send some additional flows downstream similar to what
existed before.

. The flooding problems at CR 81.

The channel capacity of West Fork Chocolate at CR 81 is less than
10-year frequency as shown in Table 76. Under the revised existing
condition, CR 81 (Cross-section 5.1 within Drainage Area C-06) will
have flood stages as 56.39 ft, 56.59 ft, and 56.98 ft for 10-yr, 25-yr,
and 100-yr events, respectively, which are higher than the bridge top
(EL. 55.79 ft) as shown in Exhibit 31. If the cleaning stated in (1)
can done, the flood stages will be reduced by 0.17 f, 0.15 ft, and 0.19
ft for 10-yr, 25-yr, and 100-yr events, respectively, as shown in Table
31, 30, 29 and Exhibit 36. Channel cleaning can not bring the flood
levels down to below the bridge top. One other alternative might be
a diversion from upstream to the nearby Oyster Creek. Any
diversions of flows must be carefully considered in the overall timing
and peak flow event for both drainage systems being evaluated.

3-20

Klotz Associates Project No. 25903 Brazoria County

August 2002

Final Master Drainage Plan



KLOTZ _
ASSOCIATES, B |z

INC.

CONSULT
ENGINEE

BAKER & LAWSON. INC
[ ENGINEERS  PLANNERS + SURVEYORS |
300 E CEMAR ST, ANGLETOM. TEXAS 77515

3. Replacing structure at CR 48

The bridge top clevation of CR 48 (Cross-section 7.98 within
Drainage Area C-08 as shown in Exhibit 8) is 54.50 ft, which should
not be submerged by the 100-yr flood (EL. 53.59 ft) under the revised
existing condition as shown in Exhibit 31. However, over bank
flows will occur in surrounding area for all 10-yr, 25-yr, and 100-yr
events. Channel cleaning stated 1n (1) will reduce the 100-yr flood
stages to 53.02 ft as shown in Table 29 and Exhibit 36. Widening the
bridge bottom by 10 ft can further reduce the 100-yr flood stage to
52.78 ft. The cost estimates for the bridge replacement is shown in
Table 88. The replacement of CR 48 structure will require a

mitigation analysis to address any significant change in downstream
flows.

North Hayes Creek —

1.

The Alvin District is cleaning North Hayes from Chocolate Bayou to
CR 121. CR 121 floods at a tank car culvert structure that has
limited capacity.

The channel capacity of North Hayes Creek from confluence with
Chocolate Bayou to the reach close to CR 121 is less than 10-year
frequency as shown in Table 77. Cleaning North Hayes Creek from
Chocolate Bayou confluence upstream to CR 121 (as shown in
Exhibit 9) will reduce the flood levels through the whole channel.
CR 121 is close to Cross-section 16.0 {within Drainage Area C-13B.)
It can be observed from Table 34, 33, 32 and Exhibit 37 that, as a
result of channel cleaning, the flood levels at Cross-section 16.0 can
be reduced by 1.67 ft, 1.07 ft, and 0.28 ft for 10-yr, 25-yr, and 100-yr
events, respectively. The cost estimates for the channel cleaning is
shown in Table 89. Note that this channel cleaning will only help
relief the flooding problem around the confluence of North Hayes
Creek and Chocolate Bayou and upstream, but the impact on the
downstream of Chocolate Bayou will be limited if there is no
corresponding cleaning or other improvements for the Chocolate
Bayou, since the flow rates from the North Hayes Creek are not
changed.
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South Haves Creek —

1.

South Hayes has a heavy growth and needs to be cleaned... A 6'tank
car culvert structure at CR 121 1is restricting flow. To relieve South
Hayes, Brunner Ditch could be cut all the way to Cottonwood Bayou
(as shown in Exhibit 10.) Cottonwood flows through south of
Liverpool and back into Chocolate Bayou below Amsterdam. This
would require a bridge at the railroad and SH 35. This enlargement
of Brunner Ditch would help Drainage Districts No. 3, 4, 5, and 8.
An outhine that was discussed to provide this work indicates that
Drainage Districts No.5 would provide engineering and Drainage
Districts No.3 and Drainage Districts No.4 would supply equipment.
A way to get additional monies to pay for this channel improvement
would be to add impact fees to the watershed.

Brunner Ditch currently diverts flows from North Hayes Creek and
South Hayes Creek and collects local flows from Drainage Area C-31
(see Exhibit 5) then cuts all the way through Chocolate Bayou at
downstream of SH 35. The HEC-1 analysis for the revised existing
condition shows that the flows of South Hayes Creek at CR 121
(Cross-section 17.3 within Drainage Area C-16) can be reduced by
Brunner Ditch., For the 10-yr, 25-yr, and 100-yr events, the flows
will be reduced from 1815, 2086, and 2494 cfs to 1380, 1731, and
2366 cfs, respectively. Under the proposed condition, that is,
Brunner Ditch cuts all the way through Cottonwood Bayou then
discharges to Chocolate Bayou, the flows in Chocolate Bayou from
downstream of SH 35 to the upstream of the confluence of
Cottonwood Bayou and Chocolate Bayou can be reduced by 430,
590, and 960 cfs for 10-yr, 25-yr, and 100-yr flood events,
respectively. The corresponding changes of South Hayes flood
stages can be observed from Table 35, 36, 37, and Exhibit 10. The
cost estimates for the diversion is shown in Table 90. The
construction of a diversion of Brunner Ditch will require additional
surveying and a mitigation analysis to address downstream change is
flows.

3.6 Clear Creek Watershed

Approximately 70 square miles of Clear Creek Watershed are located in
northemn Brazoria County, as shown on Exhibit 1, which encompasses the
majority part of Pearland Drainage District No.4 and a small part of
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Conservation & Reclamation Drainage District No. 3. The remainder Clear
Creek Watershed is located in Harris County and Galveston County, counties
adjacent to Brazoria County. The watershed is composed of the main stem of
Clear Creek and four main tributaries: Mary's Creek, Mary's Creek Bypass
Channel, Chigger Creek, and Cowart Creek. Harris County Flood Control

District (HCFCD) 1s currently performing extensive studies on the Clear Creek
Watershed.

