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I.

INTRODUCTION

Authorization

This report was prepared in accordance with the contract between the
City of Friendswood, Texas and COENCO, Inc., Consulting Engineers and
dated October 17, 1983. That contract was 1in accordance with a con-
tract and agreement made between the Texas Department of Water Re-
sources and the City of Friendswood, Texas. This project is author-

ized under Chapter 355 of the Texas Water Code.

Purpose

The purpose for the undertaking of this project is a joint effort be-
tween the Texas Department of Water Resources and the City of
Friendswood to conduct Flood Control Planning Studies for Chigger and
Cowarts Creeks in the City of Friendswood, said creeks being in the
Clear Creek watershed. As defined 1in Chapter 355 of the Texas Water
Code, flood control planning is a developing of mechanisms to provide
the most cost effective flood protection by means of structual and
non-structual measures to abate flood hazard. In the past 10 years,
and more particularly since July of 1979, floods and flooding have re-
sulted in millions of dollars of damages to homes and property in the
City of Friendswood. The need then is an overall plan to abate these
flood hazards and thereby reduce the millions of dollars of damages in

homes and other property in the City of Friendswood.



Project Scope

The scope of the project services was defined in the contract between

the Texas Department of Water Resources and the City of Friendswood;

and subsequently in the contract between the City of Friendswood and

COENCO, Inc., and is as follows:

l.

2.

Estabiish formal and direct liaison with appropriate project
directors of the U.S. Army Corps of Engineers and U.S. Soil
Conservation Service for the purpose of coordinating the
work of this planning study and to acquire available data

pertinent to this study planning effort.

Conduct on the ground field surveys of Chigger and Cowarts

Creeks within the City of Friendswood.

Using existing stream bed and bank elevations and projected
flood water surface elevation profiles, develop proposed
channelizations for Cowarts and Chigger Creeks within the

City of Friendswood.

Develop flood control channel preliminary designs for con-
taining one or more low frequency flood events on each of

Chigger and Cowarts Creeks in the City of Friendswood.



5.

9.

All design flood events shall be compatible with flood
designs developed by the U.S. Army Corps of Engineers Study

of the Clear Creek Watershed reported in May 1982.

Identify and consider flood contrecl alternatives in addition
to stream channelization. These alternatives should include
flood water retention or detention basins and non-structural

flood control measures.

Specifications will be made for the engineering design and
cost estimates for the potential flood control measures

based upon current prices.

Compute estimates of the flood protection benefits that may
be expected from the various flood protection alternatives

evaluated.

Submit a final report which shall include as a minimum,
detailed survey results, preliminary design and cost of
flood control structures, estimates of flood protection
benefits, and specifications of further work needed to com-
plete and implement the flood control plan for Chigger andr

Cowarts Creeks in the City of Friendswood.




II.

THE PROBLEM

Urbanization

Urban hydrology has been defined as interdisciplinary science of water
and its interrelationships with urban man. It is a relatively young
science and the bulk of its knowledge has accumulated since the early
1960's. L. B. Leopold in his "Hydrology for Urban Land Planning- a
Guide Book on the Hydrologic Effects of Urban Land Use” says of all
the land use changes effecting the hydrology of an area, urbanization
is by far the most forceful. In 1970, 73.5% of the population of the
United States lived in an urbanized area (U.S. Department of Commerce
1972). Each year urban expansion c¢laims another 420,070 acres (U.S.
Department of State 1971). Many studies have shown that urbanization
causes an Iincrease in flooding and drastic changes in water quality.
Larger floods increase the risk of property damage and/ or injury to

residents.

Before urbanization of the area became so intense, vegetation as well
as small depressions detained significant quanities of water, actually
storing the moisture and delaying its flow and allowing some rain wa-
ter to reevaporate Into the atmosphere. This surface storage, or
detention in its natural state, increased the amount of infiltration
in an area. Rain falling on a natural area of forest and meadows is

intercepted by the leaves and branches of trees and smaller plants.



When the vegetation cover becomes saturated, the subsequent rain water
begins to drip on to the ground penetrating the soil. Runoff may be
defined as stream flow, or the sum of surface runoff and subsurface
runoff. Surface runoff equals precipitation minus the sum of surface
storage and infiltration. In other words, when the surface storage
and soil becomes saturated, infiltration ceases and subsequent rain-—

fall becomes surface runoff.

