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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 1-69 and SH 288 depressed freeway sections

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

e Hamilton Street Collector from Winbern Street to Polk Street, protecting the depressed section from
overland flow west of the 1-69 corridor for flood frequencies up to and including the 100-year storm

event,
e Storm drain systems,
e 1-45 Pump station facility and St Emanuel Collector /I-45 pump outfall, and

e 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 1-69 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 1-69 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 1-69 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
[-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 1-69 existing bridge section starts just west of Polk Street; this allows the Hamilton Street Collector to
cross under the existing 1-69 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 1-45 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 1-69 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 Mcllhenny 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 Mcllhenny 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 1-45 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:

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

Polk Street (Outfall — Buffalo Bayou)

e The main lanes of the proposed depressed section from Alabama Street to McGowen Street, including
1-69 northbound and southbound, SH-288 southbound, and [-45 northbound and southbound direct

connectors (Outfall — Buffalo Bayou)

e 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 1-45 pump station design from the AECOM report was updated for this project. The 1-45 pump station was
relocated adjacent to the St. Emanuel and St. Joseph intersection. The 1-45 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:

e |-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 1-45 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:

e 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 1-69 bridge.

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

e 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.

e Replace St. Emanuel Street Collector with 1-45 pump outfall. Connect existing storm sewer systems
crossing St. Emanuel to proposed trunkline and plug systems west of St. Emanuel.

e 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.

e 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.

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

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

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

e 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.

e 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.

e 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 1-45 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 1-69/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:

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

rainfall data.

e Analyze proposed roadway drainage systems for the proposed [-69 depressed section and associated

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

e 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 (Unadijusted). The data collected and used for this study includes the following:

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

e 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.
e Aerial imagery from Texas Natural Resources Information System.

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

e 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 1-69 and the proposed depressed section from Alabama

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

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

protecting the depressed section form overland flow west of 1-69,
e Depressed Section storm drain systems from Alabama Street to McGowen Street,
e Chartres Street storm drain system from Cleburne Street to McGowen Street,
e 1-45 Pump station facility & St. Emanuel Collector/I-45 pump outfall, and
e 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 1-69 /SH-288 corridor and associated frontage road systems from Alabama

Street to McGowen Street. The existing roadway configuration includes:

e Depressed mainlanes between Alabama Street and McGowen Street:

o 1-69 North and south bound travel lanes, total 16 travel lanes

e Frontage Roads between Alabama Street and McGowen Street:
o0 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 1-69 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):

e Outfall System (Buffalo Bayou)
o 1-69/SH-288 depressed section via 102-inch storm sewer

e Qutfall System (Brays Bayou) — St. Joseph Parkway storm sewer (60-inch RCP)
o Hamilton Street from Mcllhenny Street to Clay Street via COH storm sewer systems
o Chartres Street from Hadley Street to Franklin Street

e Outfall System (Brays Bayou) — Elgin Street Storm Sewer (90-inch RCP)
o Hamilton Street from Winbern Street to Mcllhenny Street

o Chartres Street from Alabama Street to Mcllhenny Street

3.2 Proposed Conditions
The NHHIP 3B project includes the 1-69 /SH-288 corridor and associated frontage road systems from Alabama

Street to McGowen Street. The proposed roadway configuration includes:

e Depressed mainlanes between Alabama Street and McGowen Street:
o 1-69 North bound travel lanes, 6-12’ travel lanes with 10’ shoulders
o 1-69 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

e 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 1-69 /SH-288 from Alabama

Street to McGowen Street include the following:

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

sewer to the 1-45 pump station.

e 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 [-69 bridge just west of Polk Street.

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

system.

e St. Emanuel Collector/1-45 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.

e 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.

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

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

sewer outfall via a 30-inch RCP.

e 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).
e Construct Detention Ponds A and A2.

e Construct I1-45 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 (1-69/SH 288) in

Depressed Section

100-year Capacity N/A

Pump Station 100-year N/A

Sized for no adverse impacts to
Collector System (Hamilton Street) Minimum 10-year Capacity the 100-year WSE Under
Proposed Conditions

Check for no adverse impacts to
Chartres Street 10-year Capacity the 100-year WSE Under
Proposed Conditions

Note, the 1-69 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.
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4 OVERLAND FLOW ANALYSIS

4.1 Purpose of Analysis

The section of 1-69 between Alabama and Bell Street, receives runoff from areas east and west of the 1-69
corridor, as shown in Exhibit 2. The area west of the 1-69 corridor between Alabama and 1-45 has overland
flow paths that lead towards [-69, while the storm sewer network generally runs from south to the north, where

it outfalls into Buffalo Bayou. East of the 1-69 corridor, the overland flow paths drain away from 1-69.

