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Dear Dr. Grubb:

We have compieted the final engineering report on the drainage improvement study of
Clear Creek. This final report, updated to reflect comments received on the draft
report from your staff and the cities, was prepared in accordance with the agreement
between the Texas Department of Water Resources (TDWR) and the Cities of
Friendswood and League City dated July 2, 1984,

Our findings indicate the need for, and potential fiood damage reductions resulting
from, drainage improvements to Clear Creek between the Farm-to-Market Road 528
crossing of Clear Creek and a point downstream of the State Highway 3 crossing.
Study methodology and preliminary construction estimates of the proposed
improvements are included.

We would like to acknowledge the valuable assistance that Mr. Gary Laneman of the
TDWR staff provided throughout the duration of the project. Additionally, the U.S.
Army Corps of Engineers, Galveston District assisted in the data collection and
economic analysis phases of the project. The collective guidance and assistance by
both agencies minimized procedural delays, project time and overall costs, thereby
affording timely compietion of the project.

Transmitted herewith are ten copies of the final report. Should you have any questions
or require additional copies of the report, please call.
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Gentlemen:

We have completed the final engineering report on the drainage improvement study of
Clear Creek. The final report reflects all comments received on the draft report from
each city statf and the Texas Department of Water Resources (TDWR).

Our findings indicate the need for, and potential flood damage reductions resulting
from, drainage improvements to Clear Creek between the Farm-to-Market Road 528
crossing of Clear Creek and a point downstream of the State Highway 3 crossing.
Study methodology and preliminary construction estimates of the proposed
improvements are included,

We would like to acknowledge the valuable assistance that Mr. Gary Laneman of the
TDWR staff provided throughout the duration of the project. Additionally, the U.S.
Army Corps of Engineers, Galveston District assisted in the data collection and
economic analysis phases of the project. The collective guidance and assistance by
both agencies minimized procedural delays, project time and overall costs, thereby
affording timely completion of the project.

Transmitted herewith are ten copies of the report for each city. Additionally, ten
copies of the final report are being forwarded to TDWR pursuant to the agreement
between the TWDR and the Cities of Friendswood and League City dated July 2, 1984.

We are prepared to assist the cities in the design and implementation of the
improvements identified in the report and appreciate the opportunity to work on this
interesting project.
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EXECUTIVE SUMMARY

Introduction

On March 5, 1984, the cities of Friendswood and League City, Texas commissioned
Bernard Johnson Incorporated to conduct a hydrologic and hydraulic analysis of the
Clear Creek watershed. The purpose of the study was to determine the effects of
implementing a portion of the federally authorized project along Clear Creek between
State Highway 3 (S.H. 3) and Farm-to-Market Road 528 (F.M. 528).

General Methodology

This study was conducted by utilizing the state-of-the-art computer modeling tech-
niques developed by the U.S. Army Corps of Engineers and other recognized
engineering procedures. Field investigations were made to verify the existing
hydraulic information originally developed by the Corps of Engineers for the flood
control project of Clear Creek. For study purposes the second outlet from Clear Lake
to Galveston Bay, which is proposed to be constructed by the Harris County Flood
Control District, shall be assumed to be in place prior to upstream improvements along
Clear Creek.

Findings and Conclusions

A. Under existing conditions there are approximately 2,645 acres of land between
S.H. 3 and the Galveston County/Brazoria County line that are inundated due to
flooding along the main channel of Clear Creek resulting from the occurrence of

the 10-year frequency storm.

B. Construction of the proposed improvements will result in lowering the 10-year
flood elevations approximately 0-7 feet between S.H. 3 and F.M. 528. The
proposed improvements will remove from the 10-year floodplain approximately
30 percent of the land between S.H. 3 and F.M. 528, and 10 percent of the land
between F.M. 528 and the Galveston County/Brazoria County line.

Bernard Johnson Incorporated




C. For existing and future watershed conditions, respectively, the average annual
damages incurred throughout the study area will be reduced by approximately 30
and 10 percent, and approximately 250 and 130 existing structures will be
removed from the 10-year floodplain as a result of construction of the proposed
improvements.

D. The total cost of the improvements proposed as a result of this study is
approximately $21,223,000.

Recommendations

A. That the proposed improvements be constructed.

B. That further improvements to Clear Creek, upstream of the reach investigated

in this report, be investigated and evaluated.

Berniard Johnsan Incorporated
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1.0

1.1.

1.2

INTRODUCTION

Authorization

This report was prepared in accordance with the letter agreement between the
cities of Friendswood and League City, Texas ("Cities") and Bernard Johnson
Incorporated (BJ1), dated March 5, 1984, for conduct of a hydrologic and
hydraulic analysis of Clear Creek. The report describes the results of that

analysis.

Objective and Scope

The scope of services as defined in the letter agreement is as follows:

A. Prepare application for a flood control planning contract between the
Cities and the Texas Department of Water Resources (TDWR), the contract
to be funded from the TDWR Research and Planning Fund. Represent the
Cities, as required, in correspondence, meetings, etc. prior to final Board
decision on the application. No further work is to be undertaken pending
advice of favorable Board action and then only if such work is within the
scope of the Cities' contract with TDWR.

B. Hold Project start-up meeting with the Cities, establish lines of

communication and coordination, discuss scheduling, etc.

C. Collect available pertinent data on the Clear Creek watershed from the
District and from the Galveston District office of the U. S. Army Corps of
Engineers, such as hydrology and hydraulic models, flood maps, aerial
photos and maps, design memorandums, survey data, etc. Conduct field
reconnaissance of watershed area to be investigated. Review and evaluate
data and determine additional requirements, if any, and advise the Cities

of results.

D. Assess existing watershed conditions under 10 year storm frequency.

Bernard Jonnson incorporated




2.

3.

Establish available hydrology/hydraulic models on in-house computer

and update as required to reflect known existing conditions.

Develop flood flows, flood maps and flood profiles, define floodplains

and evaluate flood damage potential.

Review findings with the Cities.

Develop program of improvements.

l.

4-

Again utilizing the hydrology/hydraulic models and the existing
conditions information developed in item D, determine the design
storm frequency to be used and test various improvements on the
model to identify those which offer significant damage reduction
within the project cost parameter and without imposing the hazard of

increased downstream damage.
Determine that all improvements selected for inclusion in the
program are within the scope of the Corps of Engineers improvement

project for Clear Creek.

Prepare flood profiles and floodplain maps for the improved

condition, taking into consideration all proposed improvements.

Review findings with the Cities.

Present the recommended results of the investigation in a bound report, all

improvements to be prioritized and described and sketched in sufficient

detail to permit design engineers to prepare detailed plans and speci-

fications for construction without further hydrologic/hydraulic investi-

gation or study. Construction cost estimates for all recommended

improvements would be included. The report will also contain a map(s)

which will comparatively depict the floodplains resulting from a 10 year

storm (and other storm events, such as 5 year, 25 year, etc., as may be

desired) under:
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L. Existing conditions,

2. Improved conditions contemplated by this plan,

3. Improved conditions contemplated by the Corps of Engineers'

authorized plan for Clear Creek.

