
   

 

   

 

 

Buffalo Speedway 
Improvements 
Bissonnet Street to Holcombe Boulevard 

Drainage Preliminary Engineering Report 

Prepared by HDR Engineering, Inc. 

CSJ: 0912-72-360 

City of West University Place 

Harris County, Texas 

May 1, 2020 

 

 
 
 
 
 
 
 

 

 

   

 



Buffalo Speedway Improvements 

 Drainage Preliminary Engineering Report 
 

  May 1, 2020 | i 

Contents 

1 Executive Summary ............................................................................................................................ 1 

2 Project Introduction ............................................................................................................................. 3 

3 Hydrologic Methodology ...................................................................................................................... 6 

4 Proposed Drainage Plan ..................................................................................................................... 9 

4.1 Proposed Storm Sewer Sizing & Layout ................................................................................... 9 

4.3 Tying Into Existing Monolithic Concrete Storm Sewers .......................................................... 15 

4.4 Flow Regulation at Bissonnet Street ....................................................................................... 17 

4.5 Flow Regulation along Buffalo Speedway............................................................................... 18 

4.6 Utility Concerns ....................................................................................................................... 19 

5 Hydraulic Analysis ............................................................................................................................. 20 

5.1 Existing Conditions .................................................................................................................. 20 

5.2 Proposed Conditions ............................................................................................................... 24 

5.3 Comparison of Ponding Depths along Buffalo Speedway ...................................................... 27 

5.4 Comparison of Water Surface Elevations along Buffalo Speedway ....................................... 28 

5.5 Hydraulic Grade Line (HGL) Calculations: .............................................................................. 29 

6 Pre-Design Activities ......................................................................................................................... 30 

7 Conclusion ......................................................................................................................................... 31 
 

Tables 

Table 1 – NOAA ATLAS 14 Rainfall Depths ................................................................................................. 6 

Table 2 – Summary of Rational Method Calculation .................................................................................... 7 

Table 3 – Summary of Computed Storage Coefficients ............................................................................... 8 

Table 4 – Summary of Proposed Storm Sewer Improvements .................................................................... 9 

Table 5 – Comparison of In-line Storage Volumes ..................................................................................... 10 

Table 6 – Location and sizes of Flow Restrictors ....................................................................................... 18 

Table 7 – Comparison of Ponding Depths along Buffalo Speedway .......................................................... 27 

Table 8 – Comparison of Water Surface Elevations along Buffalo Speedway ........................................... 28 

 
Figures 

Figure 1:  Typical Configuration of the Existing Buffalo Speedway in West University Place ...................... 3 

Figure 2:  Route of Existing Dual 66" Storm Sewer Across the St. Vincent de Paul Campus ...................... 4 

Figure 3:  General Extents of Buffalo Speedway Drainage Improvements .................................................. 5 

Figure 4:  Proposed Storm Sewer Arrangement North of Amherst ............................................................ 11 

Figure 5:  Proposed Storm Sewer Arrangement South of Amherst ............................................................ 12 

Figure 6:  Possible Traffic Control Approach for Buffalo Speedway ........................................................... 13 

Figure 7:  Storm Sewer Configuration Across the St. Vincent de Paul Campus ........................................ 14 

Figure 8:  Typical Section, Monolithic Concrete Storm Sewer .................................................................... 15 

Figure 9:  Detail for Connecting to Monolithic Concrete Storm Sewers ..................................................... 16 

Figure 10:  Flow Regulation at Bissonnet Street......................................................................................... 17 

Figure 11:  General Form of Masonry Flow Regulator ............................................................................... 19 

Figure 12:  Typical Water Line Arrangement along Buffalo Speedway ...................................................... 19 

file://houcmi-pcs/XPSWMM_Models/Buffalo_Model/Buffalo%20Speedway%20Report/04-21-2020/Buffalo%20Speedway%20PER%2004272020.docx%23_Toc39223179
file://houcmi-pcs/XPSWMM_Models/Buffalo_Model/Buffalo%20Speedway%20Report/04-21-2020/Buffalo%20Speedway%20PER%2004272020.docx%23_Toc39223186
file://houcmi-pcs/XPSWMM_Models/Buffalo_Model/Buffalo%20Speedway%20Report/04-21-2020/Buffalo%20Speedway%20PER%2004272020.docx%23_Toc39223189
file://houcmi-pcs/XPSWMM_Models/Buffalo_Model/Buffalo%20Speedway%20Report/04-21-2020/Buffalo%20Speedway%20PER%2004272020.docx%23_Toc39223190


Buffalo Speedway Improvements 
Drainage Preliminary Engineering Report 

ii | May 1, 2020 

Figure 13: Existing Conditions 2-Year Runoff Hydrographs ....................................................................... 21 

Figure 14: Existing Conditions 10-year Runoff Hydrographs ...................................................................... 22 

Figure 15: Existing Conditions 100-Year Runoff Hydrographs ................................................................... 23 

Figure 16: Existing Conditions vs. Proposed Conditions 2-Year Runoff Hydrographs ............................... 24 

Figure 17: Existing Conditions vs. Proposed Conditions 10-Year Runoff Hydrographs ............................. 25 

Figure 18: Existing Conditions vs. Proposed Conditions 100-Year Runoff Hydrographs ........................... 26 

 

Exhibits 

1. Drainage Area Map 

2. Storm Sewer Sizing Layout 

3. Existing and Proposed Typical Sections 

4. Flooding Map, Existing Conditions, 2-Year Storm Event 

5. Flooding Map, Existing Conditions, 10-Year Storm Event 

6. Flooding Map, Existing Conditions, 100-Year Storm Event 

7. Flooding Map, Proposed Conditions, 2-Year Storm Event 

8. Flooding Map, Proposed Conditions, 10-Year Storm Event 

9. Flooding Map, Proposed Conditions, 100-Year Storm Event 

10. HGL Plots, Proposed System, 2-Year and 100-Year Storm Events 

11. Geotechnical Boring Plan 

12. Buffalo Speedway Water Line Layout from Recent Infrastructure Upgrades 

Appendices 
A. Hydraulic Grade Line (HGL) Design Analysis Calculations 

B. HEC-HMS Results to XP-SWMM Nodes Hydrograph Input 

C. “Virtual Tour” Photos for the Buffalo Speedway Project 

D. Construction Plans for Rehabilitation of Buffalo Speedway Outfall to Poor Farm Ditch 

E. Construction Plans for Original West University Place Storm Sewer System 

F. Construction Details for Connections to Existing Buffalo Speedway Monolithic Concrete Pipe 

G. Field Survey Data and Field Notes from West Belt Surveying, Inc. 

H. Geotechnical Investigations Report from Aviles Engineering Corporation 

I. Preliminary Construction Quantity Take-off and Cost Estimate from HDR Engineering, Inc. 

J. Project Flood Insurance Rate Map (FIRM) 

 

 



Buffalo Speedway Improvements 

 Drainage Preliminary Engineering Report 
 

  May 1, 2020 | iii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank. 

 

 

 

 

 



 

 

 

hdrinc.com 4828 Loop Central #800, Houston, TX  77081-2220 
 | Texas Registered Engineering Firm F-754  

1 
 

1 Executive Summary 

Buffalo Speedway is a four lane curb-and-gutter street that passes through the City 

of West University Place, in Harris County. The existing storm sewer drainage 

system ranges from a single 66-inch RCP at the upstream end of the proposed 

project at Bissonnet Street to dual 66-inch RCPs at the outfall at Poor Farm Ditch. 

The current storm sewer system does not have sufficient capacity to convey a City of 

Houston 2-year design storm. HDR Engineering, Inc. was contracted to develop 

drainage improvements for the project. 

Rational method calculations were performed to determine peak flows from each 

sub-area. The proposed system was designed using peak discharge rates for a City 

of Houston 2-year design storm. The design analysis shows that the 2-year Hydraulic 

Grade Line (HGL) is below the Proposed Grade Line (PGL). A plot of the design 

analysis HGL is included in Exhibit 10. This analysis was carried out in addition to 

the impact analysis because the City of Houston methodology to calculate the time of 

concentration does not account for travel time in the system, and therefore 

aggregates the peaks from all sub-areas to occur at the same time. This is a very 

conservative approach. To better estimate the HGL elevations, a traditional approach 

was used by setting the tailwater at top of outfall pipe and back calculating the 

elevations at each intersection by calculating head loss using typical loss 

coefficients. A table of calculations for this design analysis is included in Appendix A 

of this report. 

The impact analysis was carried out for the 2-, 10-, and 100-year storm events using 

XP-SWMM stormwater modeling software. A HEC-HMS model was developed with 

Clark Unit Hydrograph method, and the storage coefficient (R) was iterated to match 

the peak flows generated with the rational method. The City of Houston methodology 

to calculate time of concentration was used, as described in section 3. The latest 

NOAA ATLAS 14 Point Precipitation Frequency Estimates were used for 

computations. Flow hydrographs developed from HEC-HMS were used as input for a 

XP-SWMM 1D/2D model. The HGL plots for the 2- and 100-year storm events 

impact analysis is also included in Exhibit 10. 

Proposed storm sewer sizes range from a single 6’x5’ Reinforced Concrete Box 

(RCB) at Wroxton Road to dual 8’ x 8’ RCB culverts at the outfall at Poor Farm Ditch. 

The outfall pipes south of Holcombe are proposed to be removed or abandoned and 

replaced with dual 8’ x 8’ RCBs.  Connectors between existing and proposed storm 

sewers along Buffalo Speedway are proposed to allow storm water to equalize in the 

existing and proposed storm sewers.  In order to manage the discharge into Poor 

Farm Ditch, flow restrictors are proposed at various locations throughout the 

proposed drainage system.  These restrictors are modeled as 48-inch pipes for ease 

of modeling, but actual restrictors should be designed using masonry walls that allow 
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restrictors to be adjusted or removed as downstream channel capacity is increased 

or detention becomes available. 

The results from the impact analysis are shown in section 6. Street ponding is 

significantly reduced for all storm events, with a maximum reduction of up to 1.5 ft for 

the 100-year storm event. Ponding still occurs at the upstream end of the project for 

the 2-year event, and along the entire corridor for the 100-year storm event. Peak 

discharge rates are slightly higher for the 2-year storm, however, mitigation is not 

needed as Poor Farm Ditch has sufficient capacity to convey the 2-year storm. 
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2 Project Introduction 

This engineering report describes the drainage system upgrades associated with proposed 

roadway improvements to Buffalo Speedway, from Bissonnet Street to Holcombe Boulevard, 

within the City of West University Place (West U), Texas, and south in the City of Houston (see 

Exhibit 1A – drainage area map).  The following sections provide descriptions of the hydrologic 

methodology for computing peak discharges and runoff hydrographs for the existing drainage 

system, discuss the proposed plan for roadway and drainage improvements to Buffalo 

Speedway, and provide the results of the hydraulic analysis of the existing and proposed 

drainage system. 

