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DRAINAGE NEEDS EVALUATION 
  
SOURCES OF DATA 
The data collected and used for the drainage needs evaluation included City of Houston Record 
Drawings, City of Houston Geographic Information and Management System (GIMS), 
Comprehensive Drainage Plan (CDP) on the Storm Water Management Program (SWMP), 2008 
LiDAR information, Tropical Storm Allison Recovery Project (TSARP) LIDAR information, and 
FEMA Federal Insurance Rate (FIRM) maps.  
 
GENERAL INFORMATION 
 
The study limits of Gellhorn Drive are approximately 0.67 miles long, extending from IH-10 to IH 
610. Gellhorn Drive is a four-lane concrete curb and gutter roadway with landscaped median 
along its right-of-way for the entire project limits. The project area is located at (Key Map Nos. 
495 C and 495 G; Council District “B” limits). 
The study area consists of storm sewer drainage systems and is within the Hunting Bayou 
watershed. The TSARP watershed map is shown in Appendix A. Exhibit 1 is an overall drainage 
area map showing all of the storm sewer systems considered in this analysis.  
EXISTING DRAINAGE SYSTEM ANALYSIS 
The existing system storm sewer analyses were guided by criteria found in Chapter 9 of the City 
of Houston Infrastructure Design Manual (July 2015), Technical Paper 100-Storm Sewer Design 
Applications for the City of Houston, Texas, Capital Improvement Projects (TP-100) and Technical 
Paper 101-Guidelines for Consideration of Overland Flow for the Extreme Event for Improvement 
Projects in the City of Houston, Harris County, Texas Region (TP 101). For this report, both the 
2-year (design event) and the 100-year (extreme event) analyses were performed for the drainage 
system associated with Gellhorn Drive Road and Paving Improvements Project. 
Methodology 

City of Houston IDF Curves (Chapter 9) are used for storm sewer and roadside ditch design in 
the City of Houston and the ETJ. The Rational Method was used for calculation of peak flows for 
the 2-year design and the 100-year extreme event analyses.  

 
The formula for the Rational Method is given by the equation below:  

 
Q = C I A                                      (1) 
 
Where: Q = peak discharge, cubic feet per second 
        C = Runoff Coefficient, dimensionless 
         I = Rainfall Intensity (inches per hour) 
         A = Area (acres)  

The runoff coefficients were determined from COH criteria. Typical coefficients are listed in the 
table below: 
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 Table 1. List of C values for Land Use Type 

Land Use Type Runoff Coefficient 
(C) 

Residential Districts  

 Lots more than ½ acre 0.35 

 Lots ¼ - ½ acre 0.45 

 Lots less than ¼ acre 0.55 

      Townhomes  0.60 

Multi-Family Area  

 Less than 20 Service Units/Acre 0.65 

      20 Service Units/Acre or Greater 0.80 

Business Districts 0.80 

Industrial Districts  

      Light Areas 0.65 

      Heavy Areas 0.75 

      Railroad Yard Areas 0.30 

      Parks/Open Areas 0.18 

      Pavement/ROW 0.90 
 
 

Alternatively, the C coefficient can be found from the equation: 
 
C = 0.6Ia + 0.2                  (2) 
 
Where: C = Runoff Coefficient 
             Ia = Impervious Area/Total Area 
 

For this project, combinations of the C values were determined from Table 1. 
 

The intensity is found from the formula: 
I = b/ (d+ Tc) e 
 
Where: b=75.01 (2-year) and 125.4 (100-year) 

 d=16.2 (2-year) and 21.8 (100-year) 
             e=0.8315 (2-year) and 0.75 (100-year) 

 Tc=time of concentration (minutes)           (3) 
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To determine the time of concentration (Tc) for a single drainage area in equation 3, the following 
formula is used: 

 
Tc = 10 A 0.1761 + 15               (4) 
 
Where: A = sub area (acres) 
 