3.6.1

3.6.2

Hydrologic and Hydraulic Issues

The Clear Creek Watershed is essentially developed. City of Pearland
and Brookside Village are within the limits. The stream, originating in
northeast Fort Bend County at an elevation of about 70 feet above mean
sea level, flows in a meandering easterly course through wooded and
grass covered gently sloping terrain to sea level in Clear Lake and
Galveston Bay. The watershed is subject to intense local thunderstorms
of short duration, general storms extending over periods of several days,
and to torrential rainfalls assoctated with hurricanes and other tropical
disturbances. The comparatively impervious clayey soil in many areas is
conductive to rapid runoff causing relatively high flood peaks whenever
rainfall occurs.

The National Oceanic and atmospheric Administration (NOAA),
National Weather Service Office, Houston, Texas, provides a generalized
flash flood warning service for the Houston area which includes the
Clear Creek watershed.

Drainage Problems

The following flooding problem areas have been identified for the Clear
Creek Watershed

e County Place at McHard - subdivision outfall ditches are dry while
storm sewers are half full (Clear Creek);

e CR 175, CR 176, FM 1128 - ditches undersized (Chigger Creek);

¢ CR 125 to CR 130 on CR 129 - drainage and coordination problems
with Galveston County (Cowart Creek).

o CR 125 to CR 127 - drainage problems in ditch (Cowart Creek).

s There are 140 locations that have filed repetitive FEMA claims
totaling 497 separate claims. One location has filed 52 separate
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claims. Seven locations have claim numbers that are in the two-digit
range.

e Mary’s Creek has flooding problem reported.

¢ (Corrigan South is a subdivision in south of FM 518 that floods on a
regular basis.

3.6.3 Previous Improvements and Recommendations

1. TXDOT is reworking the SH 35 bridges. The Railroad is also
working on the railroad crossing on the Clear Creek.

2. Mary’s Creek, east of SH 35 is undergoing channel renovation.
3.6.4 Current Recommendations

1. City of Pearland requires detention of new developments and
detention on Mary’s Creek.

2. Drainage District No. 4’s plan includes a number of regional
detention basins. This is an important element to this watershed.

3. The City of Pearland in constructing regional detention facilities
along with some channel improvements and structure replacements.
It is recommended that the City of Pearland and the Pearland
Drainage District work together on common projects and reduction of
flood plain elevations in the area.

Dickinson Bayou Watershed

Approximately 12 square miles of Dickinson Bayou Watershed is located in
eastern Brazoria County as shown in Exhibit 1. The majority of Dickinson
Bayou Watershed is located in Galveston County. Dickinson Bayou main stem
is approximately 24 miles long, with approximately 2 miles of the bayou running
through Brazoria County. Ditch D-4 is a tributary to Dickinson Bayou with a
stream length of approximately 7.5 miles in Brazoria County. The portion of
Dickinson Bayou in Brazoria County encompasses northeast part of
Conservation & Reclamation Drainage District No. 3. Northeast part of the City
of Alvin is located within the watershed. This portion of the Dickinson Bayou
Watershed is bounded on the west by CR 145 and the Mustang Bayou
Watershed, the north by Clear Creeck Watershed, the east by county border, and
the south by Halls Bayou Watershed.
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3.7.1 Hydrologic and Hydraulic Issues

The headwater of Dickinson Bayou is located on SH 35 south of Chigger
Creek. The bayou flows in a southeastern direction through the Briscoe
Canal and to the Galveston County Line. Dickinson Bayou begins in
Brazonia County as an intermittent stream and flows easterly for
approximately 24 miles to Dickinson Bay.

The region is subject to intense thunderstorms in the spring and summer
months, to hurricanes during late summer and fall, and to extended
periods of wet weather during the winter months. Therefore, the
potential for floods due to heavy rain or from a combination of rain and
tidal surge is always present. Flooding in the Dickinson Bayou
watershed was widespread. Because tides in Galveston Bay were only
slightly above normal the flooding was caused mainly by the extremely
intense rainfall. Many of the channels within the watershed were not
sufficiently improved or maintained to contain the runoff generated from
heavy rainfall.

The Dickinson Bayou Watershed is essentially developed. Since 1960
the population within this area has increased more than 300 percent.
Because of this continuing urban growth, in combination with the overall
level terrain of the area, Gulf Coast climate conditions, and impervious
soils, flood abatement issues have become a major concern for the safety
and general welfare of the populace within the watershed.

3.7.2 Drainage Problems
None reported.
3.7.3 Previous Improvements and Recommendations

1. Snowden Engineering, Inc. mentioned in their 1989 Master Drainage
Plan Report that, since Dickinson Bayou drains into Galveston
County at the county line, a detention pond at the county boundary
and channel improvements in the upstream were recommended.
Approximately a 5-acre detention area will be required to regulate the
flow inside the county before it drains downstream. A 10-foot
bottom width earthen channel was recommended from the detention
pond to SH 35. This recommended plan is also based on the
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downstream channel having been improved from the county
boundary and the discharge will not be increased more than the
existing condition. They noted that, under such condition, the
proposed improvement will confine the 100-year flood within the
bank.

3.7.4 Current Recommendations

1. The entire Dickinson Bayou Watershed contains portions of four
drainage districts, namely Galveston County District No. 1,
Galveston County District No. 2, Galveston County District No. 3,
and Brazoria County Conservation & Reclamation District No. 3 as
shown in Exhibit 2. Although each of the entities having jurisdiction
over portions of the watershed has adopted some type of storm water
control guidelines, these guidelines vary from comprehensive master
plans to the specification of minimum culvert sizes. Furthermore,
because the watershed boundaries do not coincide with political
boundaries, the guidelines cover only portions of the watershed.
Therefore, a regional drainage plan is necessary for effective, long-
term flood control planning on a watershed-wide basis. Recommend
continuing to use the previous drainage plan for Dickinson Bayou.

