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EXECUTIVE SUMMARY 

General 

This report is an addendum to the “North Houston Highway Improvement (NHHIP) Project Segment 3B from 

Alabama Street to Canal Street Drainage Study” prepared by AECOM, Inc. dated July 2018.  The AECOM 

report documents the drainage analysis from Alabama Street to Canal Street which has been broken into two 

separate projects: NHHIP 3B from Alabama Street to McGowen Street; and NHHIP 3D from McGowen Street 

to Buffalo Bayou.  This report documents the preliminary results and the drainage analysis and design from 

Alabama Street to McGowen Street, which is the NHHIP 3B project, to assist TxDOT and IDCUS, Inc in the 

design phase of the project.  This document is preliminary and subject to change due to the ongoing design. 

Project Overview 

The proposed project, NHHIP 3B, includes the reconstruction of I-69 and SH 288 depressed freeway sections 

from Alabama Street to McGowen Street.  The major drainage components of the project include: 

 Hamilton Street Collector from Winbern Street to Polk Street, protecting the depressed section from 

overland flow west of the I-69 corridor for flood frequencies up to and including the 100-year storm 

event, 

 Storm drain systems, 

 I-45 Pump station facility and St Emanuel Collector/I-45 pump outfall, and 

 Pond A & A2 Mitigation facilities 

These design features are shown on the NHHIP 3B proposed schematic, which is included in Appendix A. 

The design criteria for this study was established in coordination with TxDOT.  The I-69 corridor serves as an 

evacuation route; therefore, TxDOT requires a 100-year level of protection for the main lanes.  The project 

specific design criteria for the NHHIP 3B project includes designing the depressed section pump station and 

storm sewer system to convey the ATLAS 14 100-year storm event.  The rainfall depths used this study were 

updated to Atlas 14 rainfall data taken from the National Oceanic Atmospheric Administration (NOAA) volume 

11, version 2 Houston WB City, station ID 79-0056.  The drainage design criteria and the complete Atlas 14 

partial duration precipitation frequency table used for this study and the NHHIP 3B design is included in 

Appendix B. 
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Overland Flow Analysis 

The I-69 corridor is proposed to be depressed from Spur 527 to Canal Street (NHHIP Segments 3A, 3B, and 

3D). It is necessary to quantify the overland flow draining to the proposed depressed section and design a 

collector system to prevent overland flow from entering the depressed section for frequency events up to and 

including the 100-year storm event.  The overland flow analysis was completed using PCSWMM for the 100-

year storm event. 

The overland flow analysis identified overland flow paths across the existing I-69 corridor and overland flow 

access points into the existing depressed section.  For the existing condition 100-year storm event, the analysis 

results indicate the low area along Hamilton Street near Holman Street is where the majority of the overland 

flow (estimated at 682 cfs for the 100-year storm event) enters the existing depressed section.  In the AECOM 

report, an oversized Hamilton Street Collector is recommended, to capture overland flow before it reaches the 

I-69 corridor except at the low point on Hamilton near Holman Street.  For this project, the proposed schematic 

profile for Hamilton Street has been raised allowing for the Hamilton Street Collector system to collect all 

overland flow for frequencies up to and including the 100-year storm event in a proposed 12 ft. x 12 ft. 

system from Winbern Street to Polk Street.  The existing depressed section ends at approximately Bell Street 

and the I-69 existing bridge section starts just west of Polk Street; this allows the Hamilton Street Collector to 

cross under the existing I-69 roadway via a proposed 12 ft. x 12 ft. RCB, tie into the proposed 8 ft. x 8 ft. St. 

Emanuel Collector/I-45 pump outfall, and then drain along St. Emanual Street via a 12 ft. x 12 ft. RCB to 

Buffalo Bayou.  The I-45 pump outfall will capture the overland flow along St. Emanuel replacing the St. 

Emanuel Collector recommended in the AECOM report.  The existing storm sewers crossing St. Emanuel Street 

will be connected to the St. Emanuel Collector/I-45 pump outfall, and the lines west of St. Emanuel draining 

west to the existing Chartres Street trunkline will be plugged and remain in place for the NHHIP 3B project.  

The existing 6 ft. x 3.5 ft. Elgin siphon will be removed.  The proposed 12 ft. x 12 ft. Hamilton Street collector 

will be connected to the St. Joseph siphon with a junction box, leaving the St. Joseph siphon to remain in place 

as part of this project.  The existing St. Joseph siphon will be removed as part of the future NHHIP 3D project 

and the City of Houston system north of I-69 that is connected to the 12 ft. x 12 ft. Hamilton Collector will 

remain. 

There is no overland flow collector system recommended for the Chartres Street system as the overland flow 

in this area drains away from the depressed section.  The proposed storm sewer system was designed for the 

10-year storm event as part of this project to drain local flow.  From McIlhenny to I-45 the existing Chartres 

Street system will remain in place for this Project.  However, a proposed storm sewer system was design along 
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St Emanuel from McIlhenny to I-45 to drain the local flow and the existing storm sewers crossing St. Emanuel 

Street will be connected to the proposed storm sewer and outfall into the existing I-45 storm sewer system at 

St. Joseph Street. 

In addition, the proposed roadway profiles were evaluated to identify potential locations overland flow could 

access the proposed depressed section based on the proposed 100-year water surface elevations.  In general, 

these overland flow access points are located at exit and entrance ramp locations to the depressed section.  

The proposed schematic profile was modified to be above the estimated 100-year water surface elevation or 

high enough that a barrier wall can be used to keep the 100-year overland flow from entering the proposed 

depressed section. 

Storm Drain Design 

The preliminary sizing of the proposed drainage systems is provided for the following roadways within the 

project limits: 

 The Collector system along Hamilton Street (I-69 southbound frontage road) from Winbern Street to 

Polk Street (Outfall – Buffalo Bayou) 

 The main lanes of the proposed depressed section from Alabama Street to McGowen Street, including 

I-69 northbound and southbound, SH-288 southbound, and I-45 northbound and southbound direct 

connectors (Outfall – Buffalo Bayou) 

 Chartres Street (I-69 northbound frontage road), outfalls to the COH storm sewer system along Elgin 

Street, and ultimately to Brays Bayou. 

Pump Station Design 

The I-45 pump station design from the AECOM report was updated for this project.  The I-45 pump station was 

relocated adjacent to the St. Emanuel and St. Joseph intersection.  The I-45 pump station continues to discharge 

to an 8 ft. x 8 ft. gravity system along St. Emanuel Street that connects to the Hamilton Collector System and 

increases to a 12 ft. x 12 ft. RCB. This system is restricted with a 42” RCP that combines with the Detention 

Pond A 36” RCP outflow pipe and then outfalls via a 54-inch RCP with a backflow preventer allowing flow to 

drain directly to Buffalo Bayou when tailwater conditions allow.  Higher flows will enter Detention Pond A 

through Three (3) – 10 ft. x 5 ft. RCB inflow structure with an upstream flowline elevation of 10.00 feet and a 
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downstream flowline elevation of 9.50 feet.   The pump station was sized such that there is no roadway flooding 

for the 100-year, 24-hour storm event.  The following summarizes the updated pump configuration: 

 I-45 Pump Station (Total Capacity - 160,192 GPM) 

o 1 – 1,652 GPM sump pump 

o 2 – 8,694 GPM pumps 

o 8 – 17,644 GPM pumps (including one spare) 

Two natural gas-powered generators will provide emergency backup power instead of the diesel power 

generators recommended in the AECOM report. 

Mitigation Analysis 

A mitigation analysis was performed to determine detention needs due to the increase in runoff associated 

with the proposed roadway and drainage improvements (system hydraulics).  The analysis also evaluated the 

mitigation needs associated with the loss of floodplain storage from Buffalo Bayou due to the proposed project. 

Detention Pond A will provide 235 ac-ft of volume below the 100-year water surface elevation.  An additional 

46 ac-ft of volume is provided within the Hamilton Street Collector and I-45 pump St. Emanuel outfall, which 

together will exceed the 232 ac-ft of required mitigation volume for the NHHIP 3B project.   

Detention Pond A2 located within the TxDOT ROW between Holman Street and Chenevert Street will provide 

5.16 ac-ft of volume.  The existing local roadways currently flood in this area resulting in overland flow entering 

the existing depressed section.  For proposed conditions, the overland flow will enter the Hamilton Street 

collector and backflow into Detention Pond A2 via a 24-inch inflow/outflow pipe.  Detention pond A2 provides 

additional mitigation to lower the water surface elevations in this area thus reducing ponding depths. 

No detention is required for the Chartres system as the proposed drainage plan results in no increases in flow 

or water surface elevations along the Elgin system. 

Summary 

The proposed depressed section drainage system was designed to maintain all main lanes passable under a 

100-year, 24-hour storm event.  Note, this analysis did not consider inlet capacity.  It is expected that some 

roadway flooding could potentially occur due to the inlet capacity under the 100-year storm event.  It is 
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recommended that a detailed evaluation of the capacity of the inlet structures in the depressed section and 

the Hamilton Street and St. Emanuel Street Collectors be completed in the design phase of the project to 

determine the anticipated level of ponding for the100-year storm event. 

Major changes to the NHHIP 3B system design from the AECOM report include the following: 

 Increase the size of the Hamilton Street Collector to a 12 ft. x 12 ft. trunkline from Winbern Street to 
Polk Street, which will connect to the proposed 8 ft. x 8 ft. pump outfall on St. Emanual Street via a 
proposed 12 ft. x 12 ft. RCB crossing under the existing I-69 bridge.  

 The Hamilton Street profile has been raised to eliminate overland flow into the proposed depressed 
section.   

 Increase the size of the St. Emanuel Collector/I-45 pump outfall to a 12 ft. x 12 ft. trunkline from the 
Polk Street connection with the Hamilton Collector to 800 feet south of Canal Street.  From 800 feet 
south of Canal Street to Detention Pond A the pump outfall will change to 2-12 ft. x 6 ft trunkline and 
be relocated to avoid right-of-way conflicts.  The proposed system is restricted by a 42” RCP and 
higher flow will enter Detention Pond A through 3- 10 ft. x 5 ft. RCB and the system ultimately outfall 
to Buffalo Bayou via 54” RCP with a backflow preventor. 

 Replace St. Emanuel Street Collector with I-45 pump outfall.  Connect existing storm sewer systems 
crossing St. Emanuel to proposed trunkline and plug systems west of St. Emanuel. 

 Construct 2-90” RCP siphon under Polk Street to avoid conflict with 60” water line and transmission line 
with a dewatering pump.  This siphon will be temporary and will be replaced with a 12 ft. x 12 ft. RCB 
in the future, when the utilities are moved prior to NHHIP project 3D. 

 Construct 2-90” RCP under the Metro Light Rail at Texas Avenue and lower the outfall trunkline 
elevation by 5 ft. to meet the 12 ft. desirable clearance requested by Metro with a 4 ft. buffer. 

 Replace the end section of the existing 102-inch outfall with three (3) 72-inch RCPs with backflow 
preventors. 

 Connect the existing 102-inch depressed system to the proposed depressed system with a 30-inch RCP, 
just north of McGowen. 

 The existing St. Joseph Siphon will remain in place and will be connected to the Hamilton Street Collector 
System. 

 Replace the proposed two (2) 6 ft. x 4 ft. depressed system outfall from McGowen to the I-45 pump 
with a single 90-inch RCP. 

 Construct only the portion of the proposed Detention Pond A needed for this 3B project and add 
Detention Pond A2.  The proposed Detention Pond A will have an overflow weir to Buffalo Bayou at 
an elevation of 25 feet, a length of 40 feet, and 5:1 side slopes. 

 The I-45 pump station is relocated and the proposed pump configuration includes one (1) 1,652 GPM 
sump pump, two (2) 8,694 GPM pumps, and eight (8) 17,644 GPM pumps, which includes one spare 
pump. 
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A preliminary cost estimate was developed for the proposed drainage features.  The cost estimate included 

the storm drain trunklines and I-45 pump station.  The total cost estimate including contingency is $135.2 million. 

The proposed roadway improvements will not adversely impact the existing conditions at each outfall within 

the project limits for storm events up to and including the 100-year storm event.    
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1 INTRODUCTION  

1.1 Overall Study Introduction 

This report is an addendum to the report entitled “North Houston Highway Improvement Project (NHHIP) 

Segment 3B from Alabama Street to Canal Street Drainage Study” dated July 2018 by AECOM.  The AECOM 

report documents the drainage analysis from Alabama Street to Canal Street which has been broken into two 

separate projects NHHIP 3B from Alabama Street to McGowen Street and NHHIP 3D from McGowen Street 

to Buffalo Bayou.  The purpose of this study is to analyze the drainage features specific to NHHIP 3B project 

from Alabama Street to McGowen Street and identify any mitigation needs associated with the proposed 

roadway improvements.  Additionally, this study includes the preliminary storm sewer trunkline design of the 

roadways within NHHIP 3B project.   

1.2 Study Purpose 

Teague Nall and Perkins, inc. (TNP) was contracted to provide general engineering services to provide 

engineering and planning support for the NHHIP 3B project, CSJ No. 0027-13-200.  This drainage study 

provides a preliminary assessment of the drainage features, impacts, and required mitigation for the proposed 

NHHIP 3B project.  This report documents the preliminary results of the drainage design and analysis and will 

be used to assist TxDOT and IDCUS, Inc. in the design phase of the project.   

1.3 Project Location 

The project limits of NHHIP 3B project consists of reconstruction of the I-69/SH-288 depressed mainlanes from 

Alabama Street and McGowen Street, Hamilton Street from Winbern Street to Polk Street, Chartres Street 

from Cleburne Street to McGowen Street, and St Emanual from Webster Street to Commerce Street.  The 

proposed project is located within the Buffalo Bayou and Brays Bayou Watersheds in Harris County, as shown 

in Exhibit 1.   

1.4 Project Scope 

A detailed scope of work was authorized by TxDOT, and the major tasks include the following: 

 Update drainage analyses and preliminary drainage design for NHHIP 3B project with ATLAS 14 

rainfall data. 

 Analyze proposed roadway drainage systems for the proposed I-69 depressed section and associated 

frontage road system including Hamilton Street and Chartres Street. 
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 Analyze proposed I-45 pump station for the proposed project. 

 Complete roadway impact mitigation analysis and determine preliminary detention needs for the 

proposed project. 

2 DATA COLLECTION  

2.1 Data Sources 

All mapping, CAD data, and survey data in this study are referenced to NAD 83, Texas State Plane South 

Central, US Survey Feet, with a grid-to-surface scaling factor of 1.00013.  Vertical elevations are referenced 

to NAVD 1988 (Unadjusted).  The data collected and used for this study includes the following: 

 The 2008 Non-Uniform Subsidence Adjustment (NUSA) digital elevation model (DEM) for Harris County, 

flown in 2008 and vertically adjusted by the Harris County Flood Control District (HCFCD) to the 2001 

vertical datum adjustment.  This LiDAR dataset was originally produced for Houston-Galveston Area 

Council (HGAC).  The AECOM report states the vertical adjustment from NAVD 1988 (unadjusted), the 

project datum, to the NAVD 1988, 2001 vertical datum adjustment is approximately -0.06 feet in the 

project area.  For this study, it was assumed that no datum adjustment was needed between the project 

datum (NAVD 1988) and the NAVD 1988, 2001 adjustment. 

 Project topography and project triangular irregular network (TIN) data. 

 AECOM Segment 3B survey data from RODS Surveying, Inc., including existing storm sewer flowline 

elevations in the project vicinity and information on existing roadway features. 

 Aerial imagery from Texas Natural Resources Information System. 

 Record drawings provided by TxDOT regarding existing roadway and storm sewer information.  

Surveyed elevation points were compared along the St. Joseph/Calhoun Street siphon to determine a 

datum adjustment of -9.38 to adjust to the project datum.  Relevant record drawings are included in 

Appendix C. 

 Preliminary schematic plan for the NHHIP 3B project, included in Appendix A. 

 AECOM NHHIP Segment 3B drainage report and PCSWMM existing and mitigated models. 
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3 PROJECT OVERVIEW 

The project, NHHIP 3B, is limited to the realignment of I-69 and the proposed depressed section from Alabama 

Street to McGowen Street, as shown in Exhibit 1.  The major components of the project include: 

 Hamilton Street Stormwater collector system (Hamilton System) from Winbern Street to Polk Street 

protecting the depressed section form overland flow west of I-69, 

 Depressed Section storm drain systems from Alabama Street to McGowen Street, 

 Chartres Street storm drain system from Cleburne Street to McGowen Street,  

 I-45 Pump station facility & St. Emanuel Collector/I-45 pump outfall, and 

 Mitigation facilities. 

A detailed discussion of each of the major drainage components is provided in Sections 4 trough Section 8. 

3.1 Existing Conditions 

The NHHIP 3B project includes the I-69/SH-288 corridor and associated frontage road systems from Alabama 

Street to McGowen Street.  The existing roadway configuration includes: 

 Depressed mainlanes between Alabama Street and McGowen Street: 

o I-69 North and south bound travel lanes, total 16 travel lanes 

 Frontage Roads between Alabama Street and McGowen Street: 

o Hamilton Street – southbound travel lanes, total 4 travel lanes 

o Chartres Street – northbound travel lanes, total 4 travel lanes 

The existing drainage system for this section includes curb and gutter and storm sewers.  The I-69 mainlane 

roadway from Alabama Street to approximately Bell Street is currently depressed, located approximately 

17 feet below the natural ground with a minimum roadway elevation at 25.75 feet.  The existing depressed 

section system drains via a 102-inch RCP storm sewer line that begins at Alabama Street and gravity drains 

north to its outfall at Buffalo Bayou as shown in Exhibit 2. 

Additionally, there are two inverted siphons, one located at Elgin Street, and one located at St. Joseph 

Parkway, that run west-east beneath the depressed section.  The siphons allow high flows in the COH storm 

systems from large storms to cross the depressed section in a west to east direction and ultimately drain to 
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Brays Bayou.  In addition, each siphon is connected to the 102-inch RCP that drains the depressed section by 

a 2 ft. x 1 ft. orifice.  The orifices allow part of the COH flow to drain into the 102-inch RCP, which drains to 

Buffalo Bayou, to prevent the siphons from remaining wet between storm events.  Both siphons were updated 

in the existing model based on the as-built plans which are included in Appendix C. 