A dynamic analysis was performed to analyze the storm sewer systems using XP Storm Water 
Management Model (SWMM) software. Existing condition models for the Gellhorn Drive storm 
sewer systems were developed.  
The SWMM model was selected based on its ability to incorporate all the components and aspects 
of the drainage system, such as culverts, weirs, orifices, storm sewers and detention facilities.  
The SWMM model uses a series of nodes and links to represent the physical characteristics of 
the drainage system. 
The Rational Method described above was used in the runoff computations and forms the basis 
for the flows within the models. Table 2 shows the Peak Flow Computations. The runoff 
hydrographs for the sub areas were generated using the Clark Unit Hydrograph (Tc&R) Method 
in HEC-HMS. The loss method used was the Green & Ampt Method with accompanying 
parameters chosen according to the soil type predominant in the watershed. The hydrograph 
generation involved matching the peak flows derived from Rational Method by using the 
calculated Tc as explained above and adjusting the storage coefficient, R, for each sub area. The 
resulting inflow hydrographs were added to the sub drainage areas within the model as a 24-hour 
hydrograph using a 15-minute time step as a minimum.  
Offsite overland flow is considered to be overland runoff that is outside the drainage area 
boundary of the storm sewer system that sheet flows into the roadway drainage system during 
the extreme event. The inflow hydrographs for overland areas were generated using the Clark 
Unit Hydrograph Method and were added to the overland drainage areas that interconnect to the 
system. “Method 4: Dynamic Flow Routing Analysis” found from Section 4.3 from TP-101, 
Guidelines for Consideration of Overland Flow for the Extreme Event for Improvement Projects in 
the City of Houston, Harris County, Texas Region was used for the overland flow analysis. 
XPSWMM model routes the inflow hydrographs through the use of fully dynamic equations for 
gradually varied flow through time series computations though overland and conduit drainage 
segments.  

 
Overland flows are typically modeled by utilizing the interconnect pipes or channels that use the 
approximate roadway cross-sections in the SWMM model. For modeling purposes, small 
channels linked the manholes to the roadway cross-sections with the starting invert of the link 
being the rim elevation of the manhole. This allows the water to enter the roadway geometry 
(channels) when the HGL exceeds the rim elevation of the manhole.  

 
In this study, the critical elevations (the maximum hydraulic grade elevations) for the existing 
roadway were based on design criteria found in TP 101, as summarized below:  

 
1. 2-year (design) hydraulic grade lines are to be maintained below the gutter elevations 

at all times. 
2. 100-year (extreme) hydraulic grade lines are to be maintained below the maximum 

ponding elevation. 
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3. The maximum ponding elevation for the 100-year event at any point along the street 
shall not be higher than the natural ground elevation at the right-of-way. 

 
Tailwater Conditions 
Outfall pipe soffit elevation was used as the tailwater for the 2-year design analysis while the 100-
year water surface elevation of the outfall channel (from HEC-RAS model of H103-00-00, 
Wallisville Outfall, downloaded from HCFCD M3 System) was used for the 100-year analysis of 
Storm System H0051. Since H125-00-00 is an unstudied channel and therefore has no HEC-RAS 
model, a tailwater elevation 2 feet from the top of banks was used for the 100-year analysis of 
Storm System H0052. 
Datum Adjustment 