Flores Bayou Watershed

The Flores Bayou Watershed encompasses a drainage area of approximately 40
square miles and is located in central Brazoria County as shown on Exhibit 1.
The watershed is composed of the main stem of Flores Bayou which itself is a
tributary of Austin Bayou. Flores Bayou is generally located between the Cities
of Angleton and Danbury. Flores Bayou encompasses the southwestern portion
of Iowa Colony Drainage District No.5, northeastern portion of Angleton
Drainage District No.1, and northwestern portion of Danbury Drainage District
No.8. The Flores Bayou Watershed is bounded on the west and south by the
Bastrop Bayou Watershed and on the north and east by the Austin Bayou
Watershed.

3.8.1 Hydrologic and Hydraulic Issues

The aerial photographs, dated January 1995, were reviewed to determine
the extent of development in the Flores Bayou Watershed. These aerial
photographs indicate that the watershed remains approximately 95% in
rice fields, row crops or graze land. The only area of substantial
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development is the westerly portion of the City of Danbury. However,
there is no substantial subdivision and/or development that contribute a
significant amount of flow to the watershed. It is anticipated that as
development continues south along the SH 288 Freeway Corridor, large
lot (2-5 acres) subdivisions with some commercial may occur.

The hydrology and hydraulics of the Flores Bayou watershed are
complicated by the presence of a drainage ditch locally known as the
Iowa Colony Ditch (ICD) that intersects Flores Bayou at two locations.
ICD intersects Flores Bayou just downstream of where both streams
cross under CR 45 and then again where the two streams have their
confluence near Bieri Lakes, just downstream of CR 171.

Immediately downstream of CR 45 Flores Bayou and ICD combine and
then split again forming an “X”. This requires a split flow analysis to be
performed in HEC-2 to determine the amount of flow that would be
carried downstream in each channel. The normal depth option of the
sphit flow routine in HEC-2 was used in this analysis, whereby the
amount of flow diverted to the downstream reach of ICD was based on
normal depth calculations on a representative cross-section of ICD.
There are a number of important assumptions associated with this type of
analysis that are explained in the HEC-2 manual.

The split flow model was run for a range of flows that would allow the
development of a rating curve of inflow versus flow diverted to ICD.
This rating curve was coded into the HEC-1 models for the Flores Bayou
watershed in the form of DI/DQ records that would reflect the diversion
to ICD. This allowed for the routing and combining of the diverted
flows as they move downstream through the ICD reach below CR 45.
Note that the assumption for the HEC-1 models is that there is no inflow
from Austin Bayou because of the dam on ICD that currently prevents
the diversion from Austin Bayou to Flores Bayou. This analysis resulted
in higher flows than were originally estimated for Flores Bayou.
Therefore, the original 10-Yr, 25-Yr, and 100-Yr water surface profiles
were recomputed with the new flows. In order to check the results of the
split flow analysis, it was assumed that the 100-Yr water surface
elevation of ICD and Flores Bayou should be nearly the same at their
respective CR 45 bridge structures. The model computations show that
this difference is less than 0.3 feet.
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The revised HEC-1 models and a revised HEC-2 model were created
from the effective FEMA models. The stream network configuration in
the HEC-1 model is designed based on the Flores Bayou Watershed
Drainage Area Map (Exhibit 11). The HEC-2 model includes the 2000
Baker & Lawson survey sections and the revised bridge inspection
information. The comparisons of the HEC-1 outputs between the revised
model and the FEMA model for the 100-year event are shown in Table
41. Note that, in Table 41, the percentage change in flows at CR 210 is
caused by the drainage area change based on the revised existing
conditions. The comparisons of the HEC-2 outputs between the revised
existing model and the FEMA model are shown in Table 42, 43, and 44
for the 100-year, 25-year, and 10-year events, respectively, and the
corresponding flood profiles under the revised existing condition are
shown in Exhibit 38. The channel capacities of the Flores Bayou are
shown in Table 80.

3.8.2 Drainage Problems
The following flooding problem areas have been identified for the Flores
Bayou Watershed:
e SH 35 and CR 46 need to be cleaned out at the Flores Bridge.
» Flooding problems known at the confluence of Flores Bayou and
Iowa Colony Ditch (Big Ditch).
3.8.3 Previous Improvements and Recommendations
1. The Iowa Colony Drainage District had cut the fowa Colony Ditch
(ICD), which diverted flow from Austin Bayou into Flores Bayou.
Though the channel remains, a dam has been constructed just south
of Austin Bayou that prevents this diversion from occurring at
present.
3.8.4 Current Recommendations
1. The impact of the construction of a detention pond on Flores Bayou
located near the confluence of the Iowa Colony Ditch (ICD) and
Flores Bayou has been investigated.  Several scenarios were
examined in different parts of the Flores Bayou watershed to see
whether the 100-Yr water surface elevation could be lowered by the
use of storm water detention. This proved infeasible because of a
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high tailwater condition that exists in the lower portion of Flores
Bayou. This tailwater condition is caused by the floodplain
encroachment of the levees associated with Bieri Lakes. In
discussions with personne! from the local drainage districts, they
indicated that it was their understanding that environmental
regulations would hinder any channel improvements to Flores Bayou
that would alleviate the high tailwater condition.

In lieu of proposing detention alternatives to alleviate flooding
problems at the 100-Yr frequency, a retention alternative was
investigated that could alleviate flooding problems at the 25-Yr
frequency.

The alternative consists of providing storage on ICD in the area just
upstream of CR 45 (as shown in Exhibit 12) by excavating a pond
and constructing a weir outlet from the pond with a gated gravity
structure that could be opened to drain the pond in the absence of the
high tailwater condition. The HEC-1 models of the Flores Bayou
watershed were modified to reflect the presence of such a structure.
The assumed weir structure coded into these models assumes a weir
crest elevation of 25.0 MSL, a weir length of 250 feet, and a weir
discharge coefficient of 2.6. The models also assume 1,900 acre-feet
of storage being available below elevation 26.3 at the proposed site.

