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INTRODUCTION
Clear Creek, a wooded stream, drains an area south of and partially within the City of Houston.
The Clear Creek watershed is located in four counties, includes sixteen cities and covers
approximately 260 square miles of land. The watershed is composed of relatively flat coastal
plain with elevations varying from near sea level at Clear Lake to about 75 feet mean sea level
on the western watershed boundary (Figure 1-ES). Clear Creek receives flow from 17 principal
tributaries. Clear Lake is the flooded lower extremity of the Clear Creek entrenched channel,
now forming an estuarine lake tributary to Galveston Bay. The Lake area is between 1,500 and
2,000 acres depending on the tide. The average depth of Clear Lake is about 3.4 feet. Clear
Lake is used extensively for boating, sailing and skiing. The Clear Lake area contains one of the
largest marina development areas in the United States. The 1 percent (100-year) annual
exceedance probability (AEP) floodplain contains an area of approximately 19,000 acres. Many
communities and subdivisions along the creek are subject to flooding and recent floods (1973,
1976, twice in 1979, 1989, October 1994, June 2001, October 2006 and April 2009) have caused
extensive property damage. A flood in July 1979 caused more than $90 million (1979 price
level) in damages in the Clear Creek watershed. Additionally, minor flood events in June 2006
and August 2007 also caused damage within the watershed.

Figure 1-ES
Clear Creek Watershed, 1% Floodplain (light blue) and Associated
Land Surface Elevations
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As a result of numerous storms and flooding events, the Flood Control Act of 1962 authorized
the initial investigation of flood problems on Clear Creek. In 1968, a survey report
recommending construction of flood control measures along the main channel of Clear Creek
was submitted to Congress. The recommendation was for an improved grass-lined channel 31
miles long, which would replace about 41 miles of existing winding channel. The grass-lined
channel was designed to contain flood flows up to and including the 1 percent (100-year) AEP
flood event. In submitting the report, the Secretary of the Army directed that the recommended
plan be reviewed during the preconstruction planning stage and modified to achieve the most
reasonable balance between structural modification of the creek, floodplain regulations, and a
broad program of floodplain management. Congress authorized the Clear Creek Flood Control
project in the Flood Control Act of 1968, as described in House Document No. 351, 90th
Congress, 2nd Session, including the condition of authorization stipulated by the Secretary of the
Army. In his transmittal letter the Secretary of the Army stated that “If the project is authorized,
the Chief of Engineers, during the pre-construction planning stage, will review the size and scope
of the proposed project and modify the plans as needed to achieve the most reasonable balance
between structural works, flood plain regulation and a broad program of flood plain
management. The objective of this review is to avoid uneconomic, hazardous or unnecessary
development of the area subject to flooding.” This stipulation, together with subsequent
Congressional actions, administrative changes to water resources planning policies, changes in
the project area, and changes in the attitude of the affected public, required a comprehensive
restudy of the Clear Creek project.
As a result of that restudy, a preconstruction authorization planning report was completed in May
1982. This document recommended a modification for the project from the previous 1 percent
(100-year) AEP flood event level of protection to a 10 percent (10-year) AEP flood event level.
This plan consisted of channel enlargement and easing of bends within the existing stream from
stream mile 3.8 to 26.05 (Mykawa Road), to contain within banks the floodwater flows for a 10
percent (10-year) AEP storm. No buyout of structures in the residual 1 percent (100-year) AEP
floodplain was included. Nonstructural measures, such as local regulations restricting future
development in the residual 1 percent floodplain, were to be required. Bottom widths of the
channel varied from 130 feet near Clear Lake to 50 feet at Mykawa Road.
That plan would have required excavation of approximately 11.9 million cubic yards of material.
For disposal of that material, approximately 594 acres of temporary easement and acquisitions
would have been required. Approximately 569 acres of rights-of-way would have been required
for construction of that plan.
Construction of the authorized plan was initiated in the 1990s with the modification of two
railroad bridges and construction of the second outlet and gated structure. The additional outlet
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between Clear Lake and Galveston Bay was constructed to ensure that the channelized creek
would not induce flood damages on the lake community by keeping water levels in the lake from
increasing when the proposed upstream enlargement occurred. The gated structure was
constructed to minimize changes to existing environmental and hydraulic conditions, which
include salinity and sediment transport and the rate of tidal inflows.
Upon completion of the second outlet but before the initiation of construction on the channelized
portion of the creek, issues were raised by concerned citizens about the amount of environmental
and hydraulic impacts associated with the project. Based on the concerns raised, the sponsors
developed the Sponsor Proposed Alternative for consideration, but the plan was considered
substantially different from the authorized project by the U.S. Army Corps of Engineers
(USACE) and could not be considered for construction under the existing authorization at that
time. Because of the uncertainties associated with the authorized project, at the request of the
sponsors, the USACE initiated a general reevaluation study in 1999 with the Harris County
Flood Control District and, Galveston County, acting as sponsors.