Buffalo Speedway is a four-lane, curb-and-

gutter roadway with storm sewer drainage.   

It passes through the east-central portion of 

West U from north to south, entering West 

U from the City of Houston to the north and 

exiting into the City of Houston to the south. 

The Buffalo Speedway drainage system 

outfalls into Poor Farm Ditch a short 

distance south of Holcombe Boulevard 

through an existing easement in St. Vincent 

De Paul School.  Exhibit 1A is a drainage 

area map for the Buffalo Speedway storm 

sewer system. Storm sewers along Buffalo 

Speedway drain storm runoff from a total drainage area of approximately 541 acres, including 

approximately 177 acres from the City of Houston.   

The existing drainage system of Buffalo Speedway consists of a single 66-inch RCP storm sewer 

between Bissonnet and Georgetown, a single 72-inch RCP between Georgetown and Amherst, 

and dual 66-inch RCPs between Amherst and the system outfall to Poor Farm Ditch. The 

alignments and extents of the existing trunk line storm sewers are illustrated on Exhibit 1B.  

Various lateral pipes empty into the Buffalo Speedway system from the east and west, and 

connectors are provided between the existing dual 66-inch RCPs to allow water to equalize in 

the proposed pipes.  The existing system does not have sufficient capacity to convey the City of 

Houston standard 2-year storm design event, and the lack of storm sewer capacity causes 

significant street ponding within the project area during periods of heavy rainfall.   

The City of West U proposes to complete paving improvements to Buffalo Speedway from 

Bissonnet Street southward to the Poor Farm Ditch outfall. The City has secured Transportation 

Improvement Program (TIP) funding for the paving portion for a section of the project from 

Bissonnet Street to Holcombe Boulevard. The general extents of the Buffalo Speedway project 

are shown in Figure 3 on page 3 of this report.  Storm sewer sizing for the preliminary drainage 

design is based on the assumption that the existing single 66-inch storm sewer at Bissonnet 

Figure 1:  Typical Configuration of the Existing Buffalo 

Speedway in West University Place 
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Street remains in place, serving as a flow regulator and maintaining existing flow rates into West 

U from the 131-acre City of Houston drainage area to the north.   

Proposed storm sewer sizes range from a single 6’x5’ Reinforced Concrete Box (RCB) at 

Wroxton Road to dual 8’ x 8’ RCB culverts at the outfall at Poor Farm Ditch.  Exhibit 2 

illustrates the proposed storm sewer sizes along Buffalo Speedway required to pass the 2-year 

storm design storm event with average velocity of 3 feet per second. 

 

Figure 2:  Route of Existing Dual 66" Storm Sewer Across the St. Vincent de Paul Campus 

 

Existing storm sewers along Buffalo Speedway, consisting mainly of single 66-inch to 72-inch 

pipes or dual 66-inch pipes, are assumed to remain in place to provide in-line detention storage 

from Holcombe Blvd. north to Bissonnet St.  The existing dual 66-inch storm sewer pipes 

between Holcombe Blvd. and Poor Farm Ditch (see Figure 2) are assumed to be replaced with 

dual 8’ x 8’ box culverts.  Regulating structures are provided at intervals along the Buffalo 

Speedway system to make full use of system storage.  No increases in downstream flow rates 

are proposed for the 100-year (1% annual chance) storm event.  Flow rates are increased a 

nominal amount for the 2-year (50% annual chance event), but both Poor Farm Ditch and Brays 

Bayou provide sufficient capacity to accommodate peak runoff rates for the 2-year event. 
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Figure 3:  General Extents of Buffalo Speedway Drainage Improvements 

 

A set of images provided in Appendix C to this report offer a “virtual tour” of the Buffalo Speedway 

project area, with a separate image at each intersection starting at Bissonnet and extending 

southward to Holcombe Boulevard, with supplemental information on the outfall to Poor Farm Ditch.  

These images provide background information on the existing roadway, cross-streets, signals, 

sidewalks, and other infrastructure, as well as trees and other features. 
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3 Hydrologic Methodology 

Flow Hydrographs for the areas draining toward Buffalo Speedway were computed using HEC-

HMS.  The time of concentration was computed using the method described in the City of 

Houston’s Infrastructure Design Manual, as the City of West U has adopted the City of Houston 

standards as design criteria, using the equation shown below: 

𝑇𝑐 = 10𝐴0.1761 + 15 

Where TC = time of concentration in minutes, and A = subarea in acres. 

The storm sewer was designed for the City of Houston 2-year storm event. The rainfall intensity 

for each drainage area was computed using the equation shown below. 

𝑖 =  
𝑏

𝑇𝑐 + 𝑑)𝑒
 

The e, b, and d values required to compute rainfall intensities were taken from the latest version 

of the City of Houston Infrastructure Design Manual.  

3.1 NOAA Atlas 14 Analysis 

For more comprehensive analysis, the proposed storm sewer system was analyzed using the 

rainfall intensity values taken from the latest NOAA ATLAS 14 Point Precipitation Frequency 

Estimates, by using the calculated Time of concentration as the duration for each drainage area. 

Rainfall intensities were calculated by dividing rainfall depths by durations. Due to the fact that 

NOAA ATLAS 14 data has higher intensities compared to the City of Houston 2-year event, and 

the likelihood that the latest NOAA ATLAS 14 data will be accepted as the new design event, 

the findings in this report are results utilizing the NOAA ATLAS 14 data. Table 1 shows the 

NOAA ATLAS 14 rainfall depth (inches) for various durations for the 2-year, 10-year, and 100-

year frequency storm events. 

Table 1 – NOAA ATLAS 14 Rainfall Depths 

Duration 
Rainfall Depth (inches) 

2-Year 10-Year 100-Year 

5 minutes 0.588 0.844 1.27 

15 minutes 1.18 1.69 2.52 

60 minutes 2.25 3.23 4.84 

2 hours 2.81 4.25 6.98 

3 hours 3.15 4.92 8.58 

6 hours 3.76 6.13 11.4 

12 hours 4.41 7.37 14.1 

24 hours 5.12 8.73 17 
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 Runoff hydrographs for each sub-basin were created using the HEC-HMS software program.  

The Green-Ampt loss function was used to simulate the runoff losses within the drainage area, 

and the Clark Unit Hydrograph method was used to develop the hydrographs. The storage 

coefficient used in the Clark Unit Hydrograph method was iterated such that the peak discharge 

rate of the hydrograph was equal to the peak discharge rate computed with the Rational 

Method. Table 2 shows the rational method calculations.  

Table 2 – Summary of Rational Method Calculation 

Area ID 
Area 

(acres) 

Intensity (in.hr) Runoff 
Coefficient 

(C) 

Peak Discharge (cfs) 

I2-YR I10-YR I100-YR 2-Year 
10-

Year 
100-
Year 

COH N 131.21 2.94 4.06 5.79 0.80 309 426 608 

BSWT 1A 21.27 3.27 4.45 6.30 0.55 38 52 74 

BSW 01 10.00 3.40 4.60 6.49 0.55 19 25 36 

BSW 02 9.98 3.40 4.60 6.50 0.55 19 25 36 

BSW 03 10.25 3.39 4.60 6.49 0.55 19 26 37 

BSWT 2A 6.32 3.47 4.69 6.61 0.55 12 16 23 

BSW 04 10.21 3.39 4.60 6.49 0.55 19 26 36 

BSW 05 N 4.72 3.52 4.74 6.67 0.55 9 12 17 

BSW 05 S 25.64 3.24 4.42 6.25 0.55 46 62 88 

BSWT 3A 18.47 3.29 4.48 6.34 0.55 33 46 64 

BSW 06 N 19.23 3.29 4.47 6.33 0.55 35 47 67 

BSW 06 S 13.23 3.35 4.55 6.42 0.55 24 33 47 

BSW 12 15.00 3.33 4.52 6.39 0.55 27 37 53 

BSWT 4A 10.52 3.39 4.59 6.48 0.55 20 27 37 

BSW 07 19.58 3.28 4.47 6.32 0.55 35 48 68 

BSW 13 10.06 3.40 4.60 6.49 0.55 19 25 36 

BSWT 5A 8.80 3.42 4.63 6.53 0.55 17 22 32 

BSW 08 27.51 3.23 4.40 6.23 0.55 49 67 94 

BSW 14 11.71 3.37 4.57 6.46 0.55 22 29 42 

BSWT 6A 5.48 3.50 4.72 6.64 0.55 11 14 20 

BSW 09 32.57 3.20 4.37 6.19 0.55 57 78 111 

BSW 15 8.69 3.42 4.63 6.53 0.55 16 22 31 

BSWT 7A 5.26 3.50 4.72 6.65 0.55 10 14 19 

BSW 10 24.71 3.24 4.42 6.26 0.55 44 60 85 

BSWT 8A 7.30 3.45 4.66 6.57 0.55 14 19 26 

BSW 11 28.62 3.22 4.39 6.22 0.55 51 69 98 

COH S 45.57 3.14 4.29 6.09 0.69 98 135 191 

A= 541.9 acres       
 

Those runoff hydrographs were then applied to the XP-SWMM 1D/2D model of the Buffalo 

Speedway drainage system. Appendix B provides corresponding nodes in the XP-SWMM 

model. All hydrographs were developed for rainfall events with 24-hour duration.   
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Table 3 below provides a summary of the drainage areas, their times of concentration, and the 

storage coefficient (R) computed using the NOAA ATLAS 14 data for the 2-year, 10-year, and 

100-year storm events. Exhibit 1A and 1B provides a drainage area map of the Buffalo 

Speedway drainage system.   The boundaries of each of the drainage area listed in Table 3 are 

illustrated on the exhibit.  