G.  Assist the Cities, as desired, in preparing information for dissemination to
the public and in making presentations to elected officials and/or at public

meetings.

H. Assist the Cities in preparation of permit applications to enable improve-
ments to be constructed. Take follow-up actions, as required, aimed at

securing approval of the applications by cognizant governmental agencies.

Subsequent to the agreement between the Cities and BJI, on July 2, 1984 the Cities
entered into an agreement with Texas Department of Water Resources to obtain
financial assistance for the hydrologic and hydraulic analysis of Clear Creek. This
financial assistance was made possible through the Water Conservation, Water Quality,
and Water Development Planning and Research, and Flood Control Planning Fund. The
scope of services to be furnished by the Cities under this agreement modified the

scope of services between the Cities and B3I as follows:

A. Conduct public meetings to solicit comments from the general public as to

the scope and content of the drainage study.

B. Obtain additional field surveys where necessary to update the hydrologic

and hydraulic models for current watershed conditions.

C. Develop preliminary flood control channel designs to contain the 10-year

frequency flood event within banks.
D. Estimate the potential flood damage reduction expected from the proposed

improvements. This task will be limited to calculating the reduction in

floodplain surface area.

Bernard Johnsan Incorporated




On September 25, 1984 a meeting was held at the Friendswood City Hall to discuss
recent correspondence received by the City of Friendswood from the Corps of
Engineers. The correspondence stated the status of the federal project along Clear
Creek and included a revised cost estimate for the federal project. The federal
project total cost is now estimated at $120 million, up approximately $28 million from

the last estimate.

As previously stated, the purpose of this study was to determine the improvements
which offer significant damage reduction within a project cost of $10-12 million
dollars. This project cost limitation was based upon an earlier estimate of the cost of
the federal project between F.M. 528 and S.H. 3. In light of the recently revised
federal project cost estimate, it was agreed that this drainage study would investigate
the effects of the improvements identified in the federal project between F.M. 528
and S.H. 3 with the requirement that such improvements would not impose a hazard of
increased downstream damage. Estimate of the construction cost for those improve-

ments would be calculated.

Discussions of the detailed hydrologic and hydraulic analysis along with the
recommended improvements and estimated construction costs are outlined in the

following sections.

Bernard Johnson Incorporated
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2'1

GENERAL INFORMATION

Background

Since 1930, major rainfall events have occurred within the Clear Creek water-
shed, causing widespread flooding throughout the watershed. In July 1979,
tropical storm Claudette deposited between 10 and 20 inches of rain throughout

the watershed resulting in flood damages estimated at $95 million dollars.(z)

Recognizing the existing flooding potential of the Clear Creek watershed, the
federal government had initiated planning studies to investigate the improve-
ments necessary to reduce the flooding throughout the watershed. In 1968, the
U.S. Congress authorized a flood control improvement plan for Clear Creek,
upstream of Clear Lake. The improved channel, designed to convey the 100-year
flood flows within channel banks, would be approximately 31 miles in length,

thereby reducing the natural channel length by 10 miles.

In January 1974, the U.S. Army Corps of Engineers held a public meeting to
discuss the federally authorized plan. There was public expression of a strong
desire to develop a plan which would provide flood protection with minimal
disturbance to the natural environment. Additionally, residents in the Clear
Lake area requested that the project include additional outlet capacity from
Clear Lake to Galveston Bay to offset the potential increase in flooding around

the lake that would be caused by upstream drainage improvements.

Subsequent to the January 1974 public meeting, numerous flood control alter-
natives were investigated, such as reduced levels of flood protection, channel
bypasses around populated areas, and reducing the total length of improved
channels. The current plan is commonly referred to as the "Modified 10-Year
Channel”. This plan consists of approximately 23 miles of improved channel
upstream of Clear Lake, designed to provide flood protection against the 10-year
frequency flood. Non-structural measures, such as floodplain management of the
residual 100-year floodplain, are recommended. Additionally, a second outlet
between Clear Lake and Galveston Bay is proposed. The federal project is now

in the design phase, and construction plans and specifications are being prepared

Bernard Johnson Incorporated




2.2

for the first phase of construction between the headwaters of Clear Lake
upstream to the S.H. 3 crossing. No appropriations for construction have been
made to date.

On September 27, 1983 the City of Friendswood held a public meeting of local,
state and federal officials to discuss the status of the Corps of Engineers' Clear
Creek flood control project. At that time, federal budgetary reductions were
anticipated and the likelihood of Congress appropriating funds for "new
construction starts" of water-related projects appeared remote. Realizing these
Congressional sentiments and the future implications upon the Clear Creek
project, the City of Friendswood proposed participation from local communities
along Clear Creek to finance the cost of an independent engineering study of the
Clear Creek watershed. This study, designated as the Clear Creek Safety Valve
Plan, would investigate the hydrologic and hydraulic effects of implementing a
portion of the federal project as outlined in the Clear Creek Preconstruction
Authorization Planning Report, of the Corps of Engineers. In the event that the
local sponsors elect to construct the Safety Valve Plan prior to federal
appropriations for construction funding, the local sponsors plan to seek credit for
the cost of constructing the proposed improvements toward the local share of

the federal project prior to start of construction.

On July 2, 1984 the cities of Friendswood and League City contracted with the
Texas Department of Water Resources to jointly finance a study of Clear Creek.
The goal of the investigation was to determine the potential reduction in flood
elevations resulting from certain channel improvements along Clear Creek from
F.M. 528 to S.H. 3. The study was to be based upon the assumption that the
second outlet from Clear Lake to Galveston Bay would have been constructed
prior to construction of the upstream improvement. Preliminary cost estimates

would be prepared for the improvements identified in the analysis.
Location

Clear Creek forms the southern boundary of Harris County and the northern
boundary of Galveston County and portions of Brazoria County. Clear Creek
originates in Fort Bend County and flows in a southeasterly direction to its

outfall into Clear Lake. The stream is approximately 45 miles in length and

6
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2.3

2.4

2.5

drains a watershed of approximately 260 square miles upstream of the Clear
Lake outlet to Galveston Bay. The stream reach that was investigated in detail
in this report lies between the S.H. 3 crossing of Clear Creek and the F.M. 528

crossing, some eight miles upstream. (See Exhibit 1).

Topography

The majority of the land within the Clear Creek watershed is relatively flat with
a mild slope of approximately 0.03% in a southeasterly direction. Elevations
vary from approximately mean sea level (MSL) in the Clear Lake area, to
approximately 75 feet MSL in the western portion of the watershed. All
elevations were obtained from United States Geological Survey (U.S.G.S.} 7.5

minute quadrangle maps and are based upon 1927 datum, 1973 adjustment.