PURPOSE AND AUTHORITY
The purpose of this study is to develop and evaluate alternatives for flood risk management and
ecosystem restoration in the Clear Creek watershed. Authority for the flood risk management
portion of the Clear Creek Flood Control Project is contained in Section 203 of the Flood Control
Act approved August 13, 1968 (Public Law 90-483). As detailed in this report, it was the team’s
intent to develop ecosystem restoration opportunities; however, no additional cost share sponsors
were identified and no new authority was given so ecosystem restoration was dropped from
consideration during the General Reevaluation Report.
The pertinent part of the Act is as follows:
The project for flood protection on Clear Creek, Texas, is hereby authorized substantially
in accordance with the recommendations of the Chief of Engineers in House Document
Number 351, ninetieth Congress, at an estimated cost of $12,600,000.
Another authority affecting the analysis included in this report is Section 575 of the Water
Resources Development Act (WRDA) of 1996. This authority was developed for Harris County
to ensure that local actions that were taken during a study process would not negatively affect
study outcomes. Section 575 does not specifically mention Clear Creek, but subsequent
language was included in WRDA 1999 that included it. The wording of Section 575, as revised
in 1999, is as follows:
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Section 575. Harris County, Texas
(a) IN GENERAL.—During any evaluation of economic benefits and costs for projects set
forth in subsection (b) that occurs after the date of the enactment of this Act, the
Secretary shall not consider flood control works constructed or nonstructural actions by
non-Federal interests within the drainage area of such projects prior to the date of such
evaluation in the determination of conditions existing prior to construction of the project
or nonstructural actions.
(b) SPECIFIC PROJECT — The projects to which subsection (a) apply are—
(1) the project for flood control, Buffalo Bayou Basin, Texas, authorized by
section 203 of the Flood Control Act of 1954 (68 Stat. 1258);
(2) the project for flood control, Buffalo Bayou and tributaries, Texas, authorized
by section 101(a) of the Water Resources Development Act of 1990 (104 Stat.
4610);
(3) the project for flood control, Cypress Creek, Texas, authorized by section
3(a)(13) of the Water Resources Development Act of 1988 (102 Stat. 4014); and
(4) the project for flood control, Clear Creek, Texas, authorized by section 203 of
the Flood Control Act of 1968 (82 Stat. 742).

WITHOUT-PROJECT CONDITION/NO ACTION
The USACE planning guidance requires analysis of a without-project plan as one of the
alternatives. Also, to comply with the requirements of the National Environmental Policy Act of
1969, a "no action" plan must be included in the alternative array. The "without-project" plan for
this project is synonymous with the No Action Plan. The "without-project" plan also forms the
basis against which all other alternative plans are measured.
The Without-Project Condition would retain the existing Clear Creek at its current configuration.
Many of the municipalities in the area have incorporated no impact policies in addressing new
development. These are generally established to protect the flow at a 100-year level of
protection. However, these requirements are not in place for the entire watershed. Development
upstream of Clear Lake will continue to increase flows into Clear Creek. These increased flows
will continue to cause increases in water elevation sufficient to cause flooding in many areas.
The period of analysis begins in the year 2020, the first year in which a project would become
operational. Therefore, the base year is defined as 2020. The period of analysis extends 50 years
in the future to the year 2070, in accordance with Engineering Regulation (ER) 1105-2-100,
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Appendix D-6(a) (2), dated April 22, 2000. The most probable future condition reflects changes
in hydrologic conditions from anticipated development within the watershed tempered by runoff
restrictions imposed by local authorities over the period of analysis, 2020 to 2070. This
assumption is consistent with current guidance.