The as-built drawings for the storm sewer systems did not mention the elevation datum used. 
TSARP uses the NAVD 1988 (2001 adjustment). For use in the SWMM models, an appropriate 
datum adjustment was made by measuring average differences from LiDAR (NAVD) and the as-
built datum from a few key intersections and applying throughout each drainage area uniformly.  
Existing Conditions and Modeling Results 
The Gellhorn Drive drainage network is divided into two storm sewer systems along the project 
limits. Storm system H0051 outfalls into HCFCD Unit H103-00-00 (Wallisville Outfall) and H0052 
outfalls into HCFCD Unit H125-00-00. The existing storm drainage areas are shown in Exhibit 1, 
and their system capacities are shown in Exhibit 5.  
Drainage System H0051 (Outfall at HCFCD Unit No.H103-00-00, Wallisville Outfall) 
Based on CDP, drainage system H0051 drains approximately 21.97 acres of the southern part of 
the project. There is a conduit system that flows south along Gellhorn Drive before outfalling into 
HCFCD Unit No. H103-00-00 (Wallisville Outfall), a tributary of Hunting Bayou.  
The storm sewer pipe sizes were 24” and 30” for the lateral systems and 36” to 48" along Gellhorn 
Drive. The 2-year capacity in CDP is listed as adequate for this system and has no recommended 
upgrades.  Exhibit 2 shows the contributing areas and CDP recommended upgrades in the vicinity 
of the storm system. Exhibit 3 shows the overland drainage areas and flow paths based on LiDAR.   
The storm sewer system had no 311 ROW flooding complaints or structural flooding complaints 
or NFIP losses recorded as shown in Table 3. Exhibit 4 shows the extent of the effective floodplain 
and the location of the complaints (if any). Approximately 870 linear feet of Gellhorn Drive is within 
the 100-year floodplain of Hunting Bayou (Zone AE) for Drainage System H0051.  
As built drawings show Type “BB” throughout the storm sewer system along Gellhorn Drive. For 
the stretch of storm system H0052 along the frontage road of IH-610, TxDOT Type C inlets were 
found.  The 2-year peak flow runoff was compared to the inlet capacity for each drainage area to 
determine if the existing capacity was sufficient.  A handful of drainage areas were found to lack 
inlet capacity. A summary is provided in Table 4.  Before the SWMM model was run, the drainage 
area was first revised (27 acres) to better represent existing conditions. The SWMM analyses 
show that the 2-year design event was sufficient while the 100-year extreme event was insufficient 
to handle the respective flows. The results of the existing analysis are shown in Table 5. 
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Drainage System H0052 (Outfall at HCFCD Unit No. H125-00-00) 
Based on CDP, drainage system H0052 drains approximately 34.4 acres of the northern part of 
the project. There is a conduit system that flows north along Gellhorn, travels west along IH 610 
Frontage Road and outfalls into HCFCD Unit No.H125-00-00. The existing storm drainage system 
is shown in Exhibit 1. 
The storm sewer pipe sizes are 24” for the lateral systems and 30”, 36”, & 42” for the main trunk. 
The 2-year capacity in CDP is listed as adequate for this system and has no recommended 
upgrades.  Exhibit 2 shows the contributing areas and CDP recommended upgrades in the vicinity 
of the storm system. Exhibit 3 shows the overland drainage areas and flow paths based on LiDAR.   
The storm sewer system had no 311 ROW flooding complaints or structural flooding complaints 
or NFIP losses recorded as shown in Table 3. Exhibit 4 shows the extent of the effective floodplain 
and the location of the complaints (if any). Drainage System H0052 is not within the 100-year 
floodplain of Hunting Bayou (Zone AE). The absence of NFIP losses in the area are consistent 
with the extent of the floodplain and, as shown below, with the capacity of the storm sewer system. 
As built drawings show Type “BB” inlets throughout this storm sewer system.  The 2-year peak 
flow runoff was compared to the inlet capacity for each drainage area to determine if the existing 
capacity was sufficient.  All sub drainage areas for this system were found to lack enough inlet 
capacity.  A summary is provided in Table 4.  Before the SWMM model was run, the drainage 
area was first revised (42.1 acres) to better represent existing conditions. The SWMM analyses 
show that the 2-year design event was sufficient while the 100-year extreme event was insufficient 
to handle the respective flows. The results of the existing analysis are shown in Table 5.  

 
FLOODPLAIN IMPACT 
 
FIRM Maps No. 48201C0695L effective date June 18, 2007 shows that part of storm system 
H0051 is located within the 100-year floodplain (Zone AE) of Hunting Bayou. The effective FEMA 
map is provided in Appendix B. Alternately, the floodplain map (along with 311 Complaints) is 
depicted in Exhibit 4. 
 
 
EXISTING OVERLAND DRAINAGE ANALYSIS 
 
There is one overland drainage area contributing flows (~185 cfs) to system H0052 as identified 
from 2008 LiDAR, CDP and GIS shape files obtained from COH. Table 2 shows the contributing 
overland area and flows. The overland drainage systems are shown in Exhibit 4 along with 
contours and overland flow paths.  
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Table 3 Historical Flooding, Gellhorn Drive

AREA
(ACRES)

IMPASSABLE
STREETS NFIP LOSSES

STRUCTURAL
FLOODING

311 ROW
FLOODING

0 0 0H0052 42.1 0

0 0 0H0051 27.0 0

DRAINAGE SYSTEM

FLOODING COMPLAINTS, 2015



Sub Drainage
Area ID

Drainage Area Inlet Type
No. of
Inlets

Inlet
Capacity

Total No.
of Inlets

Total
Inlet

Capacity
2 yr Flow

Sufficient
Capacity

Notes

(ac) (cfs) (cfs) (cfs)

H0051 1 4.13 B B 1 5 1 5.0 8.42 No
H0051 2 5.92 B B 1 5 1 5.0 6.33 No
H0051 3 9.51 B B 1 5 1 5.0 20.74 No
H0051 4 7.44 B B 1 5 1 5.0 15.52 No