Soil Characteristics

The predominant soil deposits in the Clear Creek watershed are comprised of
clays, silts and localized sandy pockets. The soil has high shrink-swell potential,

(3)

low bearing capacity, high moisture content and low permeability.
Climate

The climate of the area is humid with a moderate range of temperatures. Based
upon data obtained from historical weather records from the Alvin Weather

0y

Station, ' average temperatures range from 54° in the winter to 80° in the
summer. The average annual precipitation on the watershed is approximately 47

inches.
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3.0

3.1

3.2

EXISTING WATERSHED CONDITIONS

General

In the development of a flood control project, the existing flooding potential of
the stream under investigation is established. The existing watershed conditions
direct the investigation toward stream reaches where flood control measures are
necessary. This phase of the analysis provides a basis for comparison between
the pre and post improvement conditions to assess the merits of the proposed

flood control improvements.

The following sections describe the models and methods utilized to establish the
flooding potential along Clear Creek. Sources of the base data, and procedures
utilized to update the data to reflect 1984 watershed conditions, will be

addressed.

Hydrology

3.2.1 Hydrologic Model Source

The Galveston District of the Corps of Engineers prepared (in 1981) the
original hydrologic model of the Clear Creek watershed for their Clear
Creek Preconstruction Authorization Planning Report. This model was
developed to investigate the rainfall/runoff/diversion characteristics
throughout the watershed.

3,2,2 Hydrologic Parameters

The basic information required to construct a hydrologic model include:
drainage area, subarea characteristics, rainfall, infiltration loss rates,
and stream routing components. The following paragraphs describe each
element of the hydrologic model and the methods utilized to develop

each element.
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Drainage Areas - The drainage area of the Clear Creek watershed,

as shown on Exhibit 2, encompasses an area of approximately two
hundred and sixty (260) square miles. Of this total drainage area,
approximately 174 square miles are tributary to the mainstream of
Clear Creek upstream of Clear Lake. In the original hydrologic
model, seventy-four individual subareas were identified to develop
runoff hydrographs {quantity of runoff over time measured at a
fixed location). The subareas were delineated utilizing topographic
data from U.S.G.S. 7.5 minute quadrangle maps supplemented with
one-foot contour interval aerial topographic maps. Shown on

Exhibit 3 are the subareas utilized in the hydrologic model.

Subarea Characteristics - Subarea characteristics were utilized to

develop the runoff hydrograph of each subarea under investigation.
The methodology used to calculate the runoff hydrographs was the
Clark Unit Hydrograph Method. The two main variables in the
derivation of the Clark unit hydrograph are time of concentration
(Tc) and Clark storage coefficient (R). Time of concentration is a
function of the length and type of flow path that the runoff assumes
within a subarea. It is assumed that the longest travel time
necessary for runoff to travel from the hydraulically most distant
point of the subarea to its outlet or other reference point down-
stream is equal to the time of concentration. This variable affects
the peak flow of the runoff hydrograph. The Clark storage
coefficient is a value that simulates the storage characteristics of
the subarea (eg: detention facilities, rice fields, etc.) and affects

the overall shape of the runoff hydrograph.

The simultaneous equations for calculating Tc and R are:

Tc + R = 0.966 L 0711 (1op) -0-60
R __
Tec + R = 0.66

Bernard Johnson Incorporated




where:

Te = time of concentration, in hours
R = Clark storage coefficient, in hours
L = Stream length from its outfall to drainage

divide, in miles

9% = Percentage of impervious area

The above equations were developed by the Galveston District of
the Corps of Engineers from a linear regression analysis of twenty-
seven stream gages throughout the Houston Metropolitan Area. The
analysis studied the hydrologic effects of over 470 storms ranging in
magnitude from 0.29 to 10.60 inches of rainfall. Shown in Table |
(Section 8) are the subarea characteristics in the original model
which were used to calculate the existing runoff potential of each

subarea investigated.

c. Rainfall - The l0-year frequency storm was used as the basis for
establishing existing watershed conditions. This storm was selected
since the federal project has been modified to a 10-year flood
control project. The point rainfall values utilized in the original
hydrologic model were obtained from a National Weather Bureau
Technical Paper(s). The point rainfall values were adjusted
according to the depth-area-duration procedures outlined in this
technical paper when simulating storm centerings throughout the

- watershed. The unadjusted 10-year point rainfall value is

approximately 8.6 inches.

d. Infiltration Loss Rates - Infiltration loss rate is the quantity of

rainfall which is expected to be absorbed into the soil and which
does not contribute to subarea runoff. The original model utilized
an initial loss rate of 1.0 inch and a uniform rate of 0.05 inches per
hour. The values were selected based upon storm reproductions for
the Houston Metropolitan Area. In the absence of available gage
records within the Clear Creek watershed, the selected values were

considered to be representative.

10
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3.2.3

e. Stream Routing Components - The original hydrologic model utilized

the modified Puls methods of routing to study the flow charac-
teristics of the flood wave traveling downstream along Clear Creek.
This method determines the amount of attenuation (reduction in
peak flow) of the floodwave along the mainstream caused by basin
storage (overbank flooding). The routing components required for
the modified Puls routing are storage-discharge relationships and
routing steps. Both components are derived from steady state
backwater runs of the mainstream of Clear Creek. Utilizing various
steady state runs reflecting a range of synthetic flood conditions,
routing nodes and steps are selected based upon average travel time.
Storage volumes are calculated between each pre-selected routing

node.

Model Revisions

Prior to calculating the potential 10-year frequency flood flows through-
out the Clear Creek watershed, several revisions to the original hydro-

logic model were required.

Initially, the Clear Creek watershed was modeled utilizing the "HEC-1
Flood Hydrograph Package for Dam Safety Investigation", which was
developed by the Hydrologic Engineering Center of the U.S, Army Corps
of Engineers in September, 1978. A newer version of HEC-1 was
introduced by the Hydrologic Engineering Center in September, 1981.(6)
The original model was revised to be compatible with the latest version
of HEC-1. Upon completion of the hydrologic model recoding and
formatting, flood flows for 1981 existing watershed conditions, subject
to the occurrence of the 10-year frequency flood, were calculated and
compared to the flood flows documented in the Clear Creek Precon-
struction Authorization Planning Report to ensure correct model

conversion.

Since development of the original model, local drainage districts
operating within the Clear Creek watershed have constructed improve-

ments to several reaches of the mainstream of Clear Creek and one

11
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major tributary--Marys Creek. The improvements included channel
clearing and widening, channel excavation, concrete lining, and high-
stage overflow channels across oxbows. Due to the sporadic and isolated
nature of the improvements and the fact that only minor changes in
development occurred between 1981 and 1984, the subarea charac-
teristics developed for 1981 conditions were considered appropriate.
However, these improvements could conceivably alter the storage-
outflow relationships utilized to investigate the attenuation of the peak
flood flows along Clear Creek. Therefore, the backwater models of
Clear Creek and Marys Creek were modified to reflect all improvements
constructed since development of the original models, and revised
steady-state backwater runs were prepared. (Refer to Section 3.3.2
below, for further description.) Based upon the revised steady-state
analysis and maintenance of the pre-selected routing reaches, new

storage-outflow relationships and routing steps were calculated.

