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Willow Creek Tributary M124-00-00 Improvements
Summary of Project Recommendations

Statement of the Problem

Channel M 124 does not provide adequate capacity for the area of the City west of the
Tomball Expressway. For all intensive purposes, the channel is non-existent north of FM
2920 up to the TXDOT detention facilities by the Expressway. Poor drainage conditions
in the region causes problems for traffic on FM 2920, the private property and residents
of the area, and for the existing commercial developments. Additionally, channel M124
does not provide sufficient depth to accommodate storm sewer outfall.

Alternative Selected

The report documents the numerous alternatives evaluated for channel routes, detention

pond locations, development alternatives, and storm event sizes. A meeting was held on
August 4™ with City Staff from several departments to review the numerous alternatives
evaluated in the report.

After a period of deliberation, the alternative selected by the City was channel route
Alignment A, using a 1% Storm Frequency Design to size the channel and detention
facilities using Mitigation Option 3 which mitigates the channel improvements and future
loss of floodplain storage by development.

Construction Cost

The estimated construction cost of the channel and detention basin, without adjustments
for pipelines and oil wells, is $20.3 Million. This cost does include Right-of-Way and
miscellaneous construction costs, but does not include engineering effort.

Pipelines and Oil wells

There are approximately 71 pipeline crossings that were identified from the State’s GIS
maps and previous studies. There are also 6 oil wells along the reroutes. It was beyond
the scope of this report to accurately locate each pipeline and negotiate adjustment costs
with each pipeline company. Determining a reasonable cost for dealing with these issues
will be a significant task and unfortunately could cost millions to resolve. Identifying the
costs associated with these facilities should be given high priority.

Next Steps
e Meet with Harris County Flood Control District (HCFCD) and Harris County
Precinct 4 to review the project objectives and determine if they approve of the

project in concept

e Identify and assess costs associated with the pipeline conflicts
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e Perform Environmental studies along the route

e Survey the selected route

e Perform the preliminary engineering design phase and refine construction costs
e Meet with HCFCD and Harris County to formalize agreements

e Purchase ROW once the channel and pond limits are identified

e Perform the final design phase

e Begin construction
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Introduction and Background

Storm water runoff in the City of Tomball drains to one of two primary channels. These
channels then route the flow across Harris County to the east. Spring Creek receives flow
from the northern portions of Tomball and Willow Creek receives flow from the southern
portions of the City. This report will focus on a tributary of Willow Creek that has been
designated as Channel M124-00-00 (abbreviated as M124) by the Harris County Flood
Control District (HCFCD). M124 extends north and west from its confluence with
Willow Creek along the southwest corner of Tomball’s Extraterritorial Jurisdiction (ETJ)
up to Treichel Road and terminates at the south side of FM 2920.

Channel M124 has been studied by the Federal Emergency Management Agency
(FEMA) as part of the National Flood Insurance Program (NFIP) and a Flood Insurance
Rate Map (FIRM) has been issued that shows the 100 year floodplain along the channel.
The floodplain is shown on Exhibit 1 along with a delineation of the drainage area for
M124. This drainage area map shows the portions of Tomball that drain to the channel.

The M124 watershed is 4.47 square miles and, as shown in Exhibit 2, there is
approximately 996 acres within Tomball City Limits that drain into M124 from the north
side of FM 2920. The Exhibit labels three regions within the drainage area that have
different drainage characteristics. The flow from Region A is routed west across the new
Tomball Expressway (SH 249). The current plan for this Region calls for detention
facilities to be constructed along with new development that will maintain the existing
flow rates across SH 249.

Region B is the “problem” area for the City. Currently there is not a channel in Region B
that connects the flow coming from the east side of SH 249 to M124 south of FM 2920.
Flow entering Region B from the box culverts under the new Expressway collects and
ponds across the surrounding property until it begins to sheet flow south and west to find
its way to FM 2920 where there are more drainage problems. This condition makes it
difficult, if not impossible, to allow development of the approximately 588 acres in
Region B without causing a negative impact in the area.

Drainage along FM 2920 within the M124 drainage area poses a significant roadway
hazard to motorists traveling during a heavy rainfall. Storm water frequently ponds on
segments of FM 2920 blocking portions of the traffic lanes. During heavier storms the
roadway can be completely under water. The worst case scenario is traveling at night
during a storm when drivers can not see the water in the roadway in time to react. Senior
staff members of Tomball recall that this has been an ongoing problem for more than 20
years.

Compounding these problems is the fact that currently M124 and Willow Creek only

provide a level of service for a 2 year frequency storm. This means that it only takes a 2
year storm event to fill M124 and Willow Creek to the top of its banks. It is more
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difficult to improve drainage for an area when the receiving streams have such a limited
capacity.

The City of Tomball has contracted Lockwood, Andrews & Newnam, Inc. (LAN) to
determine how to extend channel M124 north and east to SH 249. Such a project would
provide the drainage infrastructure that will allow the drainage problems identified to be
addressed. It should be noted that there are two components required to implement the
complete project. The first component is to construct the appropriate infrastructure in the
form of a channel that will accept the flow from the surrounding area. The second
component is to construct the secondary collection systems to deliver the flow to the
channel. This report will focus on the first component only.

Improving the conveyance capacity of Willow Creek or M124 downstream of the City’s

ETJ is beyond the scope of this study. Furthermore, such extensive improvements are not
financially or politically practical.
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Evaluate the Existing Conditions

The first step in the study phase is to assess the existing drainage conditions for Channel
M124 and the watershed. Exhibit 3 presents a partial map of the area that drains to M124
and the key hydraulic elements that are the focus of this study.

There are two components in the assessment of existing conditions: 1) the determination
of how much rainfall runoff will make it to the channel and 2) the determination of how
much flow the channel can actually convey. The following section on Hydrology
describes the process used to quantify the amount of rainfall runoff generated under
various conditions. The section on Hydraulics describes the process used to estimate the
flow carrying capacity for various reaches of the channel. Both components must be
considered when assessing the existing conditions.

Hydrology

The methods prescribed in the Harris County Flood Control District Policy
Criteria and Procedure Manual were used to estimate peak discharges and routing
flow hydrographs. Because the M124 watershed is larger than 640 acres, the
computer program HEC-HMS was used to simulate the storm water runoff
conditions of the watershed. The Site Runoff Curves were used for estimating
flows to the ditch on FM 2920.

The HEC-HMS hydrologic models obtained from HCFCD were updated to reflect
the current land use and other watershed parameters. The models were run for
various storm frequencies to quantify the peak flows for the existing condition at
various analysis points.

The City of Tomball Master Plan 2007 - 2017 contains a projected land use map
for planning water and sewer utilities. The land use map from this report showing
the projection of future development was used as the ultimate development
condition for the M124 watershed. The hydrologic models were then updated to
reflect the ultimate development condition. The models generated flows that
could be used to size the ditches and culverts for the ultimate condition.

The resulting peak flows generated for both existing and proposed conditions are
presented in Exhibit 4.