Urbanization begins with the occupancy of rural lands by small, con-
centrated communities with close grouping of homes, schools, churches
and commercial facilities. Further growth comes along and results in
large residential subdivisions, additional schools, shopping centers
and an enlarged network of streets and sidewalks. Then the central
business districts evolve containing large stores and offices and
often cultural and civ%c centers. The process continues until homes,
apartment complexes, commercial and iIndustrial buildings, streets,
parking lots, and sidewalks occupy all or most of the former rural
land area. As the land surface is developed for urban use, a region
is transformed from the natural state to a totally manmade state. New
structures add large amounts of jwmpervious areas to the watershed,
which in general increase slopes and considerably diminish the water
storage capability. All of this increases the runoff rate and the

runoff amount.

Drainage in most urban areas is facilitated by storm sewers. In one

study it was shown that improvements of the drainage system may reduce



B.

lagtime to 1/8 of that of natural channels. This lagtime reduction,
combined with an increased storm runoff resulting from impervious sur-
faces, increases the flood peaks by a factor that ranges from 2 to

nearly 8.

Planning lLagtime

In addition to the urbanization, the 1lag in proper planning to com-
pensate for urbanization is also part of the problem. In man's haste
to build communities, homes, shopping centers and other parts of ur-
banization he fails to properly plan for the increased runoff of the
storm waters. With long range foresight, cities, planning commisions,
and drainage districts could control the increased runoff rate of
storm waters with the proper type of planning. This does not neces-
sarily mean just widening, deepening and straightening out the creek
and drainage channels to take more runoff from the urbanization. Var-
ious other methods will be discussed in a later section of this re-

port.

Major rainfall events have occurred in the watershed of this planning
study over the past 50 or so years. In July of 1979, tropical storm
Claudette deposited in excess of 26 to 28 inches of rain in parts of
this watershed resulting in flood damages estimated to be many mil-
lions of dollars. In September of that same year another storm class-
ified as probably a 100 year frequency storm brought even more flood-

ing to the area. In 1981 another major storm again flooded many of



the homes in the Friendswood area. Very little has been accomplished
in the past years in the way of flood prevention planning or actual
construction due to the lack of funds to provide the planning. These
storms and the increased flooding alerted the citizens to the fact
that they needed something dome to prevent further flooding and de-

struction of property.



III.

LOCATION AND DESCRIPTION

In Galveston County, Friendswood has 4 major creeks in the watershed.
The 1largest of these 1s Clear Creek, and studies by the U.S. Army
Corps of Engineers and others have been made on Clear Creek. Mary's
Creek has had enginéering studies and engineering design and construc-
tion of the major portion of it 1n Friendswood. The two larger re-
maining creeks are Coﬁarts Creek and Chigger Creek. Cowarts Creek,
Chigger C(reek, and Mary's Creek all empty into Clear Creek in the
Friendswood area. Approximately 35,800 1linear feet of Chigger Creek
exist in the City of Friendswood. Across the county line in Brazoria
County approximately 22,200 linear feet of Chigger Creek exist. This
means that 61.7% of the length of Chigger Creek is in Friendswood with
the remainder in Brazoria County. The area in Friendswood dralned by
Chigger Creek is 5,252 acres with a total drainage area including the
Brazoria County area of approximately 8,176 acres. This situation is
reversed for Cowarts Creek as 20,100 linear feet of Cowarts Creek
exist 1in the City of Friendswood, but 41,700 linear feet exist in
Brazoria County. The total area in Friendswood drained by Cowarts
Creek is approximately 1900 acres with an additional 10,230 acres in
Brazoria County making a total drainage area for Cowarts Creek of
12,130 acres. Both of these creeks together drain approximately
20,300 acres. Due to the fact that these creeks enter Clear Creek in
Friendswood, their size and the quantity of water carried is the

largest in their lower reaches in the City of Friendswood. The



topography varies from an elevation of approximately 8 to 10 feet to
approximately 40 feet. This area is in the very most north end of
Galveston County and joins Brazoria County on the west and Harris

County on the north and northeast.

For over 15 years the U.S. Corps of Engineers have been making studies
on Clear Creek, and periodically revising those studies. In 1984 and
1985 Bernard Johnson Engineers made a study on a portion of Clear
Creek for some modifications in the total study, mostly due to an ad-
ditional outlet at Clear Lake. The results of these studies and their
corresponding backwater  profile elevations have been used and

coordinated in this study of Cowarts and Chigger Creeks.