Utilizing the revised hydrologic model of the watershed, which reflected
the changes previously described, 10-year frequency flood flows were
recalculated to represent 1984 existing watershed conditions. Shown in
Table 2 is a tabulation of the 10-year frequency flood flows for 1981 and
1984 existing watershed conditions. A comparison of the flows reveals
an increase of some 15-20 percent throughout most of the watershed
between 1981 and 1984. The computer summary printouts of the flood
routings are included in Appendix | (Section 10) to this report.

3.3  Hydraulics

3.3.1

Hydraulic Model Source

The Galveston District of the Corps of Engineers prepared {in 1981) the
original hydraulic model of Clear Creek for the Preconstruction Author-
ization Planning Report. The hydraulic model was developed to
calculate the potential flood elevations along the channel utilizing
physical data describing the flow characteristics of Clear Creek and the
flood flows obtained in the hydrologic analysis. The following paragraphs

describe the basic data input for the model.

12
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3.3.2

A. Floodplain Reconnaissance - Field investigations were made in order

to verify factors needed to estimate channel and floodplain rough-

ness coefficients required for the hydraulic analysis.

B. Cross Sections - Cross section measurements were performed
utilizing field survey methods to an accuracy of +0.1 of a foot.
Field measurements included the preparation of a base level line
throughout the project area tied to the 1973 datum.

C. Surveys of DBridges and Structures - DBridge dimensions were
measured in the field to an accuracy of +0.1 of a foot. A bridge
centerline cross section was measured at the same time as other
cross section work to determine the obstructive characteristics of

the roadway located in the overbank areas.

D. Roughness Coefficients - Roughness coefficients (Mannings ") for
the Clear Creek watershed were estimated from field inspection,
field photographs and aerial photographs. Roughness values for the
channel areas varied between 0,03 and 0.06, while roughness values
for the overbank areas varied between 0.07 and 0.15. The above "n"
values appeared to be adequate and representative of the flow
characteristics of the watershed as compared to floodplain studies

on drainageways of similar characteristics.

The original hydraulic model was prepared utilizing the Corps of

(7

Engineers HEC-2 computer model to calculate the existing flood
potential along Clear Creek. This program incorporates the field survey
data, topographic map information and flood flows computed in the

hydrologic analysis to calculate potential flood elevations.

Model Revisions

As previously described in Section 3.2.3, numerous improvements have
been constructed within the Clear Creek watershed since development of
the original hydrologic and hydraulic models. Hydraulic information
relating to the drainage improvements was collected from the following

sources:

13
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Clear Creek Drainage District (CCDD)

(1) As-built drawings of five high stage overflow channels across
oxbows along Clear Creek between Interstate Highway 45 (LH. 45)
and the Marys Creek outfall.

(2) Construction plans of improvements along Marys Creek downstream

of the Brazoria/Galveston County line.

(3) General limits of channel maintenance performed along Cowarts and

Chigger Creeks.

Brazoria County Drainage District No. 4 (BCDD #4)

(1) Field Surveys - cross-sectional field surveys of the channel widening
and south bank excavation along Clear Creek from State Highway 35
(S.H. 35) downstream to the reservoirs located along the north bank

of Clear Creek in Harris County.

Harris County Flood Control District (HCFCD)

(1) Preliminary engineering report of the proposed second outlet from
Clear Lake to Galveston Bay.

(2) As-built drawing of one high stage overflow channel across an oxbow
along Clear Creek.

(3) Hydraulic model of Clear Creek reflecting channel improvements
along the upper reaches of Clear Creek and improvements to three

bridges crossing in the vicinity of S.H. 35.

City of League City

(1) Watershed reports of tributaries located in the vicinity of L.H. 45
(Magnolia Creek, Newport Ditch and Corum Ditch), which describe

drainage improvements along each tributary.

Prior to revising the hydraulic model, a field reconnaissance of the

watershed was performed to confirm the limits and extent of the

14
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3.3.3

improvements described above and verify channel reach lengths and
roughness coefficients between surveyed cross-sections. The original
hydraulic model of Clear Creek was then adjusted to reflect conditions

observed in the field.

Utilizing the hydraulic information provided by HCFCD, CCDD and
BCDD #4, the hydraulic model of Clear Creek was revised to reflect the
improvements upstream and downstream of S.H. 35 and the six high
stage overflow channels. These improvements resulted in significant
changes in the hydraulic capacity of Clear Creek and reduced the total
length of direct flow in the mainstream during flood stage. Although
this study did not address the existing flooding potential along the major
tributaries, the hydraulic information on the improvements to the
tributaries was required to assess the subarea characteristics and the
resultant impact upon the computed runoff hydrographs in the hydrologic

analysis.

The improvements along Marys Creek were modeled in the hydrologic
analysis since a separate routing of this stream was established within
the watershed routing model. The subarea characteristics (time of
concentration and Clark storage coefficient) for Cowarts Creek, Chigger
Creek, Magnolia Creek, Newport Ditch and Corum Ditch were
recalculated to reflect the improvements constructed since development
of the original hydrologic model. The improved subarea characteristics
were compared to the subarea characteristics utilized in the Corps
hydrologic and hydraulic analysis. The comparison indicated that the
improvements along these streams had not significantly affected the
overall time of concentration of each subarea, therefore the

improvements were disregarded.

Initial Conditions

A study of the coincident occurrence of rainfall within the Clear Creek
watershed and normal tide levels of Galveston Bay was performed by the
Galveston District of the Corps of Engineers for the Preconstruction

Authorization Planning Report. The analysis determined that a peak tide
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3.3.4

level of 3.3 feet above MSL would occur about one time per year with a
median tide level of 2.0 feet above MSL. The original mode! utilized the
median tide elevation of 2.0 MSL as the starting elevation for the water
surface profile computations for Clear Creek. This elevation appeared
to be representative and was utilized as the starting elevation for this

report.

Water Surface Profiles

The water surface profiles along Clear Creek for 1984 existing water-
shed conditions were computed utilizing the updated HEC-2 computer
model with the revised flood flows from the hydrologic analysis. Shown
on Exhibit 4* is the cross-sectional layout of the original field surveys
used in the computer modeling. Shown in Table 3 is a comparison of the
original versus revised hydraulic model cross-section designations at key
locations along Clear Creek. This table illustrates the revised channel
length of Clear Creek due to reach length adjustments made as a result
of field observations. Shown on Exhibit 5* are the 10-year frequency
water surface profiles for existing conditions with and without the
proposed improvements. (See Section 4.0 for description of existing
conditions with proposed improvements.) Shown on Exhibit 6* are the
10-year frequency floodplain limits for existing conditions with and
without the proposed improvements. The HEC-2 computer summary
printouts for the 1984 existing conditions water surface profiles are

provided in Appendix 2.

