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A. Study Introduction & Overview 

A.1 Introduction 

This document represents the preliminary drainage study for the North Houston Highway Improvement 
Project (NHHIP).  The NHHIP is a proposed Texas Department of Transportation (TxDOT) project to 
address the existing Interstate Highway 45 (I-45) traffic capacity limitations, obsolete functionality of 
certain aspects of the corridor, and existing major design deficiencies.  I-45 is a major north-south 
transportation route through the Houston metropolitan area.  The purpose of the NHHIP is to enhance 
safety, create additional roadway capacity to manage congestion, and to improve mobility and operational 
efficiency by better accommodating increasing traffic volumes.  The ultimate goal is to provide a facility 
with additional capacity for project demand by incorporating transit opportunities, travel demand and 
management strategies, improve mobility, and enhance safety.   

The proposed project and study limits begin at the interchange of Interstate 69/US Highway 59(I-69/US 
59) and State Highway 288 (SH 288) south of downtown Houston and follow northward along I-45 to the 
interchange of I-45 and Beltway 8 North, as shown on Exhibit A1.  The study area also includes sections 
of Interstate Highway 10 (I-10), Interstate Highway 610 (I-610), and US 59 near downtown Houston 
including a section of Spur 527. 

The project limits encompass four major watersheds, Halls Bayou watershed, White Oak Bayou 
watershed, Buffalo Bayou watershed, and Brays Bayou watershed.  As such, a large part of the project is 
impacted by the effective floodplains within each watershed.  The Bayous that cross the project area 
include Halls Bayou, Little White Oak Bayou, White Oak Bayou, and Buffalo Bayou.  The proximity of I-45 
to these bayous presents potential design challenges related to floodplain and floodway impacts, and 
establishing potential future road profiles.  

A.2 Background Information 

TxDOT as required by the National Environmental Policy Act (NEPA) of 1969 is required to prepare an 
Environmental Impact Statement (EIS) to analyze potential direct, indirect, and cumulative effects to the 
human and natural environment that may occur from the construction and operation of the proposed 
transportation improvements resulting from the NHHIP.  The primary objective of the NEPA evaluation is 
to assess the needs of the project area and evaluate possible alternatives, including a no build 
alternative.  

At the time of this study, the current traffic congestion on I-45 is classified as serious to severe.  The 2014 
ranking of the 100 most congested road segments in Texas listed sections of I-45 in the project study 
area as the 9th, 11th, and 16th most congested.  US 59 and I-10 in downtown Houston were ranked as 3rd, 
6th, and 27th most congested.  Projected increases in population and employment in the Houston 
metropolitan area will contribute to additional traffic congestion on I-45.  The roadway project is also 
needed to bring the roadway up to current design standards, which would improve safety and provide for 
more efficient movement of people and goods.  As a designated evacuation route, an improved roadway 
will aid in emergency evacuation.   

A reasonable range of alternatives were considered to satisfy the identified need for the project.  The 
alternatives included a no-build alternative as well as managed lane/tolling alternatives.  An initial 
screening process completed in October 2012 was used to narrow the universe of alternatives down to 
six preliminary alternatives.  A secondary screening process was completed in November 2013 and 
narrowed the six preliminary alternatives to three Reasonable Alternatives.  Each of the three reasonable 
alternatives extended the limits of the study.   

Pre
lim

ina
ry

 D
ra

ina
ge

 R
ep

or
t

FIN
AL 

VERSIO
N















North Houston Highway Improvement Project 
Preliminary Drainage Study 

 8 

 

CSJ: 0912-00-146   November 2016 

 Studied Crossings C.3.1

The FEMA effective hydrologic (HEC-HMS) and hydraulic (HEC-RAS) models were used for the studied 
crossing analysis.  The effective models were downloaded from the HCFCD M3 system and used to 
reference peak flows and water surface elevations at existing hydraulic crossings of I-45.   

 Drainage Area Delineation C.3.1.1

The drainage areas for the studied crossings were assumed to remain unchanged from the drainage 
areas defined in the effective hydrologic models.  

 Studied Crossings Hydrology C.3.1.2

The effective condition hydrologic models were used for the studied crossings.  The Clark’s Unit 
Hydrograph method was used to generate the peak flows for the studied crossings.  The peak flows were 
taken from the effective condition HEC-HMS models for each studied crossing.     

The Clark’s Unit Hydrograph method uses the coefficients TC for time of concentration and R for storage 
along with a time-area curve to develop the unit hydrograph, which is in the form used to convert excess 
rainfall into a runoff hydrograph.  TC as defined for the Clark method is the time that elapses between the 
centroid of rainfall excess to the point of inflections on the receding limb of the unit hydrograph.  R is a 
measure of the resident time or temporary storage of rainfall excess in a subbasin before draining to the 
outlet.  The large the value of R, the greater attenuation in the runoff hydrograph.  

 Peak Water Surface Elevation Estimate C.3.1.3

HEC-RAS was used to generate approximate water surface elevations for each studied crossing.  The 
geometry data for each HEC-RAS model remained unchanged from the effective condition HEC-RAS 
models. 

The FEMA effective models include analysis for the 10-year, 50-year, 100-year, and 500-year storm 
events.  For the purpose of this study, three additional storm events were analyzed.  The three storm 
events include the , 2-year, 5-year, 25-year storm events.  The peak flows for these storm events were 
estimated based on a log-log interpolation of the four FEMA storm events peak flows.  The calculated 
peak flows were then added to the effective HEC-RAS models to generate profile data for the additional 
three storm events.  Supporting data for the estimation of peak flows for the additional three storm events 
is included in Appendix B. 