The drainage outfalls and their associated drainage systems for the NHHIP 3B project include the following 

(refer to Exhibit 2 for approximate locations): 

 Outfall System (Buffalo Bayou) 

o I-69/SH-288 depressed section via 102-inch storm sewer 

 Outfall System (Brays Bayou) – St. Joseph Parkway storm sewer (60-inch RCP) 

o Hamilton Street from McIlhenny Street to Clay Street via COH storm sewer systems 

o Chartres Street from Hadley Street to Franklin Street 

 Outfall System (Brays Bayou) – Elgin Street Storm Sewer (90-inch RCP) 

o Hamilton Street from Winbern Street to McIlhenny Street 

o Chartres Street from Alabama Street to McIlhenny Street 

3.2 Proposed Conditions 

The NHHIP 3B project includes the I-69/SH-288 corridor and associated frontage road systems from Alabama 

Street to McGowen Street.  The proposed roadway configuration includes: 

 Depressed mainlanes between Alabama Street and McGowen Street: 

o I-69 North bound travel lanes, 6-12’ travel lanes with 10’ shoulders 

o I-69 South bound travel lanes, 7-12’ travel lanes with 10’ shoulders 

o SH 288 South bound travel lanes, 4-12’ travel lanes with 10’ shoulders 

o SH 288 to I-45 North bound direct connector, 1-14’ and 2-12’ travel lanes with 8’ shoulders 

 Frontage Roads between Alabama Street and McGowen Street: 

o Hamilton Street – southbound travel lanes, total 3-11’ travel lanes 

o Chartres Street – northbound travel lanes, total 3-11’ travel lanes 
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The main drainage components of the NHHIP 3B proposed roadway system for I-69/SH-288 from Alabama 

Street to McGowen Street include the following: 

 Depressed mainlanes between Alabama Street and McGowen Street drained by proposed storm 

sewer to the I-45 pump station. 

 12 ft. x 12ft. Hamilton Street Collector from Winbern Street to Polk Street to capture overland flow 

and eliminate 100-year overflow into the proposed depressed section.  The Hamilton Street Collector 

will outfall to the proposed 8 ft. x 8 ft. St. Emanuel Collector/I-45 pump outfall via a 12 ft. x 12ft. RCB 

crossing under the existing I-69 bridge just west of Polk Street. 

 The existing St. Joseph siphon will remain in place and will be connected to the Hamilton Street Collector 

system.   

 St. Emanuel Collector/I-45 pump station 8 ft. x 8 ft. RCB outfall from the I-45 pump station will be 

constructed to Polk Street; from Polk Street, the storm sewer will be increased to a 12 ft. x 12 ft. RCB 

to 800 ft south of Canal Street, where the outfall alignment has been relocated and changed to a 2- 

12 ft. x 6 ft. trunkline to avoid right-of-way conflicts.  The proposed system is restricted by a 42” RCP 

and higher flow will enter Detention Pond A through 3- 10 ft. x 5 ft. RCB and the system ultimately 

outfall to Buffalo Bayou via 54” RCP with a backflow preventor. 

 Construct 2-90” RCP siphon under Polk Street to avoid conflict with 60” water line and transmission line 

with a dewatering pump.  This siphon will be temporary and will be replaced with a 12 ft. x 12 ft. RCB 

in the future, when the utilities are moved. 

 Construct 2-90” RCP under the Metro Light Rail at Texas Avenue and lower the outfall trunkline 

elevation by 5 ft. to meet the 12 ft. desirable clearance requested by Metro with a 4 ft. buffer. 

 Chartres Street proposed storm sewer will outfall to the existing COH Elgin Street system. 

 The existing depressed section 102-inch RCP will be connected to the proposed depressed section storm 

sewer outfall via a 30-inch RCP. 

 The existing 102-inch RCP outfall will be replaced with 3-72” RCP with flex valves to eliminate backflow 

form Buffalo Bayou into the proposed depressed section (See Exhibit 3). 

 Construct Detention Ponds A and A2. 

 Construct I-45 Pump Station. 

  The NHHIP 3B proposed system layout is shown on Exhibit 4. 
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3.3 Drainage Criteria 

TxDOT developed a project specific drainage design criteria for the NHHIP 3B Drainage Study and PS&E 

design.  The following table summarizes design criteria for the drainage design of the NHHIP 3B project.  For 

more information refer to Appendix B for the design criteria document provided by TxDOT.   

Table 3-1 – Drainage Design Frequencies Criteria 

Roadway Criteria Additional Design Criteria

Main Lanes (I-69/SH 288) in 
Depressed Section

100-year Capacity N/A

Pump Station 100-year N/A

Collector System (Hamilton Street) Minimum 10-year Capacity
Sized for no adverse impacts to 

the 100-year WSE Under 
Proposed Conditions

Chartres Street 10-year Capacity
Check for no adverse impacts to 

the 100-year WSE Under 
Proposed Conditions  

Note, the I-69 corridor serves as an evacuation route; therefore, TxDOT requires a 100-yer level of protection 

for the main lanes.   

The following 24-hour rainfall data was used for this drainage design.  These values were taken from the 

National Oceanic Atmospheric Administration (NOAA) volume 11, version 2 Houston WB City, station ID 79-

0056.  The complete Atlas 14 partial duration precipitation frequency table used for this analysis is included 

in Appendix B.   

Table 3-2 – Rainfall Depths for the 24-Hour Storm Event 

Frequency Depth (in.)

10-Year 8.76

100-Year 17.00  

The Atlas 14 rainfall shows an increase of 3.8 inches in the 100-year, 24-hour rainfall depth compared to 

the rainfall depth used in the AECOM report. 



 
 
 
 

August 2023 Page | 13 

engineers 
surveyors 
landscape architects 

NHHIP Segment 3B 
Addendum 

Drainage Study 

4 OVERLAND FLOW ANALYSIS 

4.1 Purpose of Analysis 

The section of I-69 between Alabama and Bell Street, receives runoff from areas east and west of the I-69 

corridor, as shown in Exhibit 2.  The area west of the I-69 corridor between Alabama and I-45 has overland 

flow paths that lead towards I-69, while the storm sewer network generally runs from south to the north, where 

it outfalls into Buffalo Bayou.  East of the I-69 corridor, the overland flow paths drain away from I-69. 

As the I-69 corridor is proposed to be depressed, it was necessary to quantify the overland flow draining to 

the existing depressed section and design a collector system to prevent the overland flow from entering the 

depressed section for proposed conditions.  The following discusses the overland flow analysis methods and 

results. 

4.2 Methodology 

The overland flow analysis was completed for the 100-year storm event.  The hydrologic analysis was 

completed using HEC-HMS version 3.5.  The hydraulic analysis was completed for existing and proposed 

conditions using EPA SWMM version 5.1.012 computational engine, facilitated by the PCSWMM 2021 user 

interface.  SWMM will be used within this report to reference the storm water modeling system using the 

PCSWMM interface and the EPA SWMM computational engine.  ArcGIS was used to compare the water 

surface elevation results of the SWMM models to the LiDAR ground surface to create a map of the maximum 

depths in each grid cell and allow comparisons of existing and proposed water surface elevations (WSEs) 

throughout the overland flow area. 

The AECOM overland flow analysis hydrologic methodology, included in Appendix B, was used for this 

analysis.  The rational method peak flows were updated based on TxDOT Atlas 14 BDE coefficients.  

Hydrographs were developed using HEC-HMS following the Clark Unit Hydrograph method and using the 

Atlas 14 rainfall data.  The Clark UH “R” value for each drainage area was adjusted to match the 100-year 

peak flow value.  The hydrologic calculations and models are included on the USB drive in Appendix F. 

4.3 Design Criteria 

The overland flow collector systems were designed to have a minimum capacity to convey the 10-year storm 

event and checked for the 100-year storm event to confirm no adverse impacts to the surrounding areas.  For 
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the overland flow analysis, no adverse impact is considered to be no increase in WSEs greater than 0.10 feet 

between the existing and proposed conditions. 

4.4 Existing Conditions 

Updates were made to the AECOM Segment 3B existing overland flow PC SWMM model to create the existing 

conditions model for this analysis.  The runoff hydrographs were updated to Atlas 14 rainfall as discussed in 

Section 4.2. The Elgin Street and St. Joseph Street siphons were updated in the model based on as-built plans 

included in Appendix C.  Surveyed elevations were compared to as-built elevations, and a datum adjustment 

of -9.38’ was used to adjusted to the project datum.  The existing 102-inch outfall flowlines were also adjusted 

based on this datum adjustment and the as-built plans.  The existing depressed section elevation storage 

relationship was updated in the model based on project TIN data.  All other components remained the same.  

The Buffalo Bayou and Brays Bayou outfall tailwater conditions were updated in the existing conditions model.  

The Buffalo Bayou tailwater was taken from the City of Houston North Canal existing conditions HEC-RAS 

model documented in the report “Hydraulics and Hydrology Impact Analysis Report North Canal High Flow 

Diversion Channel Preliminary Engineering Report (PER) Study” dated April 19, 2022, by HDR Engineering, Inc.  

The COH North Canal model is updated to Atlas 14 rainfall data and therefore the best available data of 

tailwater conditions on Buffalo Bayou.  The Brays Bayou FEMA Effective and LOMR stage hydrographs were 

developed.  The 500-year LOMR stage hydrographs were comparable to the FEMA Effective 100-year stage 

hydrograph.  Therefore, the Atlas 14 rainfall with the LOMR improvements are expected to result in water 

surface elevations along Brays Bayou similar to those in the FEMA Effective 100-year model.  The FEMA 

Effective 100-year stage hydrographs were used as the tailwater conditions on Brays Bayou.     

4.5 Existing Conditions 100-Year Storm Event Results 

The existing conditions model results were evaluated to determine the general extents of flooding along the 

study area, identify overland flow paths across the I-69 corridor, and approximate the magnitude of flow 

entering the existing depressed sections.   

In general, the existing SWMM model results show the majority of ponding was limited to the street ROW 

during the 100-year storm event, as shown in Exhibit 2.  There were three locations within the project vicinity 

where more significant ponding, extensive ponding outside the street ROW, was seen, these areas include: 

 West Alabama Street and I-69, from Greenbriar Drive to Mandell Street 

 Milam Street to I-69, from Alabama Street to McGowen Street, and 
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 Sauer Street to Velasco Street, from Elgin Street to I-45 

The model results were evaluated to determine the overland flow paths across the I-69 project corridor.  After 

identification of the overland flow paths, the model results were processed to approximate the magnitude of 

runoff crossing the I-69 corridor.  Table 4-1 provides a summary of the major overland flow paths across the 

I-69 corridor.  These locations are also shown on Exhibit 2. 

Table 4-1 – Major 100-Year Overland Flow Paths Across the I-69 Corridor 

Location at I-69 SWMM Link ID Direction of Flow Peak Flow (cfs)
Exhibit 2

Sheet Number

Main Street OL_J3486_to_J3485 NE to SW 257 3

In Between Main St. and Fannin St. OL_J1280_to_J1210 NE to SW 186 3

Wheeler St. OL_J1297_to_J1251 NW to SE 85 3

Cleburne St. OL_J1338_to_J1282 NW to SE 87 3

Almeda Rd. OL_J1334_to_J1250 NE to SW 299 3

Polk St. OL_J2920_to_J2884 NW to SE 39 5

Texas St. OL_J3313_to_J3280 NW to SE 66 6
 

As shown in Table 4-1 the overland flow across the I-69 corridor ranges from 39 cfs to 299 cfs.  These overland 

flow paths are all outside the limits of the existing depressed section of I-69 and the NHHIP 3B project area.  

The overland flow paths from Main Street to Almeda Road are in Segment 3A and the overland flow paths 

from Polk Street to Texas Street are in NHHIP 3D.  Note, on the east side of the existing depressed section, 

along Chartres Street, the model results indicate that overland flow drains away from the depressed section, 

as shown on Exhibit 2. 

A separate evaluation of the model results was performed to identify the overland flow access points to the 

existing I-69 depressed sections, between SH-288 and Bell Street and between Greenbriar Drive and Spur 

527.  Between SH-288 and Bell Street, the ponding results show that a large section of Midtown drains 

overland to the current I-69 corridor, as shown on Exhibit 2.  The midtown area is located south of I-45 and 

west of I-69.  It’s western boundary is approximately Spur 527 and Bagby Street and its eastern boundary is 

the I-69 corridor.  The calculated 100-year ponding depths along Hamilton Street range between 1.0 and 2.5 

feet and do not overtop the existing concrete barrier (approximately 3-feet high) along the east side of 

Hamilton Street, adjacent to the I-69 depressed section.  In addition, minimal flow enters the depressed section 

via the overpass bridges as the ponding depths do not exceed the top of curb elevation along most bridge 

sections.  These paths for flow to enter the depressed section are explicitly included in the model. 
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There are isolated locations along the existing depressed section where overland flow enters the depressed 

section.  Table 4-2 includes a summary of the depressed section entry elevations at the main access points to 

the depressed section and the corresponding 100-year WSEs and peak flows.  These locations are also shown 

on Exhibit 2. 

Table 4-2 – Overland flow Access Points and Peak Flows to the I-69 Corridor 

Location
Approximate 

Depressed Section 
Entry Elevation (ft.)

Existing
100-Year
WSE (ft.)

Existing
100-Year

Peak Flow (cfs)

Northbound Exit Ramp at Berry Street 41.70 42.35 46

Alabama Street at Chenevert Street 42.50 43.77 111

Hamilton Street at Holman Street 37.50 39.09 682

Hamilton Street at Elgin Street 43.82 44.11 12

Hamilton Street at Tuam Street 43.36 44.11 68

Hamilton Street at McGowen Street 43.07 44.11 81

Hamilton Street at McIlhenney Street 43.60 44.04 91  

The largest area of concern is along Hamilton Street near Holman Street.  At this location, there is a large sag 

in Hamilton Street to accommodate the existing SH-288 direct connectors that cross over Hamilton Street and 

tie into the local streets, Chenevert Street and Jackson Street.  The profile of Hamilton Street drops from an 

elevation of approximately 43 feet down to an elevation of approximately 37 feet.  This section of Hamilton 

Street is lower than the existing Hamilton Street storm sewer system.  Therefore, overland flow reaching 

Hamilton Street between Elgin Street to just east of Chenevert Street initially ponds in this low area before 

draining to the existing depressed section via an existing storm sewer system.  The existing condition 100-year 

storm event model results indicate approximately 682 cfs enters the depressed section at this location. 

For the existing I-69 depressed section between Greenbriar Drive and Spur 527, the ponding results show that 

a large section of Montrose drains overland too the I-69 corridor, as shown on Exhibit 2.  In general, overland 

flow ponds at the edge of the depressed section, and a small amount enters the depressed section via the 

existing weir boxes along the west side of the depressed section. 

5 STORM DRAIN DESIGN 

5.1 General 

The AECOM preliminary design of the proposed storm sewer systems within the NHHIP 3B project limits was 

used as a starting point to develop the proposed storm sewer design for this analysis.  Updates were made to 

the AECOM preliminary sizes due to design criteria, constructability, and changes to the outfall location.  This 
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drainage study includes the preliminary sizing of the proposed drainage systems for the roadways within the 

NHHIP 3B project; refer to Exhibit 4 for approximate locations: 

 The Collector system along Hamilton Street (I-69 southbound frontage road) from Winbern Street to 

Polk Street (Outfall – Buffalo Bayou) 

 The Main lanes of the proposed depressed section from Alabama Street to McGowen Street, including 

I-69 northbound and southbound, SH-288 southbound, and SH-288 to I-45 northbound and southbound 

direct connectors (Outfall – Buffalo Bayou) 

 Chartres Street (I-69 northbound frontage road), outfalls to the City of Houston storm sewer system 

along Elgin Street, and ultimately to Brays Bayou. 

The impact analysis for the proposed storm drainage design is discussed in Section 8. 

5.1.1 Methodology 

The preliminary design of the storm sewer systems was completed using a combination of Bentley’s Power 

GEOPAK Drainage V8i, SELECT Series 4 and the overland flow SWMM model.  The storm sewer systems were 

analyzed for the 100-year storm events using the overland SWMM model to confirm the proposed systems 

had no adverse impact to existing conditions.  Discussion on the overland flow analysis and associated 

methodology for the SWMM model can be found in Section 4. 

5.2 Collector Systems 

Preliminary designs for two overland flow collector systems were developed as part of the NHHIP 3B project, 

the Hamilton Street Collector and the St. Emanuel Street Collector/I-45 pump outfall.  The proposed storm 

sewer systems along Hamilton Street and St. Emanuel Street were upsized to collect the 100-year overland 

flow thus eliminating overflow into the proposed depressed section.  Preliminary designs for the Hamilton Street 

Collector from Winbern Street to Polk Street and the St. Emanuel Street Collector/I-45 pump outfall from St. 

Joseph Street to the Outfall at Buffalo Bayou, were developed as part of this drainage study.  Note, there is 

no overland flow collector system recommended for the section of Chartres Street between Alabama Street 

and I-45 as the overland flow in this area drains away from the depressed section. 

5.2.1 Design Criteria 

The Hamilton Street Collector and the St. Emanuel Street Collector were initially sized based on the AECOM 

Segment 3B design and then checked for the 100-year storm event in the overland SWMM model to confirm 
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the design had no adverse impact on existing conditions.  Where, necessary, the collector system capacities 

were increased to eliminate adverse impacts that would have been present with the NHHIP 3B project. 

5.2.2 Hydrology 

The proposed drainage areas from the AECOM report were used for this analysis.  The existing drainage area 

sizes in the transition area were adjusted as needed.  The rational method peak flows were updated based 

on TxDOT Atlas 14 BDE coefficients.  Hydrographs were developed using HEC-HMS following the Clark Unit 

Hydrograph method and using the Atlas 14 rainfall data.  The Clark UH “R” value for each drainage area 

was adjusted to match the 100-year peak flow value.  The Clark UH “R” value calculated for the 100-year 

storm event was utilized for all other frequency storm events.  The hydrologic calculations and models are 

included on the USB drive in Appendix F. 

5.2.3 Proposed Conditions 

Preliminary design of the Hamilton Street Collector was developed from Winbern to Buffalo Bayou as part of 

the AECOM Segment 3B drainage study.  For the NHHIP 3B project, the Hamilton Street Collector will be 

constructed from Winbern Street to Polk Street and the proposed trunkline size was increased to a 12 ft. x 12 

ft. RCB in order to drain the 100-year overland flow at Hamilton and Holman Street and eliminate overland 

flow into the proposed depressed section for this project.  The Hamilton Street Collector was sized to eliminate 

increases in water surface elevations for the 100-year storm event.  The AECOM Segment 3B Hamilton Street 

Collector from Polk Street to the outfall at Buffalo Bayou will not be built as part of this project; therefore, the 

proposed Hamilton Street system will temporarily outfall just south of Polk Street under the existing I-69 bridge 

via a 12 ft. x 12 ft. RCB and connect to the 8 ft. x 8 ft. St. Emanuel Street Collector, which is the I-45 pump 

station outfall.   