*The total length of Clear Creek (including Clear Lake) is approximately
45 miles. This report addresses the effects of improving a 5-mile reach
of the mainstream located in the downstream reaches of the watershed.
For the purpose of this report, all exhibits of the mainstream were

limited to the lower 25 miles of Clear Creek (including Clear Lake).

16

Bernard Johnson Incorporated




4.0

4.1

4.2

PROPOSED IMPROVEMENTS

General

As earlier stated, the goal of this study of Clear Creek was to determine the
feasibility of implementing a portion of the federally authorized flood control
project of Clear Creek. The study investigated the potential reduction in the 10-
year frequency flood elevations along Clear Creek between F.M. 528 downstream

to S.H. 3, assuming the following improvements were constructed:
(1)  Second outlet from Clear Lake to Galveston Bay

(2) Channel improvements along Clear Creek from F.M. 528 downstream to
S.H. 3

The study was based upon the following constraints:

(1} Maintain the alignment and channel sizes identified in the federal project

(2) Assume compliance with all environmental requirements identified in the

federal project

(3) No increase in the flood levels along Clear Creek downstream of the Safety

Valve Plan
The following sections describe the hydrologic and hydraulic analysis of the
proposed improvements and an economic assessment of the potential reduction in

flood damages resulting from implementation of the proposed improvements.

Hydrologic Conditions

Generally, in the investigation of flood control improvements, two variables
{(development and channel improvements) affect the resultant design flood flows
utilized in the final analysis. Dependent upon the existing developed condition of
the watershed and the natural characteristics of the stream under investigation,
future watershed development with fully improved channels may result in

approximately 200-300% increase in the existing condition peak flood flows.
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This increase in flows results from the increased volume of runoff associated
with development combined with the decreased hydraulic travel time due to
storm sewers and improved open channels. For thig reason, two hydrologic
watershed conditions were investigated-—existing and future—-with the proposed
improvements constructed in each case. The following is a general description
of each of these hydrologic conditions:

4.2.1 Existing Watershed Conditions with the Proposed Improvements

The hydrologic and hydraulic effects of construction of the proposed
improvements, with no increase in development within the watershed, were
analyzed. The results of this analysis illustrates the immediate effects,
throughout the watershed, of the proposed channel improvements. The
improved channel reduces travel time and basin storage, thus increasing
the computed peak flood flows with no increase in the volume of runoff,
since development within the watershed is assumed to remain unchanged,
The stream routing coefficients developed for the existing stream charac-
teristics were modified to reflect the improved channels identified in the

federal project.

4.2.2 Future Watershed Conditions with the Proposed Improvements

The hydrologic and hydraulic effects of future development of the water-
shed, combined with the construction of the proposed improvements, were
analyzed. The results of this analysis illustrates the potential increase in
peak flood flows due to the increased volume of runoff attributed to future
development and reduced trave] time associated with the proposed channel
improvements. The hydrologic mode] developed for existing watershed
conditions with the proposed improvements was modified to reflect future
watershed conditions. The subarea characteristics (Tc & R) utilized to
calculate the runoff from each subarea were revised to reflect future
development. The revised subarea characteristics were obtained from the
Corps of Engineers Preconstruction Authorization Planning Report. These
subarea characteristics were based upon estimated growth patterns and

future land use predictions for the Clear Creek watershed (See Table 4),
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Shown in Table 5 are the computed 10-year frequency flood flows for the
existing watershed conditions assuming no improvement, and for existing
and future watershed conditions assuming construction of the proposed
improvements. The computer summary printouts of the flood routings are

included in Appendix 1 to this report.

4.3 Proposed Improvements

4.3.1

4.3.2

4.3.3

Second Outlet

An underlying assumption of the Safety Valve Plan is that the second outlet
from Clear Lake to Galveston Bay will have been constructed. Without
provision for a second outlet, ultimate improvements to Clear Creek would
cause a rise in the levels of Clear Lake of approximately 2-3 feet, as
indicated in the Corps of Engineers report on the federal project. The
proposed second outlet would provide the necessary flow area and hydraulic
gradient to accommodate drainage improvements to Clear Creek without
increasing the flood potential to residents located adjacent to the lake.
Utilizing data obtained from HCFCD, the outlet's cross-sectional flow area

and alignment were incorporated into this analysis.

Safety Valve Plan

The proposed improvements identified in the federal project between
F.M. 528 and S.H. 3 were maintained for this investigation. Specifically,
the proposed channel alignment, channel geometry and flow line were used.
The bridge improvements proposed at S.H. 3 and LH. 45 were incorporated
into the analysis.

Downstream Improvements

The initial hydraulic analysis of the effects of the improvements proposed
in the Safety Valve Plan, combined with the second outlet, indicated
significant reductions in the flood levels between S.H.3 and a point
approximately three miles upstream of F.M. 528. However, since the

improvements begin approximately two miles upstream of the Clear Creek
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outfall into Clear Lake, the flood levels along this two mile reach of Clear
Creek increase approximately 0.5 feet due to the upstream drainage
improvements. Additional improvements were therefore proposed down-
stream of S.H. 3 to offset the effects associated with the upstream
improvements. The downstream improvement requirements were deter-
mined based upon the anticipated flood flows resulting from future
watershed development.  Therefore, this reach of Clear Creek will
experience minor reduction in flood levels immediately and until such time
as the watershed achieves future development. Assuming no further
improvements to the mainstream of Clear Creek, the flood levels along
this reach of the stream will increase back to the levels presently being

experienced.

Shown in Table 6 is a comparison of the existing versus improved conditions
hydraulic model cross-section designations, at selected bridge locations
throughout the watershed. This table illustrates the reduced channe!
length of Clear Creek resulting from construction of the proposed improve-
ments. Table 7 contains a prioritized tabulation of the proposed improve-
ments. Exhibits 5 and 6 show the water surface profiles and floodplains
comparing the existing watershed conditions for both pre and post
construction of the proposed improvements. Shown on Exhibits 7 through
1l are sketches of the typical channels, pipeline relocations and bridge
improvements recommended. The computer summary printout of the flood

profiles is included in Appendix 2 to this report.

The flood profiles for future watershed conditions with the proposed
improvements were also calculated. The results of this analysis indicate
that the levels are approximately 0.3 to 0.5 feet above the flood levels
calculated for existing watershed conditions with the proposed improve-
ments. For purposes of clarity, the calculated water surface profile and
floodplain limits for future watershed conditions with the proposed

improvements have been omitted from Exhibits 5 and 6.

Review of the computed flood elevations for future watershed conditions
indicate that flood levels upstream of F.M. 528 will be greater than the

flood elevations calculated for existing watershed conditions (1984). This
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is due to the increased runoff associated with future development with no
drainage improvements to Clear Creek upstream of F.M. 528. Therefore,
it is recommended that future studies be made of the Clear Creek
watershed, upstream of the Safety Valve Plan, to provide the necessary
drainage improvements to Clear Creek to accommodate upstream
development without increasing the flood potential to existing developed

areas.