 Unstudied Crossings C.3.2

For the unstudied crossings the following methodology was used to generate peak flows and peak water 
surface elevations at each crossing.  

 Drainage Area Delineation C.3.2.1

The following data was reviewed as part of the drainage area delineation, the HCFCD subwatershed 
boundaries, the City of Houston drainage boundaries, aerial imagery, and LiDAR data.  The drainage 
areas for the unstudied crossings were defined based on analysis of the reviewed data and using 
engineering judgment.  
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In general, the majority of the unstudied crossings opening widths are less than 20 ft.  The geometric data 
for each crossing was obtained from record drawings and/or field site inspections as field survey was not 
available at the time of the study.  The roadway profile for each crossing includes the frontage road edge 
of pavement elevation, if a frontage road exists at the crossing, or the main lane edge of pavement 
elevation.  The tailwater condition was based on the approximate downstream channel section obtained 
from LiDAR.  Roadway elevations and culvert flowlines were based on LiDAR data and/or record 
drawings.  For cases, where the roadway was overtopped and to account for the potential attenuation of 
flows due to the available storage upstream of the crossing, the roadway length was adjusted to 
compensate for inability of HY-8 to route flow hydrographs.  It is recommended for subsequent studies 
that the data used in the HY-8 analysis be verified and for cases where overtopping occurred verify the 
analysis with HEC-RAS or with another similar software that has the ability to route flow hydrographs.  

C.4 Existing Outfall Analysis 

The existing outfall analysis included identification of existing outfalls, evaluation of each outfall in relation 
to the adequacy as outfall for future roadway drainage systems, and estimation of peak flows at each 
outfall.   

 Identification of Outfalls C.4.1

The outfalls were located based on review of record drawings, aerial imagery, and field site visits.  All 
outfall locations were not field verified for this study.  Outfall locations and conditions should be field 
verified by survey in future work.     

 Evaluation of Outfalls C.4.2

The existing outfalls were evaluated in relation to their ability to provide adequate outfall depth for future 
roadway drainage systems.  The evaluation included estimating the available outfall depth at each outfall 
location based on the existing edge of pavement elevation and the outfall channel invert elevation.  All 
elevation data was obtained from LiDAR data as no current field survey data was available at the time of 
the study. 

 Outfall Peak Flow Estimate C.4.3

The roadway ROW hydrologic analysis utilized the Rational Method to compute peak flow rates for the six 
study storm events based on the defined drainage areas, all of which are equal or less than 
approximately 200 acres. 

 Drainage Areas C.4.3.1

The existing condition and future condition drainage areas for each outfall were defined based on the 
existing drainage break between the outfalls and the future ROW limits.  Therefore, each alternative 
future condition had an outfall drainage area corresponding to the respective alternative ROW limits, and 
the drainage area remained unchanged from existing conditions to future conditions.  The estimated 
existing drainage break between outfalls was determined from review of pertinent record drawings for I-
45.      

 Land Use C.4.3.2

The land-use types for the roadway ROW area were determined based on aerial photography.  Table C-2 
presents the land-use types and the associated C-values used in the study.  For existing conditions, it 
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Figure D-4: Alternative 7 Typical Section (ROW Acquired From Both Sides of I-45) 

D.2 Segment 2 Reasonable Alternatives (HB&T RR to I-10) 

The three reasonable alternatives for Segment 2 include, Alternative 10, Alternative 11, and Alternative 
12.   

 Alternative 10  D.2.1

Alternative 10 includes minimal expansion of the existing ROW between I-610 and Cavalcade Street to 
accommodate the future roadway improvements, as shown on Exhibit D4.  The roadway improvements 
includes a twelve (12) lane section comprising of eight (8) general purpose lanes and four (4) managed 
lanes, as shown Figure D-5.  

 

Figure D-5: Alternative 10 Typical Section (Between I-10 and I-610) 

 Alternative 11 D.2.2

Alternative 11 includes minimal expansion of the existing ROW between I-610 and Cavalcade Street, and 
adding elevated managed lanes south of Cavalcade Street to accommodate the future roadway 
improvements, as shown on Exhibit D5.  A typical section south of Cavalcade is shown on Figure D-6.  
The roadway improvements include,  
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Figure D-7: Alternative 12 Typical Section  (Between I-10 and I-610) 

D.3 Segment 3 Reasonable Alternatives (Downtown Loop) 

The three reasonable alternatives for Segment 3 include, Alternative 10 which includes widening I-45, 
Alternative 11, which includes realignment of I-45 to the east side of downtown and place parallel to I-
69/US-59, and Alternative 12 which includes converting the downtown loop into a one-way loop.   

 Alternative 10 D.3.1

Alternative 10 includes providing an 9-lane section from I-10 to I-69/US-59, and 14 lane depressed along 
I-10 between the I-45/I-10 interchange and the I-45/I-69/US-59 interchange.  There is minimal additional 
ROW needed as shown on Exhibit D7.  The I-10 modifications are shown on Figure D-8.   

 

 

 

 

  

 

 

 

Figure D-8: Alternative 10 Typical Section (I-10 between White Oak Bayou and I-69/US-59)  Pre
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