The revised 100-Yr, 25-Yr, and 10-Yr HEC-1 models for the
proposed condition were run and the resulting flows were input into
the HEC-2 model of Flores Bayou. The model results indicated that,
although the water surface elevation was only marginally reduced at
CR 207 (less than 0.6 feet), the reduction near CR 45 and CR 46 was
significant, for the 10-Yr and 25-Yr storm events. The model results
indicated that for the 100-Yr event, the assumed weir structure would
most likely be inundated to the point where it would be unable to
make a significant impact in the water surface profile. The lack of
significant reduction at CR 207 is due to the high tailwater condition.

The corresponding HEC-2 model result comparisons for the proposed
condition are shown in Table 42, 43, and 44 for the 100-year, 25-
year, and 10-year events, respectively, and the plots of flood profiles
are shown in Exhibit 39. Table 91 shows the cost estimate of the
proposed retention facility.
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2. The proposed retention site may locate at the property owned by the
Hammel Estates Foundation upstream of CR 45. Flores Bayou
involves the Iowa Colony, Angleton and Danbury Districts. Each
should participate in the regional retention facility planning.

3.9 Halls Bayou Watershed

The Halls Bayou Watershed encompasses a drainage area of approximately 60
square miles and is located in eastern Brazoria County as shown on Exhibits 1
and 2, which encompasses southeastern part of Conservation & Reclamation
Drainage District No. 3. The eastern portion of Halls Bayou Watershed lies
within Galveston County. No major tributaries of Halls Bayou have been
identified.

The Halls Bayou Watershed encompasses the eastern portion of the Alvin
Drainage District and provides drainage for the western portion of the City of
Santa Fe in Galveston County. The Halls Bayou Watershed is bounded on the
west by the Mustang Bayou Watershed and Persimmon Bayou, and the east by
Galveston Count drainage systems.

3.9.1 Hydrologic and Hydraulic Issues

There is no major development in the Halls Bayou Watershed within
Brazoria County. The aerial photographs, dated January 1995, were
reviewed to determine the extent of development in the Halls Bayou
Watershed. These aerial photographs indicate that the watershed remains
approximately 85% in rice fields, row crops or graze land. The only area
of substantial development is the westerly portion of the City of Santa Fe
in Galveston County.

Halls Bayou runs southeasterly near the Galveston/Brazoria County line.
The headwater is located north of the Missouri Pacific Railroad and
southeast of Hillcrest Village. The bayou flows through CR 165, Briscoe
Canal, Halls Bayou Road, and FM 2004 to Halls Lake and Chocolate
Bay. There are no substantial subdivisions and/or developments that
contribute a significant amount of flow to the watershed.

To conduct hydrologic routing and hydraulic analysis for the Halls Bayou
Watershed under existing condition, a revised HEC-1 model and a
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revised HEC-2 model were created based on the current effective FEMA
models. Also included is a HEC-2 model for downstream of the Halls
Bayou. The stream network configuration in the HEC-1 model is
designed according to the Halls Bayou Watershed Drainage Area Map
(Exhibit 13). The HEC-2 model includes the 2000 Baker & Lawson
survey sections and the revised bridge inspection information, The
comparisons of the HEC-1 outputs between the revised model and the
FEMA model for the 100-year event are shown in Table 45. Note that
since the drainage areas have been modified based on existing
conditions, and that the flows from the FIS are obtained from regional
USGS regression equations instead of HEC-1 models, Table 45 shows
significant percentage changes in flows. It appears that the some of the
difference in flows between this model and FEMA’s stems from this
study identifying a larger watershed for the Bayou, and some flow
change i1s due to the changed hydrological condition modeling. The
comparisons of the Halls Bayou upper reach HEC-2 outputs between the
revised model and the FEMA model are shown in Table 46, 47, and 48
for the 100-year, 25-year, and 10-year events, respectively; and those of
the downstream models are shown in Table 49, 50, and 51, respectively.
The corresponding flood profiles under the revised existing condition are
shown in Exhibits 40 and 41 for the upper reach and the downstream
reach, respectively. The channel capacities of the Halls Bayou are shown
in Table 81.

3.9.2 Drainage Problems
The following flooding problem areas have been identified for the Halls
Bayou Watershed:
¢ Drainage problems have been reported upstream of the railroad. The
rural section roadways are not able to convey flows quickly enough
to Halls Bayou to prevent localized flooding. The roadside ditches
are too small to carry water to the bayou.
¢ Floodwater has been reported in garages along CR 166 and in homes
between CR 165 and CR 159. Mention was made that culvert pipes
under the canal may be undersized.
e CR 159 from CR 164 - limited maintenance of ditches extending into
Galveston County creates flooding problems.
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3.9.3 Previous Improvements and Recommendations

1. Snowden Engineering, Inc. addressed in their 1989 Master Drainage
Plan Report that the recommended plan on Halls Bayou is as follows:
A 20-foot bottom width earthen channel from CR 159 to CR 165 and
50-foot bottom width from CR 165 to the pipeline crossings
approximately 1 mile upstream from Halls Bayou Road.
Downstream from the pipeline crossings, a 100-foot bottom width
earthen channel was recommended for approximately 3 miles toward
the south with no improvement on channel for approximately 1.5
miles until it hits FM 2004. South of FM 2004, a 200-foot bottom
width earthen channel was recommended for a distance of
approximately 1 mile. They noted that this recommended plan will
confine the 100-year flood in the bank except the area downstream
from Halls Bayou Road which is still subject to tidal flooding.

3.94 Current Recommendations

1. Ditches and drainage channels along CR 166, CR 159 from CR 164,
and within the area between CR 165 and CR 159 need maintenance
and evaluation.

2. The bayou section from FM 2004 to Brisco Canal needs to be
cleaned.

Linville Bayou Watershed

The Linville Bayou Watershed encompasses a drainage area of approximately 46
square miles and is located in western Brazoria County (within West Brazoria
County Drainage District No.11) as shown on Exhibits 1 and 2. The watershed
is composed of the main stem of Linville Bayou and three main tributaries: Little
Linville Bayou, Dance Bayou, and Red Bayou. No city is located within the
watershed. The Linville Bayou Watershed is bounded on the west and north by
county border, the east by San Bernard River Watershed, and the south by Cedar
Lake Creek Watershed.

