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levels during extreme local rainfall events (up to the 100-year, 24-hour design storm event) and identify 
preliminary total project costs to allow for prioritizing and planning for future improvements.  

1.1 Study Area 
The study area includes the City Limits of the City of Bellaire, as well as areas extending beyond the City 
Limits, as needed to evaluate the flooding conditions within the City, as shown on Exhibit 1.  The focus 
of the analysis is the flooding conditions within the D115A sub-basin (Cypress Ditch), but the surrounding 
sub-basins, particularly D100J from the west and W129A from the north, were included to identify 
overflows from those locations into the D115A sub-area.  For D100J, both the Chimney Rock Rd. and 
Renwick Dr. drainage systems were included to determine overall capacity and potential overflows from 
those systems.  

The D115A sub-basin is subject to flooding from overbank flooding from Brays Bayou from the south and 
west, and backwater flooding from Cypress Ditch.  The upper Brays Bayou watershed was considered in 
the analysis to assist in the determination of the sensitivity of the flooding conditions within the City 
caused by flood levels on Brays Bayou.  

1.2 Scope 
This report covers the following scope of work: 

�x Data Collection and Field Assessment: data from various agencies were collected and evaluated 
to allow for an informed analysis. This data included FEMA effective hydrologic and hydraulic 
information for Brays Bayou, City of Bellaire datasets with underground storm sewer systems, 
HCFCD modeling for Project Brays, GIS shapefile information for sub-basins, and City of Houston 
data concerning Chimney Rock.  

�x Topographic Surveying: Full field survey of Cypress Ditch was performed to allow for 
development of the hydraulic model of Cypress Ditch.  Additional spot survey of the overall 
underground drainage systems and key features was performed to facilitate modeling of the 
system and to verify data.  

�x Existing Condition Analysis: An existing condition XP-STORM 1D/2D hydraulic model was 
developed to simulate the conditions within the City. This model includes all the major north 
south systems, Cypress Ditch, and Brays Bayou through the limits of the City.  This model also 
includes the entire City topographic conditions within the 2-D grid.  The model was executed for 
the 2, 5, 10, 25, 50, 100, and 500-year storm events.  

�x Improvement Alternative Analysis: The above existing condition analysis was then utilized to 
determine improvement concepts and to evaluate the hydraulic benefits of those concepts.  This 
includes looking at a variety of improvement options: channel improvements, culvert 
improvements, detention ponds, and flood tunnels.  
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Figure 4-1: Overall Land Use 

4.4 Time of Concentration (Velocity Based) 
For the Rational Method computations, a velocity-based Time of Concentration was utilized. The time of 
concentration formulas from the TxDOT HDM were utilized.  The longest flowpath for each drainage area 
was established by inspection of the LiDAR and aerial datasets. Each flowpath was divided into two main 
portions based on flow type and the travel time (T) computed for each flow type: overland flow and 
concentrated flow. Concentrated flow is a combine surface/culvert flow. The hydraulic model directly 
simulates the underground storm sewer for the main storm trunk systems, so no TC computations are 
assumed in the those reaches of the flowpath. For the lateral systems, the storm sewers are severely 
undersized for the storm events being analyzed, so the majority of the flow is assumed as surface 
concentrated flow in the street sections.  

Overland Flow Time of Concentration: tov = K(L x N)0.467S-0.235 
Channel Flow Time of Concentration: tch = KL0.770S-0.385 
Final Overland Time of Concentration: The travel time for each sub-division of the overall 
flowpath is computed and then added together to compute the final time of concentration. 
This TC was utilized to compute the rainfall intensity for each given drainage area.  
 

For the development of the Clarks Unit Hydrograph Time of Concentration (TC) and Storage (R) 
parameters, the Basin Development Factor (BDF) Methodology was utilized to compute the TC and R 
values. Detailed explanation of this methodology is provided in Attachment 2 (Criteria Manuals).  
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