The proposed I-45 pump station is re-located to the northwest intersection of St. Emanuel Street and St. Joseph 

Parkway for the NHHIP 3B project.  The St. Emanuel Street Collector runs from the I-45 pump station at St. 

Joseph Parkway to the outfall at Buffalo Bayou.  The proposed St. Emanuel Street Collector/I-45 pump outfall 

is an 8 ft. x 8ft. RCB from the I-45 pump station to the connection to the Hamilton Street Collector at Polk Street.  

The proposed St. Emanuel Street Collector/I-45 pump outfall will then increase to a proposed 12 ft. x 12 ft. 

RCB from Polk Street to 800 feet south of Canal Street.  From 800 feet south of Canal Street to Detention 

Pond A the pump outfall will change to 2-12 ft. x 6 ft. trunckline and be relocated to avoid right-of-way 

conflicts.  At Polk Street 2-90” RCP Siphon will be constructed to avoid an existing 60-inch waterline and an 

existing transmission line.  The Polk Street Siphon is temporary, since both utilities will be relocated in the future, 
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and the 12 ft. x 12 ft. outfall will be constructed to replace the 2-90” RCP Siphon.  At Texas Avenue the 12 

ft. x 12 ft. St. Emanuel Collector/ I-45 pump outfall will change to 2-90” RCP and the flowline will be lowered 

by 5 ft under the existing Metro Light Rail to meet the 12 ft. desirable clearance with a 4 ft. buffer.   

The existing 6 ft. x 3.5 ft. inverted siphon at Elgin Street will be removed.  The existing St. Joseph siphon will 

remain and be connected to the Hamilton Collector System.  The St. Joseph siphon will be removed as part of 

the future Segment 3D project. The proposed storm sewer system is shown on Exhibit 4. 

5.3 Depressed Section Storm Sewers 

The preliminary storm sewer design for the proposed depressed section from Alabama Street to McGowen 

Street was completed as part of this drainage study.  This included the preliminary sizing and layout of storm 

sewers for each roadway system within the proposed depressed section, including I-69 northbound and 

southbound mainlanes, SH-288 southbound direct connector, and SH-288 northbound to I-45 direct connectors. 

5.3.1 Design Criteria 

The depressed storm sewer systems were designed for a 100-year storm event.  Note, this analysis did not 

consider inlet capacity.  The inlet capacity and ponding widths should be checked and verified during the 

design phase. 

5.3.2 Hydrology 

The proposed drainage areas south of McGowen were updated based on the NHHIP 3B proposed profile.  

North of McGowen, the existing drainage areas and systems will remain in place for this project.  Proposed 

drainage areas were delineated for each roadway system and subarea breaks were generally set every 300 

feet.  All drainage areas remained under 200 acres; therefore, the Rational Method was used to develop 

peak flows in GEOPAK Drainage. 

HEC-HMS version 3.5 was utilized to transform the Rational Method peak flows into hydrographs to use as 

input into the SWMM model.  The Clark Unit Hydrograph method was utilized to create hydrographs for each 

drainage area.  For each drainage area, a subbasin was created and assigned the appropriate area, time 

of concentration (tc), percent impervious cover, and Green & Ampt loss parameters.  All drainage areas within 

the depressed section were assumed to be 100% impervious.  The Clark storage coefficient (R) was then 

adjusted in an iterative process until the peak flow from each HEC-HMS subbasin was approximately equal to 
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the peak flow developed using the Rational Method.  The HEC_HMS model for proposed conditions is included 

on the USB in Appendix F.   

The Green and Ampt Loss method parameters, including initial loss, moisture deficit, suction, and conductivity, 

remained unchanged from the HCFCD M3 effective HEC-HMS model for Buffalo Bayou.  These parameters 

are summarized in Table 5-1. 

Table 5-1 – Green & Ampt Loss Parameters for all Drainage Areas 

Parameter
Canopy

Initial Storage 
(%)

Canopy
Max Storage 

(in)
Initial Loss (in) Moisture Deficit Suction (in)

Conductivity 
(in/hr)

Value Used 0.00 0.93 0.03 0.46 10.03 0.37
 

 

5.3.3 Proposed Conditions 

The proposed depressed section storm sewer network extends from Alabama Street to McGowen Street and 

drains to the I-45 pump station located just north of the I-69 & I-45 interchange. The pump station outfalls 

along St. Emanuel Street to Buffalo Bayou via an 8 ft. x 8 ft. RCB to Polk Street and then continues as a 12 ft. 

x 12 ft. RCB from Polk Street to Buffalo Bayou after it combines with the Hamilton Street collector.  The I-45 

pump outfall along St. Emanuel will replace the St. Emanuel collector system, and the proposed inlets along St. 

Emanuel will drain to this system.  The existing storm sewer systems approaching St. Emanuel from the east will 

be connected to the outfall trunkline. The remaining system west of St. Emanuel draining west to the Chartres 

Street trunkline will be plugged and remain in place for this project.  Additional information on the I-45 pump 

station design is included in Section 7.0.  The proposed depressed section storm sewer network is made up of 

four main storm sewers, servicing the following main lanes; see Exhibit 4 for locations: 

 I-69 northbound 

 I-69 southbound 

 SH-288 southbound direct connector 

 SH-288 northbound to I-45 direct connectors 

The proposed storm sewer systems are connected via a 90-inch lateral located just north of McGowen Street 

that drains to the I-45 pump station.  The proposed systems range in size from 24-inch RCP to 5 ft. x 4 ft. RCB, 
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below is the size range for each system and the layout is shown on Exhibit 4 and the proposed storm sewer 

profiles are shown on Exhibit 5: 

 I-69 Northbound – 30-inch RCP to 5 ft. x 4 ft. RCB 

 I-69 Southbound – 36-inch RCP to 5 ft. x 4 ft. RCB 

 I-45 Northbound to I-69 Northbound Connector – 24-inch RCP to 42-inch RCP 

 SH-288 Southbound to I-45 Southbound Connector – 30-inch RCP to 48-inch RCP 

The AECOM study proposed Two (2) 4 ft. x 3 ft. RCB located at the sag along Hamilton Street near Holman 

Street that allowed overland flow to drain into the I-69 southbound depressed storm sewer system will no 

longer be built.  The Hamilton Street profile was raised to allow the overland flow to drain into the Hamilton 

Street collector, and barrier walls will be used to eliminate overflow into the proposed depressed section for 

the 100-year storm event.   

Just north of McGowen Street, the proposed depressed section will transition to tie into the existing depressed 

section roadway.  Since the proposed depressed section is lower than the existing depressed section, a 30-

inch lateral is proposed to connect the existing 102-inch RCP to the proposed 90-inch RCP that drains to the I-

45 pump stations.  This 30-inch RCP lateral will prevent flows in the 102-inch RCP from surcharging and sheet-

flowing from the existing depressed roadway into the proposed depressed roadway.  Additionally, under 

existing conditions, flow from Buffalo Bayou backflows into the 102-inch RCP for lower frequency storm events 

and floods the existing depressed section.  To meet the 100-year design criteria for the proposed depressed 

section, the existing 102-inch RCP will be replaced with three (3) 72-inch RCP with flex valves at the outfall to 

prevent flooding due to backflow from Buffalo Bayou.  See Exhibit 3 for the 102-inch outfall detail to Buffalo 

Bayou.   

5.4 Chartres Street Storm Sewer 

A storm sewer level preliminary drainage design was completed for the I-69 northbound frontage road, 

Chartres Street, from Cleburne Street to Webster Street.  The Chartres Street Storm Sewer was designed for 

the ultimate NHHIP 3D project.  The proposed storm sewer from Cleburne Street to just north of McGowen will 

be built as part to the NHHIP 3B project.   
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5.4.1 Existing Conditions 

Under existing conditions, Chartres Street from Alabama Street to McIlhenny Street is drained by storm sewers 

to the Elgin Street storm sewer system which outfalls to Brays Bayou.  Existing storm sewer and overland flow 

from north of I-69 are conveyed to the Elgin Street storm sewer via a 6 ft. x 3.5 ft. siphon under the existing 

I-69 corridor.  The Elgin siphon also connects to the existing depressed section 102-inch RCP outfall.  The as-

built plans for the Elgin Street siphon are included in Appendix C.  

5.4.2 Design Criteria 

The Chartres Street drainage system was preliminarily designed to convey, at a minimum, the 10-year storm 

event.  The storm sewer was checked for the 100-year storm event in the overland SWMM model to confirm 

the design had no adverse impact on existing conditions.   

5.4.3 Hydrology 

The proposed drainage areas for the Chartres Street storm sewer were updated based on the crest and sag 

information from the preliminary schematic roadway profile.  The rational method peak flows were calculated 

based on TxDOT Atlas 14 BDE coefficients.  Hydrographs were developed using HEC-HMS following the Clark 

Unit Hydrograph method and using the Atlas 14 rainfall data for the overland flow analysis.  The Clark UH 

“R” value for each drainage area was adjusted to match the 100-year peak flow value.  The hydrologic 

calculations and models are included on the USB drive in Appendix F. 

5.4.4 Proposed Conditions 

Under proposed conditions the Chartres Street storm sewer is proposed to drain everything north of Cleburne 

Street and South of Webster.  For the NHHIP 3B project the Chartres Street proposed storm sewer will be built 

from Cleburne Street to just north of McGowen and includes the following; refer to Exhibit 4 for locations: 

 SH-288 Southbound Main Lanes from Cleburne Street to Alabama Street – Proposed storm sewer 
drains north to Alabama Street and east on Alabama Street to connect to the Chartres Street system 
that drains north to Elgin Street.  The proposed storm sewer ranges in size from 24-inch to 42-inch RCP. 

 Cleburne Street to Elgin Street – Proposed storm sewer drains north to Elgin Street and outfalls to the 
Elgin Street storm sewer system.  The proposed storm sewer system ranges in size from 36-inch RCP to 
6 ft. x 5 ft. RCB. 

 North of McGowen Street to Elgin Street – Proposed storm sewer drains south to Elgin Street and 
outfalls to the Elgin Street storm sewer system.  The proposed storm sewer ranges in size from 48-inch 
RCP to 7 ft. x 5 ft. RCB.   
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The existing 42-inch RCP, draining the I-69 and SH-288 interchange, west of Chartres Street will be removed 

under proposed conditions.  The existing 6 ft. x 3.5 ft. inverted siphon at Elgin Street will be removed and the 

existing COH system west of I-69 will be connected to the Hamilton Collector System.     

6 CROSS STORM DRAIN DESIGN 

This section identifies the potential changes to the existing storm sewer systems in the vicinity of the proposed 

depressed section to accommodate the proposed roadway modifications.  The following storm sewer systems 

cross the I-69 corridor under existing conditions.  To accommodate the proposed depressed section, the changes 

shown below in Table 6-1 will be constructed as part of this project. 

Table 6-1 – Existing Storm Sewer Changes Due to Proposed Depressed Section 

Location Existing Size Proposed Change

SH 288 & I-69 Interchange
Crossing near Alabama Street

24-inch Redirected to NHHIP 3B I-45 Pump Station

Elgin Inverted Siphon 6 ft. x 3.5 ft.
Removed existing Siphon & Connect COH 

System to Hamilton Collector

Bell Street to Chartres Street 36-inch
Redirected to Hamilton Collector and 

plug/remove existing line
 

 

Table 6-2 identifies the existing storm sewer sewers that need to be removed to accommodate the proposed 

depressed section and ROW expansion. 

Table 6-2 – Existing Storm Sewer Removed Under Proposed Conditions 

Location Existing Size

Existing Depressed Section from Alabama St. to McGowen St. 102-inch

 

 

Table 6-3 identifies the existing storm sewer that will be replaced under proposed conditions by the proposed 

Chartres Street storm sewer and the Hamilton Street Collector. 
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Table 6-3 – Existing Storm Sewer Replaced Under Proposed Conditions 

Location Existing Size Replaced By

Northbound frontage road from Alabama St. to Elgin St. 36-inch to 60-inch Chartres St. System

Hamilton St. from Winbern St. to Elgin St. 48-inch Hamilton Collector

Chartres St. from Mcilhenny St. to Elgin St. 18-inch to 48-inch Chartres St. System

Hamilton St. from McGowen St. to Elgin St. 44-inch Hamilton Collector

Hamilton St. from south of Hadley to St. Joseph Parkway 18-inch to 30-inch Hamilton Collector

Hamilton St. from just north of Jefferson to St. Joseph 
Parkway

18-inch Hamilton Collector

Hamilton St. from just south of Leeland St. to Bell St. 24-inch Hamilton Collector

St. Emanuel St. from Rusk St. to Capitol St. 30-inch St. Emanuel I-45 Pump Outfall

St. Emanuel St. from Preston St. to Franklin St. 24-inch St. Emanuel I-45 Pump Outfall
 

These changes to the existing storm sewer were incorporated in the mitigated condition overland flow SWMM 

model.  The SWMM model results show the proposed changes result in no adverse impacts to existing conditions 

for storm events up to and including the 500-year storm event. 

7 PUMP STATION 

The NHHIP 3B proposed depressed section is serviced by the proposed I-45 pump station facility.  The 

proposed pump station facility is re-located northeast of the I-69 and I-45 interchange in the northwest corner 

of the St Emanuel Street and St. Joseph Parkway intersection.  The pump station discharges to a proposed 

gravity system that runs along St. Emanuel Street and ultimately outfalls to Buffalo Bayou.  The pump station 

was analyzed using the overland flow SWMM model. 

7.1 Summary of Capacity Requirements 

The I-45 pump station provides flood control for the proposed depressed section from Alabama Street to 

McGowen Street.  This section of the report provides detailed design and analysis of the proposed pump 

station.  The pump station was designed to handle the Atlas 14 100-year 24-hour storm event.  The peak flow 

to the I-45 pump station for the NHHIP 3B project is 319 cfs, obtained from the mitigated 100-year SWMM 

overland flow model. 
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7.2 Design Criteria 

TxDOT has provided the following design constraints to the storm water pump stations to assure design and 

equipment selection is consistent with other TxDOT pump stations. 

 Even number of installed units; 

 Redundancy, one spare installed; 

 Submersible column pumps; 

 Individual pump capacity not to exceed 20,000 gallons per minute; 

 480V AC/3 phase primary electrical service; 

 Two natural gas-powered emergency generators, as backup power supply, sized to provide electrical 
power for full pump station capacity; 

7.3 Pump Station Configuration 

The proposed depressed section storm sewer outfalls to the I-45 pump station via the 90-inch RCP.  The 

proposed 90-inch RCP outfall to a proposed junction box near St. Joseph Parkway.  The future Seg 3D project 

will outfall a proposed 12 ft. x 8 ft. RCB to the proposed junction box.  A proposed 12 ft. x 10 ft. RCB will 

drain the Seg 3B and future Seg 3D flows into the proposed pump station at a flowline elevation of -12.50 

feet.  The proposed pump station wet well has a minimum elevation of -20 feet and top elevation at the natural 

ground elevation which is approximately 44 feet.  The proposed pumps will discharge into a head box that 

will gravity flow by an 8 ft. x 8 ft. RCB to Polk Street where it joins with the Hamilton Collector and outfalls to 

Buffalo Bayou via a 12 ft. x 12 ft. RCB.  The proposed flowline elevation of the pump discharge headbox is 

29.79 feet.  

The proposed pump configuration was designed using the overland flow SWMM model.  For the I-45 pump 

station 2 – 8,694 gallons per minute (GPM) and 8 - 17,644 GPM pumps are needed with 7 of the 17,644 

GPM pumps operating for the required peak flow and one standby unit in case of a pump failure.  A 1,652 

GPM sump pump is needed to drain the low flows entering the pump station.  The pump curves provided by 

IDC as part of the PS&E design were used for this analysis and are included in Appendix D.  Table 7-1 below 

shows the pump design including start and stop elevations for the I-45 pump station.      
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Table 7-1 – I-45 Pump Design 

Pump No.
Pump Rate

(GPM)
Start Elevation

(ft)
Stop Elevation

(ft)

Sump 1,652 -12.50 -20.00

1 8,694 -8.00 -12.50

2 8,694 -7.00 -11.50

3 17,644 -4.00 -11.00

4 17,644 -3.00 -10.50

5-6 17,644 -2.00 -10.00

7-8 17,644 0.00 -9.00

9 17,644 1.00 -8.50

10 17,644 4.00 -8.00  

The pump configuration has been checked using the pump curve data from the pumps selected during design.  

The NHHIP 3D ultimate pump design will need to be updated based on the Atlas 14 rainfall data and the 

elimination of the Hamilton overflow to the depressed section to determine additional pump capacity needed 

for the future project.  No other changes were made to the pump station design due to this analysis. 

8 MITIGATION ANALYSIS 

A mitigation analysis was performed for the NHHIP 3B project to determine detention needs due to the increase 

in runoff associated with the proposed roadway and drainage improvements (system hydraulics) for the 

following roadways: 

 The depressed section of I-69/SH-288/I-45 corridor from Alabama Street to McGowen Street, 
including the Hamilton Street Collector System and the St. Emanuel Street Collector System (Outfall – 
Buffalo Bayou). 

 Chartres Street between Cleburne Street and McIlhenny Street (Outfall – COH storm sewer system 
along Elgin Street) 

The analysis also evaluated the mitigation needs associated with loss of floodplain storage from Buffalo Bayou 

due to the proposed project.  The overland flow SWMM model was used to evaluate the detention and 

floodplain mitigation needs for the project.  See Section 4 of this report for more detailed information on the 

overland flow analysis and methodology.   

8.1 Depressed Section/Buffalo Bayou Mitigation 

The depressed section outfall to Buffalo Bayou includes all the drainage from the depressed section as served 

by the I-45 pump station, plus the Hamilton Street and St. Emanuel Street Collector systems and the existing 

102-inch outfall.  The depressed section mitigation needs were separated into floodplain storage mitigation 
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and detention storage mitigation associated with the increase in impervious and improved drainage systems 

under proposed conditions. 