Table 3 – Summary of Computed Storage Coefficients 

Area ID 
Area 

(acres) 

Time of 
Concentration 

(hours) 

Storage Coefficient R (hours) 

2-Year 10-Year 100-Year 

COH N 131.21 0.64 0.44 0.50 0.40 

BSWT 1A 21.27 0.54 0.79 0.94 0.85 

BSW 01 10.00 0.50 0.74 0.89 0.80 

BSW 02 9.98 0.50 0.74 0.89 0.80 

BSW 03 10.25 0.50 0.74 0.89 0.80 

BSWT 2A 6.32 0.48 0.72 0.86 0.78 

BSW 04 10.21 0.50 0.74 0.89 0.80 

BSW 05N 4.72 0.47 0.71 0.85 0.77 

BSW 05 S 25.64 0.55 0.80 0.95 0.86 

BSWT 3A 18.47 0.53 0.78 0.93 0.84 

BSW 06 N 19.23 0.53 0.78 0.93 0.84 

BSW06 S 13.23 0.51 0.75 0.91 0.82 

BSW 12 15.00 0.52 0.76 0.92 0.82 

BSWT 4A 10.52 0.50 0.74 0.89 0.80 

BSW 07 19.58 0.53 0.78 0.94 0.84 

BSW13 10.06 0.50 0.74 0.89 0.80 

BSWT 5A 8.80 0.49 0.74 0.88 0.79 

BSW 08 27.51 0.55 0.81 0.96 0.86 

BSW 14 11.71 0.51 0.75 0.90 0.81 

BSWT 6A 5.48 0.48 0.72 0.86 0.77 

BSW 09 32.57 0.56 0.82 0.97 0.87 

BSW 15 8.69 0.49 0.73 0.88 0.79 

BSWT 7A 5.26 0.47 0.71 0.85 0.77 

BSW 10 24.71 0.54 0.80 0.95 0.86 

BSWT 8A 7.30 0.49 0.73 0.87 0.78 

BSW 11 28.62 0.55 0.81 0.96 0.87 

COH S 45.57 0.58 0.55 0.65 0.55 
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4 Proposed Drainage Plan 

A preliminary design was developed for the proposed storm sewer based on the peak discharge 

rates for the 2-year (50% annual chance) storm event using City of Houston 2-Year design 

storm including the new Atlas 14 data.  Detailed modeling of the existing and proposed storm 

sewers is described in the next section of this report.   

4.1 Proposed Storm Sewer Sizing & Layout 

Proposed storm sewer sizes range from a single 6’x5’ Reinforced Concrete Box (RCB) at 

Wroxton Road to dual 8’ x 8’ RCB culverts at the outfall at Poor Farm Ditch. The outfall pipes 

south of Holcombe are proposed to be removed or abandoned and replaced with dual 8’ x 8’ 

RCBs.  Connectors between existing and proposed storm sewers along Buffalo Speedway will 

be provided in order to allow storm water to equalize in the existing and proposed storm sewers.  

In order to meter the discharge into Poor Farm Ditch, short segments of 48-inch RCP are 

proposed at various locations throughout the proposed drainage system.  These short segments 

of pipe serve as flow control devices to allow the velocity of flow through the proposed system to 

mimic the velocity of flow in the existing system.  Note that these 48-inch pipes are proposed for 

ease of modeling, but actual restrictors should be designed using masonry walls that allow 

restrictors to be adjusted or removed as downstream channel capacity is increased or detention 

becomes available. Table 4 provides a summary of the existing storm sewer and the proposed 

storm sewer improvements. 

Table 4 – Summary of Proposed Storm Sewer Improvements 

 

Number
Diameter 

(inches)

Max flow 2-

YR (cfs)

Max flow 

100-YR 

(cfs)

Number
Span/Dia 

(ft)
Rise (ft)

Max flow 2-

YR (cfs)

Max flow 

100-YR 

(cfs)

2-Year (cfs) 100-Year (cfs)

Bissonnet 1 66 93.39 119.95 1 6 5 42.50 48.68 -50.89 71.26

Wroxton 1 66 95.01 76.47 1 6 5 120.75 104.69 25.74 28.22

Albans 1 66 88.07 77.25 1 8 5 154.61 120.79 66.55 43.54

Nottingham 1 66 101.42 95.39 1 8 6 187.47 179.04 86.05 83.66

Quenby 1 66 102.02 89.21 1 10 6 183.51 185.90 81.49 96.69

Tangley 1 66 124.48 120.33 1 11 6 227.06 239.14 102.59 118.81

Georgetown 1 72 144.27 145.23 1 12 6 229.71 264.61 85.45 119.37

Amherst 2 66 129.40 131.32 2 8 5 202.74 253.99 73.34 122.68

Univers i ty 2 66 137.09 142.71 2 8 5 202.74 253.99 65.65 111.29

Duke 2 66 161.77 168.84 2 8 6 249.06 336.13 87.29 167.29

Pittsburgh 2 66 184.85 197.25 2 8 7 130.92 203.39 -53.94 6.15

Carnegie 2 66 211.14 225.64 2 8 7 209.50 321.07 -1.64 95.43

Cason 2 66 253.62 284.09 2 8 8 287.96 362.32 34.35 78.23

Holcombe 2 66 314.86 368.16 2 8 8 461.60 583.75 146.74 215.60

Outfa l l 2 66 312.46 377.90 2 8 8 427.92 521.41 115.46 143.51

Difference

Cross-Street

Existing Storm Sewer Pipes Proposed Storm Sewer RCB
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Table 5 provides a comparison of in-line storage volumes available for both the existing system 

as well as the proposed system. The existing system is proposed to be left in place to provide 

additional in-line storage, with the exception of the existing dual 66” RCP from Holcombe to the 

outfall which is proposed to be abandoned or removed. The total volume available for storage 

will be approximately 22.19 ac-ft.  

Table 5 – Comparison of In-line Storage Volumes 

 

 

Exhibit 2 provides a layout of the existing and proposed storm sewer systems with sizing.  The 

total length of the Buffalo Speedway storm sewer system from Bissonnet Street to Poor Farm 

Ditch is approximately 8,450 feet.    

Figures 4 and 5 illustrate the general approach recommended for constructing the storm 

sewers within the existing Buffalo Speedway right-of-way.  In both figures, solid black lines 

represent existing storm sewers, while dashed black lines represent proposed storm sewers.  

North of Amherst, the existing 66-inch to 72-inch storm sewers consists of a single line on the 

west side of the road.  Therefore, from Wroxton southward to Amherst, the new storm sewer is 

proposed to be constructed on the east side of the road as indicated on Figure 4. 

From To Count Length Diameter Area Volume Count Length RCB Size Area Volume

Street Street ft ft sq-ft ac-ft ft ft x ft sq-ft ac-ft

Bissonnet Wroxton 1 290 5.5 23.768 0.16 1 166 6x5 30 0.11

Wroxton Albans 1 261 5.5 23.768 0.14 1 258 6x5 30 0.18

Albans Nottingham 1 544 5.5 23.768 0.30 1 545 8x5 40 0.50

Nottingham Quenbv 1 265 5.5 23.768 0.14 1 268 8x6 48 0.30

Quenby Tangley 1 524 5.5 23.768 0.29 1 528 10x6 60 0.73

Tangley Georgetown 1 762 5.5 23.768 0.42 1 772 11x6 66 1.17

Georgetown Amherst 1 724 6 28.286 0.47 1 720 12x6 72 1.19

Amherst University 2 410 5.5 23.768 0.45 2 402 8x5 40 0.74

University Duke 2 775 5.5 23.768 0.85 2 788 8x5 40 1.45

Duke Pittsburgh 2 653 5.5 23.768 0.71 2 645 8x6 48 1.42

Pittsburgh Carnegie 2 643 5.5 23.768 0.70 2 650 8x7 56 1.67

Carnegie Cason 2 655 5.5 23.768 0.71 2 650 8x7 56 1.67

Cason Holcombe 2 529 5.5 23.768 0.58 2 497 8x8 64 1.46

2 1257 8x8 64 3.69

TOTAL 5.91 TOTAL 16.28

EXISTING SYSTEM PROPOSED SYSTEM
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Figure 4:  Proposed Storm Sewer Arrangement North of Amherst 

  

South of Amherst, existing dual 66-inch storm sewer pipes are located adjacent to both curbs, 

so it is recommended that the proposed storm sewers be constructed “inside” of the existing 

pipes, as indicated on Figure 5.    

O

Connector  
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Figure 5:  Proposed Storm Sewer Arrangement South of Amherst 

 

This approach allows for improved traffic control, as in addition to two traffic lanes on one side of the 

road, an outside lane can be made available on the other side of the road for access to existing 

driveways.  Figure 6 illustrates this approach to traffic control, which has been successfully utilized 

on recent construction projects. 
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Figure 6:  Possible Traffic Control Approach for Buffalo Speedway 

 

4.2 Crossing the St. Vincent de Paul Church Property 

Hydraulic modeling results indicate that the existing dual 66-inch storm sewer south of the Holcombe 

intersection could, in terms of capacity, be left in place to regulate flows to Poor Farm Ditch.  

However, information provided by the West U indicates that the existing pipes are in less than 

satisfactory condition and should be replaced.  The replacement storm sewer will take the form of 

dual 8’ x 8’ box culvert storm sewers per the design summary presented on Exhibit 2. Items 

included as part of the project are stated below: 

 Provides capacity for possible future condition where detention is provided downstream. 

 Must negotiate an alignment easement with the church. 

 Can remove the existing dual 66-inch pipes, and replace with 2 – 8’ x 8’ RCBs. 

 Construct a new outfall at Poor Farm Ditch due to the depth of the proposed system. 

 The cost estimate developed for the project includes an estimated cost for the new outfall 

structure. 
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Figure 7 illustrates the configuration described above. 

 

Figure 7:  Storm Sewer Configuration Across the St. Vincent de Paul Campus 

As indicated, utilizing the proposed 8’ x 8’ RCBs will create the need for additional easement, and 

will require that the existing outfall structure be replaced. The outfall structure at Poor Farm Ditch 

was repaired in 2014.  Construction documents prepared for that project by HDR Engineering, Inc. in 

2014 are attached to this report as Appendix D.                                                                                                             
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4.3 Tying Into Existing Monolithic Concrete Storm Sewers 

The existing storm sewers along 

Buffalo Speedway were 

constructed during World War II, 

and due to rationing of steel during 

the war, the storm sewers were 

constructed as monolithic concrete 

pipes with no reinforcements.  

Figure 8 to at right illustrates a 

typical section of the existing storm 

sewers.  The prescribed wall 

thickness for the 66-inch and 72-

inch pipes along Buffalo Speedway 

was 8 inches to 81/2 inches.  A copy 

of the construction plans for the 

original West U storm sewer 

system is attached to this report as 

Appendix E.  The plans, which 

were completed in 1942, include 

storm sewer layouts, details, and 

the design of the original outfall 

structure at the Buffalo Speedway 

outfall to Poor Farm Ditch.   

The construction of new box 

culvert storm sewers under the 

inner lanes of Buffalo Speedway 

will require that flow be transferred 

from the existing 66-inch and 72-

inch storm sewers on the outside 

of the roadway to the new box 

culverts.  In order to achieve the 

required transfer of storm water, physical connections 

between the existing monolithic concrete storm sewers 

and the proposed box culvert storm sewers will be required.  Figure 9 below provides a possible 

means of making the required connections.  This detail was detailed in connection with past roadway 

rehabilitation projects involving drainage improvements at intersections of Buffalo Speedway with 

various cross-streets.  

Figure 8:  Typical Section, Monolithic 
Concrete Storm Sewer 
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Figure 9:  Detail for Connecting to Monolithic Concrete Storm Sewers 

 

Appendix F contains excerpts from construction plans developed by Claunch & Miller, Inc. in 2002 

for Priority Area 10 improvements and for Priority Area 11B, which involved side street drainage pipe 

connections to the existing monolithic concrete storm sewers on Buffalo Speedway. 