The soil characteristics 1In the watershed studied are comprised of
clays, silts and some 1localized sandy pockets. The clays and silts
have high shrink-swell protential, low bearing capacity, high moisture
content and low permeability. The climate in the area studied has
historical weather records obtained from the Alvin weather station of
average temperatures ranging from 54°F. to 80°F. and above in the
summer. The average annual precipitation in this watershed 1is

approximately 47 to 48 inches.



IV.

EXISTING CONDITIONS

General

In the early stage of a Flood Control Planning Study, the exist-
ing conditions of the streams under study and their watershed are
investigated and established. Some type of overall topographical
maps of the entire watershed must be used in order to delineate
the actual watershed of any particular creek or stream at any
particular point. Obtaining such data in the initial phase of
the planning study provides a basis for comparison between the
existing conditions and the area after improved conditions are
established. These can then be compared as to the cost benefit
ratio for the proposed flood control improvements. It is impor-
tant in this phase to obtain good data and accurate data if the

study or analysis is to be very conclusive.

Field Surveys

1. Horizontal

Field surveys were performed on the ground along Chigger

Creek and Cowarts Creek in order to locate horizontally the

existing stream bed and banks and all objects or structures

that might have an influence on the flow of the water or the

widening, realignment, or deepening of the creek itself.
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All bridge structures were carefully measured and located
accurately, including the piers, abutments and other por-
tions that would influence the flow of the water going
through or over the structure. All fences up and down the
streams were located and any houses or other buildings that
were within a distance considered important in the final
analysis of the relocation of the creek. All pipe lines

were located and identified.

Vertical

Vertical control was then established from known bench marks
in the area. These bench marks had been updated so that the
elevation used was on the latest adjusted datum. From these
known elevations at these bench marks, temporary bench marks
were established up the length of Chigger Creek and Cowarts
Creek. Bench mark loops were run on these and closed out to
assure that they were accurate. Then from these temporary
bench marks, elevations were taken where needed on the creek
flow line of the bridges, on the elevations of the roadway
and the bottoms of the girders of the bridges and all other
needed elevations. Cross sections of the creek and out each
side from the centerline were run to a point where an eleva-
tion was obtained that matched the elevation given on FEMA
maps in the Friendswood City Public Works Department for 100

year flood elevations. These cross sections were taken at

11



c.

intervals of from 200 to 500 feet as the need existed.
These were then plotted up in the office to be used 1in mod-

eling the existing conditions of the two creeks.

Hydrology

2.

Computer Model

The Chigger Creek and Cowarts Creek watersheds were modeled
utilizing the Hydropac computer program by Holguin & Assoc-
iates, Inc. and authored by Jefferson A. Rampy. This com-
puter package will generate runoff hydrographs using a num-
ber of methods. The one chosen for this study was the Soil
Conservation Service (SCS) method which had been taken from
the SCS National Engineering Handbook, Section 4, Chapter 16
and SCS Technical Release 55. This was chosen because the
program had the proper modifications and assumptions to use
the soil-cover—complex method described in NEH-4 to compute
runoff from urban areas. The variables used in this method
apply to runoff from both agriculture and urban watersheds,
which this study encompasses. With the proper experience in
the selection of some of the variables used, excellent re-

sults are obtained.

Basic Parameters

12



Some of the parameters needed in modeling this watershed for
this program are the time of concentration, the precipita-
tion, and of course the acreage encompossed. In this par-
ticular method curve numbers must be selected for the area.
These curve numbers can be modified or be a composite, be-
cause of the different land use and the different hydrologic
soil groups based on the slope of the land, the type of
cover, and other factors of experience in the area. Further
in this report is an exhibit entitled “Overall Plan of Chig-
ger and Cowarts Creeks”. This plan shows the watershed
areas of both Chigger Creek and Cowarts Creek and denotes
points along each creek where flows have been calculated.
Along Chigger Creek these are denoted with a capital J and
followed by a number such as J-20 or J-14, etc. On Cowarts
Creek these are denoted by a capital C and followed by a
number such as C-26 or C-25, etec. The time of concentration
was calculated for each point. The precipitation used in
this method was taken from TP 40 and was the 24 hour precip-
itation given for the various 4 storms modeled. These &