4.4 Economic Analysis

4.4.1 Damage Reduction

A flood damage analysis was performed to determine the extent of
damages anticipated throughout the study reach under existing watershed
and channel conditions and the amount of reduced damages resulting from
the construction of the proposed improvements. Utilizing the original
stage-damage relationship prepared for the federal project, (relationship
between depth of flooding and dollar amount of damages), total damages
and number of inundated structures were calculated for each watershed
condition investigated for a range of storm events (2, 10, 25, 50, 100-year
and Standard Project Flood), in order to compute average annual flood
damages. Shown in Table 8 are the results of the economic analysis,*
indicating that damages within the study area will be reduced approx-
imately 30 percent and 10 percent, respectively, as a result of the
construction of the proposed improvements for existing and future

watershed conditions.

The above analysis concentrated on damages associated with flooding to
existing structures only. The analysis does not address other benefits such
as reduction in flood insurance costs, restoration of land values and

projected benefits associated with future development.

¥This information was developed with direct assistance from the
Economics Branch of the Galveston District, Corps of Engineers.
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4.4.2 Cost Estimate

The construction cost estimates (Table 9) for the improvements identified
in this report were based upon the itemized cost estimate from Appendix V
~ Engineering and Cost Data of the "Clear Creek, Texas -Flood Control,
Preconstruction Authorization Planning Report" prepared by the Galveston
District, Corps of Engineers. Through discussion with District personnel,
inflation factors were obtained to adjust the original cost estimate to
reflect 1984 conditions. Construction cost figures include estimates for

engineering and design, contingencies, supervision and administration.
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5.0

CONCLUSIONS

The analysis indicates the following:

A.

Under existing conditions there are approximately 2,645 acres of land,
between S.H. 3 and the Galveston County/Brazoria County line, that are
inundated due to flooding along the main channel of Clear Creek resulting

from the occurrence of the 10-year frequency storm.

Construction of the proposed improvements will result in lowering the 10-
year flood elevation approximately 0-7 feet between S.H. 3 and F.M. 528,
The proposed improvements will remove from the 10-year floodplain
approximately 30 percent of the land between S.H. 3 and F.M. 528 and 10
percent of the land between F.M. 528 and the Galveston County/Brazoria

County line.

The average annual damages incurred throughout the study area will be
reduced by approximately 30 and 10 percent, and approximately 250 and
180 existing structures, respectively, will be removed from the 10-year
floodplain as a result of construction of the proposed improvements, under

existing and future watershed conditions.

The total cost of the proposed improvements, excluding the cost of the

second outlet, is approximately $21,223,000.
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6.0 RECOMMENDATIONS

A. That the Safety Valve Plan and downstream improvements be constructed.

B. That further improvements to Clear Creek, upstream of the reach

investigated in this report, be investigated and evaluated.
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*Stream Mile designations refer to the original Corps model.

SUBAREA CHARACTERISTICS

Subarea
Description*

Above SM 45.31

SM 45,31 to SM 44.12
SM 44.12 to SM 42.49
SM 42.49 to SM #0.55
SM 40.55 to SM 38.88
SM 38.88 to SM 36.61
SM 36.61 to SM 35.18
SM 35.18 to SM 34.22
SM 34.22 to SM 33.17
SM 33.17 to SM 32.49
SM 32,49 to SM 31.63
SM 31.63 to SM 29.98
SM 29.98 to SM 23.20
Trib. at SM 23.20
Turkey Creek Al
Turkey Creek A2
Turkey Creek A3
Turkey Creek A&

SM 23.20 to SM 19.55
Marys Creek Al
Marys Creek A2
Marys Creek A3
Marys Creek A4
Marys Creek A5

SM 19.55 to SM 17.04
Chigger Creek Al
Chigger Creek A2
Chigger Creek A3
Chigger Creek A%
Chigger Creek A5
Chigger Creek A6
Chigger Creek A7
Chigger Creek A8
Chigger Creek A9
Chigger Creek AlQ
Chigger Creek All
Chigger Creek Al2
SM 17.04 to SM 13.52

TABLE 1

Area Length Percent Tc R
(Sq. Miles) (Miles) Impervious (Hrs.) (Hrs.)
4,04 3.67 3 4,58 3.88
3.27 2.73 3 4.04 7.85
8.33 4,33 3 4.90 9.51
6.93 3.56 3 4.52 8.78
6.95 3.60 4 3.81 7.38
5.87 3.77 5 3.40 6.61
3.33 3.63 5 3.35 6.49
3.71 3.00 6 2.77 5.38
3.03 2.50 15 1.49 2.88
1.23 2.80 4 3.44 6.69
1.61 3.65 L 3.83 7.43
4.05 3.10 10 2.02 4.26
4.53 6.82 10 2.36 5.55
8.33 6.93 15 2.26 4,39
4.23 3.57 12 1.97 3.82
2.15 2.71 3 4.04 7.34
2.60 3.15 4 3.60 7.00
1.39 2.59 3 3.96 7.68
1.98 4,73 3 5.06 9.82
3.47 2.56 3 3.83 7 .64
3.88 3.00 5 3.09 6.00
2.90 2.78 5 L.77 3.44
2.22 3.02 3 3.09 6.00
4.92 5.33 5 2.59 5.02
2.82 3.49 10 2.17 4,21
2.48 3.00 3 4,20 8.16
1.07 1.35 3 3.02 5.87
1.12 2.97 3 4,18 8.13
1.38 2.49 5 2.81 5.56
0.66 1.72 3 3.35 6.49
1.19 2.84 5 3.03 5.87
0.63 2.55 5 2.39 5.62
1.94 2.74 3 4.05 7.86
1.05 2.50 3 3.90 7.57
0.20 1.15 3 2.84 5.50
0.43 1.23 3 2.91 5.66
3.54 6.10 5 b.14 8.04
4,15 3.83 b3 2.58 5.02
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TABLE | (con't)

SUBAREA CHARACTERISTICS

Subarea Area Length Percent Te R
Location Description* (Sq. Miles) (Miles) Impervious (Hrs.) (Hrs.)
2]1A1 Cowart Creek Al 7.06 2.75 4 3.40 6.60
21A2 Cowart Creek A2 3.82 1.88 4 2.93 6.90
21A3 Cowart Creek A3 2,62 2.36 3 3.80 7.38
21A% Cowart Creek A4 7.55 7.35 10 2.95 5.72
22 SM 13.53 to SM 9.88 4.17 4.27 4 4.10 7.95
23 Magnolia Bayou 4.09 4.95 3 5.17 10.02
24 Trib. on S at SM 11.0 3.06 5.48 4 4.53 8.78
25 Trib. on N at SM 9.8 4.25 5.17 4 4.41 8.57
26 S5M 9.88 to SM 6.02 6.07 5.00 15 1.98 3.83
27 Trib. on N at SM 6.4 7.17 7.20 12 2.62 5.09
23 Trib. on S at SM 5.3 2.80 2.48 9 2.01 3.89
29 SM 6,02 to SM 3.43 2.60 2.61 15 1.51 2.92