8.1.1 Floodplain Storage Mitigation 

The existing I-69 corridor between Alabama Street and Canal Street drains to Buffalo Bayou via the existing 

102-inch storm sewer.  The existing 102-inch storm sewer has no flap gate or backflow preventer at its outfall 

to Buffalo Bayou.  Based on the City of Houston North Canal existing conditions HEC-RAS model, the 100-year 

water surface elevation in Buffalo Bayou is 27.50 feet, and the minimum roadway elevation in the existing 

depressed section is approximately 24.00 feet, which is approximately 4 feet lower than the Buffalo Bayou 

100-year water surface elevation.  Therefore, flow from Buffalo Bayou can drain into the existing depressed 

section under certain high flow events.  The overland flow SWMM model was used to estimate the volume of 

flow stored in the existing depressed section under a 100-year storm event.  Figure 8-1 shows the 100-year 

flow hydrograph taken from the existing overland flow SWMM model at the 102-inch outfall to Buffalo Bayou.  

Negative flow on the hydrograph represents flow draining away from Buffalo Bayou into the existing 

depressed Section.  As shown in Figure 8-1, the 100-year outflow into Buffalo Bayou is reduced during the 

peak stage in Buffalo Bayou, however no backflow from Buffalo Bayou occurs during the 100-year storm 

event.  Therefore, the 100-year flooding that occurs in the existing depressed section between Alabama Street 

and Bell Street is due to the local overland flows and is not considered floodplain storage.  The overland flow 

SWMM model shows the 100-year water surface elevation in the existing depressed section at 32.21 feet.  

The 100-year storage provided within the existing depressed section was estimated to be 226.5 ac-ft. 

 
Figure 8-1 - Existing 100-Year Flow Through 102-inch RCP 
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Under proposed conditions, the 102-inch RCP outfall will be replaced with three (3) 72-inch RCP with backflow 

preventors, as shown in Exhibit 3, and the proposed depressed section will drain to Buffalo Bayou via the I-

45 pump station and the St. Emanuel Outfall.  The proposed drainage system will isolate the existing and 

proposed depressed sections from Buffalo Bayou.  Therefore, the existing storage volume within the depressed 

section will not be available to mitigate the local flows into Buffalo Bayou.  The 226.5 ac-ft of local storage 

volume that is lost will be accounted for in the proposed system hydraulics mitigation analysis in section 8.1.2. 

The proposed Detention Pond A is located within the existing Buffalo Bayou floodplain.  The proposed drainage 

design criteria requires a minimum of 1 foot of freeboard above the 100-year storm event for detention pond 

design.  Based on the overland SWMM analysis the proposed 100-year water surface elevation in Detention 

Pond A is 29.58 feet; therefore, the top of berm elevation for Detention Pond A is 31 feet.  Based on the 

proposed Detention Pond A layout and existing contours the top of pond berm will require approximately 20 

ac-ft of floodplain storage mitigation. 

8.1.2 System Hydraulics Mitigation 

Due to the improved conveyance provided by the proposed depressed section storm sewer system and collector 

system along Hamilton Street, as presented in Section 5, and the increase in impervious cover due to the 

proposed roadway features within the depressed section, mitigation storage is required to ensure the proposed 

peak flows into Buffalo Bayou are less than or equal to existing.  Approximately 212 ac-ft of storage is 

needed to mitigate the proposed drainage systems that outfall to Buffalo Bayou.  This is less than the 226.5 

ac-ft of storage being lost in the existing depressed section because the SWMM model is accounting for 

approximately 47 ac-ft of storage that is provided within the proposed storm sewer collector systems and the 

I-45 pump station wet well.   

The proposed peak flow from the depressed section system will be mitigated through Detention Pond A, located 

adjacent to Buffalo Bayou.  Approximately 212 ac-ft of storage is required in the basin during the time of the 

local peak to ensure the proposed peak flows into Buffalo Bayou are less than or equal to existing peak flows.  

Figure 8-2 shows a comparison of the existing and proposed conditions 100-year flows discharging to Buffalo 

Bayou.  The existing condition flow is the combined flow from the Austin Street storm sewers and the 102-inch 

RCP draining the existing depressed section.  The proposed flow is the combined flow from the Austin Street 

storm sewers, the 102-inch RCP, and the I-45 pump station 12 ft. x12 ft. outfall. 
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Figure 8-2 - 100-Year Flow Existing vs. Proposed Comparison at Buffalo Bayou Outfall 

8.1.3 Depressed Section/Buffalo Bayou Mitigation Summary 

Table 8-1 summarizes the mitigation needs for the depressed section for the NHHIP 3B project. 

Table 8-1 – Depressed Section Mitigation Summary 

Required Mitigation
Volume

ac-ft

Mitigation Volume Needed for Floodplain Storage 20

Mitigation Volume Needed for System Hydarulics 212

Total Mitigation Required 232
 

The 212 ac-ft of storage needed to mitigate the roadway and drainage improvements along with the 20 ac-

ft of floodplain storage will be provided in proposed Detention Pond A.  Detention Pond A is a 12.79-acre 

site located east of I-69 and south of Buffalo Bayou.  The proposed pond has a flowline elevation at 4 feet 

with a toe of slope elevation at 5 feet and a top of bank elevation at 31 feet with 4:1 side slopes.  The 2-12 

ft. x 6 ft. St. Emanuel Collector/I-45 pump outfall is restricted with a 42-inch RCP.  The 42-inch RCP restrictor 

combines with the 36” RCP pond outflow pipe and then outfalls via a 54-inch RCP with a backflow preventer 

allowing flow to drain directly to Buffalo Bayou when tailwater conditions allow.  Higher flows will enter the 

pond through Three (3) – 10 ft. x 5 ft. RCB inflow structure with an upstream flowline elevation of 10.00 feet 

and a downstream flowline elevation of 9.50 feet.   The proposed pond has a 36-inch outflow pipe and a 
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trapezoidal shaped overflow weir set at an elevation of 25 feet with a length of 40 feet and 5:1 side slopes.  

The total storage volume provided below the 100-year water surface elevation in Detention Pond A is 235 

ac-ft.  The proposed St. Emanuel Collector/I-45 pump outfall and Hamilton Street Collector systems provide 

an additional 46 ac-ft of floodplain storage.  Therefore, a total of 281 ac-ft of storage volume is provided 

for proposed conditions.  The proposed Detention Pond A layout is shown on Exhibit 6 and the proposed 54-

inch outfall to Buffalo Bayou is shown in Exhibit 3. 

Table 8-2 – Depressed Section Flow & Mitigation Summary 

Existing Proposed Mitigated Impact/Benefit (+/-)

2,766 4,297 2,762 -4 232 281

100-Year Flow (cfs) Required Mitigation
Volume (ac-ft)

Provided Mitigation
Volume (ac-ft)

 

As shown in Table 8-2, the proposed project with mitigation results in a decrease in flow of 4 cfs at Buffalo 

Bayou for the 100-year storm event.  Based on the above results, it was determined the proposed depressed 

section and Hamilton Street collector storm sewer systems do not adversely impact existing conditions for the 

100-year storm event.  Figure 8-3 shows a comparison of the existing and mitigated conditions 100-year flows 

discharging to Buffalo Bayou.   

 
Figure 8-3 - 100-Year Flow Existing vs. Mitigated Comparison at Buffalo Bayou Outfall 
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Detention Pond A2 is a 0.95-acre site located within the existing TxDOT right-of-way north of Hamilton Street 

between Holman Street and Chenevert Street.  The proposed pond has a flowline elevation at 35 feet with a 

toe of slope elevation at 37 feet and a top of bank elevation at 43 feet with 4:1 side slopes.  The existing 

local roadways currently flood in this area resulting in overland flow entering the existing depressed section.  

For proposed conditions, the overland flow will enter the Hamilton Street collector and backflow into Detention 

Pond A2 via a 24-inch inflow/outflow pipe.  The 100-year water surface elevation in the pond area exceeds 

the natural ground elevation, thus exceeding the Detention Pond A2 top of bank elevation of 43 feet.  The 

Detention Pond A2 area of 0.95 acres was used to model the detention volume above elevation 43 feet.  

Detention Pond A2 provides an additional 5.16 ac-ft of mitigation volume at the 100-year water surface 

elevation of 44.08 feet.  The proposed Detention Pond A2 layout is shown on Exhibit 6. 

8.2 Chartres Street Mitigation 

The study limits for the mitigation analysis along Chartres Street from Cleburne Street to McIlhenny Street, as 

shown on Exhibit 4.  West of I-69, runoff will be redirected in the Hamilton Street system, which outfalls to the 

pump station outfall to Buffalo Bayou.  The existing 6 ft. x 3.5 ft. siphon at Elgin will be removed eliminating 

the outflow to the Chartres System for west of I-69. 

8.2.1 Existing Conditions 

The existing storm sewer system was updated near the SH 288 and I-69 interchange to include the I-69 crossing 

south of Alabama.  The existing storm sewers west of I-69 combine and drain under I-69 in the existing 6 ft. x 

3.5 ft. siphon along Elgin Street.  The existing Chartres Street storm sewers outfall into a 90-inch RCP that 

continues east along Elgin Street and ultimately outfalls into Brays Bayou. 

8.2.2 Proposed Conditions 

The proposed Chartres Street storm sewer system redirects the flow west of I-69 into the Hamilton Street 

collector system resulting in a large reduction in drainage area and peak flows at the outfall at Elgin Street.  

For the NHHIP 3B project, the Hamilton Street Collector System will only be built to Polk Street and will 

temporarily outfall into the proposed St. Emanuel pump outfall to Buffalo Bayou.  The Hamilton Street Collector 

was increased to a 12 ft. x 12 ft. RCB, and the Hamilton roadway profile was adjusted near Holman to 

eliminate the overflow into the depressed section for up to the 100-year storm event.  The proposed NHHIP 

3B Chartres system drains everything north of Cleburne Street and South of Webster. 
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8.2.3 Chartres Street Mitigation Summary 

Table 8-2 summarizes the 100-year peak flows from the Chartres System at the Elgin Street outfall.  This 

project was designed to reduce the proposed flows below existing conditions; therefore, no mitigation is 

proposed for the Chartres Street System.  The limits of the Chartres Street system are located outside the Brays 

Bayou floodplain; therefore, no floodplain mitigation is needed for this system. 

Table 8-3 – Chartres Street Peak Flow & Mitigation Summary 

Existing Proposed Impact/Benefit (+/-)

173 127 -46 0

100-Year Flow (cfs) Required Mitigation
Volume (ac-ft)

 

As shown in Table 8-3, the proposed project results in a decrease in flow of 46 cfs at the Elgin outfall for the 

Chartres System for the 100-year storm event.  Therefore, the proposed project results in no adverse impact 

to the Elgin system for storm events up to and including the 100-year storm event, and no mitigation is needed 

8.3  Overland Flow Impact Analysis 

The intent of the overland flow impact analysis was to evaluate the impact, if any, the proposed project would 

have on existing overland flow conditions in the 100-year storm event and to determine revisions to the project 

that mitigate those impacts.  A comparison of the existing and proposed maximum ponding depths was made 

to determine the impact of the proposed drainage systems.   

The results show that within the project vicinity there is minimal change in ponding depths under proposed 

conditions for the 100-year storm even.  The change in ponding depth for the 100-year proposed conditions 

is generally a decrease of 0.05 ft.  The following areas are shown to have the largest benefits: 

 Hamilton Street from Elgin Street to Bell Street.  Benefits range from 0.02 – 1.48 ft. for the 100-year 
storm event. 

 Chartres Street system.  Benefits range from 0.02 – 0.34 ft. for the 100-year storm event. 

 

There are minor increases in water surface elevations along Hamilton Street from Winbern Street to Stuart 

Street.  For existing conditions, overland flow enters the depressed section in this area.  For proposed condition, 

the profile has been raised and overflow is no longer allowed to enter the depressed section and is redirected 

to the Hamilton Street System.  Additional inlets may be required in this area to allow overland flow to enter 

the proposed systems to limit ponding depths.  The increase in this area is due to the profile adjustment and 

increases in water surface elevations are below 0.10 feet outside the TxDOT ROW.  For the purpose of this 
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study, no adverse impact is considered to be no increase in water surface elevations greater than 0.10 feet 

between existing and proposed conditions.  Therefore, the proposed project results in no adverse impacts for 

the 100-year storm event outside of the TxDOT ROW.  The proposed 100-year storm event ponding is shown 

on Exhibit 7 and the change in ponding depths between the existing and proposed conditions is shown on 

Exhibit 8.  

9 PRELIMINARY DRAINAGE COST ESTIMATE & CONSTRUCTION PHASING 

A preliminary cost estimate for the primary drainage features was completed for the proposed NHHIP 3B 

project.  This includes the storm drain trunklines and the I-45 pump station.  The quantities for each component 

were based on the preliminary drainage design shown in Exhibit 4.  Unit cost values were referenced from 

TxDOT’s bid item averages website in August 2023.  Table 9-1 provides a summary of the cost estimate. 

Table 9-1 – Drainage Cost Estimate Summary 

Drainage Component Estimated Cost

Hamilton Collector System $35,328,547

Chartres System $4,348,661

Depressed Section System $12,200,331

I-45 Pump Station & St. Emanuel Outfall $50,629,670

Detention Ponds $32,728,543

Total $135,235,752
 

The above cost estimate includes a 20% contingency and a 10% mobilization.  A detailed breakdown of the 

cost estimate is provided in Appendix E. 

The following constraints should be taken into consideration when developing the construction phasing and 

schedules: 

 Excavation for storm drains will be deep and wide at many locations.  Contractor or TxDOT should 
perform soil borings to accurately determine geotechnical risks. 

 Trench protection for all storm drains must accommodate geotechnical conditions and will require careful 
study. 

 Storm drains under depressed roadways cannot be installed until right of way is acquired and general 
roadway excavation is completed.  This will delay the stormwater work. 

 The depressed section storm drain system cannot be used until the I-45 pump station and outfall are 
complete. 
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10 RECOMMENDATIONS & DESIGN CONSIDERATIONS 

10.1 Overland Flow Hamilton Street Collector System 

The existing roadway profile for the section of Hamilton Street that acts as an underpass to the SH-288 direct 

connector to downtown is lower than the proposed 100-year HGL along the Hamilton Street Collector System.  

Therefore, the proposed roadway profile was adjusted to eliminate overland flow into the depressed section 

for storm events up the 100-year storm.  For proposed conditions this area was designed to drain to the 

Hamilton Street System as shown in Exhibit 4.   

10.2 Potential Overland Flow Access Points to Depressed Section 

To prevent overland flow from entering the proposed depressed section, it is recommended that the proposed 

roadway profile at the following locations shown in Table 10-1 be raised above the 100-year water surface 

elevation or to an elevation to prevent overland flow from entering the depressed section with the use of 

barrier walls.  This information is presented on Exhibit 4.   

Table 10-1 – Potential Sheet flow Access Points 

Location
Storage
Node ID

100-Year
WSEL
(ft.)

Hamilton Street at Winbern Street J1452 44.06

Hamilton Street at Chenevert Street J1489 44.07

Hamilton Street at Holman Street J1544 44.07

Hamilton Street at Stuart Street J1643 44.08

Hamilton Street at Elgin Street J1709 44.09

Hamilton Street at McGowen Street J2062 44.08

Hamilton Street at McIlhenny SB Exit Ramp J2146 43.94

Elgin Street at NB Exit Ramp C-13 42.14

McGowen Street at NB Enterance Ramp C-20 41.84
 

The profile grade lines (PGLs) of the frontage roads and collector streets need to be designed to eliminate the 

overland flow from entering the depressed section system at these locations.  See Figure 10-1 for the roadway 

locations that need to be checked during the design phase to ensure no overland flow can enter the depressed 

section for the 100-year storm event. 
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Figure 10-1 – Overland Flow Locations 

10.3 Depressed Section 

The lowest section of the depressed section storm sewer occurs at the discharge pipe into the I-45 pump station, 

at an elevation of -12.50 feet.  The ground water could potentially be an issue during construction, and 

appropriate measures should be taken to minimize potential groundwater issues throughout the life of the storm 

sewer systems. 

10.4 Detention Basin and Outfall Pipes to Buffalo Bayou 

To mitigate the increase in impervious cover due to the proposed roadways and increased conveyance capacity 

of the proposed storm sewer systems, Detention Pond A near Buffalo Bayou and Detention Pond A2 near 

Hamilton and Holman Streets will be utilized for storage purposes to reduce the proposed peak flows into 

Buffalo Bayou below existing conditions peak flows.  The existing 102-inch RCP outfall to Buffalo Bayou will 

be replaced with three (3) 72-inch RCP with backflow preventors. The St. Emanuel Collector/I-45 pump outfall 

will be restricted with a 42-inch RCP and outfall into Buffalo Bayou via a 54-inch RCP with a backflow 

preventor.  The proposed detention pond layouts are shown in Exhibit 6 and the proposed Buffalo Bayou 

outfall details are shown in Exhibit 3. 

11 CONCLUSION 

The drainage analysis and preliminary drainage design completed as part of this study includes analysis and 

design of the following major drainage components: 

 Hamilton Street Collector System protecting the depressed section from overland flow west of I-69, 

 Storm drain systems, 
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 I-45 Pump station facility and St. Emanuel Collector/I-45 pump outfall, and 

 Pond A and A2 Mitigation facilities. 

11.1 Overland Flow/Stormwater Collector System 

An overland flow analysis was completed for the purpose of determining a recommended solution for isolating 

the depressed section from overland flow.  The recommended solution includes the Hamilton Street Collector 

along the west side of the depressed section that will capture overland flow and prevent it from entering the 

depressed section.  The proposed collector systems for the NHHIP 3B project includes: 

 Hamilton Street Collector (12 ft. x 12 ft. RCB) from Alabama Street to Polk Street 

 St. Emanuel Street Collector/I-45 Pump Outfall from St. Josephs Parkway to Buffalo Bayou 

The Hamilton Street Collector will be constructed from Alabama Street to Polk Street for this project.  The 

Hamilton Street Collector will temporarily outfall via 12 ft. x 12 ft. RCB into the St. Emanuel Collector/I-45 

pump outfall by crossing under the existing I-69 bridge just south of Polk Street, at the end of the existing 

depressed section.   