SCREENING PROCESS - NED
In 2001, the project team began collecting information on potential measures to reduce flood
damages on the main stem of Clear Creek. This was done through public scoping meetings and
meetings with resource agencies. The previously authorized project included channelization of a
large segment of Clear Creek. This was deemed unacceptable by the public and sponsors
because large portions of the creek remain in a natural state or were modified so long ago that
they have returned to high quality habitat. Because of this, the team developed a different
strategy for evaluation of a newly proposed flood risk management project. This is apparent in
the team’s newly developed objectives. The creek was divided into 19 different economic
reaches delineated by easily identifiable landmarks (Figure 2-ES). This was done in order to
identify the areas with highest damages in an attempt to provide flood risk management in areas
where it is most needed.
Property surveyed within the most likely future median 0.2 percent (500-year) AEP floodplain of
the Clear Creek main stem was allocated to the nearest stream cross-section between river crosssection 0+00 and 236609+00. These cross-sections were aggregated into 19 economic reaches in
order to facilitate analysis. The following Table 1-ES shows the aggregations of cross-sections
into economic reaches with geographic or other physical descriptors. The backwater effects of
the main stem on the tributaries in the study area were incorporated into the main stem analysis.
Properties that lie on the tributaries but whose hydrology was controlled by that of the main stem
were assigned to the main stem.
Without-project documentation shows that areas of highest damages include reaches 15 through
18 (City of Pearland) and reaches 7 through 10 (City of Friendswood). From the public and
agency input a list of 72 structural and non-structural flood risk management measures specific
to a single reach or limited number of adjacent reaches was developed. The team then performed
an analysis of these measures and formulated a list of 24 measures (Table 2-ES) that would meet
the four planning criteria of completeness, efficiency, effectiveness, and acceptability. These 24
measures are called “First Added Measures”.

ES-5

Figure 2-ES
Economic Reaches of Main Stem Clear Creek
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Table 1-ES
Economic Reach Delineations for Clear Creek Main Stem
Reach

Lower XSec

Lower Limit Near

Upper XSec

Upper Limit Near

1
2

0
7020

GALVESTON BAY
ROSEWOOD

7020
23263

3

23263

BAL HARBOR

37212

4

37212

FM270

46388

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

46388
55615
73893
90072
95406
103330
112394
125782
143346
160053
170703
185548
189373
205888
223445

SH3
IH45
W BAY AREA BLVD
FM528
WHISPERING PINES
NEAR MARYS CRK
FM2351
NEAR TURKEY CRK
DIXIE FARM RD
COUNTRY CLUB DR
BENNIE KATE
SH35
MYKAWA
STONE RD
SH288

55615
73893
90072
95406
103330
112394
125782
143346
160053
170703
185548
189373
205888
223445
236609

ROSEWOOD
BAL HARBOR
FARM-TO-MARKET
ROAD (FM)270
STATE HIGHWAY
(SH)3
INTERSTATE
HIGHWAY (IH)45
W BAY AREA BLVD
FM528
WHISPERING PINES
NEAR MARYS CRK
FM2351
NEAR TURKEY CRK
DIXIE FARM RD
COUNTRY CLUB DR
BENNIE KATE
SH35
MYKAWA
STONE RD
SH288
ALMEDA SCHOOL RD