 

 

 

 

 

 

 

 

 



 

 

 

hdrinc.com 4828 Loop Central #800, Houston, TX  77081-2220 
 | Texas Registered Engineering Firm F-754  

17 
 

4.4 Flow Regulation at Bissonnet Street 

As indicated previously in this report, it is proposed that the existing single 66-inch storm sewer pipe 

that enters West University Place from the City of Houston, north of Bissonnet Street, be left in place 

to serve as a flow regulator. Figure 10 provides a basic approach to the manner in which this is 

proposed to be accomplished.  

 

Figure 10:  Flow Regulation at Bissonnet Street 

As indicated in Figure 10, the existing City of Houston storm sewer is left in place between 

Bissonnet Street and Wroxton Road.  The Buffalo Speedway design calculations call for a new 66-

inch storm sewer on the east side of Buffalo Speedway.  In the interim, however, that 66-inch storm 

sewer will be omitted from West U’s Buffalo Speedway improvement plan.  Under this scenario, 

proposed storm sewer improvements would begin at the intersection of Buffalo Speedway and 

Wroxton Road and extend southward from that location.   This would leave only the existing single 

66-inch storm sewer in place between Bissonnet and Wroxton Road, with the possibility of adding 

the second 66-inch storm sewer along the east side of Buffalo Speedway in the future.  This plan 

achieves the goal of regulating flows from the north while preserving the ability to make future 

improvements. 
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4.5 Flow Regulation along Buffalo Speedway 

Due to the lack of available detention, the existing 66-inch and 72-inch storm sewers along Buffalo 

Speedway are proposed to be left in place from Wroxton to Holcombe to provide in-line detention 

storage.  Proposed box culvert storm sewers are designed to accommodate the existing conditions 

2-year flow from the area north of Bissonnet as well as 2-year flows from areas within the City of 

West University Place and contributing areas in the City of Houston south of Holcombe Boulevard.  

However, the proposed new storm sewers are significantly larger than the existing storm sewers, 

they have a much greater flow capacity than the existing storm sewers, and the detention storage 

made available by leaving existing storm sewer pipes in place along Buffalo Speedway is not 

sufficient to fully mitigate potential increases in 10-year and 100-year flow rates.  In order to regulate 

the flow conveyed in the proposed storm sewer system, the proposed storm sewers are to be 

regulated to provide additional in-line storage until such time as downstream capacity along Brays 

Bayou is sufficient to accept the full-capacity flow from the proposed storm sewers or detention is 

provided at a downstream location in the future.    

In the proposed conditions XPSWMM models of the Buffalo Speedway drainage system, a total of 

five (5) flow regulators are represented at intervals along the new storm sewer. Table 6 shows the 

location and sizing information for these regulators. These regulators are modeled as 48-inch pipes, 

but the actual physical configuration of the regulators may take a number of forms.   

Table 6 – Location and sizes of Flow Restrictors 

 

The selected means of achieving the required degree of flow regulation should be simple, cost-

effective, long-lasting, require little maintenance, and allow for modification or removal of regulators. 

A simple masonry wall structure can be constructed in manholes or junction boxes to limit flow 

openings at regulator locations to roughly the equivalent of a 48-inch pipe. 

Figure 11 represents the basic approach to the construction of a masonry wall that is strong enough 

to withstand hydraulic pressure but also represents a modular system that can be removed without 

undue difficulty. 

 

 

 

 

STATION LOCATION SIZE

33+65 North of Duke 4ft x 3ft

27+15 North of Pittsburgh 4ft x 3ft

20+65 North of Carnegie 4ft x 3ft

14+15 North of Cason 4ft x 3ft

2+78

Upstream of St. Vincent de 

Paul Catholic Church Property
4ft x 3ft
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4.6 Utility Concerns 

In constructing the proposed new 

storm sewers, care must be exercised 

to avoid existing utilities along Buffalo 

Speedway.  Figure 12 is 

representative of the water line layout 

for the entire length of the proposed 

Buffalo Speedway improvements 

project.  The traffic control plan 

described in the foregoing section of 

this report minimizes potential conflicts 

with existing utilities, including sanitary 

sewers and existing water lines, the 

latter of which are located on both sides 

of the roadway, by constructing the 

storm sewers in the middle portion of the 

roadway, away from the curb lines and 

the area immediately behind the curbs 

where utilities are located. 

 

 

Figure 12:  Typical Water Line Arrangement 
along Buffalo Speedway 
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Buffalo Speedway Improvements 
Drainage Preliminary Engineering Report 

20 | May 1, 2020 

5 Hydraulic Analysis 

5.1 Existing Conditions 

The existing conditions hydraulic model is a 1D/2D coupled XP-SWMM model created by HDR.  

The storm sewer elevation data was obtained from field survey provided by West Belt 

Surveying, Inc.  Appendix G contains collected survey data and field notes taken in the project 

limit.  The 2D domain of the model was created using the 2008 LiDAR data obtained by the 

Houston-Galveston Area Council.  The runoff hydrographs described in Section 2 of this report 

were inserted using the “User Inflow” setting at computation points along the system.  The 

model only includes the storm sewer trunk line(s) and does not include the inlet level 

calculations, as under the TIP funding program the roadway design engineer is responsible for 

designing storm sewer inlets and providing sufficient inlet capacity, while the storm sewer 

design engineer is responsible for the sizing and arrangement of storm sewer pipes.  The model 

includes the 2-year, 10-year, and 100-year storm events.  The tailwater condition was set to a 

stage discharge relationship calculated with a HEC-RAS model for Poor Farm Ditch. 

The results of the existing conditions hydraulic analysis indicate that the storm sewer trunk line 

does not have sufficient capacity to convey the 2-year peak discharge.  Storm water ponding is 

expected along the entire corridor of Buffalo Speedway, and storm water flows eastward toward 

Belmont Street and then outside the extents of the 2D domain on the east, west and south 

boundaries of the 2D domain.  The runoff which exits the 2D domain is calculated via a 2D flow 

line along the boundary within the hydraulic model.   
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The runoff hydrographs from the storm sewers and 2D flow lines are shown below in Figure 13.  

As shown, the combined peak discharge from the system via all routes (including overland 

routes as well as the Poor Farm Ditch outfall) is approximately 335 cfs. The discharge at the 

storm sewer outfall to Poor Farm Ditch is approximately 310 cfs.  

 

 

Figure 13: Existing Conditions 2-Year Runoff Hydrographs 
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The 10-year runoff hydrographs for the existing conditions are shown below in Figure 14.  As 

shown, the combined peak discharge from the system (via all routes) is approximately 505 cfs.  

The discharge at the storm sewer outfall to Poor Farm Ditch is approximately 320 cfs. 

 

 

Figure 14: Existing Conditions 10-year Runoff Hydrographs 
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The 100-year runoff hydrographs for the existing conditions are provided below in Figure 15.  

As shown, the combined peak discharge (via all routes) is approximately 1065 cfs.  The 

discharge at the Poor Farm Ditch outfall is approximately 380 cfs. 

 

 

Figure 15: Existing Conditions 100-Year Runoff Hydrographs 

 

Flooding depth grids of the 2-year, 10-year, and 100-year storm events are provided in Exhibits 

4, 5, and 6, respectively.  
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5.2 Proposed Conditions 

The existing conditions hydraulic model was modified to include the proposed storm sewer.  The 

proposed storm sewer sizes range from a single 6’x5’ RCB at Wroxton Road to dual 8’x8’ box 

culverts near the outfall.  The proposed conditions model results indicate significant reductions 

in street ponding along Buffalo Speedway for the 2-year storm event.  There is still significant 

ponding in the upper portions of the system, and storm water flows eastward toward Belmont 

Street during the 2-year storm event.  For the 100-year storm event, street ponding is 

significantly reduced in the proposed conditions. 

The runoff hydrographs from the storm sewers and 2D flow lines are shown below in Figure 16.  

As shown, the proposed combined peak discharge from the system is approximately 425 cfs, 

which is an increase of approximately 90 cfs above the existing discharge rate at Poor Farm 

Ditch outfall.  Based on that increase and evaluation of existing and proposed conditions 2-year 

discharge hydrographs, approximately 5 acre-feet of detention storage would be required to 

mitigate impacts for the 2-year storm event.  However, due to the fact that Poor Farm Ditch has 

sufficient capacity to convey the 2-year storm, it will not be necessary to provide detention to 

mitigate potential increases in peak discharge from the Buffalo Speedway system if no impacts 

are computed for 10-year and 100-year events. 

 

Figure 16: Existing Conditions vs. Proposed Conditions 2-Year Runoff Hydrographs 
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The 10-year runoff hydrographs for the proposed conditions are provided below in Figure 17.  

The combined peak discharge to Poor Farm Ditch, approximately 460 cfs, is less than the 

combined existing conditions discharge of 505 cfs to Poor Farm Ditch.  XPSWMM results 

indicate that overland sheet flow to locations outside of the 2D domain was eliminated for the 

10-year storm event, leaving only the storm sewer and overland route to Poor Farm Ditch.  

 

 

Figure 17: Existing Conditions vs. Proposed Conditions 10-Year Runoff Hydrographs 
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The 100-year runoff hydrographs for the proposed conditions are provided below in Figure 18.  

As shown, the combined peak discharge is approximately 520 cfs, which is much reduced in 

comparison to the existing conditions combined peak discharge of almost 1065 cfs. The 

proposed combined pipe and south overland flow is also reduced in comparison to the existing 

combined pipe and south overland flow.  Storage within streets and storm sewer system meters 

flow out the system to broaden the hydrograph to reduce the peak discharge rates.   

 

 

Figure 18: Existing Conditions vs. Proposed Conditions 100-Year Runoff Hydrographs 

 

While there is an increase in the 2-year peak flow rate to Poor Farm Ditch, there is no mitigation 

required as the receiving channel has 100 year capacity.  Flooding depth grids from the impact 

analysis of the 2-year, 10-year, and 100-year storm events are provided on Exhibits 7, 8, and 

9, respectively.   
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5.3 Comparison of Ponding Depths along Buffalo 
Speedway 

Table 7 below provides a summary of maximum flood depths at street intersections for each 

storm frequency based on the results of the XP-SWMM model.  During a 2-year storm, street 

flooding is expected along Buffalo Speedway between Nottingham St. and Bissonnet St. and 

between Tangley St. and University Blvd.  During a 10-year event, flooding is expected between 

Bissonnet St. and Duke St. Finally, during a 100-year storm event, street flooding is expected 

along the entire stretch of Buffalo Speedway between Bissonnet St. and Holcombe Blvd. 

Storm sewer improvements associated with the proposed improvements to Buffalo Speedway 

reduce ponding depths along Buffalo Speedway in the southern portions of the project limits.  