The proposed St. Emanuel Street Collector is the I-45 Pump Station Outfall.  The proposed St. Emanuel 

Collector/I-45 pump outfall is an 8 ft. x 8ft. RCB from the I-45 pump station to the connection to the Hamilton 

Street Collector at Polk Street.  The proposed St. Emanuel Collector/I-45 pump outfall will then increase to a 

proposed 12 ft. x 12 ft. RCB from Polk Street to 800 feet south of Canal Street.  From 800 feet south of Canal 

Street to Detention Pond A the pump outfall will change to 2-12 ft. x 6 ft. trunckline and be relocated to avoid 

right-of-way conflicts.  At Polk Street 2-90” RCP Siphon will be constructed to avoid an existing 60-inch 

waterline and an existing transmission line.  The Polk Street Siphon is temporary, since both utilities will be 

relocated in the future, and the 12 ft. x 12 ft. outfall will be constructed to replace the 2-90” RCP Siphon.  At 

Texas Avenue the 12 ft. x 12 ft. St. Emanuel Collector/ I-45 pump outfall will change to 2-90” RCP and the 

flowline will be lowered by 5 ft under the existing Metro Light Rail to meet the 12 ft. desirable clearance with 

a 4 ft. buffer.  The existing storm sewers crossing St. Emanuel Street will be connected to the St. Emanuel 

Collector/I-45 pump outfall, and the lines west of St. Emanuel draining west to the existing Chartres Street 

trunkline will be plugged and remain in place for the NHHIP 3B project.  The existing 6 ft. x 3.5 ft. Elgin siphon 

will be removed.  The proposed 12 ft. x 12 ft. Hamilton Street collector will be connected to the St. Joseph 

siphon with a junction box, leaving the St. Joseph siphon to remain in place as part of this project.  The existing 

St. Joseph siphon will be removed as part of the future NHHIP 3D project and the City of Houston system 

connected to the 12 ft. x 12 ft. Hamilton Collector will remain. 
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In addition, the overland flow analysis results were used to identify potential locations where overland flow 

may access the depressed section under proposed conditions.  The identified access points and the 

corresponding proposed 100-year water surface elevations at these locations are provided in Table 11-1.   

Table 11-1 – Potential Sheet flow Access Points 

Location
Storage
Node ID

100-Year
WSEL
(ft.)

Hamilton Street at Winbern Street J1452 44.06

Hamilton Street at Chenevert Street J1489 44.07

Hamilton Street at Holman Street J1544 44.07

Hamilton Street at Stuart Street J1643 44.08

Hamilton Street at Elgin Street J1709 44.09

Hamilton Street at McGowen Street J2062 44.08

Hamilton Street at McIlhenny SB Exit Ramp J2146 43.94

Elgin Street at NB Exit Ramp C-13 42.14

McGowen Street at NB Enterance Ramp C-20 41.84
 

The roadway designer needs to consider the above referenced water surface elevations when finalizing the 

roadway profiles at these access points.   

11.2 Proposed Storm Drain System 

The proposed NHHIP 3B storm drain system includes the following sections: 

 Depressed section between Alabama Street and McGowen Street. 

 The Hamilton Street Collector system (I-69 southbound frontage road) from Winbern Street to Polk 
Street. 

 The Chartres Street system (I-69 northbound frontage road) from Cleburne Street to just north of 

McGowen Street. 

The proposed depressed section system includes a separate trunkline system for each roadway section; for 

example, I-69 northbound and I-69 southbound have separate trunkline systems.  The Hamilton Street Collector 

and the depressed section storm sewer were designed for a 100-year storm event, and the Chartres Street 

system was designed for the 10-year storm event. 
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11.3 Proposed I-45 Pump Station Facility 

The proposed depressed section outfalls into the I-45 pump station located north of the I-69 and I-45 

interchange.  The I-45 pump station discharges to an 8 ft. x 8 ft. gravity system along St. Emanuel that combines 

with the Hamilton Street Collector at Polk Street and increases to a 12 ft. x 12 ft. RCB that ultimately outfalls 

to Buffalo Bayou.  The pump station was designed such that there is no roadway flooding for the 100-year 

storm event.  Table 11-2 provides a summary of the pump configuration for the I-45 pump station.   

Table 11-2 – Pump Station Configuration 

Pump Station
No. of
Active
Pumps

Pump
Rate

(GPM)

No. of
Active
Pumps

Pump
Rate

(GPM)

No. of
Redundant

Pumps

Pump
Rate

(GPM)

I-45 Pump
Station

2 8,694 7 17,644 1 17,644

 

11.4 Mitigation Facility 

A mitigation analysis was performed for the NHHIP 3B project to determine detention needs due to the increase 

runoff associated with the proposed roadway and drainage improvements (system hydraulics).  The analysis 

also evaluated the mitigation needs associated with loss of floodplain storage from Buffalo Bayou due to the 

proposed project.  Table 11-3 summarizes the mitigation needs for the depressed section.  

Table 11-3 – Summary of Mitigation Needs 

Required Mitigation
Volume

ac-ft

Mitigation Volume Needed for Floodplain Storage 20

Mitigation Volume Needed for System Hydarulics 212

Total Mitigation Required 232
 

The 212 ac-ft of storage needed to mitigate the roadway and drainage improvements along with the 20 ac-

ft of floodplain storage will be provided in proposed Detention Pond A.  The total storage volume provided 

in Detention Pond A below the 100-year water surface elevation is 235 ac-ft.  The proposed St. Emanuel 

Collector/I-45 pump outfall and Hamilton Street Collector systems provide an additional 46 ac-ft of floodplain 

storage.  Therefore, a total of 281 ac-ft of storage volume is provided for proposed conditions.   
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An additional 5.16 ac-ft of mitigation storage volume is provided in Detention Pond A2 located within the 

existing TxDOT right-of-way north of Hamilton Street between Holman Street and Chenevert Street.  The 

existing local roadways currently flood in this area resulting in overland flow entering the existing depressed 

section.  For proposed conditions the overland flow will enter the Hamilton Street collector and backflow into 

Detention Pond A2 via a 24-inch inflow/outflow pipe.  Detention Pond A2 provides additional mitigation to 

lower the water surface elevations in this area thus reducing ponding depths. 

For the Chartres system, mitigation is not needed since the proposed drainage improvements result in a 

decrease in flow.  The results show a decrease in water surface elevations, and the proposed improvements 

are located outside the Brays Bayou floodplain; therefore, no mitigation is required for this system. 

11.5 Summary 

The proposed depressed section drainage system was designed to maintain all main lanes passable under a 

100-year storm event.  Note, that this analysis did not consider inlet capacity.  It is expected that some roadway 

flooding could potentially occur due to the inlet capacity under the 100-year storm event.  It is recommended 

that a detail evaluation of the capacity of the inlet structures in the depressed section and along the Hamilton 

Street Collector system be completed in the design phase of the project to determine the anticipated level of 

ponding for the 100-year storm event. 

Major changes to the NHHIP 3B system design include the following: 

 Increase in size to Hamilton Street system to a 12 ft. x 12 ft. trunkline from Winbern Street to Polk 
Street, which will connect to the proposed 8 ft. x 8 ft. pump outfall on St. Emanual Street via 12 ft. x 
12 ft. RCB crossing under the existing I-69 bridge.   

 The Hamilton Street profile has been raised to eliminate overland flow into the proposed depressed 
section.   

 Increase the size of the St. Emanuel Collector/I-45 pump outfall to a 12 ft. x 12 ft. trunkline from the 
Polk Street connection with the Hamilton Collector to 800 feet south of Canal Street.  From 800 feet 
south of Canal Street to Detention Pond A the pump outfall will change to 2-12 ft. x 6 ft trunkline and 
be relocated to avoid right-of-way conflicts.  The proposed system is restricted by a 42” RCP and 
higher flow will enter Detention Pond A through 3- 10 ft. x 5 ft. RCB and the system ultimately outfall 
to Buffalo Bayou via 54” RCP with a backflow preventor. 

 Replace St. Emanuel Street Collector with I-45 pump outfall.  Connect existing storm sewer systems 
crossing St. Emanuel to proposed trunkline and plug systems west of St. Emanuel. 

 Construct 2-90” RCP siphon under Polk Street to avoid conflict with 60” water line and transmission line 
with a dewatering pump.  This siphon will be temporary and will be replaced with a 12 ft. x 12 ft. RCB 
in the future, when the utilities are moved prior to NHHIP 3D project. 
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 Construct 2-90” RCP under the Metro Light Rail at Texas Avenue and lower the outfall trunkline 
elevation by 5 ft. to the 12 ft. desirable clearance requested by Metro with a 4 ft. buffer. 

 Replace the end section of the existing 102-inch outfall with three (3) 72-inch RCPs with backflow 
preventors. 

 Connect the existing 102-inch depressed system to the proposed depressed system with a 30-inch RCP, 
just north of McGowen. 

 The existing St. Joseph Siphon will remain in place and will be connected to the Hamilton Street Collector 
System. 

 Replace the AECOM two (2) 6 ft. by 4 ft. depressed system outfall to the I-45 pump with a single 90-
inch RCP. 

 Construction of the portion of the proposed Detention Pond A that is needed for this 3B project.  The 
proposed Pond A will have a 36” RCP outfall pipe and an overflow weir to Buffalo Bayou at an 
elevation of 25 feet, a length of 40 feet, and 5:1 side slopes. 

 Construction of Detention Pond A2 with a 24” RCP connection to the Hamilton Collector.   

 Construct the 1-45 pump station at new location with pump configuration documented in this report, 
which includes one (1) 1,652 GPM sump pump, two (2) 8,694 GPM pumps, and eight (8) 17,644 GPM 
pumps, which includes one spare pump. 

A preliminary cost estimate was developed for the proposed drainage features.  The cost estimate included 

the storm drain trunklines and I-45 pump station.  The total cost estimate including a contingency and 

mobilization is $135.2 million. 

The proposed roadway improvements will not adversely impact the existing conditions at each outfall within 

the project limits for flood frequencies up to and including the 100-year storm event.   
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APPENDIX A 

NHHIP 3B Proposed Schematic 
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PI STATION = 501+11.20
DELTA

TANGENT = 539.68
LENGTH = 1,068.18
RADIUS = 3,032.00
PC STATION = 495+71.52
PT STATION = 506+39.70

PI STATION = 510+49.67
DELTA

TANGENT = 105.07
LENGTH = 210.12
RADIUS = 6,500.00
PC STATION = 509+44.60
PT STATION = 511+54.72

PI STATION = 512+49.54
DELTA

TANGENT = 94.82
LENGTH = 189.63
RADIUS = 6,514.00
PC STATION = 511+54.72
PT STATION = 513+44.35

PI STATION = 524+33.97
DELTA

TANGENT = 155.22
LENGTH = 310.38
RADIUS = 6,500.00
PC STATION = 522+78.75
PT STATION = 525+89.13

PI STATION = 527+45.83
DELTA

TANGENT = 156.70
LENGTH = 313.34
RADIUS = 6,514.00
PC STATION = 525+89.13
PT STATION = 529+02.47

PI STATION = 557+81.11
DELTA

TANGENT = 511.76
LENGTH = 1,022.14
RADIUS = 8,010.00
PC STATION = 552+69.34
PT STATION = 562+91.48

PI STATION = 483+73.39
DELTA

TANGENT = 448.56
LENGTH
RADIUS = 2,512.00
PC STATION
PT STATION = 488+12.59

= 887.75

= 479+24.84                                        

PI STATION = 304+74.50
DELTA

TANGENT = 377.21
LENGTH = 745.66
RADIUS = 2,000.00
PC STATION = 300+97.29
PT STATION = 308+42.95

PI STATION = 320+85.49
DELTA

TANGENT = 933.90
LENGTH
RADIUS = 636.00
PC STATION = 311+51.59
PT STATION = 323+89.15

PI STATION = 330+94.18
DELTA

TANGENT = 220.19
LENGTH = 440.22
RADIUS = 6,400.00
PC STATION = 328+73.99
PT STATION = 333+14.20

= 1237.56

PI STATION = 416+63.24
DELTA

TANGENT = 240.54
LENGTH = 480.94
RADIUS = 8,014.00
PC STATION = 414+22.70
PT STATION = 419+03.64

PI STATION = 421+87.93
DELTA

TANGENT = 146.39
LENGTH = 292.69
RADIUS = 4,680.00
PC STATION = 420+41.54
PT STATION = 423+34.23

PI STATION = 455+46.82
DELTA

TANGENT = 757.48
LENGTH = 1,185.54
RADIUS = 750.00
PC STATION = 447+89.34
PT STATION = 459+74.88

PI STATION = 469+65.45
DELTA

TANGENT = 235.03
LENGTH = 469.86
RADIUS = 6,480.00
PC STATION = 467+30.41
PT STATION = 472+00.27

PI STATION = 474+94.69
DELTA

TANGENT = 196.37
LENGTH = 392.62
RADIUS = 6,504.00
PC STATION = 472+98.32
PT STATION = 476+90.94

PI STATION = 479+53.00
DELTA

TANGENT = 34.14
LENGTH = 68.27
RADIUS = 6,464.00
PC STATION = 479+18.87
PT STATION = 479+87.14

PI STATION = 483+83.31
DELTA

TANGENT = 45.98
LENGTH = 91.97
RADIUS = 11,140.00
PC STATION = 483+37.33
PT STATION = 484+29.30

PC STATION = 111+45.75
PT STATION = 113+23.48

PC STATION = 115+59.58
PT STATION = 118+78.10

PC STATION = 120+86.71
PT STATION = 124+04.60

PC STATION = 124+04.60
PT STATION = 127+29.57

PI STATION      = 112+34.64

TANGENT         = 88.89'
LENGTH          = 177.73'
RADIUS          = 3020.00'

PI STATION      = 117+18.87

TANGENT         = 159.29'
LENGTH          = 318.52'
RADIUS          = 6514.00'

PI STATION      = 122+45.68

TANGENT         = 158.98'
LENGTH          = 317.89'
RADIUS          = 6500.00'

PI STATION      = 125+67.12

TANGENT         = 162.52'
LENGTH          = 324.97'
RADIUS          = 6514.00'

PI STATION = 115+25.83
DELTA

TANGENT = 675.81
LENGTH = 1,337.77
RADIUS = 3,820.00
PC STATION = 108+50.02
PT STATION = 121+87.79

PI STATION = 128+38.62
DELTA

TANGENT = 103.74
LENGTH = 207.46
RADIUS = 6,500.00
PC STATION = 127+34.88
PT STATION = 129+42.34

PI STATION = 138+04.56
DELTA

TANGENT = 407.57
LENGTH = 808.08
RADIUS = 2,508.00
PC STATION = 133+96.99
PT STATION = 142+05.07

PI STATION = 11+28.11
DELTA

TANGENT = 128.11
LENGTH = 255.39
RADIUS = 1,300.00
PC STATION = 10+00.00
PT STATION = 12+55.39

PI STATION = 20+57.81
DELTA

TANGENT = 75.90
LENGTH = 151.78
RADIUS = 3,500.00
PC STATION = 19+81.90
PT STATION = 21+33.68

= 11° 15' 21.02" (RT)
DEGREE OF CURVE = 4° 24' 26.52"

= 2° 29' 04.79" (LT)
DEGREE OF CURVE = 1° 38' 13.28"

PI STATION = 11+27.66
DELTA

TANGENT = 127.66
LENGTH = 255.29
RADIUS = 7,900.00
PC STATION = 10+00.00
PT STATION = 12+55.29

PI STATION = 21+58.62
DELTA

TANGENT = 260.48
LENGTH = 458.28
RADIUS = 386.00
PC STATION = 18+98.13
PT STATION = 23+56.42

PI STATION = 10+80.74
DELTA

TANGENT = 10.06
LENGTH = 20.12
RADIUS = 422.00
PC STATION = 10+70.67
PT STATION = 10+90.79

PI STATION = 11+86.87
DELTA

TANGENT = 96.08
LENGTH = 187.51
RADIUS = 349.00
PC STATION = 10+90.79
PT STATION = 12+78.30

PI STATION = 15+68.83
DELTA

TANGENT = 58.94
LENGTH = 117.84
RADIUS = 2,015.00
PC STATION = 15+09.89
PT STATION = 16+27.73

PI STATION = 26+73.99
DELTA

TANGENT = 230.80
LENGTH = 452.36
RADIUS = 925.00
PC STATION = 24+43.20
PT STATION = 28+95.55

PI STATION = 20+42.90
DELTA

TANGENT = 401.32
LENGTH = 801.61
RADIUS = 6,486.00
PC STATION = 16+41.58
PT STATION = 24+43.20

PI STATION = 31+55.76
DELTA

TANGENT = 111.56
LENGTH = 215.60
RADIUS = 340.00
PC STATION = 30+44.20
PT STATION = 32+59.79

PI STATION = 35+06.69
DELTA

TANGENT = 246.89
LENGTH = 491.26
RADIUS = 1,986.00
PC STATION = 32+59.79
PT STATION = 37+51.06

PI STATION = 38+20.91
DELTA

TANGENT = 69.85
LENGTH = 139.61
RADIUS = 1,528.00
PC STATION = 37+51.06
PT STATION = 38+90.66

PI STATION = 301+23.01
DELTA

TANGENT = 123.01
LENGTH = 245.93
RADIUS = 3,774.00
PC STATION = 300+00.00
PT STATION = 302+45.93

PI STATION = 303+76.31
DELTA

TANGENT = 130.38
LENGTH = 260.66
RADIUS = 4,000.00
PC STATION = 302+45.93
PT STATION = 305+06.59

PI STATION = 320+93.62
DELTA

TANGENT = 967.90
LENGTH = 1,506.43
RADIUS = 944.00
PC STATION = 311+25.71
PT STATION = 326+32.15

PI STATION = 901+26.96
DELTA

TANGENT = 126.96
LENGTH = 253.89
RADIUS = 6,514.00
PC STATION = 900+00.00
PT STATION = 902+53.89

PI STATION = 904+19.00
DELTA

TANGENT = 165.10
LENGTH = 330.14
RADIUS = 6,480.00
PC STATION = 902+53.89
PT STATION = 905+84.03

PI STATION = 335+92.11
DELTA

TANGENT = 140.13
LENGTH = 280.21
RADIUS = 6,500.00
PC STATION = 334+51.99
PT STATION = 337+32.20

PI STATION = 341+72.18
DELTA

TANGENT = 43.42
LENGTH = 86.82
RADIUS = 2,014.00
PC STATION = 341+28.76
PT STATION = 342+15.58
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SCHEMATIC DESIGN

DATE:                    

MCGOWEN STLIMITS TO:

BLODGETT STLIMITS FROM:

HARRIS          COUNTY:

(SH 288)
I-69/SH 288 INTERCHANGE

NHHIP

I-69/SH 288 INTERCHANGE
SEGMENT 3B

30 MPH

40 MPH

35 MPH

45 MPH

40 MPH
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50 MPH

DESIGN SPEED

0598-01-109

CONSTRUCTION CSJ: 0027-13-200, 0027-13-221,
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BY OTHERS

PROP PUMP STATION

SCHEMATIC DESIGN -SH 288
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PI STATION = 114+45.85
DELTA

TANGENT = 907.40
LENGTH
RADIUS = 650.00
PC STATION = 105+38.45
PT STATION = 117+72.40

= 1,233.95

PI STATION = 52+00.08
DELTA

TANGENT = 57.66
LENGTH = 110.84
RADIUS = 163.00
PC STATION = 51+42.42
PT STATION = 52+53.26

PI STATION = 64+56.94
DELTA

TANGENT = 219.64
LENGTH = 439.11
RADIUS = 6,384.00
PC STATION = 62+37.30
PT STATION = 66+76.41

PI STATION = 1061+42.08
DELTA

TANGENT = 175.65
LENGTH = 342.07
RADIUS = 611.00
PC STATION = 1059+66.43
PT STATION = 1063+08.51

PI STATION = 1065+96.59
DELTA

TANGENT = 184.65
LENGTH = 367.19
RADIUS = 1,400.00
PC STATION = 1064+11.93
PT STATION = 1067+79.12

PI STATION = 11011+71.63
DELTA = 21° 24' 05.70" (LT)

TANGENT = 340.14
LENGTH = 672.35
RADIUS = 1,800.00
PC STATION = 11008+31.49
PT STATION = 11015+03.84

PI STATION = 11021+55.53
DELTA

TANGENT = 34.23
LENGTH = 68.46
RADIUS = 1,509.00
PC STATION = 11021+21.29
PT STATION = 11021+89.75

PI STATION = 11025+78.04
DELTA

TANGENT = 249.60
LENGTH = 490.11
RADIUS
PC STATION = 11023+28.43
PT STATION = 11028+18.54

PI STATION = 11033+64.55
DELTA

TANGENT = 44.94
LENGTH = 89.87
RADIUS = 1,985.00
PC STATION = 11033+19.61
PT STATION = 11034+09.47

PI STATION = 11038+86.75
DELTA

TANGENT = 114.17
LENGTH = 228.28
RADIUS = 4,000.00
PC STATION = 11037+72.58
PT STATION = 11040+00.86

PI STATION = 11047+44.78
DELTA

TANGENT = 83.16
LENGTH = 166.28
RADIUS = 3,014.00
PC STATION = 11046+61.62
PT STATION = 11048+27.90

DEGREE OF CURVE = 3° 10' 59.16"
= 26° 44' 37.99" (RT)

DEGREE OF CURVE = 5° 27' 24.27"

= 1,050.00

= 2° 35' 38.19" (LT)

= 3° 16' 11.52" (LT)
DEGREE OF CURVE = 1° 25' 56.62"

= 3° 09' 39.37" (RT)

PI STATION = 11063+87.30
DELTA

TANGENT = 351.85
LENGTH = 700.74
RADIUS = 3,120.00
PC STATION = 11060+35.45
PT STATION = 11067+36.19

PI STATION = 11073+52.03
DELTA

TANGENT = 88.17
LENGTH = 175.60
RADIUS = 785.00
PC STATION = 11072+63.86
PT STATION = 11074+39.46

PI STATION = 11076+64.58
DELTA

TANGENT = 142.49
LENGTH = 284.50
RADIUS = 2,009.00
PC STATION = 11075+22.09
PT STATION = 11078+06.59

PI STATION = 11069+54.21
DELTA

TANGENT = 60.71
LENGTH = 121.18
RADIUS = 800.00
PC STATION = 11068+93.50
PT STATION = 11070+14.68

PI STATION = 11072+08.72
DELTA

TANGENT = 93.79
LENGTH = 187.45
RADIUS = 2,015.00
PC STATION = 11071+14.93
PT STATION = 11073+02.38

PI STATION = 51+77.73
DELTA

TANGENT = 14.52
LENGTH = 28.97
RADIUS = 174.00
PC STATION = 51+63.21
PT STATION = 51+92.18

PI STATION = 52+75.13
DELTA

TANGENT = 11.59
LENGTH = 23.13
RADIUS = 140.00
PC STATION = 52+63.54
PT STATION = 52+86.67

PI STATION = 16+64.37
DELTA

TANGENT = 664.37
LENGTH = 1,319.91
RADIUS = 4,680.00
PC STATION = 10+00.00
PT STATION = 23+19.91

PI STATION = 9+91.79
DELTA

TANGENT
LENGTH = 269.72
RADIUS
PC STATION = 8+54.78
PT STATION = 11+24.50

PI STATION = 14+89.98
DELTA

TANGENT = 275.84
LENGTH = 544.70
RADIUS = 1,400.00
PC STATION = 12+14.15
PT STATION = 17+58.84

= 137.01

= 623.00

PC STATION = 17+47.37
PT STATION = 20+34.65

PC STATION = 22+40.16
PT STATION = 27+32.00

RADIUS          = 6,480.00'
LENGTH          = 286.83'
TANGENT         = 143.44'

PI STATION      = 11+43.44

PC STATION
PT STATION

= 10+00.00
= 12+86.83

RADIUS          = 6504.00'
LENGTH          = 287.29'
TANGENT         = 143.67'

PI STATION      = 18+91.03

RADIUS          = 6,480.00'
LENGTH          = 491.83'
TANGENT         = 246.03'

PI STATION      = 24+86.20

PI STATION = 1104+07.56
DELTA

TANGENT = 198.69
LENGTH = 397.29
RADIUS = 7,976.00
PC STATION = 1102+08.88
PT STATION = 1106+06.17

PI STATION = 1095+61.17
DELTA

TANGENT = 274.22
LENGTH = 548.23
RADIUS = 8,024.00
PC STATION = 1092+86.95
PT STATION = 1098+35.18

PI STATION = 1084+73.90
DELTA

TANGENT = 310.90
LENGTH = 621.71
RADIUS = 15,000.00
PC STATION = 1081+63.00
PT STATION = 1087+84.71

PI STATION = 1090+92.90
DELTA

TANGENT = 308.19
LENGTH = 616.29
RADIUS = 15,000.00
PC STATION = 1087+84.71
PT STATION = 1094+01.00

PI STATION = 525+44.57
DELTA

TANGENT = 44.57
LENGTH = 89.13
RADIUS = 6,500.00
PC STATION = 525+00.00
PT STATION = 525+89.13

PI STATION = 527+45.83
DELTA

TANGENT = 156.70
LENGTH = 313.34
RADIUS = 6,514.00
PC STATION = 525+89.13
PT STATION = 529+02.47

PI STATION = 531+00.47
DELTA

TANGENT = 74.54
LENGTH = 149.06
RADIUS = 5,300.00
PC STATION = 530+25.93
PT STATION = 531+75.00

PI STATION = 532+30.90
DELTA

TANGENT = 55.90
LENGTH = 111.80
RADIUS = 3,824.00
PC STATION = 531+75.00
PT STATION = 532+86.79

PI STATION = 1058+18.93
DELTA

TANGENT = 151.42
LENGTH = 302.82
RADIUS = 11,100.00
PC STATION = 1056+67.51
PT STATION = 1059+70.33

PI STATION = 1060+85.37
DELTA

TANGENT = 115.04
LENGTH = 230.07
RADIUS = 8,500.00
PC STATION = 1059+70.33
PT STATION = 1062+00.40

PI STATION = 102+98.26
DELTA

TANGENT = 298.26
LENGTH = 596.11
RADIUS = 6,500.00
PC STATION = 100+00.00
PT STATION = 105+96.11

PI STATION = 108+10.33
DELTA

TANGENT = 214.22
LENGTH = 428.19
RADIUS = 5,000.00
PC STATION = 105+96.11
PT STATION = 110+24.30

= 11129+17.79PT STATION
= 11123+66.44PC STATION

RADIUS          = 1987.00'
LENGTH          = 551.36'
TANGENT         = 277.46'

PI STATION      = 11126+43.90

RADIUS          = 2025.00'
LENGTH          = 113.18'
TANGENT         = 56.60'

PI STATION      = 11106+46.70

RADIUS          = 2000.00'
LENGTH          = 104.59'
TANGENT         = 52.31'

PI STATION      = 11109+78.75

PC STATION = 11105+90.10
= 11107+03.28PT STATION

PC STATION = 11109+26.44
= 11110+31.03PT STATION
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COUNTY: HARRIS          
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Memorandum/White Paper 
Date: Monday, July 03, 2023 

Project: NHHIP Segment 3B 

To: Elie Alkhoury 

Cc: Michael Meroney 

From: Eric Friedrich 

Subject: Drainage Design Criteria 

Priority: Normal 

 

DRAINAGE CRITERIA 

General Requirements 
Efficient performance of the drainage system is an integral part of the performance of the Project.  Section 
Designer shall account for all sources of runoff that may reach the Project, whether originating within or outside the 
Project ROW, in the design of the drainage facilities. 

If existing drainage patterns are revised during the Project design, then the Section Designer shall coordinate those 
revisions with Teague Nall and Perkins, Inc. (TNP), drainage task lead for the General Engineering Consultant 
(GEC), and shall design a solution that does not have adverse impact to property owners outside the ROW.   

Project Specific Requirements 

Section Designer shall incorporate the following requirements into the Project drainage design: 

• No increase to existing water surface elevations at stream crossings outside the Project ROW and at any 
cross section along the streams.  At its sole discretion, TxDOT may approve increases in existing water 
surface elevations if contained within drainage channels or storm drain systems and if no adverse impacts 
result to adjacent properties. 

• Recommendations from the report entitled “North Houston Highway Improvement Project Segment 3B-DB-
1 Addendum Alabama Street to McGowen Street” dated August 2021 by TNP (Seg 3B Addendum Report), 
including updates to that report developed by TNP as part of the GEC work for this project.   

Analysis and Design Requirements 
Section Designer shall analyze and design all Elements of the drainage facilities in accordance with criteria in this 
document, the TxDOT Hydraulic Design Manual (September 2019), and applicable criteria in the Harris County 
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Flood Control District Policy Criteria & Procedure Manual (July 2019).  Any changes/deviations from TxDOT 
criteria need coordination with and approval by TxDOT Houston District.  

Abbreviations used in this document including tables herein are defined as follows: 

 
AEP Annual Exceedance Probability HGL Hydraulic Grade Line 

 
 
 
 
 
 
 
 

AHW Allowable High Water HOU Houston District Practice 

COH City of Houston JB Junction Box 

EOP Edge of Pavement L.P. Low Point 

FB Freeboard MH Manhole 

FEMA Federal Emergency Management 
Agency 

ML Main Lanes 

FHWA Federal Highway Administration P.I. Point of Intersection 

FIS Flood Insurance Study Q Runoff, Discharge, Flowrate 

FR Frontage Road RCB Reinforced Concrete Box 

HCFCD Harris County Flood Control District RCP Reinforced Concrete Pipe 

HDM Hydraulic Design Manual (TxDOT)  ROW Right of Way 

HEC Hydrologic Engineering Center (USACE) 
or  

Hydraulic Engineering Circular (FHWA) 

SWMM Storm Water Management 
Model (XP-, PC-, or EPA-
SWMM) 

HEC-HMS USACE HEC Hydrologic Modeling 
System 

USACE U.S. Army Corps of Engineers 

HEC-RAS USACE HEC River Analysis System WSEL Water Surface Elevation 

Design Frequencies 

Section Designer and GEC shall use the design frequencies listed in Table 1 below for hydrologic and hydraulic 
analysis and design of project drainage features and systems.  Frequency flows should be based on Atlas 14 
precipitation.  The pre-Atlas 14 500-year flow on FEMA studied streams may be used for outfall tailwater 
determination in lieu of the Atlas 14 100-year flow, with TxDOT approval.  
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Table 1: Drainage Design Frequencies 

(Any deviation requires TxDOT approval) 

Design Element 
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Application Notes 

DEPRESSED ROADWAYS 

Storm Drain Inlets and Pavement 
Drainage 

100-yr 100-yr 100-yr 10-yr 
Match 

Exist. or 
better 

Applies to ponded widths in gutter and 
inlet capacity. 
Local Streets acting as TxDOT frontage 
road should be designed per frontage 
road criteria.  Approval from TxDOT 
required to lower frequency due to 
capacity of City System. 

Storm Drain Conduits 100-yr 100-yr 100-yr 10-yr 
Match 

Exist. or 
better 

Size conduit for non-pressure full flow; i.e. 
Design Q<= Full Flow Capacity Q.   
See HGL requirements below. 
Local Streets acting as TxDOT frontage 
road should be designed per frontage 
road criteria.  Approval from TxDOT 
required to lower frequency due to 
capacity of City System. 

Storm Drain HGL 100-yr  100-yr  100-yr  

10-yr:   
max 1-

lane 
ponding 

10-yr:   
max 1-

lane 
ponding 

Ponding on the shoulder is allowable. 
Starting HGL at outfall: 100-yr, base the 
starting HGL on hydrograph timing at the 
outfall considering existing and proposed 
channel conditions. Determine and report 
maximum frequency flood contained in 
ROW. 

Depressed Roadway Storm Drain, Inlets 
and Pavement Drainage 

100-yr 100-yr 100-yr 100-yr 100-yr 

Depressed roadway occurs if water has 
nowhere to drain overland when curb 
height is exceeded.  
Size conduit for non-pressure full flow.   

Storm Water Pumping Stations 100-yr 100-yr 100-yr 100-yr 100-yr  

Separation Ditches 100-yr 100-yr 100-yr N/A N/A 
Separation Ditches are those in medians 
between adjacent roadways.  

NON - DEPRESSED ROADWAYS (AT OR ABOVE GRADE) 

Storm Drain Inlets and Pavement 
Drainage 

10-yr 10-yr 10-yr 10-yr 
Match 

Exist. or 
better 

Applies to ponded widths in gutter and 
inlet capacity. 
Local Streets acting as TxDOT frontage 
road should be designed per frontage 
road criteria.  Approval from TxDOT 
required to lower frequency due to 
capacity of City System. 
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Application Notes 

Storm Drain Conduits 10-yr 10-yr 10-yr 10-yr 
Match 

Exist. or 
better 

Size conduit for non-pressure full flow; i.e. 
Design Q<= Full Flow Capacity Q.   
See HGL requirements below. 
Local Streets acting as TxDOT frontage 
road should be designed per frontage 
road criteria.  Approval from TxDOT 
required to lower frequency due to 
capacity of City System. 

Storm Drain HGL 100-yr  10-yr  100-yr  

10-yr:   
max 1-

lane 
ponding 

10-yr:   
max 1-

lane 
ponding 

Ponding on the shoulder is allowable. 
Starting HGL at outfall: 100-yr, base the 
starting HGL on hydrograph timing at the 
outfall considering existing and proposed 
channel conditions. Determine and report 
maximum frequency flood contained in 
ROW. 

Separation Ditches 10-yr 10-yr 10-yr N/A N/A 
Separation Ditches are those in medians 
between adjacent roadways.  

DETENTION PONDS 

Detention Ponds 

100-year + 2’ FB. Provide Detention Summary with 
Area Serviced, Detention Storage Volume Required, 
Detention Storage Volume Provided, Maximum 
Design WSEL, Maximum Outflow Rate Allowed, 
Maximum Outflow Rate Provided, and Restrictor Size. 

Approval from TxDOT required for 
freeboard less than 2’. 
Sample plans available from TxDOT upon 
request. 

 

Hydrologic Analysis 

Section Designer and GEC shall analyze and design drainage structure capacities for the frequencies and 
hydrologic conditions as described in Table 1. GEC shall analyze drainage impacts and evaluate mitigation 
effectiveness using 100-yr and 10-yr frequencies.  The National Oceanic and Atmospheric Administration (NOAA) 
Atlas 14 Precipitation-Frequency Atlas of the United States, Volume 11 Version 2.0: Texas (Perica et al. 2018) 
shall be used as the rainfall depth-duration-frequency source in hydrologic studies.   

Using a minimum Time of Concentration (Tc) of 10 minutes, the following Atlas 14 partial duration e, b, and d 
values shown in Table 2 shall be utilized for Rainfall Intensity calculations in the Rational Method, per the HDM and 
as presented in TxDOT’s spreadsheet release, EBDLKUP-2019-vC6.2.10.   

 

 Table 2: Atlas 14 Rainfall Intensity Coefficients e, b, and d values 

 
50%              

(2-year) 
20%               

(5-year) 
10%              

(10-year) 
4%              

(25-year) 
2%              

(50-year) 
1%              

(100-year) 
0.2%              

(500-year) 

e 0.7854 0.7623 0.7445 0.7243 0.7088 0.6963 0.6878 
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50%              

(2-year) 
20%               

(5-year) 
10%              

(10-year) 
4%              

(25-year) 
2%              

(50-year) 
1%              

(100-year) 
0.2%              

(500-year) 

b 66.7210 76.7585 84.7764 96.1543 103.9212 113.6760 156.5886 

d 12.7018 12.3866 12.3576 12.5173 12.6202 13.1642 17.3069 

 

Section Designer shall design the drainage system to accommodate increased runoff due to the roadway 
improvements within the Project ROW.  Flood damage potential for the completed Project shall not exceed pre-
Project conditions.  

When determining flow for conduits from outside the right of way the flow shall be the greater of (a) the 
contributing drainage area at existing development conditions, or (b) the 150’ semi-development strip adjacent 
to the right of way using a runoff coefficient of 0.65.  Peak flows from existing development with compensatory 
onsite stormwater detention should consider the flow reduction benefits of the stormwater detention.  See also 
‘Inlet Drainage Area’ and ‘Conduit Drainage Area’ provisions in Table 3. 

Storm Sewer Systems 

Where precluded from handling runoff with open channels by physical site constraints, or as directed in this 
document, Section Designer shall design enclosed storm sewer systems to collect and convey runoff to appropriate 
discharge points.  

Section Designer shall design all storm sewer systems such that the hydraulic grade line for the design frequency 
event is no higher than:   

a. the level for ‘Storm Drain HGL’ in Table 1; and 

b. one foot below the top of manhole cover (for standalone MH).  

Section Designer shall apply the design criteria listed in Table 3 for design of drainage systems and related 
appurtenances.   