As the 1-69 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 (W SEs)

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 areaq, identify overland flow paths across the 1-69 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:
o West Alabama Street and 1-69, from Greenbriar Drive to Mandell Street

e Milam Street to 1-69, from Alabama Street to McGowen Street, and
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e Saver Street to Velasco Street, from Elgin Street to 1-45

The model results were evaluated to determine the overland flow paths across the 1-69 project corridor. After
identification of the overland flow paths, the model results were processed to approximate the magnitude of
runoff crossing the 1-69 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 1-69 Corridor

Location at 1-69 SWMM Link ID Direction of Flow | Peak Flow (cfs) SheE:thl:I:i::ber
Main Street OL_J3486_to_13485 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_J]2884 NW to SE 39 5
Texas St. OL_J3313_to_13280 NW to SE 66 6

As shown in Table 4-1 the overland flow across the 1-69 corridor ranges from 39 cfs to 299 cfs. These overland
flow paths are all outside the limits of the existing depressed section of 1-69 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 1-69 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 1-69 corridor, as shown on Exhibit 2. The midtown area is located south of 1-45 and
west of 1-69. It's western boundary is approximately Spur 527 and Bagby Street and its eastern boundary is
the 1-69 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 1-69 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 1-69 Corridor

Approximate Existing Existing
Location Depressed Section 100-Year 100-Year
Entry Elevation (ft.) WSE (ft.) 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 4411 68
Hamilton Street at McGowen Street 43.07 44.11 81
Hamilton Street at Mcllhenney 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 1-69 depressed section between Greenbriar Drive and Spur 527, the ponding results show that
a large section of Montrose drains overland too the 1-69 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:

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

Polk Street (Outfall — Buffalo Bayou)

e The Main lanes of the proposed depressed section from Alabama Street to McGowen Street, including
1-69 northbound and southbound, SH-288 southbound, and SH-288 to I-45 northbound and southbound

direct connectors (Outfall — Buffalo Bayou)

e 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 [-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 1-69 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 [-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/ 1-45 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 1-69 northbound and

southbound mainlanes, SH-288 southbound direct connector, and SH-288 northbound to 1-45 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 areq, 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

August 2023 Page | 19



NHHIP Segment 3B

engineers
¢ tn surveyors . Addendum
landscape architects Drainage Study

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

Canopy Canopy ..
. " ) . . . . ) Conductivity
Parameter Initial Storage Max Storage | Initial Loss (in) | Moisture Deficit| Suction (in) )
. : (in/hr)
(%) (in)
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 [-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 1-45
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 1-45 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:
e |-69 northbound
e 1-69 southbound
e SH-288 southbound direct connector

e 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 1-45 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:
e |-69 Northbound — 30-inch RCP to 5 ft. x 4 ft. RCB
e 1-69 Southbound — 36-inch RCP to 5 ft. x 4 ft. RCB
e |-45 Northbound to I-69 Northbound Connector — 24-inch RCP to 42-inch RCP

e SH-288 Southbound to 1-45 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 1-69 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 1-69 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 Mcllhenny 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 1-69 are conveyed to the Elgin Street storm sewer via a 6 ft. x 3.5 ft. siphon under the existing
[-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:

e 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.

e 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.

e 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 1-69 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 1-69 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 1-69 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 & 1-69 Interchange

X 24-inch Redirected to NHHIP 3B 1-45 Pump Station
Crossing near Alabama Street

Removed existing Siphon & Connect COH
Elgin Inverted Siphon 6 ft. x 3.5 ft. .
System to Hamilton Collector
Redirected to Hamilton Collector and

Bell Street to Chartres Street 36-inch

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
I::::il::; St. from just north of Jefferson to St. Joseph 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 1-45 Pump Outfall
St. Emanuel St. from Preston St. to Franklin St. 24-inch St. Emanuel 1-45 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 1-45 pump station facility. The
proposed pump station facility is re-located northeast of the I-69 and 1-45 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 1-45 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 1-45 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 TxXDOT pump stations.

e Even number of installed units;

e Redundancy, one spare installed;

e Submersible column pumps;

e |Individual pump capacity not to exceed 20,000 gallons per minute;
e 480V AC/3 phase primary electrical service;

e 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 [-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 — 1-45 Pump Design