3.10.1 Hydrologic and Hydraulic Issues
The Linville Bayou Watershed is essentially undeveloped. The aerial

photographs, dated January 1995, were reviewed to determine the extent
of development in the Watershed. These aerial photographs indicate that
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the watershed remains approximately 95% in rice fields, row crops, graze
land, and woodlands. There is no substantial subdivision and/or
development that contribute a significant amount of flow to the
watershed.

Drainage Problems

The following flooding problem areas have been identified for the
Linville Bayou Watershed:

e A drainage problem along Dance Bayou has been reported because
property owners have constructed dams along Dance Bayou;

e Dam at Amoco Plant and other dams at C.R. 743 and C.R. 488
caused 3 to 4-foot flooding for 2-3 days on Dance Bayou, that outfall
into Little Linville Bayou.

o A wildlife refuge is located near Danciger on Dance Bayou that
would limit any channel from being cleaned or improved.

e Cedar Lake Bayou overflows into Dance Bayou. Dance Bayou gets
out of its banks but returns to the channel downstream.

* A private owned company bought property along CR 3 and dug a
pond with levees on Dance Bayou. Dance Bayou has to go through a
36-inch culvert to get around the leveed pond. Upstream of the pond
are 5-4' x 4' box culverts.

Previous Improvements and Recommendations

None reported.

3.10.4 Current Recommendations

1. The Linville dam has caused several flooding of homes at the City of
Sweeney. Floodwaters go around the dam to Van Vleck. The dam
creates a flooding problem 7 miles upstream. The velocity of the
flow around the dam is not great enough to cut channels. Currently,
the dam reportedly causes flooding on Dance Bayou, Little Linville
and Linville Bayous. There has been some mention of possible
environmental issues associated with this portion of Linville Bayou.
It is recommended that West Brazoria County Drainage Distnict
Number 11 investigate all of the issues associated with the existing
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dam and determine what course of action to take. Inspections to the
dam are recommended until the issue is resolved.

Mustang Bayou Watershed

The Mustang Bayou Watershed encompasses a drainage area of approximately
60 square miles and is located in eastern Brazoria County. The watershed is
composed of the main stem of Mustang Bayou and one major tributary, Ditch
M-1. As shown in Exhibit 2 that the Mustang Bayou Watershed encompasses
part of Pearland Drainage District No. 4 and central portion of Conservation &
Reclamation District No. 3. Most part of the City of Alvin and east part of the
City of Manvel is located within the watershed. The Mustang Bayou Watershed
1s bounded on the west and south by New Bayou Watershed, the north by Clear
Creek Watershed, and the east by Dickinson Bayou Watershed and Halls Bayou
Watershed.

3.11.1 Hydrologic and Hydraulic Issues

The Mustang Bayou Watershed is essentially developed. Mustang Bayou
has its headwaters within the city limits of Missouri City that is located
in Fort Bend County. The bayou flows Southeasterly through the City of
Manvel, Alvin and Hillcrest Village to its confluence with Persimmon
and New Bayou near West Bay.

Ditch M-1 is a man-made tributary of Mustang Bayou, which originates
in the western part of Alvin and outfalls in Mustang Bayou
approximately six miles southeast of Alvin. Ditch M-1 provides a
certain capacity for drainage of the south and west portions of the City of
Alvin.

Mustang Bayou can be divided into two segments based on water flow.
Above the City of Alvin, it is a small, intermittent stream that dries up in
several reaches during the summer dry season. Mustang Bayou below
Alvin has a constant, although small flow originating mostly as discharge
from several municipal sewage treatment plants. There 1s a 7,500-foot
long local drainage ditch between these bayou segments that cuts across
a bend in the bayou just upstream from Alvin near CR 147 at the upper
end to Atchison Topeka and Santa Fe Railroad at the lower end. The
upper segment flows through several small, rural communities and
subdivisions or pastureland, where it is more than a shallow, dry swale.
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This reach has been extensively cleared, channelized, and straightened
along almost its entire length.

In order to conduct hydrologic routing and hydraulic analysis for the
Mustang Bayou Watershed under existing condition, a revised HEC-1
model and a HEC-2 model revised from the existing model (by Snowden
Engineering, Inc.) The stream network configuration in the HEC-1
model is designed based on the Mustang Bayou Watershed Drainage
Area Map (Exhibit 14). The HEC-2 model includes the Baker & Lawson
survey sections obtained in 2000 and the revised bridge inspection
information. The comparisons between the revised HEC-1 model
outputs and the corresponding Snowden model outputs and those
between the Snowden model outputs and the corresponding FEMA
values for the 100-year event are shown in Table 52. The comparisons
for the 25-year event beitween the revised HEC-1 outputs and the
corresponding coded Snowden model outputs are shown in Table 53, and
those for the 10-year event between the revised HEC-1 outputs and the
corresponding FEMA values are shown in Table 54. Note that since the
drainage areas and hydrologic parameters have been modified based on
the existing conditions, certain percentage changes in flows are shown in
Tables 52, 53, and 54. The comparisons of the HEC-2 model outputs
between the revised existing model and the Snowden model are shown in
Tables 55, 56, and 57 for the 100-year, 25-year, and 10-year events,
respectively, and the flood profiles under the revised existing condition
are shown i Exhibit 42, It can be observed from Tables 55, 56, and 57
that the estimated water surface elevations (WSEL) based on the revised
existing condition are higher than those based on the source models for
about 0.5 - 2.0 feet. The channel capacities of the Mustang Bayou are
shown in Table 82.

In addition, for Ditch M-1, the Snowden HEC-2 model was also revised
for the project based on the existing conditions. The outputs and
comparisons of these revised HEC-2 models for Ditch M-1 under 100-
year, 25-year, and 10-year events are shown in Table 58, 59, and 60,
respectively, and the corresponding flood profiles are shown in Exhibit
43. The channel capacities of the Ditch M-1 are shown in Table §3.