 

 

Table 3: Drainage Design Criteria 

(Any deviation requires TxDOT approval) 
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Application Notes 

Pavement Drainage 
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Application Notes 

Allowable Ponding 
Width/AHW 

Shldr 
Width 

Shldr 
Width + 

2' 

Shldr 
Width 
+ 2' 

Curb 
offset + 
1 Lane 

Curb 
offset + 
1 Lane 

 

Maximum Low Point 
Ponding Depth 

Function of Allowable Ponding Width and Cross 
Slope 

Provide flanking inlets to reduce hydroplaning 
potential. 

Storm Drain Inlets 

Pavement Inlet Types 

AZ, 
AZ2G, 
AZR, 

AZR2G, 
Trench 
Drains 

AZ, 
AZ2G, 
AZR, 

AZR2G, 
C or C1 

AZ, 
AZ2G, 
AZR, 

AZR2G 

C1 
(typical) 

C, C1 
Use Trench Drains in ramp gores. Provide resultant 
slope of Trench Drain invert >/= 1%. 

Ditch Inlet Types 
ML Separation Ditches: AD, AAD, SET 
Side Road Ditches: A, AD, AAD, SET 

Provide detail to add concrete riprap apron 
around inlet perimeter, with minimum 2’ width, 
preferable 5’ width. 

Inlet Drainage Area 

In general, contributing drainage area to the inlet from within and outside the right of way, with 
following clarifications: 
1. For Frontage Road inlets Adjacent to Undeveloped Areas Outside Right Of Way: Contributing 
area within the right of way, plus 150’ strip outside right of way at an assumed runoff coefficient ‘C’ 
= 0.65 
2. For Frontage Road inlets Adjacent to Developed Areas (with internal drainage system) Outside 
Right of Way: Contributing areas within and outside right of way. 
3. Drainage area for storm drain conduits may differ (see ‘Conduit Drainage Area’ below). 

Inlet Locations 

1. On-grade: Place inlets to keep gutter ponding within allowable ponding widths in this table. 
Carryover acceptable up to 1 cfs.  TxDOT approval for carryover of more than 1 cfs. 
2. Low points: Verify inlet location is at sag of vertical curve, not at P.I. Place flanking inlets both 
sides of low point at a 25’ - 100’ spacing from L.P. 
3. Redundant inlets: End of curb returns at intersection, and in separation ditches. 
4. 100% flow interception: On pavement at end of retaining wall, at ramp gores, at intersections. 
5. Provide detail for equalizer pipes to connect multiple boxes in trunkline at inlets. 

Bridge Deck Drainage 

1. Drain free-fall through slots in rail, where falling water would not affect adjacent roadway/bridge 
or other features below.  
2. Use Bridge Drain Inlets per Houston District Bridge Section details, where drainage through slots in 
rail would adversely affect adjacent roadway/bridge or other features below, including any traffic 
thereon. 
3. Use slotted rail w/water blocks in sag locations. Limit height of water stop to 2” in sags. 
4. Outfall deck drain pipe system directly into nearby storm drain inlet or manhole below grade, if 
available. Otherwise, outfall pipe from base of column into adjacent ditch collection system in a manner 
that prevents erosion. 
5. Minimize exposed length of PVC drain pipe from inlet to bent cap.  Hide PVC drain pipe inside cap 
and column. 

Storm Drain Conduits – General 
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Application Notes 

Conduit Drainage Area 

In general, contributing drainage area to the conduit from within and outside the right of way, with 
following clarifications: 
1. Flows to the conduit from areas outside the right of way are based on the higher of (1) contributing 
area at existing development conditions or (2) 150’ strip adjacent to right of way at runoff coefficient 
‘C’ = 0.65 
2. ‘Existing development conditions’ in #1 should consider effect of any existing stormwater detention. 
3. Drainage area for storm drain inlets may differ (see ‘Inlet Drainage Area’ above). 

Conduit Material/Type 
Reinforced Concrete Pipe – RCP,  
or Reinforced Concrete Box - RCB 

Polyvinyl Chloride Pipe – PVC is recommended 
for bridge deck drain system conduits. 

Design Conduit Size Full flow pipe capacity >= design Q  

Conduit Size Changes 
Match soffits at conduit size changes, if possible. 

Matching flowlines is acceptable if grade is 
limited. 

 

Manholes/Junctions 

Hou District Ty A or Ty B Manholes. Statewide 
Bridge Division Manhole PB, PJB, PDD, & PSL.. 
Manhole TY M signed and seal.  All other JB’s 

require special design. 

No MH access on mainlanes, except on shoulders. 
Provide MH spacing per TxDOT HDM.  Top 
section of manhole shall be cast in place and 
flush with pavement surface. 

Conduit Connections 

1. Lateral stub-in boxes require 2’ minimum size differential 
2. Pipe to pipe stub-in requires 3’ minimum size differential 
3. Other connections require M/H, JB, or JB w/out riser or approved collar detail 
4. Provide detail for accommodating multiple (parallel) conduits at junctions – use equalizer openings 
at every other inlet 
5. Bends acceptable up to 30° angle. 

Minimum Conduit 
Clearance (Cover) 

1. Graded areas: 1 ft 
2. Paved areas: the lower of (a) 2 ft below pavement surface, or (b) 0.5’ below treated subgrade. 

Location near  
Retaining Wall 

1. Where possible, avoid placement of conduit parallel to MSE wall if located within wall backfill. 
2. Preferred lateral placement is under wall, normal to wall alignment (see AZR and AZR2G inlet 
standards).  
3. If conduits are outside of and parallel to a fill wall, offset conduit 15 ft minimum from face of wall, 
if possible.  

Storm Drain Conduits – Laterals 

Minimum Pipe Size 24” 24” 24” 24” 24” 18” allowed with TxDOT approval 

Minimum Slope 0.2 % preferable, 0.1 % minimum  

Maximum Slope 3%  Deviations allowed with TxDOT approval 

Minimum Velocity 2 ft/sec at full flow  

Maximum Velocity 12 ft/sec  

Storm Drain Conduits – Trunk Lines 
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Application Notes 

Minimum Pipe Size 24” 24” 24” 24” 24” 18” allowed with TxDOT approval 

Minimum RCB Depth 3' 3' 3' 3' 3' Deviations allowed with TxDOT approval 

Minimum Slope 0.2 % preferable, 0.1 % minimum  

Maximum Slope 3%  Deviations allowed with TxDOT approval 

Minimum Velocity 2 ft/sec at full flow Deviations allowed with TxDOT approval 

Maximum Velocity  12 ft/sec Deviations allowed with TxDOT approval 

Separation Ditches 

Minimum Depth Variable  

Maximum Depth 3’  

Minimum Slope 0.2 % preferable, 0.1 % minimum  

Side Slopes/Shape 
Based on roadway design criteria and typical 

section max 4:1 front & back slope 
Deviations allowed with TxDOT approval 

 

Overland Flow Design 

Section Designer should follow recommendations from the Seg 3B Addendum report to restrict overland flow from 
entering the proposed depressed section.   

Hamilton Street Collector System 

The Hamilton Street Collector System has been sized to capture and convey the overland sheet flow to Buffalo 
Bayou; eliminating overland flow from entering the proposed depressed section.  Inlets along the Hamilton Street 
System must be designed to provide capacity to accommodate conventional street or pavement drainage, plus 
additional capacity to fully intercept the overland sheet flow into the Hamilton Street Collector System, as shown 
in the Seg 3B Addendum Report. 

Ramps\Frontage Road Profiles 

The Hamilton Street profile near Holeman was raised to eliminate the overland flow from entering the proposed 
depressed section.  Much of the existing overland flow enters the existing depressed section at this location.  Ramps 
and frontage road profiles need to be designed with high points above the 100-year HGL to keep overland flow 
from draining into the proposed depressed section.  Barrier walls should be used along the frontage road when 
the profile is below the 100-year HGL to keep overland flow from spilling over into the depressed section. 
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Siphons  

Section Designer shall analyze existing and proposed siphons and drainage-ways impacted, replaced, or created 
by the Project design, for any localized flooding problems.  See Seg 3B Addendum report for proposed siphon 
size, location, and hydraulic operation and data. 

Bridges  

Bridge Deck Drainage 

Runoff from bridge decks shall be carried off the bridge and into the adjacent roadway drainage system using 
bridge deck drains, slots in the rail, and/or captured in bridge approach drains to intercept gutter flow at each 
end of the bridge according to Bridge Deck Drainage criteria in Storm Drain Inlets section of Table 3. 

Pump Stations 

See Seg 3B Addendum report for pump station sizing, location, and operation criteria and requirements. Section 
Designer shall follow pump station design guidelines in chapter 11 of the HDM, in coordination with the FHWA 
HEC-24 manual.  GEC will provide a draft Pump Station construction specification for the Section Designer to 
finalize and complete consistent with final pump station design. TxDOT and GEC will assist in review and 
coordination of final pump station plans and specification. 

 
DRAINAGE DOCUMENTATION 
Section Designer and GEC shall provide drainage analysis and design documentation per the requirements of their 
respective TxDOT contract scopes and shall deliver that documentation per their contract schedules and/or other 
requirements coordinated with TxDOT. This section highlights the major components of that documentation.  Section 
Designer shall coordinate with GEC on design changes.  

Drainage Impact Analysis Report 
GEC shall prepare a Drainage Report as an update to the Seg 3B Addendum report to include drainage design 
of major drainage system components that will be included in the Section Designer’s plans.  At a minimum, the 
Drainage Report shall include: 

a) Drainage computations, both hydrologic and hydraulic, and all supporting data. 
b) Hydrologic and hydraulic notes, models, and tabulations (where computer software is used, both pdf copies 

and electronic input and output files) 
c) Profile exhibits of roadway with WSEL plots at outfalls 
d) SWMM link-node network exhibits 
e) Drainage designs for Mitigation & Detention Ponds  
f) Floodplain cut and fill calculations 
g) Drainage system data (location, type, material, size, and other pertinent information) in a suitable electronic 

format 
h) Recommendations for storm sewer trunkline sizes and system layout 
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i) Recommendations for pump station capacity, pump sizes and configuration, on-off elevations, minimum wet 
well size, backup power considerations, and pump outfall size and configuration. 

 



NOAA Atlas 14, Volume 11, Version 2
HOUSTON
WB CITY


Station ID: 79-0056

Location name:
Houston, Texas, USA*


Latitude:
29.7622°,
Longitude:
-95.3593°

Elevation:


Elevation (station metadata): 52 ft**
* source: ESRI Maps


** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sandra Pavlovic, Michael St. Laurent, Carl Trypaluk, Dale Unruh, Orlan Wilhite

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90%
confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.497
(0.376‑0.657)

0.585
(0.446‑0.763)

0.727
(0.553‑0.954)

0.846
(0.635‑1.13)

1.01
(0.735‑1.39)

1.14
(0.807‑1.61)

1.27
(0.878‑1.85)

1.42
(0.953‑2.11)

1.62
(1.05‑2.49)

1.78
(1.12‑2.81)

10-min 0.787
(0.596‑1.04)

0.928
(0.707‑1.21)

1.16
(0.879‑1.52)

1.35
(1.01‑1.79)

1.61
(1.18‑2.22)

1.82
(1.29‑2.58)

2.04
(1.40‑2.95)

2.25
(1.51‑3.35)

2.54
(1.65‑3.92)

2.76
(1.75‑4.37)

15-min 1.00
(0.760‑1.33)

1.18
(0.898‑1.54)

1.46
(1.11‑1.91)

1.69
(1.27‑2.26)

2.02
(1.47‑2.77)

2.27
(1.61‑3.20)

2.53
(1.75‑3.67)

2.81
(1.89‑4.18)

3.20
(2.08‑4.93)

3.51
(2.22‑5.54)

30-min 1.44
(1.09‑1.91)

1.68
(1.28‑2.20)

2.07
(1.58‑2.72)

2.40
(1.80‑3.19)

2.84
(2.06‑3.89)

3.18
(2.25‑4.48)

3.54
(2.44‑5.13)

3.95
(2.66‑5.88)

4.54
(2.95‑7.00)

5.03
(3.18‑7.94)

60-min 1.90
(1.44‑2.51)

2.23
(1.70‑2.91)

2.77
(2.11‑3.64)

3.23
(2.42‑4.30)

3.86
(2.79‑5.28)

4.34
(3.06‑6.11)

4.86
(3.35‑7.05)

5.47
(3.68‑8.16)

6.39
(4.16‑9.88)

7.17
(4.54‑11.3)

2-hr 2.29
(1.74‑3.00)

2.80
(2.12‑3.56)

3.57
(2.72‑4.63)

4.26
(3.21‑5.63)

5.27
(3.84‑7.16)

6.08
(4.32‑8.52)

7.00
(4.85‑10.1)

8.10
(5.47‑12.0)

9.78
(6.37‑15.0)

11.2
(7.12‑17.6)

3-hr 2.50
(1.91‑3.25)

3.14
(2.36‑3.93)

4.07
(3.11‑5.24)

4.94
(3.74‑6.50)

6.24
(4.59‑8.48)

7.34
(5.25‑10.3)

8.61
(5.98‑12.3)

10.1
(6.84‑14.9)

12.4
(8.11‑19.0)

14.4
(9.16‑22.5)

6-hr 2.88
(2.21‑3.72)

3.75
(2.81‑4.59)

4.97
(3.82‑6.34)

6.15
(4.69‑8.04)

7.98
(5.91‑10.8)

9.57
(6.89‑13.3)

11.4
(7.98‑16.3)

13.6
(9.24‑19.9)

17.0
(11.1‑25.8)

19.9
(12.7‑30.9)

12-hr 3.31
(2.57‑4.25)

4.40
(3.31‑5.31)

5.91
(4.58‑7.47)

7.40
(5.68‑9.58)

9.70
(7.24‑13.0)

11.7
(8.51‑16.2)

14.1
(9.91‑20.0)

16.9
(11.5‑24.5)

21.2
(14.0‑32.0)

25.0
(16.0‑38.5)

24-hr 3.80
(2.97‑4.84)

5.13
(3.87‑6.10)

6.95
(5.41‑8.70)

8.76
(6.77‑11.2)

11.6
(8.70‑15.5)

14.1
(10.3‑19.4)

17.0
(12.0‑23.9)

20.4
(14.0‑29.3)

25.5
(16.8‑38.2)

29.8
(19.2‑45.8)

2-day 4.34
(3.41‑5.48)

5.96
(4.50‑6.99)

8.16
(6.40‑10.1)

10.4
(8.07‑13.2)

13.8
(10.5‑18.4)

17.0
(12.5‑23.3)

20.6
(14.6‑28.7)

24.5
(16.8‑34.9)

30.0
(19.8‑44.4)

34.4
(22.2‑52.5)

3-day 4.74
(3.74‑5.96)

6.51
(4.95‑7.61)

8.92
(7.02‑11.0)

11.3
(8.84‑14.4)

15.1
(11.5‑20.0)

18.5
(13.7‑25.3)

22.4
(15.9‑31.0)

26.4
(18.2‑37.5)

32.0
(21.2‑47.2)

36.5
(23.6‑55.4)

4-day 5.07
(4.01‑6.35)

6.90
(5.28‑8.07)

9.42
(7.44‑11.6)

11.9
(9.32‑15.1)

15.8
(12.1‑20.9)

19.3
(14.3‑26.2)

23.2
(16.5‑32.1)

27.3
(18.8‑38.6)

32.9
(21.9‑48.4)

37.4
(24.3‑56.6)

7-day 5.83
(4.64‑7.26)

7.73
(5.99‑9.07)

10.4
(8.26‑12.7)

13.0
(10.2‑16.3)

17.0
(13.0‑22.2)

20.5
(15.2‑27.7)

24.5
(17.5‑33.6)

28.6
(19.8‑40.2)

34.3
(22.9‑50.2)

38.8
(25.2‑58.4)

10-day 6.49
(5.17‑8.03)

8.43
(6.59‑9.92)

11.2
(8.95‑13.7)

13.9
(10.9‑17.3)

17.9
(13.8‑23.3)

21.5
(16.0‑28.8)

25.4
(18.2‑34.7)

29.5
(20.5‑41.4)

35.1
(23.5‑51.3)

39.7
(25.8‑59.5)

20-day 8.59
(6.90‑10.6)

10.6
(8.49‑12.7)

13.7
(11.0‑16.7)

16.5
(13.1‑20.4)

20.5
(15.8‑26.4)

23.9
(17.8‑31.7)

27.5
(19.9‑37.4)

31.4
(22.0‑43.9)

36.8
(24.8‑53.5)

41.2
(26.9‑61.4)

30-day 10.4
(8.38‑12.7)

12.5
(10.1‑15.0)

15.8
(12.8‑19.2)

18.7
(14.9‑23.1)

22.8
(17.5‑29.1)

26.0
(19.4‑34.2)

29.4
(21.3‑39.8)

33.1
(23.2‑46.1)

38.3
(25.8‑55.3)

42.4
(27.8‑63.0)

45-day 13.0
(10.5‑15.8)

15.3
(12.5‑18.4)

19.1
(15.6‑23.1)

22.2
(17.8‑27.3)

26.5
(20.4‑33.6)

29.7
(22.2‑38.8)

33.0
(23.9‑44.4)

36.5
(25.7‑50.6)

41.2
(27.9‑59.3)

44.9
(29.5‑66.4)

60-day 15.4
(12.5‑18.7)

17.9
(14.8‑21.6)

22.1
(18.1‑26.6)

25.5
(20.5‑31.1)

29.9
(23.1‑37.8)

33.3
(24.9‑43.3)

36.5
(26.5‑49.0)

39.8
(28.1‑55.0)

44.1
(29.9‑63.3)

47.3
(31.1‑69.8)

1 Precipitation frequency (PF) estimates in
this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90%
confidence interval. The probability that precipitation frequency
estimates (for a given duration and average recurrence interval) will be greater
than the upper bound (or less than the lower bound) is 5%. Estimates
at upper
bounds are not checked against probable maximum precipitation (PMP) estimates
and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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As-built Plans 
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I-45 Pump Station Curves 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications. Modular based design with high
adaptation grade.

Head

435 244mm

78.9%

0
4
8

12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
72
76
80
84
88
92
96

100
104
108

[ft]

0 400 800 1200 1600 2000 [US g.p.m.]