A more detailed technical explanation of the modeling process is presented in the
Appendix.
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Hydraulics

The primary hydraulic elements such as ditches and culverts were evaluated to
determine their existing flow carrying capacity. A level of service can be
assessed for each hydraulic element by comparing the flow carrying capacity of
the element to the amount of flow directed to the element. Problems can be
identified by finding the structures that have more incoming flow than it has
capacity to carry.

Hydraulic calculations and modeling were performed using Manning’s Formula
and the United States Army Corps of Engineers Hydrologic Engineering Center’s
River Analysis System (HEC-RAS). Manning’s Formula was used to establish
the initial estimates of capacity for channels and culverts. HEC-RAS was used to
calculate the water surface profiles based on various flow conditions in the
channel.

The survey datum used for elevations referenced in this report is based on the

NAVD 1988, 2000 Adjustment. Profiles and cross sections in this report show
elevations that are based on this datum and adjustment.
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Problem Evaluation

After evaluating the existing conditions of M124, the next step was to identify the
problem areas. The types of problems identified are channel reaches that demonstrate less
than the desired capacity, hydraulic structures that restrict flow, and areas with limited
right-of-way. Exhibit 3 shows a summary of the problem areas that have been identified
after evaluating the existing conditions.

The fist problem identified is the absence of a ditch to convey flow from the culverts at
the SH 249 Expressway across Region B to M124. As described in the Introduction, this
condition causes water to sheet flow and pond across a large swath of land until the flow
can make its way to FM 2920. This has caused considerable trouble recently with the
construction of TxDOT’s drainage and detention system for the SH 249 Expressway.
TxDOT had months of very poor drainage conditions that kept their site muddy and made
difficult conditions for construction. But worse than that, the drainage system that they
constructed literally has nothing downstream to receive the flow.

This condition makes it difficult, if not impossible to develop in Region B without having
a negative impact on the surrounding property. Development in this area would either
remove badly needed storage that is currently provided on the property or will increase
the impervious area and therefore increase the peak flows to the surrounding area. This
highly unusual situation should be remedied as soon as possible.

The second problem is the FM 2920 drainage system does not have the capacity to
convey the flow that it receives. A 2 year storm event causes storm water to pond on the
roadway. There are 587 acres that drain to the roadside ditch along FM2920 and to the
culvert just west of Calvert Road. It is estimated that a 2 year storm event would send in
excess of 400 cfs to the ditches and culverts along the north side of the roadway. The
capacity of the roadside ditches with the driveway culverts is less than 50 cfs. Even
though some of the 400 cfs would be dissipated by the large volume of storage in Region
B, the vast difference in flow versus available capacity illustrates the severity of the
problem along FM 2920.

There are two culvert crossings that route flow from the north side of FM 2920 to the
south side. Culvert A is located just west of Calvert and Culvert B is located at Treichel.
Both culvert crossings consist of four 7 x 3 concrete box culverts. These culverts are
relatively shallow and any future improvement to move water from the north side of FM
2920 to the south will require the construction of new crossings. Culvert A does not have
the conveyance capacity to accommodate the flow coming to it from the east.

The third problem can not be solved by the City of Tomball but has been identified
primarily to highlight the difficulty that it poses for any proposed drainage
improvements. Each of the two streams M124 and Willow Creek (M100) has at most a 2
year level of service and therefore is not capable of accommodating any increase in flow
from upstream channel improvements. This limitation will require mitigation of
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downstream impacts caused by most any proposed drainage improvements. The
mitigation will need to offset increased flows for all events from the 2 year up to the 100
year event.

7 of 14



Development of Alternatives

This phase of the study analyzes several design alternatives to improve the level of
service of M124-00-00 to improve the existing drainage conditions and consider how
future development can take place both in the Tomball City Limits and the Tomball
Extra-Territorial Jurisdiction (ETJ) without adverse downstream impacts to Willow
Creek.

Different design alternatives were investigated for M124-00-00 including different
alignments for the channel, different channel sizes, and different regional detention basin
locations and sizes. Two channel sizes were investigated and sized to provide the 10 year
or the 100 year level of service. Various regional detention basins were sized for both
mitigation of increased impervious cover due to future development and for mitigation of
lost floodplain storage by filling in the floodplain. This report also estimates the right-of-
way needed for the channel having a 10 year or 100 year level of service and estimates
the costs associated with each of these options.

Channel Routes

The investigation of channel routes analyzed 7 different options that were reduced down
to the 2 most feasible routes A and B. The analysis of all the routes can be explored in
more detail in the technical report in the appendix. Exhibit 5 of the appendix shows the
location of the routes considered. The table below shows the pros and cons of the two
selected routes.

Summary of the Feasible Routes

Alignment | Pros Cons

The channel is set back approximately 900’
north of FM 2920 to allow for development

Alignment travels through an existing
HCFCD property south of FM 2920

Reconnects to the existing M124-00-00 channel
south of Treichel Road which results in two
channels requiring maintenance (Ultimate M124-
00-00 Channel and existing channel along
Treichel Road)

Alignment does not travel along/through the
lowest terrain north or south of FM 2920 where
storm water currently ponds.

The channel is set back approximately 900’
north of FM 2920 to allow for development

Alignment travels through an existing
HCFCD property south of FM 2920 and then
connects to the Treichel roadside ditches
eliminating Treichel Road and creating only
one channel that requires maintenance

Alignment travels along/through the lowest
terrain south of FM2920 where the storm
water ponding currently exists.

Alignment travels along FM 2920 south of the
roadway restricting commercial development
south of FM 2920

Alignment does not travel along/through the
lowest terrain north of FM 2920 creating ponding
areas outside the channel banks
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Determination of Impacts/Mitigation

An integral part of any drainage project is the evaluation of adverse impacts and the
recommended mitigation. If an adverse impact is calculated, a mitigation plan should be
implemented.

One method for evaluating the impact of a project is to prepare hydrographs comparing
the existing flow of stormwater over time to the proposed flow conditions over time. If
there is an adverse impact, the proposed conditions hydrograph will have a higher peak
flow than the existing conditions hydrograph. By comparing the hydrographs for the
existing and proposed conditions, they can also be used to estimate the volume of
stormwater that could be stored in a stormwater detention basin to offset the increase in
flow over existing conditions.

A stormwater detention basin is a common way to mitigate the adverse impact, or
increased stormwater flow, of a project. Stormwater detention basins are designed to
receive and hold stormwater temporarily, until the peak flow passes, and then allow the
detained water to drain out slowly over time. In this case, the increased flow from an
improved M124 would be “held” in a stormwater detention basin so that there is no
adverse impact downstream of the improvements on M124 or on Willow Creek.

There are various properties of a detention pond that affect its’ performance such as
volume, location, release rate, and tail water conditions. As a result, 6 alternative
locations and sizes were evaluated. These alternatives are shown in Exhibit 7 of the
appendix. Further study eliminated 4 of the pond locations leaving the 2 ponds shown in
Exhibits 8 and 9 (appendix). Only one pond location works with Alignment A and 2
pond locations work with alignment B.