storms were the 10 year, 25 year, 50 year and 100 year.
Computation of Flows
Using the method described in the previous paragraphs with

the parameters as discussed, the computation of the various

13



flows at the different points on Chigger and Cowarts Creeks
was accomplished. The watershed of Chigger Creek in
Friendswood encompasses 8.2 square miles of a total water-
shed of Chigger Creek of 12.78 square miles. The watershed
of Cowarts Creek in Friendswood is 2.97 square miles out of
a total watershed in Friendswood and Brazoria County for
Cowarts Creek of 18.95 square miles. The flows were com-
puted and are given in Table 1 further in this report. The
precipitation used for a 10 year storm was 8.6 inches, and
for a 25 year storm was 10.0 inches, and for a 50 year storm
was 11.6 inches, and for a 100 year storm was 13.2 inches.
As stated previously these were obtained from the National

Weather Bureau Techinical Paper 40.

D. Hydraulics

Computer Model

The computer model used for this portion of the study is by
Coherent Systems 2200 WSP2 (Water Surface Profile 2) com~
puter program. The original WSP2 program was developed by
the Erngineering Division of the U.S.D. So0il Conservation
Service (8CS). That particular version 1s explained fully
in SCS Technical Release No. 61. Another version, the Lisle

version, was developed by the Lisle, Illinois office of the
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SCS. Coherent Systems 2200 WSP2 1is based on the Lisle ver-
sion and is considered to produce more accurate results. It
allows actual measured data to be input for each reach of a
river or stream. This program can compute water surface
profiles and open channels, and can also estimate head
losses at restricgive sections, including roadways with ei-

ther bridge openings or culverts.
Input Data

The input data required to run the water surface profiles
using this computer program is the starting conditions,
namely a discharge relationship at the starting section.
Also needed are channel lengths, flood lengths and drainage
areas. Cross section profiles are needed at valleys and
roads with Manning's 'n' value changes along any given pro-
file. Road data needed is the type of road opening, either
culvert or bridge. Also the skew angle which is the angle
of flow in degrees with the perpendicular to the centerline
of the roadway. Likewise the girder pcints and the type of
culvert or bridge. The flow data mneeded for this is ob-
tained from the previous discussion on hydrology and the
computation of flows obtained there. The starting water
surface elevations where Chiggef Creek and Cowarts Creek
enter Clear Creek were obtained from the U.S. Corps of Engi-

neers Study. The cross sections and measurements of

15



3.

bridges and structures were obtained as discussed previously
by on the ground fileld surveys. Roughness coefficients
{(Mannings 'n') for Chigger and Cowarts Creek were estimated
by inspection of the area and experience from previous

work. Values used varied from 0.04 upwards to 0.09.

Water Surface Profiles

Using the computer program described and the input data, the
water surface profiles were computed for a 10 year frequen-—
cy, a 25 year frequency, a 50 year frequency and a 100 year
frequency storm for both Chigger Creek and Cowarts Creek.
Copies of these computer runs are enclosed as a pért of this
report. Table 2 of this report gives the elevations ob-
tained from these water surface profile runs for Chigger
Creek for a 100 year flood at various locations up Chigger
Creek. Table 3 gives the same information for Cowarts

Creek.

16



V.

PROPOSED IMPROVEMENTS

A.

General

The Clear Creek Drainage District, which controls drainage in new sub-
division developed in the City of Friendswood, requires that all new
subdivisions have detention systems, so that their runoff from the de-
velopment after improvements are in and houses are built will not be
any faster from a 25 year storm than the runoff from that same area of
land in the undeveloped state. The Brazoria County Drainage District
No. 4 controls the drainage for any new developments that can be built
on the upper reaches of Chigger and Cowarts Creeks. This drainage
district is now requiring that all new developments from 5 acres and
up have detention systems built in that will not allow the developed
runoff to be any faster from a 100 year storm than the undeveloped
area would generate from that same storm. Therefor, in evaluating the
improvements for Chigger and Cowarts Creek, it is not deemed necessary
to provide for new developments in the future and additional rumnoff
from these new developments. Thereforﬁg/;he proposed improvements of
this study are for what is now developed and no additional capacity is

anticipated beyond what is needed at this time.

Preliminary Designs

1. Realignment of Channels

17



2.