During a 100-year storm event, the proposed improvements provide a reduction in ponding 

depths as much as 1.5 feet along Buffalo Speedway. 

Table 7 – Comparison of Ponding Depths along Buffalo Speedway 

 

Existing Proposed Difference Existing Proposed Difference Existing Proposed Difference

79+19.57 Buffalo Speedway @ Bissonnet 1.58 1.43 -0.15 1.79 1.66 -0.13 2.22 2.11 -0.11

76+36.00 Buffalo Speedway @ Wroxton 1.71 1.44 -0.27 1.99 1.72 -0.27 2.40 2.24 -0.16

74+19.91 Buffalo Speedway @ Albans W 1.75 1.46 -0.29 2.04 1.74 -0.30 2.45 2.30 -0.15

73+76.38 Buffalo Speedway @ Albans E 1.48 1.18 -0.30 1.78 1.47 -0.31 2.20 2.05 -0.15

71+00.71 Buffalo Speedway @ Sunset E 0.71 0.42 -0.29 0.96 0.66 -0.30 1.35 1.21 -0.14

70+50.11 Buffalo Speedway @ Sunset W 0.66 0.43 -0.23 0.91 0.62 -0.29 1.27 1.09 -0.18

68+30.89 Buffalo Speedway @ Nottingham E 0.94 0.61 -0.33 1.20 0.88 -0.33 1.56 1.37 -0.19

66+90.12 Buffalo Speedway @ Nottingham W 0.67 0.00 -0.67 0.87 0.62 -0.25 1.21 1.04 -0.17

65+66.38 Buffalo Speedway @ Quenby 0.86 0.12 -0.74 1.10 0.78 -0.32 1.45 1.29 -0.16

63+30.66 Buffalo Speedway @ Robinhood W 0.11 0.00 -0.11 0.38 0.08 -0.30 0.67 0.51 -0.17

63+01.47 Buffalo Speedway @ Robinhood E 0.00 0.00 0.00 0.61 0.00 -0.61 0.92 0.75 -0.16

60+36.09 Buffalo Speedway @ Tangley E 0.55 0.32 -0.24 0.73 0.50 -0.23 1.06 0.92 -0.15

59+70.29 Buffalo Speedway @ Tangley W 0.32 0.11 -0.21 0.48 0.27 -0.20 0.80 0.64 -0.16

57+71.25 Buffalo Speedway @ Plumb E 0.99 0.73 -0.26 1.18 0.94 -0.24 1.47 1.32 -0.15

56+09.90 Buffalo Speedway @ Plumb W 1.03 0.77 -0.26 1.20 0.96 -0.24 1.48 1.35 -0.14

55+15.57 Buffalo Speedway @ Lafayette 0.90 0.64 -0.26 1.07 0.83 -0.23 1.35 1.21 -0.14

52+64.69 Buffalo Speedway @ Georgetown E 0.71 0.43 -0.28 0.88 0.60 -0.28 1.17 0.97 -0.20

52+49.41 Buffalo Speedway @ Georgetown W 0.62 0.24 -0.38 0.78 0.51 -0.27 1.06 0.87 -0.19

49+99.73 Buffalo Speedway @ Rice E 0.39 0.07 -0.32 0.50 0.26 -0.24 0.76 0.56 -0.20

48+90.26 Buffalo Speedway @ Rice W 0.45 0.00 -0.45 0.55 0.06 -0.49 0.78 0.59 -0.19

47+34.48 Buffalo Speedway @ Jarrard 0.05 0.00 -0.05 0.43 0.00 -0.43 0.83 0.63 -0.21

45+31.07 Buffalo Speedway @ Amherst W 0.01 0.00 -0.01 0.02 0.00 -0.02 0.31 0.06 -0.24

44+74.75 Buffalo Speedway @ Amherst E 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.21 -0.42

41+49.95 Buffalo Speedway @ University 0.79 0.29 -0.51 0.94 0.45 -0.49 1.16 0.83 -0.32

33+53.65 Buffalo Speedway @ Duke 1.71 1.04 -0.67 1.86 1.16 -0.70 2.14 1.39 -0.75

27+05.07 Buffalo Speedway @ Pittsburgh 1.28 0.28 -1.00 1.49 0.47 -1.01 1.87 0.76 -1.11

20+54.66 Buffalo Speedway @ Carnegie 0.93 0.00 -0.93 1.11 0.00 -1.11 1.50 0.00 -1.50

14+04.91 Buffalo Speedway @ Cason 1.08 0.40 -0.68 1.44 0.79 -0.65 1.90 0.90 -1.00

9+20.49 Buffalo Speedway @ Bellaire 1.08 0.74 -0.35 1.56 0.86 -0.70 2.16 1.07 -1.09

Station Location
2-Year 10-Year 100-Year
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5.4 Comparison of Water Surface Elevations along Buffalo 
Speedway 

Table 8 below provides a summary of maximum water surface elevations at street intersections 

for each storm frequency based on the results of the XP-SWMM model. 

Table 8 – Comparison of Water Surface Elevations along Buffalo Speedway 

 

 

 

 

 

Existing Proposed Difference Existing Proposed Difference Existing Proposed Difference

79+19.57 Buffalo Speedway @ Bissonet 50.41 50.28 -0.14 50.67 50.54 -0.10 51.13 51.02 -0.11

76+36.00 Buffalo Speedway @ Wroxton 50.20 49.97 -0.23 50.48 50.22 -0.26 50.89 50.73 -0.16

74+19.91 Buffalo Speedway @ Albans W 50.06 49.76 -0.30 50.34 50.04 -0.31 50.77 50.61 -0.14

73+76.38 Buffalo Speedway @ Albans E 50.06 49.76 -0.30 50.34 50.04 -0.31 50.77 50.61 -0.16

71+00.71 Buffalo Speedway @ Sunset E 50.00 49.70 -0.41 50.26 49.95 -0.31 50.63 50.49 -0.14

70+50.11 Buffalo Speedway @ Sunset W 49.96 49.70 -0.26 50.19 49.91 -0.27 50.55 50.38 -0.17

68+30.89 Buffalo Speedway @ Nottingham E 49.82 49.62 -0.21 50.07 49.76 -0.32 50.44 50.24 -0.20

66+90.12 Buffalo Speedway @ Nottingham W 49.75 - - 49.99 49.69 -0.30 50.33 50.15 -0.19

65+66.38 Buffalo Speedway @ Quenby 49.65 49.24 -0.41 49.84 49.61 -0.31 50.19 50.03 -0.16

63+30.66 Buffalo Speedway @ Robinhood W 49.19 - - 49.44 49.16 -0.27 49.74 49.57 -0.17

63+01.47 Buffalo Speedway @ Robinhood E - - - 49.43 - - 49.73 49.57 -0.16

60+36.09 Buffalo Speedway @ Tangley E 49.17 48.91 -0.26 49.33 49.09 -0.24 49.68 49.51 -0.14

59+70.29 Buffalo Speedway @ Tangley W 49.08 48.81 -0.27 49.25 49.03 -0.23 49.58 49.43 -0.15

57+71.25 Buffalo Speedway @ Plumb E 49.02 48.75 -0.42 49.21 48.96 -0.25 49.51 49.35 -0.15

56+09.90 Buffalo Speedway @ Plumb W 48.84 48.58 -0.26 49.00 48.77 -0.21 49.29 49.15 -0.13

55+15.57 Buffalo Speedway @ Lafayette 48.84 48.59 -0.34 49.01 48.79 -0.22 49.29 49.16 -0.14

52+64.69 Buffalo Speedway @ Georgetown E 48.82 48.54 -0.28 48.99 48.71 -0.28 49.27 49.08 -0.19

52+49.41 Buffalo Speedway @ Georgetown W 48.82 48.50 -0.31 48.98 48.71 -0.28 49.27 49.07 -0.19

49+99.73 Buffalo Speedway @ Rice E 48.69 48.27 -0.43 48.80 48.50 -0.30 49.09 48.87 -0.22

48+90.26 Buffalo Speedway @ Rice W 48.60 - - 48.72 48.42 -0.30 48.92 48.75 -0.17

47+34.48 Buffalo Speedway @ Jarrard 48.40 48.10 -0.30 48.61 48.28 -0.33 48.86 48.65 -0.20

45+31.07 Buffalo Speedway @ Amherst W 48.31 - - 48.44 - - 48.69 48.46 -0.25

44+74.75 Buffalo Speedway @ Amherst E - - - - - - 48.68 48.46 -0.22

41+49.95 Buffalo Speedway @ University 48.09 47.85 -0.57 48.23 47.97 -0.27 48.47 48.17 -0.33

33+53.65 Buffalo Speedway @ Duke 47.78 47.40 -0.47 47.94 47.45 -0.49 48.24 47.54 -0.70

27+05.07 Buffalo Speedway @ Pittsburgh 47.43 46.55 -0.99 47.64 46.70 -0.93 48.02 46.95 -1.08

20+54.66 Buffalo Speedway @ Carnegie 47.29 - - 47.45 - - 47.83 - -

14+04.91 Buffalo Speedway @ Cason 46.41 45.89 -0.51 46.85 46.02 -0.82 47.37 46.21 -0.99

9+20.49 Buffalo Speedway @ Holcombe 46.08 45.81 -0.27 46.55 45.91 -0.64 47.13 46.13 -1.00

Station Location
2-Year 10-Year 100-Year
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5.5 Hydraulic Grade Line (HGL) Calculations: 

The impact analysis performed using the XP-SWMM model created for Buffalo Speedway 

overestimates the Hydraulic Grade Line (HGL) by aggregating the peak flows assigned to each 

node. The reason for this is that City of Houston time of concentration calculations do not account for 

travel time within the system. As a result, the HGL is based on combined peak flows that are not 

representative of real-world conditions.  

A Microsoft Excel spreadsheet was created for the design (2-Year) HGL analysis by calculating a 

running time of concentration (Tc) for the system, and computing peak flows at each junction / pipe 

size change. For the drainage area (COH N) at the upstream end of the system, the area was set to 

effective drainage area of 25 acres to simulate the maximum flow capacity of the existing 66-inch 

RCP. The Head losses were calculated in the pipes (friction losses) as well as junctions. A table of 

calculations for the design analysis is presented in Appendix A. 

Exhibit 10 shows the plots of the 2-year HGL created using both design and impact analysis 

methods. The 100-year HGL from the impact analysis is also included.  
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6 Pre-Design Activities 

Limited pre-design activities have been completed as needed to develop the recommended drainage 

improvement plan.  Those activities include the following. 

 Limited field survey was completed by West Belt Surveying, Inc. Information collected was 

limited to top of manhole and invert elevations of existing storm sewers, and digital work 

products were provided to HDR.  Appendix G includes work products prepared by West Belt 

Surveying, Inc. 