30 Upper Portion Lake {1.13 - - - -
31Al1 Middle Bayou Al 7.46 5.02 12 2.26 4.39
31A2 Middle Bayou A2 2.88 4.55 3 4.98 9.66
31A3 Middle Bayou A3 2.47 4.37 3 4.90 9.51
31A4 Middle Bayou A4 3.33 5.50 7 3.23 6.28
31A5 Middle Bayou A5 4,94 6.64 3 5.84 11.32
31A6 Middle Bayou A6 2.95 3.67 3 4.58 8.88
31A7 Middle Bayou A7 10.57 5.05 4 4.39 3.53
31A8 Middle Bayou A& 6.16 5.40 15 2.04 3.95
31A9 Middle Bayou A9 4.50 3.70 4 3.85 7.48
31A10 Middle Bayou AlQ 3.92 4.45 4 4.16 8.09
31Al1 Middle Bayou All 4.53 4.80 5 3.76 7.30
32Al Taylors Bayou Al 0.74 1.85 18 1.14 2.21
32A2 Taylors Bayou A2 1.46 2.75 3 4.07 7.91
32A3 Taylors Bayou A3 1.19 2.24 10 1.80 3.51
32A% Taylors Bayou A4 1.90 4.20 3 4,83 9.37
32A5 Taylors Bayou A5 4,18 5.00 12 2.26 4.38
32A6 Taylors Bayou Aé 2,37 2.68 5 2.96 5.73
32A7 Taylors Bayou A7 1.58 2.05 3 3.59 6.98
32A8 Taylors Bayou A8 2.41 2,70 16 1.48 2.86
33 Trib. at SM 2.1 l.42 2.20 5 3.75 7.27
34 Trib. at SM 1.5 3.98 2.90 4 1.91 3,72
35 SM 3.43 to SM 0.0 4.35 4.66 15 3.49 6.78

36 Lower Portion Lake 1.96 - - - -

*Stream Mile designations refer to the original Corps model.
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TABLE 2
SUMMARY OF DISCHARGES

EXISTING WATERSHED CONDITIONS
10-YEAR FREQUENCY FLOOD FLOWS

Flood Flows (CFS)

Routing Drainage Area1 2
Node (Sq. Miles) 1981 1984
1 268.8 24,562 27,926
2 174.6 14,143 16,268
3 139.3 13,700 15,029
4 97.8 9,344 12,618
5 77.6 7,436 10,669
6 56.9 5,900 6,111
7 38.8 3,513 4,451
8 29.5 3,359 3,959

Total drainage area calculated upstream of routing node.

Flood flows obtained from Appendix IV "Clear Creek, Texas, Flood Control,
Preconstruction Authorization Planning Report", Department of Army,
Galveston District, Corps of Engineers, Galveston, Texas, May 1982.
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EXISTING WATERSHED CONDITIONS

TABLE 3

CROSS SECTION DESIGNATIONS

Location

S.H. 146
Southern Pacific Railroad
S.H. 270

BRIDGES

Galveston Houston Henderson Railroad

Northbound S.H. 3
Southbound S.H. 3

I.H. 45 Northbound Access
I.H. 45

I.H. 45 Southbound Access
F.M. 528

F.M. 2358

F.M. 2351

Choate Road

Country Club Road

S.H. 35

T3

Stream Mile Designations

Original

0.400
0.492
6.565
8.239
8.259
8.269
9.922
9.950
9.963
16.364
17.263
20.463
25.396
29.192
34.195

Revised

0.3838
G.464
6.738
8.339
3.389
3.401
10.212
10.241
10.254
16.900
17.938
20.366
26.331
29.980
34.987
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Location
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19A9
19A10
19A11
19A12
20

*Stream mile designation refers to the original Corps model.

TABLE 4

FUTURE WATERSHED CONDITIONS
SUBAREA CHARACTERISTICS

Subarea

Description*

Above SM 45.31

SM 45.31 to SM #44.12
SM 44,12 to SM 42.49
SM 42.49 to SM 40.55
SM 40.55 to SM 38.88
SM 38.88 to SM 36.61
SM 36.61 to SM 35.18
SM 35.18 to SM 34,22
SM 34.22 to SM 33.17
SM 33.17 to SM 32.49
SM 32.49 to SM 31.63
SM 31.63 to SM 29.98
SM 29.98 to SM 23.20
Trib. at SM 23.20
Turkey Creek Al
Turkey Creek A2
Turkey Creek A3
Turkey Creek Al

SM 23.20 to SM 19.55
Marys Creek Al
Marys Creek A2
Marys Creek A3
Marys Creek A4
Marys Creek A5

SM 19.55 to SM 17.04
Chigger Creek Al
Chigger Creek A2
Chigger Creek A3
Chigger Creek A4
Chigger Creek A5
Chigger Creek A6
Chigger Creek A7
Chigger Creek A8
Chigger Creek A9
Chigger Creek AlO
Chigger Creek All
Chigger Creek Al2
SM 17.04 to SM 13.52

T4

Area

(Sq. Miles)

4.04
3.27
8.33
6.93
6.95
5.87
3.33
3.71
3.03
1.23
1.6l
4.05
4.53
8.33
4.23
2,15
2.60
1.39
1.98
3.47
3.88
2.90
2.22
4.92
2,82
2.43
1.07
1.12
1.38
0.66
1.19
0.63
1.94
1.05
0.20
0.43
3.54
4.15

Tec
(Hrs.)

A

(Hrs.)

l.46
1.30
1.57
1.45
1.45
1.48
1.45
[.15
0.92
1.31
1.46
1.07
1.40
L.41
1.07
1.29
1.37
.27
.63
.26
.35
.31
.35
71
.12
.35
.97
.34
.25
.07
.32
.26
2.30
1.25
0.91
0.93
1.80
1.27
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TABLE 4 (con't)

FUTURE WATERSHED CONDITIONS
SUBAREA CHARACTERISTICS

Subarea Area Te R
Location Description* (Sq. Miles) (Hrs.)  (Hrs.)
21Al Cowart Creek Al 7.06 1.30 2.52
21A2 Cowart Creek A2 3.82 1.11 2.16
21A3 Cowart Creek A3 2.62 1.77 2.37
21A4 Cowart Creek A% 7.55 1.22 2,37
22 SM 13.53 to SM 9.88 4.17 1.56 3.02
23 Magnolia Bayou 4.09 1.66 3.21
24 Trib. on S at SM 11.0 3.06 1.73 3.35
25 Trib. on N at SM 9.8 4.25 1.69 3.27
26 SM 9.88 to SM 6.02 6.07 1.23 2.39
27 Trib. on N at SM 6.4 7.17 1.43 2.77
28 Trib. on S at SM 5.3 2.30 0.97 1.90
29 SM 6.02 to SM 3.43 2.60 0.94 1.83