NP 3171 MT 3~ 435

244 mm

Number of blades
2

Technical specification

P - Semi permanent, Wet

Configuration

6 inch

Impeller diameter
244 mm

Discharge diameter
6 inch

Motor number Installation type
N3171.185 25-14-4AA-W
25hp

Inlet diameter

Maximum operating speed
1755 rpm

Material

Curves according to:

Pump information

Discharge diameter

200 mm

Impeller diameter

Impeller
Hard-Iron ™

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
 

Configuration

2/2/2023Last updateCreated on 2/2/2023
Whit KelleyCreated byProject
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

NP 3171 MT 3~ 435
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

25 hp1755 rpm

30 A

3~N3171.185 25-14-4AA-W
25hp

Phases

Total moment of inertia
3.26 lb ft²

Power factor - 1/1 Load
0.89

0.86

0.78

88.0 %

89.5 %

89.5 %

ATEX approved

60 Hz

Number of poles
4

Stator variant
1

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

183 A

61 A

S1

Starts per hour max.
30

No

Version code
185

Motor number
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

NP 3171 MT 3~ 435
Performance curve
Duty point

64.2 ft1000 US g.p.m.
HeadFlow

Curves according to:
Head

Efficiency
Overall Efficiency

Power input P1
Shaft power P2

NPSHR-values

435 244mm

78.9%

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp

435 244mm

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp

435 244mm

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp
435 244mm (P2)

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp
435 244mm (P1)

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp

435 244mm

NPSHR = 32.809 ft

 64.2 ft

 76.7 %

 68.1 %

 21.9 hp

 22 ft
 1035 US g.p.m.

 24.7 hp
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

US g.p.m.

Pumps / Flow Head Shaft power Flow Head Shaft power Hydr.eff. Spec. Energy NPSHre
Systems

1 1000 64.2 21.7 1000 64.2 21.7 76.1 % 0.000303 22.1
US g.p.m.

NP 3171 MT 3~ 435
Duty Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

Head

55 Hz

78.9%

50 Hz

78.9%

45 Hz

78.9%

40 Hz

78.9% 435 244mm
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 64.2 ft

 1035 US g.p.m.
0

4

8

12

16

20

24

28

32

36

40

44

48

52

56

60

64

68

72

76

80

84

88

92

96

100

104

108

[ft]

0 400 800 1200 1600 2000 [US g.p.m.]

Operating characteristics

kWh/US galf t hp US g.p.m. f t hp f t

2/2/2023Last updateCreated on 2/2/2023
Whit KelleyCreated byProject

Block



66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

Head

Eff iciency
Overall Eff iciency

Pow er input P1
Shaft pow er P2

NPSHR-values

55 Hz

78.9%

50 Hz

78.9%

45 Hz

78.9%

40 Hz

78.9% 435 244mm

78.9%

55 Hz50 Hz45 Hz40 Hz 435 244mm
55 Hz50 Hz45 Hz40 Hz 435 244mm

55 Hz

50 Hz
45 Hz

40 Hz

435 244mm (P2)
55 Hz

50 Hz
45 Hz

40 Hz

435 244mm (P1)

55 Hz
50 Hz

45 Hz
40 Hz

435 244mm

NPSHR = 32.809 ft
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VFD Curve

Curves according to: ,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Water, pure
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

Head

55 Hz

78.9%

50 Hz

78.9%

45 Hz

78.9%

40 Hz

78.9% 435 244mm

78.9%

 64.2 ft

 1035 US g.p.m.

 Specif ic energy
 [kWh/US gal]

 0.000262 kWh/US gal

 0.000303 kWh/US gal

 57.1 Hz
 999.98 US g.p.m.
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1

NP 3171 MT 3~ 435
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

1 60 Hz 1000 64.2 21.7 1000 64.2 21.7 76.1 % 0.000303 22.1
1 55 Hz 566 64 14.8 566 64 14.8 61.9 % 0.000362 20.7
1 50 Hz 182 64 10.3 182 64 10.3 28.6 % 0.000787 19.8
1 45 Hz

ft

Operating Characteristics

kWh/US galUS g.p.m. ft hp US g.p.m. hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

Head

55 Hz

78.9%

50 Hz

78.9%

45 Hz

78.9%

40 Hz

78.9% 435 244mm

78.9%

 64.2 ft

 1035 US g.p.m.

 Specif ic energy
 [kWh/US gal]

 0.000262 kWh/US gal

 0.000303 kWh/US gal

 57.1 Hz
 999.98 US g.p.m.
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1

NP 3171 MT 3~ 435
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

1 40 Hz
ft

Operating Characteristics

kWh/US galUS g.p.m. ft hp US g.p.m. hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
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66.0  -  10/25/2022 (Build 36)

Program version Data version

1/9/2023 11:07 A1P1

User group(s)

Xylem: USA - EXT

NP 3171 MT 3~ 435
Dimensional drawing
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with cooling jacket 725 170
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications. Modular based design with high
adaptation grade.

Head

870 480mm

80%
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NP 3400/706 3~ 870

480 mm

Number of blades
3

Technical specification

P - Semi permanent, Wet

Configuration

16 inch

Impeller diameter
480 mm

Discharge diameter
16 inch

Motor number Installation type
N0706.000 43-30-8ID-W
135hp

Inlet diameter

Maximum operating speed
880 rpm

Material

Curves according to:

Pump information

Discharge diameter

500 mm

Impeller diameter

Impeller
Grey cast iron

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
 

Configuration

Nominal (mean) data shown. Under- and over-performance from this data should 
be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

NP 3400/706 3~ 870
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

135 hp880 rpm

172 A

3~N0706.000 43-30-8ID-W
135hp

Phases

Total moment of inertia
83.3 lb ft²

Power factor - 1/1 Load
0.79

0.75

0.66

93.1 %

94.0 %

94.1 %

ATEX approved

60 Hz

Number of poles
8

Stator variant
1

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

710 A

237 A

S1

Starts per hour max.
10

No

Version code
000

Motor number

Closed loop cooling system

Xylect-20585408
5/17/2023Last updateCreated on 5/17/2023
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

NP 3400/706 3~ 870
Performance curve
Duty point

50 ft8000 US g.p.m.
HeadFlow

Curves according to:
Head

Efficiency
Overall Efficiency

Power input P1
Shaft power P2

NPSHR-values

870 480mm

80%  50 ft

 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp

870 480mm

 50 ft

 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp

870 480mm

 50 ft

 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp

870 480mm (P2)

 50 ft

 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp
870 480mm (P1)

 50 ft

 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp

870 480mm
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 80 %

 73.2 %

 126 hp

 16.1 ft

 7986.5 US g.p.m.

 137.9 hp
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Curve: ISO 9906
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Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.



68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

US g.p.m.

Pumps / Flow Head Shaft power Flow Head Shaft power Hydr.eff. Spec. Energy NPSHre
Systems

1 8000 50 126 8000 50 126 80 % 214 16.1
US g.p.m.

NP 3400/706 3~ 870
Duty Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

Head

55 Hz

80%

50 Hz

80%

45 Hz

80%

40 Hz

80%

870 480mm

80%  50 ft

 7986.5 US g.p.m.
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Operating characteristics

kWh/US MGf t hp US g.p.m. f t hp f t

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

Head

Eff iciency
Overall Eff iciency

Pow er input P1
Shaft pow er P2

NPSHR-values

55 Hz

80%

50 Hz

80%

45 Hz

80%

40 Hz

80%
870 480mm

80%
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NP 3400/706 3~ 870
VFD Curve

Curves according to: ,39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Water, pure
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5/17/2023Last updateCreated on 5/17/2023
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Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.



68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

Head

55 Hz

80%

50 Hz

80%

45 Hz

80%

40 Hz

80%

870 480mm

80%  50 ft

 7986.5 US g.p.m.
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1

NP 3400/706 3~ 870
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

1 60 Hz 8000 50 126 8000 50 126 80 % 214 16.1
1 55 Hz 5780 49.5 93.9 5780 49.5 93.9 77.1 % 215 12.1
1 50 Hz 2780 49.1 63.4 2780 49.1 63.4 54.5 % 301 10.4
1 45 Hz 19.1 49 46.5 19.1 49 46.5 0.51 % 32400

ft

Operating Characteristics

kWh/US MGUS g.p.m. ft hp US g.p.m. hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
 

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

Head
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870 480mm

80%  50 ft

 7986.5 US g.p.m.
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1

NP 3400/706 3~ 870
VFD Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

ft

Pumps / Frequency Flow Head Shaft power Flow Head Shaft power Hydr.eff. Specific energy NPSHre
Systems

1 40 Hz
ft

Operating Characteristics

kWh/US MGUS g.p.m. ft hp US g.p.m. hp ft

Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s
 

Nominal (mean) data shown. Under- and over-performance from this data should be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

NP 3400/706 3~ 870
Dimensional drawing
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

40 °C

Shrouded single or multi-channel impeller pumps with large throughlets
and single volute pump casing for liquids containing solids and fibres.
Cast iron design with double sealing technology. Some models
available as stainless steel versions.

Head

1030 565mm

81.7%
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CP 3501/836 3~ 1030

565 mm

Number of blades
3

Technical specification

P - Semi permanent, Wet

Configuration

20 inch

Impeller diameter
565 mm

Discharge diameter
20 inch

Motor number Installation type
C0836.000 54-52-10ID-W
250hp

Inlet diameter

Maximum operating speed

Throughlet diameter

715 rpm

Material

Curves according to:

Pump information

Discharge diameter

800 mm

Impeller diameter

Impeller

4 5/16 inch

Grey cast iron

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
 

Configuration

Nominal (mean) data shown. Under- and over-performance from this data should 
be expected due to standard manufacturing tolerances.
Please consult your local Flygt representative for performance guarantees.
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Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

CP 3501/836 3~ 1030
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

250 hp715 rpm

355 A

3~C0836.000 54-52-10ID-W
250hp

Phases

Total moment of inertia
322 lb ft²

Power factor - 1/1 Load
0.69

0.61

0.49

95.0 %

95.0 %

94.1 %

ATEX approved

60 Hz

Number of poles
10

Stator variant
1

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

2110 A

702 A

S1

Starts per hour max.
10

No

Version code
000

Motor number

Closed loop cooling system

Xylect-20536952
5/8/2023Last updateCreated on 5/8/2023
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68.0  -  4/21/2023 (Build 149)

Program version Data version

4/28/2023 9:04 A4P4

User group(s)

Xylem: USA - INT

CP 3501/836 3~ 1030
Performance curve
Duty point

49.5 ft16000 US g.p.m.
HeadFlow
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Preliminary Estimate Page 1 of 4

HWY:NHHIP 3B

FROM: FT.

TO: MI.

UNIT

1. CY

2. CY

3. CY

4. SF

6. LF

7. LF

9. EA

10. EA

12. EA

UNIT

1. CY

2. CY

3. CY

4. LF

5. LF

6. LF

7. LF

8. LF

9. EA

10. EA

$1,359,418

Sub-Total   

Sub-Total   

Manhole/Inlets 10 $8,000 $80,000

Conc Box Culv (6 x 5) 508 $500 $254,000

Conc Box Culv (7 x 5) 818 $730

ITEM

$597,140

RC Pipe (CL III) (48 IN) 295 $250 $73,750

Junction Box (COMPL) (PJB) 1 $15,000 $15,000

Structural Excavation (Box) 82,819 $14 $1,159,466

Structural Excavation (Pipe) 326 $11 $3,586

Structural Excavation (Box) 6,393 $14 $89,502

Structural Excavation (Pipe) 907

Hamilton Street

COUNTY: Harris

LIMITS: Alabama Street LENGTH = 4200

McGowen Street LENGTH = 0.800

ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Conc Box Culv (12 x 12) 7,444 $3,000 $22,332,000

Cement Stabilized Backfill 14,337 $90 $1,290,330

Temporary Special Shoring 119,104 $20 $2,382,080

RC Pipe (CL III) (48 IN) 131 $245 $32,095

Manhole/Inlets 132 $8,000 $1,056,000

$27,175,805

Chartres Street - North

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Conc Box Culv (5 x 4) 318 $460 $146,280

Junction Box (COMPL) (SPL) 2 $40,000 $80,000

Cement Stabilized Backfill 2,013 $90 $181,170

Trench Excavation Protection 2,013 $6 $12,078

$3,300$3,300Dewatering Pump 1

$11 $9,977
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HWY:NHHIP 3B

FROM: FT.

TO: MI.

COUNTY: Harris

LIMITS: Alabama Street LENGTH = 4200

McGowen Street LENGTH = 0.800

UNIT

1. CY

2. CY

3. CY

4. LF

5. LF

6. LF

7. LF

8. LF

9. LF

10. LF

11. LF

12. LF

13. LF

14. LF

15. EA

UNIT

1. CY

2. CY

3. CY

4. LF

5. SF

6. LF

7. LF

8. LF

9. LF

10. LF

11. LF

12. LF

13. LF

14. LF

15. LF

16. EA

17. EA

18. LF

Conc Box Culv (3 x 3) 39 $310 $12,090

Conc Box Culv (4 x 4) 1,855 $400 $742,000

RC Pipe (CL III) (48 IN) 1,183 $250 $295,750

RC Pipe (CL III) (30 IN) 1,523 $120 $182,760

RC Pipe (CL III) (36 IN) 1,866 $200 $373,200

RC Pipe (CL III) (48 IN) 497 $250 $124,250

RC Pipe (CL III) (54 IN) 110 $400 $44,000

Junction Box (COMPL) (SPL) 10 $20,000 $200,000

Temporary Special Shoring 25,725 $20 $514,500

Structural Excavation (Box) 8,159 $14 $114,226

Structural Excavation (Pipe) 67,230 $11 $739,530

6,472 $14 $90,608

Structural Excavation (Pipe) 6,114 $11 $67,254

RC Pipe (CL III) (18 IN) 145 $100 $14,500

Conc Box Culv (5 x 5) 179 $500 $89,500

Conc Box Culv (6 x 5) 1,441 $650 $936,650

Manhole/Inlets 25 $8,000 $200,000

RC Pipe (CL III) (90 IN) 2,334 $900 $2,100,600

Jack Bore or Tunnel 346 $2,500 $865,000

Sub-Total   $9,384,870

Manhole/Inlets 115 $8,000 $920,000

Conc Box Culv (4 x 3) 1,817 $350 $635,950

Conc Box Culv (5 x 4) 1,833 $460 $843,180

RC Pipe (CL III) (24 IN) 371 $110 $40,810

RC Pipe (CL III) (60 IN) 68 $430 $29,240

Sub-Total   $1,985,706

Depressed Section - I-45 Pump Station

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

RC Pipe (CL III) (30 IN) 122 $120 $14,640

RC Pipe (CL III) (36 IN) 348 $200 $69,600

RC Pipe (CL III) (42 IN) 424 $240 $101,760

RC Pipe (CL III) (24 IN) 312 $110 $34,320

Chartres Street - South

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Trench Excavation Protection 14,460 $6 $86,760

Cement Stabilized Backfill 3,393 $90

RC Pipe (CL III) (42 IN) 1,639 $240 $393,360

Cement Stabilized Backfill 13,099 $90 $1,178,910

$305,370

Trench Excavation Protection 3,646 $6 $21,876

Structural Excavation (Box)
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HWY:NHHIP 3B

FROM: FT.

TO: MI.

COUNTY: Harris

LIMITS: Alabama Street LENGTH = 4200

McGowen Street LENGTH = 0.800

UNIT

1. CY

2. CY

3. CY

4. SF

5. LF

6. LF

7. LF

8. LF

9. LF

10. LF

11. EA

12. EA

13. EA

14. LF

15. EA

UNIT

1. CY

2. CY

3. CY

4. LF

5. CY

6. SY

7. SY

8. LF

9. LF

10. LF

11. LF

Cement Stabilized Backfill 257 $90 $23,130

Trench Excavation Protection 150 $6 $900

Compost Manuf Topsoil (4") 61,904

Conc Box Culv (12 x 10) 428 $3,000 $1,284,000

Structural Excavation (Box) 2,277 $14 $31,878

Structural Excavation (Pipe) 420 $11 $4,620

RC Pipe (CL III) (42 IN) 673 $240 $161,520

RC Pipe (CL III) (54 IN) 115 $400 $46,000

Manhole/Inlets 30 $8,000 $240,000

Junction Box (COMPL) (SPL) (Pond A) 2 $200,000 $400,000

SET (TY II) (54 IN)(RCP) (4:1) (C) 1

Wingwall (FW-0) (HW = 6 FT) 1 $18,000 $18,000

$5,000$5,0001SET (TY II) (36 IN) (4:1) (C)

$2 $123,808

Cell FBR Mulch Seed (PERM) (Urban) (Clay) 61,904 $1 $61,904

Sub-Total   $38,945,900

Detention Pond A

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Pond Excavation (Special) 400,000 $60 $24,000,000

Conc Box Culv (10 x 5) 150 $1,035 $155,250

RC Pipe (CL III) (36 IN) 100 $150 $15,000

Sub-Total   $24,402,992

Conc Box Culv (8 x 8) 1,846 $950 $1,753,700

Conc Box Culv (12 x 12) 4,230 $3,000 $12,690,000

Pump Station 1 $14,402,000 $14,402,000

$15,000 $15,000

Conc Box Culv (12 x 6) 1,972 $1,635 $3,224,220

 I-45 Pump Station & St. Emanuel Pump Outfall

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Structural Excavation (Box) 128,887 $14 $1,804,418

Structural Excavation (Pipe) 10,870 $11 $119,570

Junction Box (COMPL) (SPL) 2 $20,000 $40,000

Cement Stabilized Backfill 15,976 $90 $1,437,840

Temporary Special Shoring 162,581 $20 $3,251,620
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HWY:NHHIP 3B

FROM: FT.

TO: MI.

COUNTY: Harris

LIMITS: Alabama Street LENGTH = 4200

McGowen Street LENGTH = 0.800

UNIT

1. CY

2. CY

3. LF

4. CY

5. SY

6. SY

7. LF

8. LF

10 %

20 %

Structural Excavation (Pipe) 66 $11 $726

Cement Stabilized Backfill 24 $90 $2,160

Detention Pond A2

ITEM ITEM DESCRIPTION QUANTITY PRICE AMOUNT

Sub-Total   $772,810

RC Pipe (CL III)(24 IN) 50 $95 $4,750

SET (TY II) (24 IN) (4:1) (C) 1 $1,800 $1,800

Compost Manuf Topsoil (4") 4,600 $2 $9,200

Cell FBR Mulch Seed (PERM) (Urban) (Clay) 4,600 $1 $4,600

Pond Excavation (Special) 12,500 $60 $750,000

Trench Excavation Protection 50 $6 $300

Mobilization @ 10,402,750              

Total Estimate 135,235,751            

Total Bid Items $104,027,501

Engineering and Contingencies @ 20,805,500              
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