 Limited geotechnical testing was completed by Aviles Engineering Corporation.  Work was 

limited to three (3) borings located at approximately intervals along Buffalo Speedway within 

the project segment.  Appendix H includes a geotechnical investigations report prepared by 

Aviles Engineering Corporation. Exhibit 11 illustrates the locations of three (3) borings 

completed along Buffalo Speedway. The geotechnical investigations revealed a number of 

concerns, including water at depths of approximately 6 feet 24 hours after drilling, as well as 

fat clays with Plasticity Index (PI) values as high as 56. 

 An estimate of the costs associated with construction of the proposed storm drainage system 

was prepared by HDR Engineering, Inc. The estimated total construction cost is $17.85 

million. Appendix I includes a copy of the cost estimate with additional calculations and 

details.  As noted previously in this report, the estimated cost covers the installation of full-

sized, dual box culvert replacements of the existing dual 66-inch storm sewer pipes from 

Holcombe Boulevard to Poor Farm Ditch.  Depending upon the outcome of negotiations 

between the City of West University and the Church, it is possible that a lower-cost 

alternative may be implemented, but for purposes of preparing the cost estimate, the full cost 

for the full-capacity replacement option was included.   

 Plans from prior roadway rehabilitation and infrastructure repair/upgrade projects were 

located and assemble for possible future consultation in the design phase. These plans are 

available for use by the City and its design consultants on the Buffalo Speedway project for 

purposes of locating utilities, identifying past construction, and evaluating new designs for 

space requirements and constructability.  Following is a partial list of available construction 

documents. 

o West U Storm Sewer System (Garrett Engineering - 1942) 

o Priority Area 10 Drawings (Claunch & Miller, Inc. - 2001) 

o Priority Area 11 Drawings (Claunch & Miller, Inc. - 2001) 

o Poor Farm Ditch Outfall Rehabilitation (HDR Engineering, Inc. - 2013) 

 Other information is available via GIS data.  The type of GIS-based information available 

may be seen on Exhibit 12, which illustrates water line locations and sizes along Buffalo 

Speedway from Bissonnet Street southward to Holcombe Boulevard. 
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7 Conclusion 

Based on the results of this analysis, the proposed improvements will not cause any adverse 

impacts on downstream peak flow rates along Poor Farm Ditch.  The following 

recommendations are included as a part of the drainage plan associated with the improvements 

to Buffalo Speedway. 

 Construct storm sewers along Buffalo Speedway between Wroxton Road to the 

existing outfall to Poor Farm Ditch ranging in size from one 6’ x 5’ RCB to dual 8’ x 8’ 

RCBs.   

 Replace outfall structure. 

 Construct the new storm sewers within the “inner” lanes along Buffalo Speedway in 

order to minimize impact to existing utilities and to allow the development of traffic 

control plans that provide access to driveways along both sides of the road. 

 Install five (5) flow control devices along the proposed storm sewer to maintain 

existing conditions velocities within the storm sewer.  The flow control devices should 

allow for a cross-sectional flow area equivalent to a 48-inch RCP. 

 Design flow control devices using masonry walls that are properly designed to allow 

the flow controls to be adjusted or removed in the future without undue effort.  Flow 

controls may be removed as downstream channel capacity improves or detention is 

provided. 

 Do not construct the proposed single 66-inch RCP between Bissonnet Street and 

Wroxton Road in the interim, but include that pipe in the design plans so that it may 

be constructed in the future should the need to restrict flows from the north be 

eliminated. 

 Removal and replacement of the existing 66” pipe to dual 8’ x 8’ box culverts from 

Holcombe Boulevard to the outfall at Poor Farm Ditch to provide future capacity.  

 Coordinate with the church with regard to desired changes in the pipe alignment, 

and make sure there is a well-defined easement across the church property. 

 In the design phase, account for possible shallow groundwater and the presence of 

fat clays.  Provide for adequate trench safety and traffic safety at all times, in 

accordance with all applicable regulatory guidelines. 

Based on the results of this analysis, the proposed improvements to Buffalo Speedway presented in 

this report will not cause any adverse impacts on downstream peak flow rates or upstream flood 

levels for storm events up to and including the 1% annual chance (100-year) storm event. 
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Exhibit 1. Drainage Area Maps 
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Exhibit 2. Storm Sewer Sizing Layout 
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Exhibit 3. Existing and Proposed Typical Sections 
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Exhibit 4. Flooding Map, Existing Conditions, 2-
Year Storm Event 
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Exhibit 5. Flooding Map, Existing Conditions, 10-
Year Storm Event 

 



FARBER

BROMPTON

BUFFALO SPEEDWAY

BELLAIRE

KIRBY

WAKEFOREST

EDLOE

GRAMERCY

MORNINGSIDE

BISSONNET

DORRINGTON

HOLCOMBE

MC CLENDON

COUNTY

MERCER

BELMONT

WORDSWORTH

WESTERMAN

SOUTHGATE

GOLDSMITH

NORTH

CHILDRESS

ANNAPOLIS

WATTS

RUTGERS

DINCANS

KE
LV

IN
G

ADDISON

UNIVERSITY

SWIFT

BELLEFONTAINE

DRYDEN

SHAKESPEARE

TIMES

SEWANEE

AMHERST

RICE

MELLON

PLUMB

LEW
 HILL

ALBANS

KELVIN

VILLAGE

DUKE

PITTSBURGH

GEORGETOWN

CARNEGIE

LAKE

CASON

CORONDO

US

59-EDLOE

SUNSET

WESTCHESTER

HOSTETTLER

WROXTON

GARNET

SHERIDAN

SOUTH

WESTPARK

FORDHAM

CHARLOTTE

MARONEAL

VIRGINIA

BLUE BONNET

VANDERBILT

WERLEIN

DUNSTAN

NOTTINGHAM

BOLSOVER

TALBOTT

BARTLETT

ARBUCKLE

CENTENARY

PEMBERTON

BARBARA

FENWOOD

CAROLINA

BRADFORD

GLEN HAVEN

JARDIN

PURDUE

INGOLD

JARRARD

LAFAYETTE

HARPER

ARNOLD

ELMORA

DARCUS

CARLON

TANGLEY

QUENBY

ROBINHOOD

DRAKE

PATH: Q:\BUFFALO_MODEL\GIS\04-26-2020\WORKMAP\MAPS.MXD  -  USER: HAHMED  -  DATE: 4/26/2020

BUFFALO SPEEDWAY DRAINAGE ANALYSIS

EXHIBIT 5
EXISTING PONDING MAP - 10-YEAR

0 0.1Miles
O

DATA SOURCE:  H-GAC 2018 Aerial
Photographs, H-GAC Starmap

LEGEND
EXISTING 10-YR PONDING (ft)

High : 3.5
3.2

2.7

2.2

1.7

1.2

0.7

Low : 0.2



Buffalo Speedway Improvements 

 Drainage Preliminary Engineering Report 
 

 

Exhibit 6. Flooding Map, Existing Conditions, 100-
Year Storm Event 
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10-Year Storm Event
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Exhibit 9. Flooding Map, Proposed Conditions, 
100-Year Storm Event
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Exhibit 10. HGL Plots, Proposed System, 2-Year 
and 100-Year Storm Events 
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Exhibit 11. Geotechnical Boring Plan 



AEC PROJECT NO.:

G177-17

AVILES ENGINEERING CORPORATION
BORING LOCATION PLAN

BUFFALO SPEEDWAY DRAINAGE SYSTEM ANALYSIS
FROM BISSONNET TO W. HOLCOMBE

HOUSTON, TEXAS

APPROX. SCALE:

1” = 700’

DATE:

02-01-2018
DRAFTED BY:

WLW/JG
PLATE NO.:

PLATE 1

SOURCE DRAWING PROVIDED BY:

GOOGLE EARTH

NOTE: 

1) BORING LOCATIONS ARE APPROXIMATE.

LEGEND:

BORING NO. AND (DEPTH IN FEET)
B-# (X’)

APPROX. SCALE, FT

0 350 700

B-1 (20’)

B-3 (20’)

B-2 (20’)

EXHIBIT 11
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Exhibit 12. Buffalo Speedway Water Line Layout 
from Recent Infrastructure Upgrades 



PROPOSED WATER LINE REPLACEMENT ALONG BUFFALO SPEEDWAY

 
BISSONNET TO AMHERST

NTS\ANGLETON\MASTER PLAN\WATER MODEL\WEST UNIVERSITY PLACE BUFFALO SPEEDWAY WATER LINES ALL.MXD  -  USER: LTEFFT  -  DATE: 8/16/2018

0 0.09Miles
O

(DISCLAIMER)

 DATA SOURCE:  (Source Name)

LEGEND

Proposed Water Lines

G!. Hydrants

Ot Water Valves

Service Lines

Water Mains

West_U_City_Limits

W.U. Parcels

Outside Parcels

Pipe Size Sum of Pipe Length
4 1,034.05                      
6 11,621.76                    
8 3,504.80                      
10 381.66                          
Grand Total 16,542.27                    

EXHIBIT 12
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Appendix A. Hydraulic Grade Line (HGL) Design 
Analysis Calculations 

 



Pipe Head Loss Calculations This program computes head losses through

HDR Engineering, Inc. composite pipes under pressure flow condi-

tions.  Use for detention basin outlets.

Standard* Manning Roughness Coefficient = 0.013

Standard* Entrance Loss Coefficient = 0.50 Note that the 6' x 4' RCB shown between

Standard* Junction Loss Coefficient = 0.50 Bissonnet and Wroxton simulates the existing

Standard* Restrictor Loss Coefficient = 1.50 single 66" pipe to be left in place in that segment.

* Standard values may be overridden by entering a value in the appropriate cell.