note: All properties north of the main stem lie in Harris County; Properties in Reaches 1-12 south of the main stem
lie in Galveston County; properties in Reaches 13-19 south of the main stem lie in Brazoria County
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Table 2-ES
Measures Included in First Added Analysis
Proposed Measure
Interstate 45 Bridge Widening
Expand Existing Detention at Site A521
Additional Clear Lake Outlet Capacity
Offline Detention just West of SH 288
Offline Detention just West of Country Club Road
Conveyance Improvement of Main Stem from Stone Road to Bennie Kate Road
Expand Existing Detention at David L Smith Site
High Flow Bypass Downstream of Dixie Farm Road
Detention on Marys Creek
Detention on Mud Gully
Remove Dredged Material/Deepen for Conveyance
Detention on Turkey Creek
Cowart Creek Detention
Conveyance Improvement of Main Stem from SH 288 to Stone Road
Linear Detention on Main Stem from Stone Road to Mykawa Road
Enlarge High Flow By Passes on Main Stem
Large Scale Linear Detention on Marys Creek
Selective Clearing and Snag Removal
Large Scale Linear Detention on Cowart Creek
Detention on Chiggers Creek
Global Watershed Management Practices
Conveyance Improvement on Main Stem from Downstream of Country Club Road to FM
528
Conveyance Improvement on Main Stem from Downstream of FM 2351 to West Bay Area
Boulevard
Buyouts along Clear Creek
Legacy Plan
Sponsor Proposed Alternative
Authorized Federal Project

Acronym
I-45
A521
ACLO
B1
B2
C1
DLS1
HFB1
MC1
MG1
RDM1
TC1
CWT1
C2
LD1
EHFB
LD2
CS
LD3
CHG1
GWMP
C3

C4
GBO
SPA
AFP

Three sizes of each of these measures were then carried forward into detailed hydraulic,
economic, and environmental analyses. Each measure was evaluated on a standalone basis for
its potential impact to the entire watershed and its capability for reduction of flood damages.
Detailed descriptions of each measure as well as determinations of costs, net excess benefits, and
benefit-to-cost ratios for each of these measures can be found in the First Added Notebook
(Appendix F).
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As a result of these analyses, potential measures were identified for further consideration on a
second added basis. The team concentrated on the most successful First Added Measures
(Figure 3-ES) and began a series of modifications and combinations that would lead to the
National Economic Development (NED) Plan. The decision was made to begin with upstream
measures that would reduce damages in the hardest hit reaches, then begin combining successful
downstream measures in a systems approach until a final plan was developed.

$10,000

CS- Size b

C4-Size a

Buyout of 3 structures in 2yr floodplain

EHFB- Size b

C1- Size a

Remove Dredge Material / Deepen Size a

Buyout of 10 structures in 5yr
floodplain (FEMA)

Interstate 45 Bridge Widening -size a

($20,000)

DLS1 -Size a

($10,000)

Detention on Turkey Creek -Size a

NET BENEFIT (PWE IN THOUSANDS)

$0

($30,000)

($40,000)

Figure 3-ES
Graphic Representation of Net Excess Benefits
for the 10 Best First Added Measures

Based on these considerations Measure C1, the conveyance improvement of the main stem from
Stone Road to Bennie Kate Road was combined with C2, the conveyance improvement from
State Highway 288 to Stone Road, and identified as an anchor component. This modified
measure was renamed as Super C. Three sizes of Super C were originally modeled; however,
none of these measures broke the curve in generating maximum net excess benefits. Two more
sizes were modeled and size Super C(d) was identified as a measure that generates positive net
excess benefits. This is an approximately 10 mile conveyance measure which includes a 200foot bottom width bench cut from State Highway (SH) 288 to Bennie Kate Road. The measure
is designed to prevent/restore habitat associated with a low flow channel (Figure 4-ES). This
measure would successfully reduce flood damages in the Pearland area, most notably in a 50
percent (2-year) and 20 percent (5-year) AEP events.
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Figure 4-ES
Cross Section of Measure Identified as Super C