Drainage Problems

The following flooding problem areas have been identified for the
Mustang Bayou Watershed:
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Flooding problems reported at ditches M-22, M-23, M-24, M-25 and
Mustang Bayou. The above four ditches are close to FM 1128
crossing {Cross-section 170550 in the Mustang Bayou HEC-2 model)
within City of Manvel where the channel capacity of the Mustang
Bayou is less than 10-year frequency as shown in Table 82.

FM 2403 and South Street - flooding problems reported.

Snowden Engineering, Inc. reported in 1989 that all stream in their study area
including Mustang Bayou, Chocolate Bayou, Ditch C-1, Ditch M-1, New Bayou,
Halls Bayou, Chigger Creek, Ditch D-4, and Dickinson Bayou have inadequate
capacity for a 25-year or 100-year frequency flood. The most serious flooding
problem in area occurred in the vicinity of the most populated area, the City of
Alvin. This is due to the limited right-of-way of Mustang Bayou and the heavy
growth of vegetation inside the banks. Inside the Alvin City limits high density
residential and commercial buildings may also impact sheet flow paths.

3.11.3 Previous Improvements and Recommendations

1.

To relieve the flooding problems of Mustang Bayou Watershed
adjacent to the City of Alvin, several plans have been proposed in
former reports.

Tumer, Collie & Braden, Inc. indicated in their 1974 Drainage
Master Plan for Brazoria County Conservation and Reclamation
District No.3 that the problem of developing a satisfactory drainage
plan at reasonable cost is complicated by 60 bridge structures which
cross Mustang Bayou and Ditches C-1 and M-1 in that area.
Additionally, in the reach of Mustang Bayou through and adjacent to
the City of Alvin, urban development along the banks of the bayou
restricts the right-of-way available for channel enlargement. A plan
was selected by them for recommendation by considering above
restrictions, that is, a diversion of the Mustang Bayou flows into
Ditch C-1 near Manvel via Ditch C-1-J, around Alvin and back to
Mustang Bayou via Ditch M-1 (reference Exhibit 22) and two new
connecting channels. Ditch C-1 would be enlarged to carry the
diverted flow. A new channel connection between Ditch C-1 and
Ditch M-1, and a new connection between Ditch M-1 and Mustang
Bayou need to be constructed under this plan.
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In the 1980 Mustang Bayou Drainage Improvements Report, Bernard
Johnson, Inc. provided three plans for immediate relief to the Alvin
area. The first project is to divert Mustang Bayou to Ditch C-1 just
South of Manvel. It was proposed to utilize the capacities of lower
Ditch C-1 and New Bayou to carry the diverted flow rather than to
complete the bypass loop to Mustang Bayou. Due to the limitations
on the carrying capacities of lower Ditch C-1 and New Bayou, it was
proposed to limit the initial Mustang Bayou diversion flow to
approximately one half of the existing 100-year flow. The second
and the third projects are to improve the Mustang Bayou through
Alvin to a point south of town near the crossing of the Briscoe Canal,
and to improve Ditch M-1 in the South Park area, respectively.

The Army Corps of Engineers, Galveston District pointed out in the
1989 Reconnaissance Report that a short reach of Mustang Bayou
located immediately west of Alvin has undergone heavy development
in recent years. A man-made cut-off channel has been excavated in
this area for flood relief. Two alternative plans for further
improvement were considered by the Corps: 1) enlargement of cut-
off channel to provide 10-year protection within the developed area,
ending just upstream from the SH 6 bridge; and 2) similar channel
enlargement but continuous down Mustang Bayou through and
beyond the bridge for a total of about 1.5 miles. The bottom width
would be 60 feet, with 1 on 3 side slopes and an invert slope Of
0.0003. Preliminary hydraulics studies revealed that sufficiently
improved flood elevations could be achieved only by continuing the
enlargement through the bridge.

In addition, the Corps also considered a diversion from Mustang
Bayou to the south. As suggested by Drainage District No.3, the
diversion channel begins at a point about 7 miles east from Alvin and
outfalls into Halls Bayou. Under this plan, there will be a subtraction
of about 85 percent for all frequencies of Mustang Bayou flows at the
diversion point mentioned above. Although, as a result of hydraulic
analysis, improved water surface were noted in the reach immediately
upstream from the diversion point, this reach is relatively
undeveloped, change in Alvin attributable to the diversion were
insignificant. Flood damage reduction benefits, therefore, would be
negligible, and this alternative received no further consideration.
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Note that a diversion project for the Mustang Bayou around the City
of Alvin similar to that recommended by Turner, Collie & Braden,
Inc., 1974 is under planning by Drainage District No. 3.

2. Snowden Engineering, Inc. expressed in their 1989 Master Drainage
Plan Report that, for Mustang Bayou, four major factors that
contribute to the flooding problem and limit the degree of channel
improvements are: a) Upstream contributing area from Fort Bend
County; b) Limited right-of-way in the City of Alvin; ¢) Limited
right-of-way at the reservoir; and d) Tidal flooding. Their proposed
improvements include channel rectification, concrete lining, structure
replacement and a regional detention facility.

The recommended plan on Mustang Bayou is based on the existing
condition upstream from the Fort Bend County/Brazoria County Line
and the existing top of bank width on Mustang Bayou within the City
of Alvin limits. A 40-foot bottom width earthen channel with 3:1
side slopes was recommended from the Fort Bend/Brazoria County
Line to an irrigation canal. A 60-foot bottom width earthen channel
was recommended from the irrigation canal to a proposed regional
detention pond. A proposed 150-acre regional detention site was
recommended at this natural bend areca. Downstream from the
proposed pond, the 60-foot bottom earthen channel will be extended
to the city limits of Alvin. From the city limits to CR 160, a concrete
lined section with a 20-foot bottom width having 2:1 side slopes was
recommended to match the existing top of bank due to the limited
expansion on each side of the bank. Downstream from CR 160, a
100-foot bottom width earthen channel was recommended to the
southern limit of the Farm of Texas reservoirs. A 200-foot bottom
width earthen channel was recommended from this section to the
confluence with New Bayou. Downstream from the confluence, a
300-foot bottom width earthen ditch was recommended to just
upstream of Persimmon Bayou. This recommended plan will confine
the thel00-year flood in the bank from the Fort Bend/Brazoria
County line to FM 2004 except for tidal flooding which will still
extend upstream from the existing reservoir.