Permutation of Options for Alternatives

There is large number of options for the City to consider for addressing the drainage
issues presented in this report. The variations of pond locations and alignments help
proliferate a number of options to be explored. In order to provide the City with as much
information as possible to make an informed selection, LAN had to evaluate multiple
components that impacted each alternative that was considered.

Ultimately the City will want to answer the following questions:

1. How does the City want to deal with the impervious cover of future development?
Do you want to require on site detention or size a regional pond for the future
development?

2. What size design storm, or design storm frequency, is appropriate for the
community and in this area of the community?

3. How will the City deal with the potential loss of floodplain storage from future
development located in the floodplain?
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These questions were classified as mitigation options for development, and sizing options
for the pond and channel based on design frequency. In order to answer these questions,
the investigation had to consider the following options for each alternative:

Mitigation Options for Future Development Conditions

1. Mitigate existing land use conditions and channel only
2. Mitigate ultimate development conditions and channel

3. Mitigate existing land use conditions, channel, and future elimination of
floodplain storage

>

Mitigate ultimate development conditions, channel, and future elimination of
floodplain storage

Sizing Options for Pond and Channel

1. Size for 10 year design frequency
2. Size for 100 year design frequency

Thus each of the four mitigation options, the two alignments A and B, and the 10 year or
100 year channel sizes required a separate regional detention basin configuration. For
alignments A and B, the regional detention basin locations that demonstrated no
downstream impacts are shown on Exhibits 8 and 9. Alignment A has one regional
detention basin location that works and alignment B has two regional detention basin
locations that work. With all of these options, 25 different regional detention basin
configurations were evaluated. All of the alternatives were sufficiently sized to eliminate
any negative downstream impacts.

The following table was prepared to summarize and make sense of all the options for
each alternative. Study the table to put each of the options in perspective.
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City of Tomball - M124-00-00 Channel Improvements

Summary of Alternatives ,Options and Estimated Costs (Exclusive of Pipeline Adjustment Costs)

Mitigation Options

Option 1: Existing development conditions and channel only

Option 2: Mitigate channel improvements and increased impervious cover due to future development

Option 3: Mitigate channel improvements and future loss of floodplain storage by development

Option 4: Mitigate channel improvements, increased impervious cover due to future development, and future loss of floodplain storage
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Observations About the Results
After reviewing the summary table to understand the 4 mitigation options, look at the bar
chart on the right edge of the table graphing the costs of all the options. The following

observations can be made:

Mitigation
Option

Rank by Cost
(1 low 4 high)

Observations

1) Mitigate existing conditions
and channel only

lSt

Option 1 costs are at least 20% less than Option
3 and 40% less than Option 2 and 60% less than
Option 4

This may be the most practical option. Future
development would be required to provide on
site detention and possibly be required to
compensate for lost floodplain storage. The
difference in cost between the 10 year and 100
year is minimal so selecting the 100 year for this
option is more practical.

There is little difference in cost between channel
alignment A and B

2) Mitigate ultimate development
conditions and channel

3I‘d

Option 2 costs are significantly higher than
Option 1. Even though detention will be
provided for future development, a significant
amount of infrastructure remains to be built to
extend service to the new development locations.
Compensation for floodplain storage is still
required for this option.

3) Mitigate existing conditions,
channel, and future elimination of
floodplain storage

2nd

Option 3 is more costly than Option 1 but within
an affordable range if the ability to develop
without having to compensate for lost storage in
the floodplain is highly desirable. There could
be complications for this option if the fill
material placed for a development blocks the
existing drainage pattern for another property
owner. Perhaps this could be worked out by
careful planning.

4) Mitigate ultimate development
conditions, channel, and future
elimination of floodplain storage

Option 4 is the most expensive alternative and
does not provide significant benefit over Option
3 since this option would also have to construct
additional infrastructure to accommodate the
new development as discussed for Option 2.
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It should be noted that the observations above did not consider the costs that may be
incurred for pipeline relocation and dealing with existing or abandoned oil wells that are
along the routes presented. There are approximately 71 pipeline crossings that were
identified from the State’s GIS maps and previous studies. There are also 6 oil wells
along the reroutes. It was beyond the scope of this report to accurately locate each
pipeline and negotiate adjustment costs with each pipeline company. Determining a
reasonable cost for dealing with these issues will be a significant task and unfortunately
could cost millions to resolve. Identifying the costs associated with these facilities should
be given high priority.
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Conclusion

The issues highlighted by this report will require planning and policy meetings to
establish a consensus for dealing with future development in this area of the City.

This phase of the engineering was a conceptual and feasibility investigation. The next
phase will select the channel alignment and determine which option fits the City’s
financial outlook and desires for this area of the community.

LAN would be happy to facilitate a series of meetings with Council, staff, and other
stakeholders to begin the planning and decision making process. The Preliminary
Engineering phase can begin on this project when the route is selected. The identification
and assessment of the pipeline crossings will be an important component to complete so
that a reasonably accurate cost can be determined. Since the pipeline adjustment costs
could eliminate the feasibility of the project, it is suggested that this task be given a high
priority.

Since the scope of construction for this project does not lie entirely within the City
Limits, Harris County will have jurisdiction regarding the approval of this potential
project. A meeting with the Harris County Flood Control District should be held when a
more definitive course of action has been identified.
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What's Next

The following is a list of key tasks that need to be performed in the next phase:

City should hold meetings to determine planning and policy objectives

City decides on scope and project route

Meet with Harris County Flood Control District (HCFCD) and Harris County
Precinct 4 to review the project objectives and determine if they approve of
the project in concept

Identify and assess costs associated with the pipeline conflicts

Survey the selected route

Perform the preliminary engineering design phase and refine construction
costs

Meet with HCFCD and Harris County to formalize agreements
Purchase ROW once the channel and pond limits are identified
Perform the final desigh phase

Begin construction
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1. PROJECT OVERVIEW
1.1. Introduction

Lockwood, Andrews and Newnam, Inc. (LAN) was authorized by the City of Tomball to prepare
a Conceptual Engineering Report for a channel extension and improvements to Willow Creek
Tributary M124-00-00. The intent of this M124-00-00 drainage study is to analyze and
recommend several design alternatives to improve the level of service of M124-00-00 so that
future development can take place both in the Tomball City Limits and the Tomball Extra-
Territorial Jurisdiction (ETJ) without adverse downstream impacts to Willow Creek.

This Conceptual Engineering Report investigates different design alternatives studied for M124-
00-00 including different alignments for the channel, different channel sizes, and different
regional detention basin locations and sizes. Two channel sizes will be investigated and will be
sized to provide the 10 year or the 100 year level of service. Various regional detention basins
will be sized for both mitigation of increased impervious cover due to future development and
for mitigation of lost floodplain storage by filling in the floodplain. This report also estimates
the right-of-way needed for the channel having a 10 year or 100 year level of service and
estimates the costs associated with each of these options.

1.2. Project Location

The project limits are shown on Exhibit 1. Willow Creek Tributary M124-00-00 is located
within Harris County and the City of Tomball. The project area can be contained on Key Map
pages 288E, 288F, 288J and 288K. Willow Creek Tributary M124-00-00 outfalls into Willow
Creek, which in turn outfalls into Spring Creek and ultimately to Lake Houston.