Pump No. Pump Rate Start Elevation Stop Elevation
(GPM) (ft) (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:

e The depressed section of 1-69/SH-288/1-45 corridor from Alabama Street to McGowen Street,

including the Hamilton Street Collector System and the St. Emanuel Street Collector System (Outfall —
Buffalo Bayou).

e Chartres Street between Cleburne Street and Mcllhenny 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 1-69 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.

ko Backwsater from Buifalo Bayou

Florw Theough 102-inch RCP

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

[-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 1-45 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

R ired Mitiaati Volume
equired Mitigation acft
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 1-69 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

August 2023 Page | 29



engineers

¢ tnp surveyors

landscape architects

NHHIP Segment 3B
Addendum
Drainage Study

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

100-Year Flow (cfs)

Existing

Proposed

Mitigated

Impact/Benefit (+/-)

Required Mitigation
Volume (ac-ft)

Provided Mitigation
Volume (ac-ft)

2,766

4,297

2,762

-4

232

281

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.

Buffalo Bayou Outflow Hydrograph

\ﬂ_\wqﬂmﬂ_-"-.-.--ﬂ---— —

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 Mcllhenny Street, as
shown on Exhibit 4. West of [-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 1-69.

8.2.1 Existing Conditions

The existing storm sewer system was updated near the SH 288 and [-69 interchange to include the 1-69 crossing
south of Alabama. The existing storm sewers west of 1-69 combine and drain under 1-69 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 1-69 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
100-Year Flow (cfs)

Required Mitigation

Existing Proposed Impact/Benefit (+/-) Volume (ac-ff)

173 127 -46 0]

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:
e Hamilton Street from Elgin Street to Bell Street. Benefits range from 0.02 — 1.48 ft. for the 100-year
storm event.

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

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

e 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.

e The depressed section storm drain system cannot be used until the 1-45 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

‘ Storage 100-Year
Location Node ID WSEL
(ft.)

Hamilton Street at Winbern Street J1452 44.06
Hamilton Street at Chenevert Street J1489 44.07
Hamilton Street at Holman Stireet 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 Mcllhenny 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 [-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:

e Hamilton Street Collector System protecting the depressed section from overland flow west of 1-69,

e Storm drain systems,
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e 1-45 Pump station facility and St. Emanuel Collector/1-45 pump outfall, and

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

e 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 1-69 bridge just south of Polk Street, at the end of the existing

depressed section.

The proposed St. Emanuel Street Collector is the [-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/1-45 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

‘ Storage 100-Year
Location Node ID WSEL
(ft.)

Hamilton Street at Winbern Street J1452 44.06
Hamilton Street at Chenevert Street J1489 44.07
Hamilton Street at Holman Stireet 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 Mcllhenny 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:

e Depressed section between Alabama Street and McGowen Street.

e The Hamilton Street Collector system (I1-69 southbound frontage road) from Winbern Street to Polk
Street.

e 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, 1-69 northbound and 1-69 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 1-45 Pump Station Facility

The proposed depressed section outfalls into the [-45 pump station located north of the 1-69 and 1-45
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 1-45 pump station.

Table 11-2 — Pump Station Configuration

No. of Pump No. of Pump No. of Pump
Pump Station Active Rate Active Rate Redundant Rate
Pumps (GPM) Pumps (GPM) Pumps (GPM)
1-45 Pump
R 2 8,694 7 17,644 1 17,644
Station

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 Velume
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 /1-45 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 1-69 bridge.

e 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.

e Replace St. Emanuel Street Collector with 1-45 pump outfall. Connect existing storm sewer systems
crossing St. Emanuel to proposed trunkline and plug systems west of St. Emanuel.

e 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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e 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.

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

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

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

e Replace the AECOM two (2) 6 ft. by 4 ft. depressed system outfall to the 1-45 pump with a single 90-
inch RCP.

e 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.

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

e 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 |-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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POND A2
Min Detention Volume Required, ac-ft 5.16
Detention Volume Provided, ac-ft 5.16
Floodplain Fill Compensation Volume, ac-ft 0.0
Basin Areaq, ac 0.95
Top of Pond, ft 43,00
Toe of Pond, ft 37.00
Inflow/Outflow Pipe Size 24"
Max Discharge, cfs 42
Total Volume, ac-ft (at Elevation 43') 4,52
100-year Water Surface Elevation, ft 44,08
Pond Volume Below 100-year WSE, oc-ft 5.16

PROJECT L