30 Upper Portion Lake 1.13 - -
31A1 Middle Bayou Al 7.46 1.23 2.39
31A2 Middle Bayou A2 2.88 1.60 3.10
31A3 Middle Bayou A3 2.47 1.57 3.05
31AL Middle Bayou A4 8.33 1.48 2.86
31A5 Middle Bayou A5 4,94 1.87 3.62
31A6 Middle Bayou A6 2,95 1.46 2.84
31A7 Middle Bayou A7 10.57 1.67 3.24
31A38 Middle Bayou A3 6.16 1.27 2.46
31A9 Middle Bayou A9 4.50 1.47 2.85
31A10 Middle Bayou AlQ 3.92 1.58 3.08
31A1l Middle Bayou All 4.53 1.64 3.17
32A1 Taylors Bayou Al 0.74 0.81 1.59
32A2 Taylors Bayou A2 1.46 1.30 2.52
32A3 Taylors Bayou A3 1.19 0.93 1.82
32A4 Taylors Bayou A% 1.90 1.55 3.00
32A5 Taylors Bayou A5 4,18 1.23 2.39
32A6 Taylors Bayou Aé 2.37 1.29 2.49
32A7 Taylors Bayou A7 1.58 1.15 2.24
32A8 Taylors Bayou A8 2.41 0.96 1.85
33 Trib. at SM 2.1 1.42 1.19 2.30
34 Trib. at SM 1.5 3.98 1.19 2.32
35 SM 3.43 to SM 0.0 4.35 1.33 2.58

36 Lower Portion Lake 1.96 - -

*Stream mile designation refers to the original Corps model.
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COMPARISON OF 10-YEAR FREQUENCY FLOOD FLOWS

TABLE 5

Existing Watershed Conditions

Routing Without Proposed
Node Improvements

27,926
16,268
15,029
12,618
10,669
6,111
4,451
3,959

O~ WN

With Proposed
Improvements*

Future Watershed Conditions

30,915
17,938
15,475
12,696
10,669
6,111
4,451
3,959

With Proposed
Improvements*

33,029
19,088
16,363
13,466
11,229
6,657
6,130
6,130

% Includes the Safety Valve Plan, downstream improvements and construction of

the second outlet from Clear Lake to Galveston Bay.
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TABLE 6

COMPARISON OF EXISTING AND IMPROVED
CROSS SECTION DESIGNATION

BRIDGES
Existing Condition Improved Condition
Location Stream Mile Stream Mile
S.H. 146 0.388 0.421
Southern Pacific Railroad 0.464 0.482
S.H. 270 6.788 6.408
Galveston Houston Henderson Railroad 8.339 7.959
Northbound S.H. 3 2.389 2.009
Southbound S.H. 3 2.401 8.020
LH. 45 Northbound Access 10,212 9.676
I.H. &5 10.241 9.704
L.H. 45 Southbound Access 10.254 5.718
F.M. 528 16.900 14.681
F.M. 2358 17.938 15.718
F.M. 2351 20.366 18.146
Choate Road 26,331 24,111
Country Club Road 29.980 27.711
S.H. 35 34.987 32.717
T6

Bernard Johnson incorporated




TABLE 7

PROPOSED IMPROVEMENTS

Proposed
Improvement Location*

SECOND OUTLET' SM 0.00 to SM 0.80

SM 0.250
SM 0.421
SM 0.482

DOWNSTREAM SM 6.408 to SM 8.009
IMPROVEMENTS

SM 7.959

SAFETY VALVE SM 8.009 to SM 10.213
PLAN

SM 8.009
SM 8,020
SM 9.676
SM 9.704
SM 9.718

SM 10.213 to SM 14.681

Proposed
Improvement

140" Bottom Width
Trapezoidal Channel

Toddville Road Bridge

S.H. 146 Bridge

Southern Pacific
Railroad Bridge

40' Bottom Width
Trapezoidal Channel

Galveston, Houston,
Henderson Railroad Bridge

115" Bottom Width
Trapezoidal Channel

Northbound S.H. 3 Bridge
Southbound S.H. 3 Bridge
[.H. 45 Northbound Access
[.H. 45

[.H. 45 Southbound Access

130" Bottom Width
Trapezoidal Channel

*Stream miles refer to improved condition cross section designation.
**Excludes disposal sites and environmental mitigation.
+Improvements to be constructed by the Harris County Flood Control District.

Required
Right-of-Way**

18 acres

43 acres

87 acres

187 acres

Bernard Johnson Incorporated




Watershed Condition

Existing Conditions

Existing Conditions with
Proposed Improvements

Future Conditions with
Proposed Improvements

TABLE 8

Damages*
$5,859,000

$4, 142,000

$5,222,000

DAMAGE ASSESSMENT

Inundated

Structures**

537
288

358

Damage
Reduction

1,716,000

$ 636,000

*Damages indicated are average annua! damages to existing structures only, without

consideration of future development.

**Existing structures inundated sub

T3

ject to the occurrence of the 10-year frequency flood.
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TABLE 9

CONSTRUCTION COST ESTIMATE

SAFETY VALVE PLAN

Channel Improvements $11,493,000
Lands and Damages(!(?) 1,481,000
Relocations®) 5,175,000
Environmental Measures“) 131,000

TOTAL $18,280,000

DOWNSTREAM IMPROVEMENTS

Channel Improvements $ 1,444,000
Lands and Damages(l)(z) 546,000
Relocations'>) 904,000
Environmental Measures“) 49,000

TOTAL $ 2,943,000

PROJECT ToTAL®

SAFETY VALVE PLAN $18,280,000
DOWNSTREAM IMPROVEMENTS 2,943,000

TOTAL $21 »223,000

(1) Cost estimated as a pro-rata portion of the total federa] project costs applicable
to the reach of Clear Creek under investigation.

(2)  Includes costs for acquisition of right-of-way for channel improvements, disposal
areas and severance cost associated with damage to existing properties.

(3) Includes construction costs for bridge improvements, pipelines, storm sewer
outfalls and other structures requiring relocation.

(4)  Project total excludes the cost of constructing the second outlet being planned
by HCFCD. Estimated construction cost of the outlet is approximately
$16,000,000.

T9
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Cities of Friendswood and League City
Clear Creek Drainage Improvement Study
Contract No. 55-41016

The following maps are not attached to this
report. They are located in the official file and
may be copied upon request.

Exhibit 3 - Subarea Delineations

Exhibit 4 - cross-sectional Layout

Exhibit 5 - Water Surface Profile Existing
Conditions and Existing Conditions with
Proposed Improvements

Exhibit 6 - 10 Year Floodplains

Please contact Research and Planning Fund
Grants Management Division at (512) 463-7926
for copies.