1.3. Methodology

LiDAR generated during the Tropical Storm Allison Recovery Project was used to develop
computer models to simulate the channel and detention basin alternatives. In particular, Harris
County LiDAR data, aerial photography, ARC-GIS, and ARC-Hydro were utilized to delineate
the drainage areas, time of concentrations, and other TC&R parameters that determine how fast
and the quantity of runoff that enters the channel.

The analysis methods and procedures were taken from three publications. The first is a seminar
manual prepared by Harris County Flood Control District (HCFCD), Hydrology for Harris
County, prepared in March 1988. The second is the 2004 HCFCD Policy, Criteria, and
Procedure Manual. The third publication is the TSARP Technical White Papers, prepared for
HCFCD.

The hydrologic analysis was performed using HEC-HMS, version 3.1.0, developed by the U.S.
Army Corps of Engineers, to develop runoff hydrographs for peak discharge estimation. The
existing FEMA Effective HEC-HMS model was used to establish a base for hydrologic
comparisons.
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The hydraulic model was studied using U.S. Army Corp of Engineers’ HEC-RAS software,
version 3.1.3, to calculate the water surface profiles for steady-state flow in Willow Creek
Tributary M124-00-00. The FEMA Effective HEC-RAS hydraulic model for Willow Creek
Tributary M124-00-00, denoted as M124-00-00, begins south of FM 2920 and flows to the south
boundary of sub-basin M124B_C at the confluence with Willow Creek, as shown on Exhibit 2.

Detention basin sizing and methodology was analyzed using the methods outlined in the research
manual by Lee, Ka-Leung and Holler, E.R., Physical Modeling for Side-Channel Weirs, the
Center for Research in Water Resources, University of Texas at Austin, prepared for the HCFCD
in April 2002. Two methods are outlined in the report and this report uses Method A. This
method analyzes a side discharge weir detention basin with variable tailwater and a weir and
outfall pipe that can have forward or reverse flow.

1.4. Topographic Survey and Datum

The LiDAR data used in the analysis is referenced to the TSARP Benchmark Network based on
the NAV Datum 1988 with the 2001 Adjustment. Both the hydrological and hydraulic models
and all exhibits show elevations using this datum.
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2. EXISTING CONDITIONS
2.1. Introduction

This section describes the modeling of existing conditions for Willow Creek Tributary M124-00-
00. Once the FEMA Effective models were obtained, the modeling parameters were updated to
reflect the current conditions of the watershed. A comparison of the FEMA Effective model and
the revised existing conditions are provided in Table 1 of this section. Below is a summary of
the hydrological and hydraulic existing conditions models for M124-00-00.

2.2. Hydrology

The purpose of the hydrologic analysis is to develop runoff hydrographs for peak discharge
estimation for Willow Creek Tributary M124-00-00. The establishment of the revised existing
conditions will serve as a baseline condition used to estimate the impacts of the proposed
conditions model. The hydraulic modeling will be used to verify that there are no downstream
impacts for the ultimate conditions.

2.2.1. FEMA Effective Hydrologic Model

The FEMA Effective model for Willow Creek Tributary M124-00-00 was obtained from Harris
County Flood Control District (HCFCD). The study area, shown on Exhibit 2, consists of sub-
basins M124A and M124B_C. Per FEMA Effective, M124A has a contributing drainage area
(A) of 1.97 square miles, a channel slope (S) of approximately 13.3% from the upper to lower
extent of the contributing drainage area, and is considered partially developed with an
impervious coverage of 14%. Per FEMA Effective, M124B_C has a contributing drainage area
(A) of 2.24 square miles, a channel slope (S) of approximately 7.0% from the upper to lower
extent of the contributing drainage area, and is considered partially developed with an
impervious coverage of 12%. These parameters can be seen in the TC and R values in Appendix
A-1.

Exhibit 2 shows the existing level of service for the channel. The channel has a 2 year level of
service or less for the area south of FM 2920. The area north of FM 2920 is not studied. North
of FM 2920, the runoff sheet flows to the FM 2920 roadside ditch and then to the M124-00-00
ditch south of FM 2920 through 4-7°x3” RCB culverts.

The FEMA Effective model was based on the 2002 land use conditions. Additional development
in the sub-basins has occurred since 2002 which adds more impervious coverage to the sub-
basins, as shown on Exhibit 3.

2.2.2. Revised Existing Hydrologic Model
FEMA Effective model had M124-00-00 split into two contributing drainage areas using FM

2920 as the divide. To gain a better understanding of the flow rates within the M124-00-00
watershed and to model different channel improvements and detention basin locations, the

3
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watershed was split into 6 subareas, as shown in Exhibit 4. M124A was split into 3 subareas and
M124B_C was split in 3 subareas. The input parameters for the TC and R values were produced
for the new subareas to reflect the current conditions. These parameters can be seen in the TC
and R values in Appendix A-2.

Catchments were delineated from the 2002 LIiDAR elevation data for overland sheet flow using
ArcGIS along with the ArcHydro extension. These revised catchments were used to re-delineate
the subareas. The revised delineations were compared to the FEMA Effective and presented in
Exhibit 3. The drainage area (A) increased for sub-basin M124A by 165.6 acres and decreased
for sub-basin M124B_C by 32.3 acres. The watershed length (L), centroid and length to centroid
(Lca) were recalculated for the revised sub-watershed boundaries and are shown in Exhibit 4.
The channel slope (S) and overland slope (S,) were calculated for the revised sub-watershed
boundaries and can be found in the TC and R Table in Appendix A-2.

The revised sub-basin boundary and the revised sub-basin parameters for M124A varied
considerably from the FEMA Effective model. This revised existing conditions model now
becomes the baseline condition for comparing all other models developed.

Appendix B-1 shows the comparison of the FEMA Effective and the Revised Existing peak
flows for the 100-year recurrence interval storm.

Differences from the FEMA Effective model were incurred while modeling the Revised Existing
conditions. The key TC and R parameters for the Revised Existing conditions for the area north
of FM 2920 (FEMA M124A) and south of FM 2920 (FEMA M124B_C) were averaged to match
the drainage areas for the FEMA Effective model to allow for comparisons of approximately
equal areas. The following table and discussion summarizes the differences in the two models.

Table 1: TC and R Comparison of FEMA Effective and Revised EXxistin

Percent Percent
FE.MA Channel | Overland Channel Urban DLU. Percent TC&R
Drainage Model Slope Slope c Devel Detention | : M
Subarea (ft/mi) (ft/mi) onveyance evelopment (DET) mpervious (Max)
(DCC) (DLU)
FEMA 133 89 20 355 14 14 4.09
Effective
M124A :
Revised | 4, g 79 70 47 25 25 4.24
Existing
FEMA 7 43 20 32.6 12 12 7.4
Effective
M124B_C ~ovioed
evise
Existing 11 18.5 50 29 15 15 0.3

e Watershed Area

o0 The overall drainage area changed from 4.21 square miles to 4.43 square miles, or
This change reflects the northwest area,
M124A 1, on Exhibit 3, that was not included in the original model, but drains to

an increase of 0.22 square miles.
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the M124 watershed through 7-6’x3” RCB culverts under State Highway 249 and
through 8-6’x4’ RCB culverts under State Highway 249 Bypass.

e Channel Slope

0 The Revised Existing model for FEMA M124A utilized the entire weighted
average slope of the longest watercourse of the watershed which was extended
because the increased watershed area located in the northeast corner.