From To Type of Span Rise No. of X-Sec. Total Q V1 V2 K / C Manning Length R HL HGL Station

Loss (feet) (feet) Barrels Area (cfs) (ft/sec) (ft/sec) n (feet) (feet) (feet) (feet) (feet)

Bissonnet  ----- Entrance 6 4 1 24 72.46 3.02 ----- 0.50 ----- ----- ----- 0.07 47.05 0
Bissonnet Wroxton Friction 6 4 1 24 72.46 3.02 ----- ----- 0.013 290 1.200 0.16 46.97 0

Wroxton  ----- Junction 6 4 1 24 72.46 3.02 ----- 0.50 ----- ----- ----- 0.07 46.82 290

Wroxton Albans Friction 6 5 1 30 116.01 3.87 ----- ----- 0.013 258 1.364 0.19 46.75 290

Albans  ----- Junction 6 5 1 30 116.01 3.87 ----- 0.50 ----- ----- ----- 0.12 46.55 548

Albans Nottingham Friction 8 5 1 40 132.71 3.32 ----- ----- 0.013 545 1.538 0.26 46.44 548

Nottingham  ----- Junction 8 5 1 40 132.71 3.32 ----- 0.50 ----- ----- ----- 0.09 46.18 1093

Nottingham Quenby Friction 8 6 1 48 166.18 3.46 ----- ----- 0.013 268 1.714 0.12 46.09 1093

Quenby  ----- Junction 8 6 1 48 166.18 3.46 ----- 0.50 ----- ----- ----- 0.09 45.97 1361

Quenby Tangley Friction 10 6 1 60 201.18 3.35 ----- ----- 0.013 528 1.875 0.20 45.88 1361

Tangley  ----- Junction 10 6 1 60 201.18 3.35 0.50 ----- ----- ----- 0.09 45.69 1889

Tangley Georgetown Friction 11 6 1 66 207.41 3.14 ----- ----- 0.013 773 1.941 0.24 45.60 1889

Georgetown  ----- Junction 11 6 1 66 207.41 3.14 ----- 0.50 ----- ----- ----- 0.08 45.36 2662

Georgetown Amherst Friction 12 6 1 72 243.67 3.38 ----- ----- 0.013 720 2.000 0.25 45.28 2662

Amherst  ----- Junction 12 6 1 72 243.67 3.38 ----- 0.50 ----- ----- ----- 0.09 45.03 3382

Amherst University Friction 8 5 2 80 274.76 3.43 ----- ----- 0.013 367 1.538 0.19 44.94 3382

University  ----- Junction 8 5 2 80 274.76 3.43 ----- 0.50 ----- ----- ----- 0.09 44.76 3749

University Duke Friction 8 5 2 80 298.73 3.73 ----- ----- 0.013 788 1.538 0.47 44.67 3749

Duke  ----- Junction 8 5 2 80 298.73 3.73 ----- 0.50 ----- ----- ----- 0.11 44.20 4537

Duke Pittsburgh Friction 8 6 2 96 354.31 3.69 ----- ----- 0.013 645 1.714 0.33 44.09 4537

Pittsburgh  ----- Restrictor 8 6 2 96 354.31 3.69 ----- 1.50 ----- ----- ----- 0.32 43.76 5182

Pittsburgh Carnegie Friction 8 7 2 112 417.13 3.72 ----- ----- 0.013 650 1.867 0.30 43.44 5182

Carnegie  ----- Restrictor 8 7 2 112 417.13 3.72 ----- 1.50 ----- ----- ----- 0.32 43.15 5832

Carnegie Cason Friction 8 7 2 112 456.35 4.07 ----- ----- 0.013 650 1.867 0.36 42.82 5832

Cason  ----- Restrictor 8 7 2 112 456.35 4.07 ----- 1.50 ----- ----- ----- 0.39 42.46 6482

Cason Bellaire Friction 8 8 2 128 514.27 4.02 ----- ----- 0.013 497 2.000 0.24 42.08 6482

Bellaire  ----- Restrictor 8 8 2 128 514.27 4.02 ----- 1.50 ----- ----- ----- 0.38 41.84 6979

Bellaire Turn Friction 8 8 2 128 504.53 3.94 ----- ----- 0.013 659 2.000 0.31 41.46 6979

Turn  ----- 90
o

Bends 8 8 2 128 504.53 3.94 ----- 6.00 ----- ----- ----- 1.45 41.15 7638

Turn Outfall Friction 8 8 2 128 542.04 4.23 ----- ----- 0.013 619 2.000 0.34 39.70 7638

Outfall  ----- Exit 8 8 2 128 542.04 4.23 0.00 1.50 ----- ----- ----- 0.42 39.37 8257

TOTAL HEAD LOSS (FEET) 8.10

TAILWATER ELEVATION (FEET) 38.95

HEADWATER ELEVATION (FEET) 47.05

            Top of Pipe Elevation @ Outfall = 38.95

Equations for Minor Losses             Maximum 2-Year WSEL @ Outfall (ft) = 42.50

Entrance / Exit HE = KE x (V
2
/2g) Ke = 0.5 - 1.0, depending on pipe material & type of entrance. Avg. Junction HL (ft) = 0.09

Avg. Restrictor HL (ft) = 0.35

Junction / Restrictor HJ = KJ x (V
2
/2g) KJ values established to reflect SWMM results.

Orifice HR = Q
2
/(2gC

2
A

2
) KO = 0.6 to 0.8, depending on type and shape of opening.

Three 90-degree bends @ 1.5 

each plus one restrictor @ 1.5 = 
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Appendix B. HEC-HMS Results to XP-SWMM 
Nodes Hydrograph Input 

 



XP-SWMM Input Node HEC-HMS Output Node

Nd01 COH N

Nd02 Junction-1

Nd03 BSW 02

Nd04 BSW 03

Nd05 Junction-2

Nd06 BSW 05N

Nd07 BSW 05S

Nd08 BSWT 3A

Nd09 BSW 06N

Nd24 BSW 06S

Nd21 BSWT 4A

Nd19 BSW 07

Nd16 BSW 08

Nd17 Junction-3

Nd10 BSW 09

Nd11 Junction-6

Nd13 BSW 10

Nd12 Junction-4

Nd14 BSW 11

Nd15 Junction-5

Nd28 COH S

EXISTING CONDITIONS



XP-SWMM Input Node HEC-HMS Output Node

Nd01 COH N

NdP13 Junction-1

NdP11 BSW 02

NdP10 BSW 03

NdP09 Junction-2

NdP08 BSW 05N

NdP07 BSW 05S

Nd08 BSWT 3A

NdP04 BSW 06N

Nd24 BSW 06S

Nd21 BSWT 4A

Nd19 BSW 07

Nd16 BSW 08

Nd17 Junction-3

Nd10 BSW 09

Nd11 Junction-6

Nd13 BSW 10

Nd12 Junction-4

Nd14 BSW 11

Nd15 Junction-5
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Appendix C. “Virtual Tour” Photos for the Buffalo 
Speedway Project 
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Appendix D. Construction Plans for Rehabilitation 
of Buffalo Speedway Outfall to Poor Farm Ditch 
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Appendix E. Construction Plans for Original West 
University Place Storm Sewer System 
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Appendix F. Construction Details for Connections 
to Existing Buffalo Speedway Monolithic Concrete 

Pipe 

 













Buffalo Speedway Improvements 

 Drainage Preliminary Engineering Report 
 

 

Appendix G. Field Survey Data and Field Notes 
from West Belt Surveying, Inc. 



Node Data

Wed Sep 18 11:35:40 2019 1/1

Name
Ground Elevation Invert Elevation

ft ft

Nd01 49.545 40.840

Nd02 48.977 41.390

Nd03 48.841 40.770

Nd04 49.347 40.980

Nd05 49.367 40.650

Nd06 48.713 40.530

Nd07 48.038 40.560

Nd08 48.298 40.220

Nd09 48.196 40.520

Nd10 46.790 38.370

Nd11 46.628 38.340

Nd12 46.823 38.050

Nd13 47.043 37.850

Nd14 46.019 37.630

Nd15 45.833 37.500

Nd16 47.161 38.960

Nd17 46.865 39.020

Nd18 46.623 38.830

Nd19 47.950 39.460

Nd20 48.000 39.380

Nd21 47.354 39.450

Nd22 48.234 40.520

Nd23 47.561 40.090

Nd24 48.482 39.680

Nd25 48.499 40.020

Nd26 48.001 39.830

Nd27 47.305 40.510

Nd28 45.077 37.500

Nd29 44.643 37.490

Nd30 45.632 37.450

Nd31 44.941 37.480

Nd32 45.880 37.590

Nd33 45.126 37.020
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Appendix H. Geotechnical Investigations Report 
from Aviles Engineering Corporation 
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Appendix I. Preliminary Construction Quantity 
Take-off and Cost Estimate from HDR 

Engineering, Inc. 



HDR Engineering, Inc. Buffalo Speedway Drainage Improvements

Opinions of Probable Construction Cost Estimate for 95% Submittal to City of West University Place