In addition, they stated in the report that, for Ditch M-1, the major
factors that contribute to the flooding problem and limit the degree of
channel improvements are: a) limited right-of-way of the existing 2-
foot bottom width ditch inside the City of Alvin; b) Overloaded
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storm sewer systems and the 2-foot bottom width concrete lined
ditch; and c) limited capacity of the existing 7-72” CMP under the
Briscoe Canal crossing.

Thus, for Ditch M-1, channel enlargement for the channel reach from
SH 35 to the confluence with Mustang Bayou was recommended.
The recommended plan is based on the improved drainage system
inside the City of Alvin to limit the drainage area to the capacity of
the existing concrete lined channel. By doing this, no improvements
will be required upstream from the existing concrete lining ditch.
Downstream from this ditch to SH 35, a 20-foot bottom width
concrete lined channel with 2:1 side slopes was recommended.
Downstream from SH 35 to the confluence with Mustang Bayou, a
60-foot bottom width earthen channel was recommended together
with additional 3-72” CMP underneath the Briscoe Canal crossing.
This recommended plan will confine the 100-year flood within the
banks all along the channel.

Note that these channel improvement plans have not been
implemented yet.

3.11.4 Current Recommendations

1.

Channel cleaning for Mustang Bayou from De Bello Road bridge
west to Fort Bend County Line. Any significant change or cleaning of
Mustang Bayou should be evaluated by the Drainage District
Engineer to make sure there are not downstream adverse effects. The
channel cleaning will probably send some additional flows
downstream. Recommend a mitigation analysis be prepared to
evaluate the effects of the channel cleaning on downstream flows and
water surface elevations.

Cleaning Mustang Bayou from De Bello Road (CR 90) west to Fort Bend

County Line (from Cross-section 187353, within Drainage Area M-
02, upstream to 220723, within Drainage Area M-01), as shown in
Exhibit 15, was investigated and modeled by HEC-2. The results
reflect that the cleaning will reduce the flood levels in north part of
Manvel area. As shown in Table 57, 56, 55, and Exhibit 44, the
average reductions of flood levels for the cleaned section are
estimated as 0.67 ft, 0.65ft, and 0.67ft for 10-yr, 25-yr, and 100-yr
events, respectively. The cost estimates for the channel cleaning is
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shown in Table 92. The channel cleaning will probably send some
additional flows downstream. Recommend a mitigation analysis be
prepared to evaluate the effects of the channel cleaning on
downstream flows and water surface elevations.

2. At the intersection of CR 48 and CR 174, an elementary school is
planned and the drainage area may need to be diverted from the
school along CR 48 to Chocolate Bayou. The design of the new
school should address any specific issues at this site.

The intersection of CR 48 and CR 174 is located about one mile
south of Cross-section 211495 (within Drainage Area M-01 in
Exhibit 2} of which the right bank watershed divide elevation is 65.6
ft. Under the revised existing condition, the flood levels of 10-yr, 25-
yr, and 100-yr events are 64.72 ft, 65.18 ft, and 65.91 fi, respectively.
After the cleaning of the upstream section of Mustang Bayou
proposed in (1) has been done, as shown in Table 57, 56, 55, and
Exhibit 44, the flood levels can be reduced to 63.90 ft, 64.37 ft, and
65.09 ft for 10-yr, 25-yr, and 100-yr events, respectively, which are
all lower than the watershed divide so that the area should not be
flooded by Mustang Bayou flows. West Fork Chocolate Bayou is
located about 3 miles south of the intersection where the bank
elevation is about 58.00 ft. It may be feasible to divert from the
school along CR 48 to West Fork Chocolate Bayou and this would
further protect the school area from being flooded.

3. The Alvin District is planning a diversion for Mustang Bayou to send
water around Alvin. The City of Alvin Engineering has discussed
preparing the studies and improvement plans for this diversion. This
evaluation will include the diversion of M-1 to C-1-B as shown in
Exhibit 22, Table 97 can be referenced for the cost estimates of the
diversion.

4. Pearland Drainage District is looking at the purchase of a 90-acre site
for a detention facility in the vicinity of CR 564 near the Fort Bend
County line.

It is recommended that the Alvin District continue to implement their
Master Drainage Plan and previously evaluated. The results from
these models could be used to compare to the previously utilized
models, Care should be taken in implementing any improvements
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without consulting with the County Flood Plain Administrator and
others to ensure there are no adverse effects from the construction of
future Master Plan elements.

3.12 New Bayou Watershed

The New Bayou Watershed encompasses a drainage area of approximately 40
square miles and is located in eastern Brazoria County as shown on Exhibit 1.
The New Bayou is a man made channel which has confluence with the Mustang
Bayou in the coastal area. The capacity of New Bayou has recently been
increased in anticipation of the diversion of additional flow from Ditch C-1 (now
within the New Bayou Watershed) to New Bayou.

The New Bayou Watershed is located within Conservation & Reclamation
Drainage District No. 3, which encompasses part of the City of Manvel and the
City of Alvin. The New Bayou Watershed is bounded on the west by Ditch C-1
and Chocolate Bayou Watershed, the north and east by Mustang Bayou
Watershed, and the south by Chocolate Bay.

3.12.1 Hydrologic and Hydraulic Issues

The New Bayou Watershed includes the drainage areas of both Ditch C-1
and New Bayou. The Ditch C-1 Watershed involves part of the
developed area between City of Manvel and City of Alvin. The ditch
drains from this area and conveys the flows to the downstream. The
New Bayou is a relief channel to Ditch C-1 which passes through an area
approximately 95% covered by rice fields, row crops, and graze land as
observed from the 1995 aerial photographs.