0 The Revised Existing model for FEMA M124B_C utilized the entire weighted
average slope of the longest watercourse of the watershed, not just the M124-00-
00 channel south of FM 2920.

0 The weighted average was computed as the 10% and 85% of the longest flowpath
slope.

0 The Revised Existing model was nearly three times that of FEMA for M124A and
the Revised Existing model was 57 percent greater than the FEMA model for
M124B_C.

Overland Slope

0 The FEMA watersheds were divided into more sub-drainage areas that affected
the way the overland slopes were calculated originally. The smaller watersheds
for FEMA M124A created more overland slopes to be averaged resulting in a
more precise overland slope. The smaller watersheds for FEMA M124B C
created less area (length) for overland slopes to be computed.

0 The Revised Existing model was less than that of FEMA for M124A and the
Revised Existing model was 57 less than the FEMA model for M124B_C.

e Percent Channel Conveyance
0 The FEMA model showed a 20 percent channel conveyance. The Revised
Existing model averaged much higher for channel conveyance than FEMA
Effective. The Revised Existing model followed the HCFCD White Paper for

channel conveyance.

e DLU and Percent Impervious
o Since the FEMA Effective model was developed, recent commercial and
residential developments have been constructed. See Exhibit 3 for the changes in
the development since 2002.

e DLU Detention
o DLU detention is greater for the Revised Existing model to reflect the detention
that was provided with the recent commercial and residential developments that
have been constructed since 2002.

e Time of Concentration
0 The parameters above were used to calculate the TC and R values and resulted in
the differences presented in Table 1.
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2.3. Hydraulics

The purpose of the hydraulic analysis is to establish the revised 100-year water surface
elevations (WSEL) using the hydrologic analysis and the geometric cross sectional properties
that pertain to the Willow Creek Tributary M124-00-00 (M124A and M124B C). The
establishment of the revised existing conditions will allow for a comparison of the hydraulic
model for the proposed channel design alternatives to ensure that the downstream water surface
elevations for the 10 year and 100 year event do not increase. Also, a comparison is needed to
issue a future CLOMR or LOMR for water surface elevation impact comparisons.

2.3.1. FEMA Effective Hydraulic Model

Willow Creek Tributary M124-00-00 is an improved channel south of FM 2920. The channel
meanders within M124B_C and is generally a V-ditch in shape. The channel overbanks are
primarily undeveloped with a few areas of development adjacent to the northern portion of the
channel. The existing model shows the water surface elevation below FM 2920 by 0.3 feet for
the 10 year event and above FM 2920 by 0.2 feet for the 100 year event.

The FEMA Effective peak discharges were provided as input at their respective cross sections in
the hydraulic model to determine the FEMA Effective Level of Service of the channel along sub-
basin M124B_C. The Level of Service of a channel is determined by which recurrence interval
storm is held within the channel banks without spilling into the overbank areas. Exhibit 2 is a
map of the channel for sub-basin M124B_C that shows the Level of Service provided along the
channel reach. The channel was determined to have portions where the level of service is the 2-
year recurrence interval storm and the remaining portions can only provide a level of service less
than the 2-year recurrence interval storm.

The FEMA Effective 100-year WSELSs are compared to the revised existing 100-year WSELS in
Appendix C-1.

2.3.2. Revised Existing Hydraulic Model

Described in TSARP Technical White Paper “Recommendations for Developing Station-
Discharge Relationship with HEC-HMS and HEC-RAS,” is a procedure to define how computed
discharges from HEC-HMS should be placed in HEC-RAS for the hydraulic analysis. The
FEMA Effective results for Station-Discharge calculations were modified to reflect the revised
existing conditions by utilizing the procedure described in the White Papers.

The Revised Existing model shows the water surface elevation below FM 2920 by 0.2 feet for
the 10 year event and above FM 2920 by 0.35 feet for the 100 year event.

The revised existing 100-year WSELs were observed to increase over the FEMA Effective
model by a range of approximately one-tenth of a foot to two-tenths of a foot. Appendix C-1
shows a comparison of 100-year WSELSs and top widths for the revised existing model and the
FEMA Effective model.
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2.4. Conditional Letter of Map Revision

A Conditional Letter of Map Revision (CLOMR) will be issued to the HCFCD and FEMA after
the draft report is approved, a channel alignment and detention location is chosen and the City of
Tomball approves funding for this task. The model will be loaded into HCFCD’s database for
future reference. This project’s revised existing conditions raises the 100 year water surface
elevations between one-tenth of a foot to two- tenths of a foot and the proposed conditions either
lowers or keeps the same revised existing 100 year water surface elevations. A new map and
flood plain will need to be established for M124-00-00 and Willow Creek.
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ULTIMATE CONDITIONS
3.1. Introduction

The objective of this study is to increase the conveyance of Willow Creek Tributary M124-00-00
by providing a channel extension and improvements. The proposed drainage alternatives include
various channel and detention basin sizes and locations. The proposed channel extension and
improvements were sized for 2 different storm events (100-year and 10-year) and initially 7
channel alignments were considered. The detention basins were sized for 4 different mitigation
options that provided mitigation for the proposed channel improvements, increased impervious
cover due to future land use changes and/or for lost floodplain storage. Initially 6 detention
basin locations were considered. The following discussion will summarize the channel
alignments considered, land uses considered, channel sizing, mitigation alternatives, right-of-
way requirements, pipeline and utility conflicts, and environmental impacts.

3.2. Channel Alignments

The proposed channel extension and improvements will extend north of the existing channel,
across FM 2920 and bend around and terminate near SR 249 west of Hicks Road. Seven channel
alternative alignments were identified and compared. The 7 alignment alternatives were lettered
alphabetically from A to G and are shown in Exhibit 5. Alignment alternatives A and B were
determined to be the most feasible alignments and were analyzed further. The primary reason
the other alignments were not considered for further analysis was because they traveled through
higher elevation ground and would limit the benefit of the channel to the lower surrounding
areas. Other reasons included additional roadway crossings, too close to FM 2920, and increased
channel length. The following bullets detail the differences and strengths of each alignment
considered:

e Alignment A:
0 Strengths:
= Provides approximately 900" for commercial development north of FM
2920
= Alignment travels through an existing HCFCD property south of FM 2920
0 Weaknesses:
= Reconnects to the existing M124-00-00 channel south of Treichel Road
which results in two channels requiring maintenance (Ultimate M124-00-
00 Channel and existing channel along Treichel Road)
= Alignment does not travel along/through the lowest terrain north or south
of FM 2920 creating ponding areas outside the channel banks
e Alignment B:
0 Strengths:
= Provides approximately 900" for commercial development north of FM
2920
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= Alignment travels through an existing HCFCD property south of FM 2920
and then connects to the Treichel Road roadside ditches (removal of
Treichel Road) creating one channel that requires maintenance
= Alignment travels along/through the lowest terrain south of FM2920
limiting the ponding areas outside the channel bank
0 Weaknesses:
= Alignment travels along FM 2920 south of the roadway restricting
commercial development south of FM 2920
= Alignment does not travel along/through the lowest terrain north of FM
2920 creating ponding areas outside the channel banks
e Alignment C:
o0 Strengths:
= Provides approximately 1200* for commercial development north of FM
2920
= Alignment travels through an existing HCFCD property south of FM 2920
0 Weaknesses:
= Reconnects to the existing M124-00-00 channel south of Treichel Road
which results in two channels requiring maintenance (Ultimate M124-00-
00 Channel and existing channel along Treichel Road)
= Alignment travel through natural ground 4 feet higher than Alignment A
(north of FM 2920) resulting in a wider channel cross section and
increased ponding area outside the channel banks
= Alignment does not travel along/through the lowest terrain south of FM
2920 creating ponding areas outside the channel banks
e Alignment D:
o Strengths:
= Alignment travels along/through the lowest terrain north of FM 2920
limiting the ponding areas outside the channel banks
= Alignment travels through an existing HCFCD property south of FM 2920
0 Weaknesses:
= Reconnects to the existing M124-00-00 channel south of Treichel Road
which results in two channels requiring maintenance (Ultimate M124-00-
00 Channel and existing channel along Treichel Road)
= Alignment travels near FM 2920 north of the roadway restricting
commercial development north of FM 2920
e Alignment E:
o0 Strengths:
= Provides for commercial development north of FM 2920
= Alignment travels along/through the lowest terrain north of FM 2920
limiting the ponding areas outside the channel banks
0 Weaknesses:
= Alignment travels along FM 2920 south of the roadway restricting
commercial development south of FM 2920
= Alignment does not travel along/through the lowest terrain south of FM
2920 creating ponding areas outside the channel banks
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= Alignment travels across Calvert Road, necessitating an additional culvert
crossing
e Alignment F:
o0 Strengths:
= Provides approximately 900" for commercial development north of FM
2920
= Alignment travels through an existing HCFCD property south of FM 2920
0 Weaknesses:
= Reconnects to the existing M124-00-00 channel south of Treichel Road
which results in two channels requiring maintenance (Ultimate M124-00-
00 Channel and existing channel along Treichel Road)
= Alignment does not travel along/through the lowest terrain north or south
of FM 2920 creating ponding areas outside the channel banks
= Alignment is similar to Alignment A, but has an increased channel length
and two additional large bends along the channel increasing the cost of the
channel improvements
e Alignment G:
o Strengths:
= Provides approximately 900 for commercial development north of FM
2920
= Alignment travels through an existing HCFCD property south of FM 2920
0 Weaknesses:
= Reconnects to the existing M124-00-00 channel near the end of the
proposed improvements which results in two channels requiring
maintenance (Ultimate M124-00-00 Channel and existing channel along
Treichel Road)
= Alignment does not travel along/through the lowest terrain north of FM
2920 creating ponding areas outside the channel banks
= Alignment travel through natural ground 14 feet higher than existing
M124-00-00 channel resulting in increased ponding area outside the
channel banks a either a wider channel cross section or underground
culverts along the alignment (negates the benefits to the land south of FM
2920)

Alignments A and B were selected for analysis and presented in the remaining sections of this
report.

3.3. Mitigation Options

The hydrologic analysis performed for the proposed drainage conditions uses the same methods
and procedures as described in the Revised Existing section of the report. The 6 subareas that
were generated previously for the revised existing conditions were used during the proposed
drainage alternatives analysis. The input parameters for the TC and R values were modified to
reflect the proposed channel extension and improvements and the various mitigation options
considered. The values can be found in Appendices A-3 and A-4.
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The proposed conditions analysis evaluated four different mitigation conditions:

e Mitigation Option 1: Mitigation will be provided for the proposed channel extension and
improvements. No mitigation will be provided for increased impervious cover due to
future land use changes in the Tomball City Limits and ETJ within M124-00-00 or for
lost floodplain storage along the channel. This option will require development to
compensate a 1:1 ratio of fill in the floodplain along the channel in addition to mitigation
of increased impervious cover.

e Mitigation Option 2: Mitigation will be provided for the proposed channel extension and
improvements and for increased impervious cover due to future land use changes in the
Tomball City Limits and ETJ within M124-00-00. The increased runoff can only be
conveyed to the proposed channel extension and improvements as long as the storm
sewer or ditch systems leading to the proposed channel can handle the proposed flows
without causing unwanted impacts to adjacent landowners. If the existing drainage
infrastructure is incapable of handling the increased runoff, all increased impervious
cover will require mitigation. This option is much like the current City of Houston
policy. This option will also require the developer to compensate a 1:1 ratio of fill in the
floodplain along the channel.

e Mitigation Option 3: Mitigation will be provided for the proposed channel extension and
improvements and for future lost floodplain storage along the channel. A regional
detention basin will be provided that allows developers to fill the floodplain along the
channel. Mitigation must still be provided by the developer for increased impervious
cover.

e Mitigation Option 4: Mitigation will be provided for the proposed channel extension and
improvements, for increased impervious cover sue to future land use changes, and for
future lost floodplain storage along the channel.

The future land use conditions were based on the City of Tomball’s Master Plan Map that
projected future development.

Using the modified TC and R values, hydrographs were generated for each of these mitigation
options and compared to the revised existing conditions. The hydrograph comparisons were then
used to determine the detention basin size.

3.4. Channel Sizing

Detailed hydraulic modeling was completed for each design alternative using HEC-RAS version
3.1.3. The Revised Existing model of Willow Creek Tributary M124-00-00 was used as the base
model in order to add the proposed channel extension and improvements. For each design
alternative, the HEC-RAS model was modified to reflect the differences. These changes include
the channel geometry necessary to convey the design storm event and were preformed using the
HEC-RAS channel modification tools. The channel alternatives were designed assuming grass
lined channels and a Manning’s roughness coefficient of 0.04 was used to reflect the mature state
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of the channel. The Manning’s roughness coefficients used comply with Section 4.3 of
HCFCD’s Policy, Criteria and Procedure Manual.

Two channel alternatives were developed based on conveyance of the 10-year storm event and
conveyance of the 100-year storm event. Both channels were designed with a minimum bottom
width of 6 feet and a minimum side slope of 4 to 1, the minimums recommended by HCFCD.
The 10-year channel was designed with a minimum channel slope of 0.05% south of FM 2920
and a minimum channel slope of 0.1% north of FM 2920. The channel geometry for the 10-year
channel was a simple trapezoidal channel that met the HCFCD requirements. The 100-year
channel was designed with a minimum channel slope of 0.05% with the geometry of a
trapezoidal channel with a 10-foot bench located 5 feet above the channel bottom.