As can be seen from the plan and profiles Incorporated with this
study, Chigger and Cowarts Creek wind around and have many oxbows
in their alignment. Therefor one of the first proposed improve-
ments is to realign the channels and cut out unnecessary bends
and oxbows in these channels. This proposed new alignment or re-
alignment is shown on the enclosed plan and profiles of these two
creeks. The existing length of Chigger Creek in Friendswood is
some 35,863 feet. The proposed length with the realignment of
the channel is 31,060 feet, or a reduction in channel length of
4,803 feet. The existing length of Cowarts Creek in the City of
Friendswood 1s 20,090 feet. The proposed channel length of Cow-
arts Creek in Friendswood is 16,111 feet, or a reduction in chan-
nel length of 3;979 feet. Without any further improvements, the
realignment of these channels and the reduction in their length
would mean a better grade for the creeks and a smoother flow
which would result in more flow being able to be carried in the
same size channel. The citizens living along these creeks do not
particularly care for the realignment of the creeks in their pro-
perty, but as many of them have been flooded in the past, most of
them are working with the Clear Creek Drainage District in an
effort to reduce the flooding and are thereby inclined to give
right-of-way for widening and realignment as needed in order to

reduce the flooding conditions.

Sizing Channels

18



The channels as they exist are very much undersized to carry the
existing flow that comes down these creeks in times of severe
floods. Therefor the second proposed improvement would be to
enlarge the channels and to correct the grade of the flow line of
the channels. The channels can be deepened somewhat due to the
realignment and still maintain a good grade. The field surveys
showed that the channels as they exist have a flow line that is
not consistant and goes up and down, and in some cases has a re-
verse grade. Working with the water surface profiles and the
quantity of water that these creeks need to carry in a 100 year
storm, the channels have been sized accordingly. The bottoms
vary according to the location in each creek and how much flow
would occur at that point. Further in this report some typical
channel sections are shown. As these indicate the proposed chan-
nel would be trapezoidal shaped with 3 to 1 side slopes. The 100
year storm frequency is the one required for federal insurance.
Therefor in order to obtain proper insurance in this area the

proposed channels have been sized to carry the 100 flood water.

Bridges

As shown in the computer printouts, the bridges were analyzed in
running the water surface profiles. In most cases the bridges
can carry the flow of water with some dredging out of the chan-
nel beneath the bridge and concrete lining along and underneath

the bridges. This lining is proposed to go only on the sides and

19



not the bottom of the creek channel. This lining would extend
out and rap around the side slopes Jjust outside of the bridge
itself. With this type of improvement, the bridges would carry
the 100 year flow. Several of these bridges have been recently
built and designed so that they would carry the flow before this
study was made. Two of these are the bridge over Cowarts Creek

at Sunset and the bridge over Chigger Creek at Greenbriar.

c. Alternatives

Upstream Detention

In this study, detention near the county line either in Friends-
wood or in Brazoria County was considered. As an example, deten-~
tion wés considered on Chigger Creek just across the county line
in Brazoria County. Various sized detention reservoirs were
studied, and in order to reduce the channel of Chigger Creek
appreciably, the detention computed to be approximately 735 acre
feet needed. At the position mentioned in Brazoria County, the
depth of Chigger Creek would allow this detention reservoir to be
approximately 7-1/2 to 8 feet deep. This then means.that in or-
der to have the 735 acre feet, there would need to be purchased a
100 acre tract to build this detention reservoir. When all costs
were 1In including the cost of the land for the detention reser-
voir and balanced against the savings in the construction of the

channel down stream and the acquisition of land for said channel,

20



the upstream detention did not prove to be cost effective. Land
in that area was found to cost approximately $6,000 to $7,000 per
acre. This would mean the cost of the land alone would range be-
tween $600,000 and $700,000. The only cost saving downstream due
to this would be the actual cost of excavation for the larger
channel against the cost of excavation for the smaller channel.
The drainage district 1s working very well with downstream pro-
perty owners to acquire the additional land for larger channel-
ization without cost. If this were not true and the land cost of
the additional width of the channel all the way below the deten-
tion reservoir had to be added, then this method would prove a
cost effective alternative. Without the 1land cost below, the
savings in the excavation of the smaller channel would be approx-
imately 60 to 70 percent of the cost of the land for the deten-

tion reservoir.