Drainage, Church and City Utility Items

May 1, 2020

DRAINAGE IMPROVEMENTS
BID CODE ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE TOTAL COST

100 6002 PREPARING ROW STA 7.25 4,000.00$            29,000.00$              

104 6009 REMOVING CONC (RIPRAP) SY 870 5.00$                   4,350.00$                 

110 6002 EXCAVATION (CHANNEL) CY 654 15.00$                 9,810.00$                 

400 6005 CEM STABIL BKFL CY 15715 50.00$                 785,736.77$            

400 6009 CEMENT STAB BACKFILL (INLET OR MH) CY 59 50.00$                 2,950.00$                 

401 6001 FLOWABLE BACKFILL CY 693 180.00$               124,740.00$            

402 6001 TRENCH EXCAVATION PROTECTION LF 8650 3.00$                   25,950.00$              

420 6010 CL A CONC (PLUG) EA 18 800.00$               14,400.00$              

420 6071 CL C CONC (COLLAR) EA 1 2,000.00$            2,000.00$                 

420 6074 CL C CONC (MISC) CY 17 3,000.00$            51,000.00$              

420 6133 CL A CONC (CHANNEL LINING) CY 11 550.00$               6,050.00$                 

432 6005 RIPRAP (CONC) (CL A ) CY 8 500.00$               4,000.00$                 

462 6007 CONC BOX CULV (5 FT X 3 FT) LF 6 420.00$               2,520.00$                 

462 6012 CONC BOX CULV (6 FT X 5 FT) LF 420 630.00$               264,600.00$            

462 6020 CONC BOX CULV (8 FT X 5 FT) LF 2855 690.00$               1,969,950.00$         

462 6021 CONC BOX CULV (8 FT X 6 FT) LF 1544 745.00$               1,150,280.00$         

462 6022 CONC BOX CULV (8 FT X 7 FT) LF 2600 760.00$               1,976,000.00$         

462 6023 CONC BOX CULV (8 FT X 8 FT) LF 3553 780.00$               2,771,340.00$         

462 6030 CONC BOX CULV (10 FT X 6 FT) LF 528 1,115.00$            588,720.00$            

462 6036 CONC BOX CULV (11 FT X 6 FT) LF 760 1,260.00$            957,600.00$            

462 6041 CONC BOX CULV (12 FT X 6 FT) LF 777 1,455.00$            1,130,535.00$         

462 xxxx FLOW REGULATOR SF 466 50.00$                 23,300.00$              

464 6005 RC PIPE (CL III)(24 IN) LF 257 115.00$               29,555.00$              

464 6007 RC PIPE (CL III)(30 IN) LF 40 145.00$               5,800.00$                 

464 6008 RC PIPE (CL III)(36 IN) LF 24 180.00$               4,320.00$                 

464 6009 RC PIPE (CL III)(42 IN) LF 8 200.00$               1,600.00$                 

464 6010 RC PIPE (CL III)(48 IN) LF 79 225.00$               17,775.00$              

464 6011 RC PIPE (CL III)(54 IN) LF 18 260.00$               4,680.00$                 

464 6013 RC PIPE (CL III)(66 IN) LF 14 325.00$               4,550.00$                 

465 6006 JCTBOX(COMPL)(PJB)(4FTX4FT) EA 3 5,500.00$            16,500.00$              

465 6009 JCTBOX(COMPL)(PJB)(5FTX5FT) EA 2 6,500.00$            13,000.00$              

465 xxxx TYPE A JCT BOX(COMPL)(CIP)(21FTX8FT) EA 5 71,500.00$         357,500.00$            

465 xxxx TYPE B JCT BOX(COMPL)(CIP)(9FTX8FT) EA 15 36,500.00$         547,500.00$            

465 xxxx TYPE C JCT BOX(COMPL)(CIP)(24FTX12.42FT) EA 1 61,500.00$         61,500.00$              

465 xxxx TYPE D JCT BOX(COMPL)(CIP)(9FTX9FT) EA 2 41,000.00$         82,000.00$              

465 xxxx TYPE E JCT BOX(COMPL)(CIP)(9FTX11FT) EA 2 50,100.00$         100,200.00$            

465 xxxx MANH (COMPL)(TY C) EA 7 7,500.00$            52,500.00$              

465 xxxx MANWAY ON BOX CULVERT EA 20 2,000.00$            40,000.00$              

466 6232 WINGWALL (SPL) EA 1 95,000.00$         95,000.00$              

481 6013 PIPE (PVC) (SCH 40) (6 IN) LF 10 60.00$                 600.00$                    

481 6016 PIPE (PVC) (SCH 40) (12 IN) LF 34 90.00$                 3,060.00$                 

496 6003 REMOV STR (MANHOLE) EA 29 500.00$               14,500.00$              

496 6005 REMOV STR (WINGWALL) EA 1 20,000.00$         20,000.00$              

496 6007 REMOV STR (PIPE) LF 3783 25.00$                 94,575.00$              

496 6023 REMOVE STR (JUNCTION BOX) EA 12 2,500.00$            30,000.00$              

500 6001 MOBILIZATION LS 1 1,450,874.68$    1,450,874.68$         

502 6001 BARRICADES, SIGNS AND TRAFFIC HANDLING MO 5 10,000.00$         50,000.00$              

7033 6024 SWR(CLEANOUT)(6") EA 2 500.00$               1,000.00$                 

xxx xxxx POINT REPAIR OF OF 66-72 INCH CONC PIPE LF 186 1,700.00$            316,200.00$            

   RECONSTRUCTION ACROSS S OF HOLCOMBE FOR STM SWR LS 1 650,000.00$       650,000.00$            

CHURCH ITEMS
BID CODE ITEM DESCRIPTION UNIT QUANTITY  UNIT PRICE  TOTAL COST 

104 6001 REMOVING CONC (PAV) SY 227 12.00$                 2,724.00$                 

104 6021 REMOVING CONC (CURB) LF 60 2.00$                   120.00$                    

104 6036 REMOVING CONC (SIDEWALK OR RAMP) SY 67 30.00$                 2,010.00$                 

162 xxxx BLOCK SODDING (TIFWAY TIFTON 419 BERMUDA) SY 2850 8.00$                   22,800.00$              

170 6001 IRRIGATION SYSTEM LS 1 5,000.00$            5,000.00$                 

275 6010 CEMENT TREAT (SUBGRADE) (8") SY 197 25.00$                 4,925.00$                 

360 6028 CONC PAV (JOINT REINF) (6") SY 39 80.00$                 3,120.00$                 

360 6029 CONC PAV (JOINT REINF) (7") SY 188 90.00$                 16,920.00$              

496 6041 REMOV STR (LARGE) EA 2 1,750.00$            3,500.00$                 

496 6042 REMOV STR (SMALL) EA 1 1,000.00$            1,000.00$                 

496 6052 REMOV STR (TABLE) EA 4 100.00$               400.00$                    

496 6053 REMOV STR (WOOD STR) EA 5 100.00$               500.00$                    

500 6001 MOBILIZATION LS 1 10,657.90$         10,657.90$              

528 6006 REMOVE AND RELAY PAVERS SY 28 75.00$                 2,100.00$                 

529 6002 CONC CURB (TY II) LF 60 10.00$                 600.00$                    
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531 6003 CONC SIDEWALKS (6") SY 66 75.00$                 4,950.00$                 

550 6001 CHAIN LINK FENCE (INSTALL) (6') LF 65 30.00$                 1,950.00$                 

550 6003 CHAIN LINK FENCE (REMOVE) LF 65 12.00$                 780.00$                    

550 6015 REMOVE AND INSTALL EXISTING GATE EA 1 3,500.00$            3,500.00$                 

610 6004 RELOCATE RD IL ASM (TRANS-BASE) EA 1 2,500.00$            2,500.00$                 

1002 6004 LANDSCAPE AMENITY (TY 3) EA 1 15,000.00$         15,000.00$              

1002 6005 LANDSCAPE AMENITY (TY 4) EA 1 8,750.00$            8,750.00$                 

1002 6028 LANDSCAPE AMENITY (ENTRY GATE) EA 1 1,750.00$            1,750.00$                 

5008 6001 WHEEL STOPS EA 6 250.00$               1,500.00$                 

6038 6001 MULTIPOLYMER PAV MRK (W)(4")(SLD) LF 180 1.00$                   180.00$                    

CITY UTILITY ITEMS
BID CODE ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE TOTAL COST

104 6036 REMOVING CONC (SIDEWALK OR RAMP) SY 382 30.00$                 11,460.00$              

500 6001 MOBILIZATION LS 1 94,233.50$         94,233.50$              

530 6005 DRIVEWAYS (ACP) SY 100 65.00$                 6,500.00$                 

531 6001 CONC SIDEWALKS (4") SY 382 60.00$                 22,920.00$              

7016 6028 REMOVE EXIST WATER PIPE (6") LF 264 20.00$                 5,280.00$                 

7016 6030 REMOVE EXIST WATER PIPE (10") LF 178 20.00$                 3,560.00$                 

7016 6032 REMOVE EXIST WATER PIPE (16") LF 80 20.00$                 1,600.00$                 

7016 6080 REMOVE EXIST SAN SEWER PIPE (12") LF 130 20.00$                 2,600.00$                 

7017 6007 SANITARY SEWER (12IN) (PVC) (C900) LF 130 100.00$               13,000.00$              

7017 6079 ABANDON SANITARY SEWER (12IN) EA 2 1,100.00$            2,200.00$                 

7017 6091 FM CONNECTION (FORCE MAIN) EA 2 5,000.00$            10,000.00$              

7032 6011 WTR(GATE VALVE & BOX)COMPL(10") EA 2 2,100.00$            4,200.00$                 

7032 6012 WTR(GATE VALVE & BOX)COMPL(8") EA 14 1,800.00$            25,200.00$              

7032 6013 WTR(GATE VALVE & BOX)COMPL(6") EA 28 1,500.00$            42,000.00$              

7032 6091 WTR(GATE VALVE & BOX)COMPL(12") EA 2 2,400.00$            4,800.00$                 

7049 6010 WATER MAIN PIPE (PVC) (4IN) (C-900) LF 347 65.00$                 22,555.00$              

7049 6011 WATER MAIN PIPE (PVC) (6IN) (C-900) LF 460 80.00$                 36,800.00$              

7049 6012 WATER MAIN PIPE (PVC) (8IN) (C-900) LF 3317 95.00$                 315,115.00$            

7049 6013 WATER MAIN PIPE (PVC) (10IN) (C-900) LF 350 110.00$               38,500.00$              

7049 6014 WATER MAIN PIPE (PVC) (12IN) (C-900) LF 62 125.00$               7,750.00$                 

7049 6037 WATER MAIN PIPE (DI) (16IN) LF LF 156 175.00$               27,300.00$              

7049 6043 CASING STEEL (14IN) LF 344 160.00$               55,040.00$              

7049 6045 CASING STEEL (18IN) LF 195 185.00$               36,075.00$              

7049 6046 CASING STEEL (20IN) LF 54 240.00$               12,960.00$              

7049 6048 CASING STEEL (24IN) LF 90 300.00$               27,000.00$              

7049 6052 FIRE HYDRANT BRANCH (LEAD) (6IN) LF 148 65.00$                 9,620.00$                 

7049 6053 SPLIT STEEL CASING (20IN) LF 30 275.00$               8,250.00$                 

7049 6076 SERVICE LINE (SHORT SIDE) (1-1/2"TO 2") EA 13 2,000.00$            26,000.00$              

7049 6080 TAPPING VALVE AND VALVE  (6IN X 6IN) EA 4 5,500.00$            22,000.00$              

7049 6104 FIRE HYDRANT ASSEMBLY EA 13 5,000.00$            65,000.00$              

7049 6119 REMOVING AND SALVAGING FIRE HYDRANT EA 11 600.00$               6,600.00$                 

7049 6125 CUT AND PLUG WATER MAIN (4IN) EA 13 600.00$               7,800.00$                 

7049 6126 CUT AND PLUG WATER MAIN (6IN) EA 5 750.00$               3,750.00$                 

7049 6127 CUT AND PLUG WATER MAIN (8IN) EA 2 850.00$               1,700.00$                 

7049 6128 CUT AND PLUG WATER MAIN (10IN) EA 5 1,000.00$            5,000.00$                 

7049 6131 CUT AND PLUG WATER MAIN (16IN) EA 2 1,400.00$            2,800.00$                 

7049 6138 WET CONNECTION (4IN) EA 13 1,200.00$            15,600.00$              

7049 6139 WET CONNECTION (6IN) EA 5 1,400.00$            7,000.00$                 

7049 6140 WET CONNECTION (8IN) EA 1 2,000.00$            2,000.00$                 

7049 6141 WET CONNECTION (10IN) EA 4 2,400.00$            9,600.00$                 

7049 6142 WET CONNECTION (12IN) EA 2 2,500.00$            5,000.00$                 

7049 6144 WET CONNECTION (16IN) EA 2 2,700.00$            5,400.00$                 

7155 6013 ABANDON EXISTING GATE VALVE & BOX EA 16 300.00$               4,800.00$                 

SUBTOTAL DRAINAGE IMPROVEMENTS 15,959,621.45$      

5% CONTINGENCIES 797,981.07$            

TOTAL DRAINAGE IMPROVEMENTS 16,757,602.52$      

SUBTOTAL CHURCH ITEMS 117,236.90$            

5% CONTINGENCIES 5,861.85$                

TOTAL CHURCH ITEMS 123,098.75$            

SUBTOTAL CITY UTILITY ITEMS 1,036,568.50$         

5% CONTINGENCIES 51,828.43$              

TOTAL CITY UTILITY ITEMS 1,088,396.93$         

TOTAL 17,845,999.44$      
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