The channel size varies based on the level of service provided. North of FM 2920, the 10 or 100
year water surface elevation can be contained within the top bank, depending on the width of the
channel provided. The 10 year channel size contains the 10-year water surface elevation within
the banks and the 100 year channel size contains the 100-year water surface elevation within the
banks. This means that the 10 year and 100 year channels provide a 10-year and 100-year level
of service, respectively. South of FM 2920, the 100-year water surface elevation of Willow
Creek is higher than the natural ground of the proposed channel alignment. This means that the
water surface elevation can not be contained within the proposed channel banks south of FM
2920. For this study, the channel size north of FM 2920 was used south of FM 2920. Table 2 in
Section 3.6 lists the right-of-way needed for each channel size.

3.5. Mitigation Alternatives

Each of the four mitigation options, the two alignments A and B, and the 10 year or 100 year
channel sizes required a separate regional detention basin configuration. For alignments A and
B, the regional detention basin locations that demonstrated no downstream impacts are shown on
Exhibits 8 and 9. Alignment A has one regional detention basin location that works and
alignment B has two regional detention basin locations that work. With all of these options, 25
different regional detention basin configurations were evaluated. The right-of-way needed for
the detention basins are presented in Table 3 of Section 3.6. All of the alternatives were
sufficiently sized to eliminate any negative downstream impacts.

To model the detention basins, a detailed storage-outflow relationship was developed for the
basin using a spreadsheet that related channel tailwater, forward and reverse flow through the
proposed detention basin from the side flow weir and flow out of the basin through the outfall
culvert. The spreadsheet was used to calculate the discharge (cfs) for each time step used in the
rainfall event in HMS based on the inflow from the channel into the basin and the outflow rate
from the basin into the channel.

The side weir hydraulics was modeled with a 2002 report from the Center of Research in Water
Resources (CRWR), Physical Modeling For Side Channel Weirs, (Report 02-2). The report’s
Method A was easily adapted into spreadsheet calculations. The spreadsheet was used to
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quantify flow into the basin and reverse flow into the channel after the channel water surface
elevation succeeded.

Results from the spreadsheet were inserted back into the HMS model as a discharge gage. The
discharge gage modeled the water in the channel being removed and sent back to the channel at
the rates calculated in the spreadsheet.

The peak flow results from the proposed conditions in the HEC-HMS model were input into the
HEC-RAS model to verify no immediate downstream impacts. Cross sections were evaluated
along Willow Creek Tributary M124-00-00 and no increases in water surface elevations were
observed. Along Willow Creek it was verified that the peak flows did not increase.

3.6. Right-of-Way Requirements

The right of way and surface area requirements are summarized below for the two channel
alignments, channel conveyance size, and level of mitigation provided.

Table 2: Channel Right-of-Way Requirements

Channel Average
Total . s ) Average Channel
Alternative Channel Design Mitigation R|ght-%f-h Depth of ROW Area
Length (ft) (Frequency Option Way Widt Channel (ft) (acres)
Storm Event) (ft)
10% 1,2 140 8.5 36.7
A 11417 3,4 173 8.5 45.3
1% 1,2 170 9.0 44.6
3,4 203 9.0 53.2
10% 1,2 140 8.5 38.3
B 11923 3,4 173 8.5 47.4
1% 1,2 170 9.0 46.5
3,4 203 9.0 55.6

The right of way and surface area requirements are summarized below for the detention basin
sizes required to provide mitigation for the different channel and mitigation options.
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Table 3: Detention Basin Right-of-Way Requirements
Preferred Channel Required Basin
Detention Design Mitigation S q Surface
h - torage
Basin (Frequency Option (ac-ft) Area
Alternative Storm Event) (acres)
1 180 33
10% 2 450 83
3 370 67
1 4 820 147
1 170 31
1% 2 425 77
3 310 56
4 735 133
1 180 33
10% 2 450 81
3 370 67
2 4 820 147
1 170 31
1% 2 425 77
3 310 56
4 735 133

3.7. Potential Pipeline and Utility Conflicts

A field survey preformed by SoDeep Incorporated identified several private utility crossing
along the proposed channel extension and proposed detention basin sites that was done for a

previous study.

In addition, the Texas Railroad Commission has files of well locations and

approximate pipeline locations for the project area. Exhibit 10 shows the pipeline crossings and
well locations within the project watershed. There are potentially 71 pipeline crossings and 6
well locations within channel alignment A and pond location 1. The following tables summarize

our findings:
Table 4: Pipeline Conflicts and Conceptual Cost
P'iv'?ejl(i)r:e Minor Pipeline Unknown Water / Fiber Optic Total Pipeline
Coelflicts Conflicts Pipeline Sewer Line Cable Pipeline Cost
(>12") (<12") Conflicts Conflicts Conflicts Conflicts (Millions)
2 31 31 2 5 71 $21.7
Table 5: Well Conflicts and Conceptual Cost
Oil well | Abandoned Service | Gaswell | Total Well | Well Cost
Conflicts oil Well We_II Conflicts Conflicts (Millions)
Conflicts Conflicts
5 1 - 6 $1.8
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The total cost of the pipeline and well relocation or abandonment could cost $23.5 million. A
more detailed underground utility characterization analysis will need to be performed in order to
determine the exact locations, depths, sizes, and future plans for the conflicting pipelines and
wells. It is recommended that this detail analysis be performed after the ultimate channel
alignment and size and the regional detention basin location is determined. This detailed
analysis will allow a more accurate cost estimate of pipeline and well relocation or abandonment
to be obtained. The unit costs used in Tables 4 and 5 for determining the cost of relocating or
abandonment of each pipeline and well can be found in Appendix D-6.

3.8. Environmental Considerations

According to the National Wildlife Institute, by the Texas Fish and Game Department, Exhibits 8
and 9 show the registered wetlands. There are currently 26 wetlands registered that total 13.6
acres that intersect the regional detention basin and channel locations. These wetlands might not
be jurisdictional wetlands registered with the Environmental Protection Agency, but a detailed
environmental study will need to be performed to make a judgment on them. The following
table identifies the specific proposed alternative and the approximate number of registered
wetlands and approximate acreage affected.

Table 6: Wetland Conflicts

. Number of Impacted
Design Component Wetland Conflicts Wetlands
(Acreage)
Channel Alternative A 7 35
Channel Alternative B 9 2.1
Basin Location 1 7 6.4
Basin Location 2 3 1.6
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4. CONSTRUCTION COST ESTIMATES FOR ALTERNATIVES

4.1. Introduction

The cost of the project was based on land values for the detention basin and channel, excavation
costs, roadway replacement for FM 2920 due to raising the profile grade line, two culvert
systems (one for FM 2920 and one for the future Medical Complex Drive), and the pipeline and

well relocation or removal costs.

Appendix D.

4.2. Cost Summary

Below is a chart summarizing the cost for each option discussed in Section 3.