Small Dispersed Detention

Another alternative instead of large detention reserveirs would
be small dispersed detention throughout the watershed area. This
again would mean the acquisition of small tracts at various loca-
tions on tributaries into Chigger Creek and Cowarts Creek. The
cost of this land acquisition proves prohibitive at this time.
If done in subdivisions as a part of the required drainage im-
provements, this 1is a very viable alternative. As stated prev-

iously in this report, this is being done both in Friendswood and

21



in the Brazoria County Drainage District No. 4 area. This keeps
the flow from increasing due to development, but does not correct
the drainage problem as it exists, which 1s too much flow for the

size of the channels at this time.

Roof Top Storage

As the open area is developed, there are many houses in the sub-
divisions, buildings in office complexes and industrial parks and
other structures where storage of storm water can be held on pro-
perly designed roofs. This is an additional alternative for fu-
ture drainage, but proves non-cost effective to try to install

that type of storage on existing roofs and structures.

Porous Pavement

There are a number of types of porous pavement that can be used
for parking lots and for streets. Some of these are asphaltic
and some are concrete. Porous pavement usually works well in an
area where the soll is more porous beneath it than in the area of
study In this case. In this area studied, the soil is more of
the clay and gumboe type which is very tight and does not allow
much infiltration Into it after the 1nitial wetting from the
rain. Therefor porous pavements do not work nearly as well in

this area as they would in some other localities.
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Parking Lot Detention

Parking lot detention or parking lot storage is another measure
that can be used 1in subdivisions, office complexes, industrial
parks or commercial and industrial parcels. A certain amount of
storage of the storm water can be detained in properly designed
parking areas. This 1is an economical solution for the storage
for detention of storm water as the land is still being put to
some use other than just for detention of storm waters. This
again is an alternative for a preventative measure for future de-

velopment.

Swales

An alternative to curbs and gutters is grassed depressions with a
subsurface drain or swales to carry the water along side of paved
streets and roads rather than putting the water in curbs and gut-
ters and then inte storm sewers. The curbs and gutters in storm
sewers do not allow for much infiltration or detention, whereas
the grassed depressions or swales will slow the flow of the water
and allow for more infiltration and more evaporation. The swales
in place of curbs and gutters generally increase the amount of
right-of-way needed for a street in order to get the proper
drainage. In many cases this is advisable and will work quite
well and as stated, decrease the flow and slow down the flow so

that the time of concentration is lengthened and thereby in

23



effect, the flow into the creeks is slowed down. This 1s another
alternative that can be used in future subdivisions and building
of streets, but would be expensive to attempt to change any ex-

isting street with curbs and gutters.

Putch Drains

Dutch drains are simply gravel filled ditches that may have an
optional drainage pipe in the bottom. This type of a drainage
ditch could replace the grassed swale or the curb and gutter. It
would not take as much right-of-way as the grass swale and would
carry more water for the amount of land that it required. The
result would be reducing the volume of storm runoff and thereby

reducing flood peaks and increasing ground infiltration.
Parks and Recreation Areas

A final type of alternative studled was the use of parks and
recreational areas in low lying land that could be within the 100
year flood plain and its uses would be restricted. Parks create
little runoff of their own, but provide excellent storage poten-
tial. Using parks as storage areas can reduce the total urban
system cost by combining capital requirements and maintenance re-—
quirements into multiple-purpose facilities. Storage can also be
combined with recreation areas. Open space areas can be utilized

for the temporary detention of the storm runoff with a minimum

24



effect on their primary function. Recreational areas, such as
soccer or football fields, generally have a substantial area of
grass cover which often has a good infiltration rate. Storm
runoff from such flelds is generally minimal. This is a highly
recommended alternative, as more parks and recreational areas are

needed and this would serve both purposes exceptionally well.
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vI.

CONCLUSIONS

This report indicates the following conclusions:

The difference in the acreage that is under the 100 year flood in its
existing condition and the acreage that is in the 100 year flood after
the improvements are made is a total of approximately 847 acres. This

land should be considered as reclaimed land and the value increased.

As shown in Tables 2 and 3, the construction of the proposed improve-
ments will result in lowering the 100 year flood from approximately 2
feet in some cases to a maximum in excess of 7 feet. This is contin-
gent upon the construction of the proposed improvements in the Bernard

Johnson Flood Study of a portion of Clear Creek.