Based on its success, Super C(d) was added to the model and subsequent measures downstream
were modeled for additional flood risk management. This next round of model runs led to the
modification of a previously modeled measure, the removal of dredged material and deepening
for conveyance, and the identification of C5, a conveyance measure extending from the
downstream end of the Super C measure. These combined measures were successful at one size
in increasing net excess benefits. This lead to the inclusion of C5(d) as an NED component.
This measure is a 90-foot bottom width bench cut on the main stem of Clear Creek that extends
from Bennie Kate Road (the downstream extent of Super C(d)) to Dixie Farm Road (Figure 5ES).
During the evaluation of alternatives, additional information was collected in the watershed,
including flood damage information on the tributaries and the potential to reduce these damages
became clear. The team identified additional conveyance measures for the tributaries and
modeled these as well. Components that were successful became part of the NED Plan and
include conveyance on Mud Gulley, Turkey Creek, and Marys Creek. All three are trapezoidal
channels by design. Mud Gulley conveyance (MUC(1)(b)) is the only measure that requires
concrete lined conveyance. It is 4,300 feet in length with a bottom width of 45 feet. It extends
from downstream of Sagedowne Road to downstream of Astoria Road. Proposed Turkey Creek
conveyance (TKC(1)(d)) measures 2,400 feet in length and varies from 20 to 25-foot bottom
widths. Proposed Marys Creek conveyance (MAC(2)(a)) measures 11,200 feet in length with
bottom widths of 15, 27, and 35 feet.
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Figure 5-ES
Cross Section of Measure C5(d)

Further evaluation of additional downstream measures was performed, but no other features that
were moderately successful in the first added analysis were identified that generated positive net
excess benefits. These features combined to form the NED Plan (Table 3-ES). Detention was
not considered on a second added basis due to its poor performance in the first added analysis.
Table 3-ES
Initial NED Flood Risk Management Components
Measure
Main Stem

SuperCd
C5d

Length
Ft

Length
Miles

Width
Ft

53,000
27,100

10.0
5.1

200-ft bench cut
90-ft bench cut

4,300
12,400
11,200

0.8
2.4
2.1

Bottom Width (BW) =45'
BW = 20'&25'
BW = 15’, 27’, & 35'

Description

SH288 to 4,000 ft downstream of Bennie
Kate Road
Bennie Kate Road to Dixie Farm Road

Tributaries
MUC1b
TKC1d
MAC2a

Downstream of Sagedowne to downstream
of Astoria
Dixie Farm Road to Mouth
Harkey Road to SH35

This preliminary NED plan was submitted to the sponsors for consideration. One factor raised
concerns with the plan was that, while generating significant benefits in high damage reaches,
the combined measures also induced damages in portions of the study area. The sponsors were
unwilling to support a project that induced damages and they requested modeling of detention
components for inclusion in a locally preferred plan. Several detention features at several sizes
were identified both on the mainstem of Clear Creek and on the tributaries. Modeling of these
features determined that detention, while not successful on a standalone basis, can be successful
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in increasing net excess benefits as part of an overall system. With the new modeling results, the
NED Plan was modified to include one detention component.
The detention feature is referred to as inline detention. In certain reaches of the Super C
conveyance measure the high flow measure leaves the footprint of the existing low flow channel.
This allows for additional excavation in those reaches with minimal environmental impact
(Figure 6-ES). This measure will generate 500 acre-feet of capacity.

Figure 6-ES
Cross Section of In-Line Detention Measure

RECOMMENDED PLAN/MODIFIED AUTHORIZED PLAN
The Recommended Plan for Clear Creek, Texas is the NED Plan. Table 4-ES summarizes the
benefits and costs for the Recommended Plan at the current discount rate of 4.0 percent.
Detailed calculations for interest during construction and operations and maintenance costs are
shown in the Economic Appendix.
The intent of the GRR was to re-evaluate the unconstructed portion of the authorized Clear
Creek Project, and to recommend a plan which, when combined with the constructed
components, would result in a Modified Authorized Project. The total cost of the Modified
Authorized Project would include the cost of the newly formulated portion added to all previous
actual construction costs. This includes the actual costs of the second outlet and gated structure,
associated lands, easements, rights of way, relocations, and disposal areas, and finally all costs
for conducting the GRR. The Modified Authorized Project will serve as a basis for modifying
the existing Local Cooperation Agreement between the Corps and the non-Federal sponsors.
Project cost share requirements using the project total first costs are detailed in Table 5-ES. The
sponsor is required to provide all lands, easements, rights-of-way, relocations, and disposal
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areas. In addition, the sponsor must provide a cash contribution equaling 5 percent of the total
project cost.
The Fully Funded Cost Allocation for the Modified Authorized Project is detailed in Table 6-ES.
The non-Federal cash calculations use the total cost for the Modified Authorized Project to
account for the additional cash contribution needed to reach the 5 percent required cash from the
non-Federal sponsor. Additionally, the non-Federal sponsor’s cost share (LERRD and cash) for
this total project cost, including the previously constructed portions, is required to be at least 25
percent of the total costs. Table 33 shows that the non-Federal cost (non-Federal LERRD and
non-Federal cash) will be $101,377,000 or almost 39 percent of the $262,433,000 total.

