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STATEMENT OF WORK

Proposed Tasks:
1. Review the Coastal Texas Protection and 

Restoration (Coastal TX) Study by USACE 
and TX-GLO for Clear Creek watershed

2. Baseline hydrodynamic model setup and 
scenario analysis

3. Pump station and gate scenario analysis 
and optimization

Study Objective
Investigate the flood impacts of the proposed gate and pump station on Lower Clear Creek 
watershed and evaluate potential configuration options for further flood mitigation



TASK 1: REVIEW COASTAL TX STUDY

Focus on the Clear Lake gate and pump system

Á75-ft floating sector gate for boat traffic
ÁCirculation gates for water quality and tidal flow 

exchange
ÁPump station with 20,000 cfs capacity
Á17-ft floodwall



REVIEW OF COASTAL TX STUDY

Observations / Key Findings

Hydrologic / hydraulic analyses
ÁThe study uses a one-dimensional (1D) 

hydrodynamic modeling framework that is 
inadequate to capture and represent the flooding 
extent caused by multiple flood drivers (riverine, 
pluvial, coastal, compound) in the area of interest. 

ÁInappropriate application of precipitation т Simulated 
design storm events used significantly lower rainfall 
totals compared to NOAA Atlas 14 (2018) for the 
watershed

Proposed gate and pump design
ÁProposed gate and pump was designed to handle a 

25-year rainfall that coincides with a 100-year storm 
surge event, assuming the navigation gates would be 
closed and the pump would be the sole feature 
responsible for draining the watershed.

ÁProposed 17-ft flood wall tie-in design plan (to 
elevated roadways) is unclear. Surrounding areas 
have ground elevations significantly below 17 ft.

ÁDiscrepancies in stated pump capacities (20,000 cfs 
vs 45,651 cfs)



TASK 2: BASELINE HYDRODYNAMIC MODEL

Baseline model setup

ÁHEC-RAS 2D model of Lower Clear 
Creek and Armand Bayou watersheds

ÁHCFCD Map and Model Management 
(M3) models used as reference

ÁBaseline model validated / calibrated 
against recent historical storms (e.g., 
Harvey 2017, Beryl 2024)

Proposed 2D model domain

HCFCD Gage 150 (Clear Creek at Country Club Dr.)



BASELINE HYDRODYNAMIC MODEL: DOMAIN SETUP

ÁHEC-RAS 2D model domain includes the 
entire Clear Creek watershed (including 
Armand and Horsepen Bayous)

ÁMesh size for the entire domain is 200 feet 
by 200 feet

ÁMesh size for channels are further refined 
to 50 feet by 50 feet

ÁBreaklines added to refine mesh along 
main channels / tributaries and highways



BASELINE HYDRODYNAMIC MODEL: WATCH POINTS

ÁThe river station gauges from USGS 
indicated as points in the domain:

Upstream: HCFCD Site 180 / USGS 
Gage 08076997 (Mykawa St)

Downstream: HCFCD Site120 / 
USGS Gage 08077600 (near 
Friendswood)

ÁObserved flow and water surface 
elevations (WSE) were used for 
validation/calibration

Upstream

Downstream



BASELINE HYDRODYNAMIC MODEL: TERRAIN

ÁInitial terrain data was obtained from USGS (1-
meter resolution)
ÁCurrent terrain is obtained from recent River Basin 

Flood Study (RBFS) Central Region (1-meter 
resolution topography + bathymetry)
ÁFinal terrain will incorporate remotely-sensed / 

field collected data

RBFS Terrain
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BASELINE HYDRODYNAMIC MODEL: LANDUSE AND ROUGHNESS

ÁLand use layers from the National Land 
Cover Database (NLCD) were used to 
represent Harvey & Beryl conditions

 Harvey: 2017 NLCD

 Beryl: 2024 NLCD

ÁAll simulated design storms will use the 
most recent 2024 NLCD land use

Á~ċŰŰŔŰŊќƚШƖŸƨŊőŰĲƚƚШыŰьШƻċũƨĲƚШċƖĲШ
associated with land use classes



BASELINE HYDRODYNAMIC MODEL: BRIDGES

Á22 bridges were added to the model domain, 
selected based on their hydraulic impact 
along the channel

ÁBridge configuration were referenced from 
c9[9?ќƚШ~ΟШ9ũĲċƖШ9ƖĲĲťШcE9-RAS 1D 
model

Scarsdale Bridge SH146



BASELINE HYDRODYNAMIC MODEL: PRECIPITATION

ÁSpatially-distributed rainfall were used to simulate Harvey and Beryl

 Harvey: Interpolated rain gauge data from HCFCD (24 gages)

 Beryl: Multi-Radar/Multi-Sensor (MRMS) data from NOAA

ÁUniform rainfall were used to simulate design storms for various 
return periods

 Design storms: NOAA Atlas 14 (2018) point rain frequencies



BASELINE HYDRODYNAMIC MODEL: HARVEY (2017)

Modeled max. flood depth (ft)



BASELINE HYDRODYNAMIC MODEL: MODEL PERFORMANCE (HARVEY)



BASELINE HYDRODYNAMIC MODEL: BERYL (2024)

Modeled max. flood depth (ft)



BASELINE HYDRODYNAMIC MODEL: MODEL PERFORMANCE (BERYL)



BASELINE HYDRODYNAMIC MODEL: CALIBRATION / VALIDATION

Performance Metric Upstream Downstream
Flow
Peak flow difference, % + 12.51% - 8.95%
Peak timing difference, hrs - 45min -3h 45min
Runoff volume difference, % + 2.13% - 6.17%
R2 0.85 0.71
NSE 0.85 0.70
KGE 0.92 0.81
Stage
Peak WSE difference, ft + 1.16 - 0.69
Peak timing difference, hrs - 1h 45min - 4h 15m
R2 0.90 0.84
NSE 0.70 0.82
KGE 0.65 0.80

Harvey (2017) Beryl (2024)
Performance Metric Upstream Downstream

Flow
Peak flow difference, % - 11.33% + 17.78%
Peak timing difference, hrs - 4h + 1h
Runoff volume difference, % - 22.00% - 1.56%
R2 0.79 0.90
NSE - 0.28 0.17
KGE 0.60 0.21
Stage
Peak WSE difference, ft + 0.27 - 0.64
Peak timing difference, hrs - 2h 15min + 3h
R2 0.92 0.97
NSE 0.91 0.96
KGE 0.87 0.93

ÁR2: Focus on pattern agreement, not accuracy (1 Ą ƓĲƖŉĲĦƣбШШӄШΜЮΤШĄ satisfactory)

ÁNSE: Good for overall accuracy, but biased towards high flows and timing (1 Ą ƓĲƖŉĲĦƣбШШӄШΜЮΤШĄ satisfactory)

ÁKGE: Most balanced performance metric,  (1 Ą ƓĲƖŉĲĦƣбШШШӄШΜЮΡШĄ satisfactory)



BASELINE HYDRODYNAMIC MODEL: SCENARIO ANALYSIS

Modeled Scenarios:
a. Surge-dominant scenarios: 100-yr, 500-yr storm surges (surge boundary conditions referenced / adapted 

from RBFS Central Region Study)

b. Precipitation-dominant scenarios: 10-yr, 25-yr, 100-yr, 500-yr rainfall

c. Compound scenarios: select combinations of a and b



SCENARIO ANALYSIS: SURGE-DOMINANT (100-YR)

Modeled max. flood depth (ft)



SCENARIO ANALYSIS: SURGE-DOMINANT (500-YR)

Modeled max. flood depth (ft)