The estimated construction cost of all the proposed improvements in
this stﬂﬁi:i%:ggzgggzggzz::fhe increased value of the acreage removed
from the 100 year flood plain is approximately $12,705,000. This would
indicate a net benefit of $10,475,583. The Federal Emergency Manage-
ment Agency reports show that claims of damage in the Friendswood area
from 1978 through 1984 amounted to $31,028,532.. There appears no ac-
curate way to determine how much of the 1979 claims of $29,511,041
were due to the July flood that vear that was termed a 500 year
flood. It is considered a good estimate that at least 70% were pro-

bably due to the 500 year flood and the remainder would have been
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flooded without the July flood. Therefor, this still 1leaves
$10,370,803 in damages over these years. The proposed construction
improvements should alleviate approximately 40% of the homes damaged
due to 100 year floods or less. Forty percent of the damages for
those years amounts to $4,148,321. If this is added to the increased
land value for reclaimed 100 year flood plain as stated previously,
the total net benefit would be $14,623,904. It should be remembered
that this benefit is predicated on the 10 year frequency channel im-
provement on Clear Creek with its resulting lowering of the water sur-

face profile of Clear Creek.

27



VII.

RECOMMENDATIONS

It is recommended that the preliminary designs noted in this report,
namely the realignment of the channels and the increased size of the
channels with the bridge repairs be constructed. There are several
locations where pipe culverts need to be enlarged. On Chigger Creek,
the culvert at St. Cloud needs an additional 6' pipe. Just upstream a
long 5' diameter pipe exists under part of the golf course. An addi-
tional 5.5' diameter pipe needs to be installed. On Cowarts Creek be-
tween Greenbriar Drive and Baker Road there is an oil trap built right
into the creek. This trap is causing about a 2.5' difference in water
surface elevation just for a 25 year frequency storm. In other words
it is causing the water surface upstream of it to be about 2.5 feet
higher for a 25 year frequency flood than it should. It is recommend-
ed that this structure be removed. The water flows over it from less
than a 10 year storm and would wash over any oil trapped, thereby de-
feating its purpose. As shown previously the above proposed improve-

ments have a very good cost benefit ratio.

It 1is further recommended that the Planning Commission of Friendswood
and the Cléar Creek Drainage District continue to require some type of
detention in most new developments of 5 acres and above, unless it can
be clearly shown by engineering drainage analysis that the development
as proposed will not adversely affect any downstream area. This does

not mean simply subdivisions but developments of commercial areas
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also. The required detention can be of the detention pond, the deten-
tion in swales, the detention by dutch drains, the detention by the
use in parks and recreation areas, roof top storage, or parking lot
detention. The goal would be that no increase in runoff would come
from developed areas more then what comes from them in the undeveloped

state for a minimum of a 25 year storm, and preferably a 100 year

storme.
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PRELIMINARY
CONSTRUCTION COST ESTIMATE
(100 Year Channel)

Channel Excavation: 1,020,078 C.Y. @ $1.50 = $1,530,117
Pipeline Lowering: 16 Ea. @ $30,000 = 480,000
Concrete Slope Paving under Bridges: 1,660 S.Y. @ $45 = 74,700
Clearing & Grubbing: Lump Sum = 44,600
Miscellaneous = 100,000

TOTAL ESTIMATED PRELIMINARY COST==-———————-———— $§2,229, 417



TABLE 1
CHIGGER AND COWARTS CREEKS
100 YEAR FLOW

SECTION DRAINAGE AREA IN ACRES 100 YR. TOTAL
NO. APPROX. LOCATION TO THIS POINT FLOW, CFS
County Line 596 519
J-4B In Sunmeadow 825 684
J-9 2,924 2,336
J-10 3,438 2,690
J-11 3,793 2,870
J-12 4,017 2,952
J-13 4,304 3,068
J-14 Greenbriar Bridge 4,575 3,177
J-15 F.M. 528 Bridge 4,705 3,204
J-16 Upstream of Tributary 4,740 3,220
J-17 Tributary Only 1,733 1,658
J-18 Downstream of Tributary 6,473 4,401
J-19 F.M. 518 Bridge 6,640 4,397
J-20 Oak St. Bridge 6,746 4,400
J-21 At Tributary 7,640 4,942
J-22 7,849 4,986
J-23 At Clear Creek 8,176 5,094
c-20 County Line 10,231 6,225
c-21 Greenbriar Dr. 10,862 6,367
c-22 Sunset Bridge 11,127 6,475
Cc-23 11,300 6,468
C-24 11,571 6,559
c-25 Castlewood Bridge 11,711 6,582
c-26 Winding Way 11, 866 6,626