Table 4-ES
Equivalent Annual Benefits and Costs
Clear Creek, Texas
For Recommended Plan
(October 2011 Price Levels, 50-year Period of Analysis,
4 Percent Discount Rate, dollar values in thousands)

Costs
Investment Costs
Total Project Construction Costs
Interest During Construction
Total Investment Costs

$189,135,000
$5,929,000
$194,064,000

Average Annual Costs
Interest and Amortization of
Initial Investment
OMRR&R

$9,080,300
$1,060,700

Total Average Annual Costs

$10,141,000

Average Annual Benefits

$23,110,000

Net Annual Benefits

$12,969,000

Benefit-Cost Ratio

2.3
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Table 5-ES
Total First Costs
Cost Sharing
For Modified Authorized Project
Clear Creek, Texas
(October 2011 Price Levels)

Item

Federal Cost
($)

Non-Federal
Cash **
($)

Non-Federal
LERRD
($)

Total Cost ($)

Flood Risk Management (FRM)*
01 Lands & Damages - Non-Federal (100%)

0

0

306,000

24,000

0

0

02 Relocations - GH&H Rail Road Bridge

2,010,000

0

2,010,000

02 Relocations -BN&SF Rail Road Bridge

1,958,000

0

1,958,000

134,000

11,000

145,000

06 Fish & Wildlife Services

15,540,000

1,305,000

16,845,000

09 Channels & Canals

80,512,000

6,739,000

87,251,000

18 Cultural Resources

1,949,000

163,000

2,112,000

30 Engineering & Design

23,700,000

1,959,000

25,659,000

30 Engineering and Design (GRR)

15,394,000

1,231,000

16,625,000

6,586,000

551,000

7,137,000

148,089,000

11,983,000

01 Lands & Damages (Federal Review)
02 Relocations - Non-Federal (100%)

02 Relocations (Federal Review)

31 Construction Management
Total Modified Authorized Project Costs

* FRM Cost Shared 75/25 based on 1986 Authorization
** Non-Federal cash is based on minimum 5% of TPCS (excluding the RR Bridges)
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51,147,000

51,147,000
330,000

32,404,000

83,551,000

32,404,000

243,623,000

Table 6-ES
Cost Sharing
Fully Funded Project Cost
For Modified Authorized Project
Clear Creek, Texas
(October 2011 Price Levels)

Item

Federal Cost
($)

Non-Federal
Cash **
($)

Non-Federal
LERRD
($)

Total Cost ($)

Flood Risk Management (FRM)*
01 Lands & Damages - Non-Federal (100%)

0

0

305,000

25,000

0

0

02 Relocations - GH&H Rail Road Bridge

2,010,000

0

2,010,000

02 Relocations -BN&SF Rail Road Bridge

2,205,000

0

2,205,000

134,000

11,000

145,000

06 Fish & Wildlife Services

16,847,000

1,397,000

18,244,000

09 Channels & Canals

87,817,000

7,260,000

95,077,000

18 Cultural Resources

2,062,000

170,000

2,232,000

30 Engineering & Design

26,406,000

2,165,000

28,571,000

30 Engineering and Design (GRR)

15,394,000

1,231,000

16,625,000

7,876,000

652,000

8,528,000

161,056,000

12,911,000

01 Lands & Damages (Federal Review)
02 Relocations - Non-Federal (100%)

02 Relocations (Federal Review)

31 Construction Management
Total Modified Authorized Project Costs

* FRM Cost Shared 75/25 based on 1986 Authorization
** Non-Federal cash is based on minimum 5% of TPCS (excluding the RR Bridges)
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54,290,000

54,290,000
330,000

34,176,000

88,466,000

34,176,000

262,433,000