Ditch C-1 was originally a man-made tributary of Chocolate Bayou.
Currently, it originates at east of the City of Manvel and flows
southeasterly along the Brazos River Authority Canal (Briscoe Canal) for
about 8.2 miles then tumns south to the New Bayou near CR 169. The old
down stream channel of the C-1 Ditch diverts about 20% of the flow into
the Chocolate Bayou near Liverpool. The New Bayou conveys the flow
from Ditch C-1 and outfalls into Chocolate Bay.

In order to conduct hydrologic routing and hydraulic analysis for the New
Bayou Watershed under existing condition, a revised HEC-1 model and a
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HEC-2 model revised from the existing model (by Snowden
Engineering, Inc.) The stream network configuration in the HEC-1
model is designed based on the New Bayou Watershed Drainage Area
Map (Exhibit 16). The HEC-2 model includes the 2000 Baker &
Lawson survey sections and the revised bridge inspection information.
The comparisons between the revised HEC-1 model outputs and the
corresponding Snowden model outputs for the 100-year and 25-year
events are shown in Table 61 and 62, respectively, and the revised HEC-
1 model outputs for the 10-year event are shown in Table 63. Note that,
in Tables 61 and 62, the significant percentage changes in flows from
downstream of the dirt dam (near CR 169) reflect the combination of
Ditch C-1 with the New Bayou. The comparisons of the HEC-2 model
outputs between the revised existing model and the coded Snowden
model are shown in Table 64 and 65, for the 100-year and 25-year
events, respectively, and the revised HEC-2 model outputs for the 10-
year event is shown in Table 66. The corresponding flood profiles for
the revised existing condition are shown in Exhibit 45. Note that since,
by 1/1/2000, the New Bayou doubled in size from 20 feet bottom to 40
feet bottom, and that the revised HEC-2 model is based on the new
survey sections, some of the estimated water surface elevations are lower
than the source model results in Tables 64 and 65, even though the flows
were increased.

Drainage Problems

The culverts for Ditch C-1-J at SH 6 may not be large enough, and the

channel capacity at this section is less than 10-year frequency as shown
in Table 84.

Previous Improvements and Recommendations

1. Snowden  Engineering, Inc. had channel improvement
recommendations for both Ditch C-1 and New Bayou in the 1989
Master Drainage Plan Report. The recommended plan for Ditch C-1
was a 20-foot bottom width earthen channel from Tankersley Road to
Old Rifle Road and a 40-foot bottom width earthen channel for Old
Rifle Road to the confluence with Chocolate Bayou. The
recommended plan for New Bayou was based on zero diversion from
either Ditch M-1 or Ditch C-1. The recommended plan calls for a
20-foot bottom width earthen channel from CR 169 to Briscoe Canal
crossing, a 60-foot bottom width earthen channel downstream to the
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Missouri Pacific Railroad crossing and a 100-foot bottom width
earthen channel to the confluence with Mustang Bayou. These
recommended plans will confine the 100-year flood in the bank
except for the downstream area subjected to tidal flooding as
mentioned by Snowden.

Note that the bottom size of the New Bayou has been changed from
20 feet to 40 feet since 1/1/2000.

3.12.4 Current Recommendations

1. The C-1 Ditch is a part of New Bayou system in this project. Under
the revised existing condition, the 100-year flood stage at SH 6
section is 52.24 ft, which is higher than the bridge top (EL. 52.22 ft)
since the channel reach at this section has capacity of 25-year
frequency as shown in Table 84. It is estimated that if the channel
section from upstream to downstream of SH 6 (as shown in Exhibit
17) is enlarged by changing the bottom width to 70 fi, elevation to 44
ft, and side slopes to 2.5:1, then, as shown in Table 64, the 100-year
flood stage in SH 6 can be reduced to 52.19 f, which is below the
bridge top. The cost estimates for the works needed to be done to
implement the enlargement is shown in Table 93.

3.13  Oyster Creek Watershed

The Oyster Creek Watershed encompasses a drainage area of approximately 131
square miles and runs from the north central to the southeastern boundaries of
Brazoria County as shown in Exhibit 1. The watershed is composed of the main
stem of Oyster Creek, Blunk Slough, and East Union Bayou. The southern
portion of the Oyster Creek Watershed encompasses the central section of the
Velasco Drainage District No. 2. The City of Holiday Lake and part of the City
of Angleton, Baileys Prairie, Lake Jackson, Richwood, Clute, and Oyster Creek
are located within the watershed. The Oyster Creek Watershed is bounded on
the west and south by the Brazos River Watershed, the east by the Austin Bayou,
Flores Bayou and Bastrop Bayou Watersheds, and the north by Waller County
border.
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3.13.1 Hydrologic and Hydraulic Issues

The aerial photographs, dated January 1995, were reviewed to determine
the extent of development in the Oyster Creek Watershed. These aerial
photographs shows that, except for the sections of the channel that flow
through developed cities, the watershed within Brazoria County remains
approximately 70% in row crops, woodlands or graze land.

The current development in the Oyster Creek Watershed is within the
Velasco Drainage District. It is the policy of the Velasco Drainage
District to require mitigation of any increased runoff by development
within the Oyster Creek Watershed. The only areas of substantial further
development are the Cities of Lake Jackson, Richwood, Clute and Oyster
Creek.

The relatively narrow QOyster Creek watershed lies east of and generally
parallels to the Brazos River. The lower reach of Oyster Creek is tidally
influenced.

Oyster Creek has a sustained water flow year-round, mostly attributable
to the Brazos River Authority, which pumps water from the Brazos River
into Oyster Creck from Harris Reservoir to FM 2004 for irrigation
purpose. Unused water, as well as sewage treatment plant discharge, 1s
returned to the Brazos River downstream via Flat Bank Creek, where an
earthen diversion dam cuts across Qyster Creek. Intermittent run-off and
seepage constitute the only flow in Qyster Creek below the diversion
dam and down to its lower end near Freeport.

During large floods, generally caused by heavy rainfalls in the upstream
area of Brazos River watershed, significant interbasin flow exchanges
occur between the Brazos River and Oyster Creek because of the relative
south