H0052 1 4.05 B B 1 5 1 5.0 3.76 Yes
H0052 2 3.94 B B 1 5 1 5.0 9.77 No
H0052 3 4.79 B B 1 5 1 5.0 6.87 No
H0052 4 3.45 B B 1 5 1 5.0 2.88 Yes
H0052 5 3.01 B B 1 5 1 5.0 5.24 No
H0052 5F 0.76 Unknown 1 1 0.0 1.75 N/A
H0052 6 2.83 B B 1 5 1 5.0 4.05 Yes
H0052 6F 1.10 Unknown 1 1 0.0 2.41 N/A
H0052 7 1.13 TxDOT Type C (1 Extension) 1 12 1 12.0 7.27 Yes
H0052 7F 0.90 Unknown 1 1 0.0 2.10 N/A
H0052 8 1.57 TxDOT Type C (2 Extension) 1 15 1 15.0 2.99 Yes
H0052 8F 1.15 Unknown 1 1 0.0 2.96 N/A
H0052 9 1.68 TxDOT Type C (2 Extension) 1 15 1 15.0 8.45 Yes
H0052 9F 1.07 Unknown 1 1 0.0 3.01 N/A

TABLE 4: Storm Sewer Inlet Capacities

H0052

H0051



CRITICAL
ELEVATION
(GUTTER)

EXISTING
HGL

EXISTING
PONDING

ALLOWABLE
MPE EXISTING

HGL
EXISTING
PONDING

3001809 31.80 30.47 32.80 36.87 PONDING
3001752 33.87 30.07 34.87 36.83 PONDING
3001753 31.83 29.96 32.83 36.85 PONDING

H0051 OUT 35.21 29.50 36.21 36.21

3001750 32.87 30.19 33.87 36.64 PONDING
3001749 32.40 27.75 33.40 36.63 PONDING
3001209 32.78 26.59 33.78 36.63 PONDING
3001208 33.05 26.53 34.05 36.63 PONDING
H0052 7 33.60 26.13 34.60 36.61 PONDING
H0052 8 34.10 25.80 35.10 36.59 PONDING
H0052 9 34.20 24.66 35.20 33.00

H0052 OUT 33.88 24.55 34.88 33.00

H0052

TABLE 5 SWMM HGL RESULTS
GELLHORN DRIVE

NODE
NAME

2 YEAR STORM FREQUENCY 100 YEAR STORM FREQUENCY

H0051
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APPENDIX 1 



APPENDIX E – H125-00-00 PHOTOGRAPHS  



Drainage Study for Street & Paving Improvements – Gellhorn Dr. 
(From IH 10 to IH 610) 

City of Houston 
(N-2016T-0015) 

 

 
 Page 1 of 3 

 

Date: January 10, 2017 
PHOTO 1: Ditch H125-00-00 and Culvert ; Looking 
South along IH 610 Frontage (South Bound) 

 

Date: January 10, 2017 
PHOTO 2: Culvert (2-8’x6’ RCB) under IH 610 
Frontage; Looking east along H125-00-00) 

 



Drainage Study for Street & Paving Improvements – Gellhorn Dr. 
(From IH 10 to IH 610) 

City of Houston 
(N-2016T-0015) 
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Date: January 10, 2017 
PHOTO 3: Looking West along H125-00-00 

 

Date: January 10, 2017 

PHOTO 4: Looking West at along H125-00-00 

 



Drainage Study for Street & Paving Improvements – Gellhorn Dr. 
(From IH 10 to IH 610) 

City of Houston 
(N-2016T-0015) 
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Date: January 10, 2017 
PHOTO 5: Railroad crossing and culvert; Looking West 
along H125-00-00 
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SCENARIO 1 - EXISTING GEOMETRY (2040) AM PEAK



N

N
O

T 
TO

 S
C

AL
E

EX
H

IB
IT

 3
.1

0

SC
EN

AR
IO

 2
 - 

EX
IS

TI
N

G
 G

EO
M

ET
R

Y 
(2

04
0)

 A
M

G
EL

LH
O

R
N

 A
T 

IH
 6

10



N

N
O

T 
TO

 S
C

AL
E

EX
H

IB
IT

 3
.1

1

SC
EN

AR
IO

 2
 - 

EX
IS

TI
N

G
 G

EO
M

ET
R

Y 
(2

04
0)

 A
M

G
EL

LH
O

R
N

 A
T 

K
R

O
G

ER
 A

C
C

ES
S 

D
R

IV
EW

AY
S



N

N
O

T 
TO

 S
C

AL
E

EX
H

IB
IT

 3
.1

2

SC
EN

AR
IO

 2
 - 

EX
IS

TI
N

G
 G

EO
M

ET
R

Y 
(2

04
0)

 A
M

G
EL

LH
O

R
N

 A
T 

IH
 1

0



N

NOT TO SCALE
EXHIBIT 3.13

SCENARIO 1 - EXISTING GEOMETRY (2040) PM PEAK
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