c-27 At Clear Creek 12,129 6,557



TABLE 2
CHIGGER CREEK
100 YEAR FLOOD ELEVATIONS

OLD EXISTING IMPROVED
STATION LOCATION CONDITIONS CONDITIONS
26 + 50 Approx. .5 Mile Upstream from Clear Ck. 17.3 12.6
52 + 43 Approx. 1.0 Miles Upstream 17.7 12.9
60 + 89 At Oak St. Bridge Downstream 17.9 13.0
79 + 40 At F.M. 518 Bridge Downstream 18.9 13.9
104+ 91 Approx. 2.0 Miles Upstream 20.4 14.8
126+ 49 At F.M. 528 Bridge Downstream 21.0 15.1
142+ 56 Just Downstream of Greenbriar Bridge 23.4 16.6
161+ 90 3.07 Miles Upstream 25.5 18.1
181+ 41 3.4 Miles Upstream 27.0 19.2
213+ 56 4.04 Miles Upstream 29.7 22.8
230+ 34 4,36 Miles Upstream 30.9 25.0
261+ 77_ 4.96 Miles Upstream 33.1 29.2
2714+ 70 5.15 Miles Upstream 33.9 30.3
278+ 24 5.28 Miles Upstream 34.2 31.0
284+ 70 5.40 Miles Upstream 34.3 31.5
288+ 80 5.48 Miles Upsfream 34.6 31.7
293+ 48 5.57 Miles Upstream 34.9 32.1
298+ 63 5.66 Miles Upstream 35.0 32.4
305+ 12 5.79 Miles Upstream 35.1 32.5
309+ 72 5.87 Miles Upstream 35.1 32.5
315+ 68 5.99 Miles Upstream 35.2 32.6

320+ 12 6.07 Miles Upstream 35.4 32.7



TABLE 2 (CONT'D.)
CHIGGER CREEK
100 YEAR FLOOD ELEVATIONS

OLD EXISTING IMPROVED
STATION LOCATION CONDITIONS CONDITIONS
323+ 18 At St. Cloud Culvert 35.48 34.37
325+ 51 6.17 Miles Upstream 35.5 34.4
328+ 04 6.22 Miles Upstream 35.5 34.4
330+ 77 6.27 Miles Upstream 35.5 34.5
336+ 44 6.38 Miles Upstream 35.6 34.6
341+ 55 6.48 Miles Upstream 35.9 34.7
348+ 45 6.61 Miles Upstream 36.4 34.8
352+ 46 6.68 Miles Upstream 36.6 34.9

358+ 63 6.80 Miles Upstream (Near County Line) 36.8 35.0



TABLE 3
COWARTS CREEK
100 YEAR FLOOD ELEVATIONS

OLD EXISTING IMPROVED
STATION LOCATION CONDITIONS CONDITIONS
9 + 20 c-27 22.0 18.2
15 + 50 22.1 18.2
19 + 20 22.2 18.2
23+ 70 22.3 18.3
29 + 10 22.4 18.4
34 + 15 22.5 18.4
35 + 20  F.M. 518 Bridge 22.63 18.38
36 + 70 22.7 18.4
41 + 42 22.9 18.5
46 + 40 22.9 18.5
51 + 32 23.1 18.6
56 + 57 23.3 18.7
66 + 25 23.6 18.8
73 + 60 23.9 18.8
76 + 40 Castlewood Bridge 24,54 20.04
77 + 80 24.5 20.1
99 + 00 C-24 24.8 20.6
113+ 90 c-23 25.3 21.3
123+ 87 25.5 21.6
125+ 15 Sunset Bridge 25.89 22,25
137+ 90 27.3 22.9
146+ 65 28.2 23.7
153+ 67 C-21 Greenbriar 29.0 24.2



TABLE 3 (CONT'D)
COWARTS CREEK
100 YEAR FLOOD ELEVATIONS

OLD EXISTING IMPROVED
STATION LOCATION CONDITIONS CONDITIONS
159+ 20 29.8 24.7
168+ 65 30.1 25.5
169+ 05 0il Trap 29.96 26.77
181+ 40 31.3 27.6
192+ 15 32.5 28.5
194+ 65 Baker Road Bridge 33.05 29.87
200+ 90  C-20 33.4 30.2
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