$45.0

The detailed itemization for the values can be found in

Chart 1: Conceptual Cost of Channel & Detention WITHOUT Pipeline and Well Costs

$40.0

Chan A
10 Year

Chan A

100 Year

Chan B, Basin 1 Chan B, Basin 1 Chan B, Basin 2
10 Year 100 Year 10 Year

Chan B, Basin 2
100 Year

$35.0 1

$30.0

$35.6

$34.3

$36.0

$36.0

$25.0

$20.0

Cost (Millions)

$15.0 1$13.7

$10.0

$5.0

$0.0 -
1

$22.7
$20.9

2 3

$14.7

4

1

$23.1

$20.3

2 3

Option 1: Mitigate proposed channel improvements
Option 2: Mitigate proposed channel improvements and increased impervious cover due to future land use changes
Option 3: Mitigate proposed channel improvements and future loss of floodplain storage

Option 4: Mitigate proposed channel improvements, increased impervious cover due to future land use changes, and future loss of floodplain storage

4

Mitigation Option

The costs range from $13.7 million to $36 million, depending on the level of service provided. It
is worth noting that a 10 year channel requires a larger regional detention basin than the 100 year
channel. This variation in the required regional detention basin size results in the 10 year and
100 year channels having approximately the came cost. Also, for each alignment option or pond
location, the costs are approximately equal to each other. After an alignment and pond location
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are chosen, the real cost question is which of the four mitigation options will be best for the City
of Tomball. The price for each mitigation option provided in order of least expensive to most
expensive are:

1. The least expensive solution ranges from $13.7 million to $15.1 million, depending on
the channel size and alignment for Mitigation Option 1. This option provides mitigation
for the proposed channel only. Mitigation for increased impervious cover due to future
land use changes or future loss of floodplain storage is not provided. The developer will
have to provide a 1:1 ratio of fill in the floodplain next to the channel.

2. The second least expensive solution ranges from $20.3 million to $21.3 million,
depending on the channel size and alignment for Mitigation Option 3. This option
provides mitigation for the proposed channel extension and improvements and lost
floodplain storage along the channel through a regional detention basin.  This option
does not provide any mitigation for increased impervious cover due to future land use
changes.

3. The third least expensive solution ranges from $22.7 million to $23.4 million, depending
on the channel size and alignment for Mitigation Option 2. This option provides
mitigation for the proposed channel extension and improvements and increased
impervious cover due to future land use changes. Mitigation for lost floodplain storage is
not provided and the developer will have to provide a 1:1 ratio of fill in the floodplain
next to the channel.

4. The most expensive, but most complete service provided ranges from $34.3 million to
$36.0 million, depending on the channel size and alignment for Mitigation Option 4.
This option provides mitigation for the proposed channel extension and improvements,
increased impervious cover due to future land use changes and lost floodplain storage
along the channel through a regional detention basin.
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5.0 SUMMARY OF FINDINGS
5.1. Introduction

This section summarizes the options presented and recommends two alignments for
consideration by the City of Tomball as alternatives that allow development and causes no
adverse downstream impacts to Willow Creek.

5.2. Channel Alignment

The two alignments A and B are shown in Exhibit 5. These alignments were selected because
they allow the most development to take place and still follow reasonably the natural flow path
of the watershed.

5.3. Mitigation Options

Section 3.3 presented the 4 different mitigation options that were evaluated. The City of Tomball
will have to decide what level of service they are willing to provide based on available funds.
The four mitigation options are:

1. Mitigation of the proposed channel extension and improvements only.

2. Mitigation of the proposed channel extension and improvements and increased
impervious cover due to future land use changes.

3. Mitigation of the proposed channel extension and improvements and future lost
floodplain storage.

4. Mitigation of the proposed channel extension and improvements, increased impervious
cover due to future land use changes, and future lost floodplain storage.

5.4. Channel Sizing

The channel size varies based on the level of service provided. North of FM 2920, the 10 or 100
year water surface elevation can be contained with in the top bank, depending on the width of the
channel provided. The 10 year channel size contains the 10-year water surface elevation within
the banks and the 100 year channel size contains the 100-year water surface elevation within the
banks. This means that the 10 year and 100 year channels provide a 10-year and 100-year level
of service, respectively. South of FM 2920, the tailwater of Willow Creek causes the water
surface to rise above the top of bank regardless of the size of the channel. For this study, the
channel size south of FM 2920 remained the same as that required north of FM 2920 to provide
the desired level of service. Table 2 in Section 3.6 lists the right-of-way needed for each channel
size.

5.5. Mitigation

A regional detention basin was sized for each combination of the various design options. The
different design options include the channel alignment (A or B), the channel size (based on level
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of service desired), and the mitigation option. There are 4 mitigation options as described in
Section 3.3 of this report. Alignment A has 1 possible regional detention basin location and
Alignment B has two possible regional detention basin locations that are able to provide
adequate mitigation of the proposed improvements. Exhibits 8 and 9 show the possible
combinations of regional detention basins that will provide no adverse impacts downstream in
Willow Creek.

5.6. Potential Pipeline and Utility Conflicts

Based on preliminary findings, there are numerous pipelines of various sizes and wells that will
have to be relocated or removed that could cost $23.5 million. Once the channel alignment and
regional detention basin location are finalized, a more detailed cost and pipeline analysis can be
performed.

This cost was estimated by using the field survey preformed by SoDeep Incorporated that
identified several private utility crossings for a previous study in the vicinity of the proposed
project, Texas Railroad Commission file of well locations, and unit costs developed for HCFCD.
These costs are simply a reminder that there could be some large costs associated with the
pipelines and wells. Sufficient information is not available to provide a meaningful cost
estimate.

5.7. Cost

The cost of the alternatives are presented in Chart 1 and Appendix D and range from $14 million
to $36 million, depending on the level of service desired for the channel size, alignment, and
mitigation option.

5.8. Conditional Letter of Map Revision

A Conditional Letter of Map Revision (CLOMR) will be issued to the HCFCD and FEMA after
the draft report is approved, a channel alignment and detention location is chosen and the City of
Tomball approves funding for this task. The model will be loaded into HCFCD’s database for
future reference. This project’s revised existing conditions raises the 100 year water surface
elevations and the proposed conditions either lowers or keeps the same 100 year water surface
elevations. A new map and flood plain will need to be established for M124-00-00 and Willow
Creek.

5.9. Environmental Considerations

According to the National Wildlife Institute, by the Texas Fish and Game Department, Exhibits 8
and 9 show the registered wetlands. There are currently 26 wetlands registered that total 13.6
acres that intersect the regional detention basin and channel locations. These wetlands might not
be jurisdictional wetlands registered with the Environmental Protection Agency, but a detailed
environmental study will need to be performed to make a judgment on them.
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5.10. Summary

Based on this report, 24 separate options are provided for the following design options: two
channel alignments, two channel widths, 2 regional detention basin locations and 4 mitigation
options. The cost difference for each channel and regional detention basin option can be seen
from Chart 1. The 100 year channel and the chosen regional detention basin is approximately
the same cost as the 10 year channel and the equivalent regional detention basin. The regional
detention basins for the two alignments (A and B) are approximately equal in cost. The real
decision is this: which of the four mitigation options discussed in Section 3.3 is a good choice for
future growth of the City of Tomball and is financially feasible for the City of Tomball? This
narrows the 24 different options to 4 options once an alignment and regional detention basin
location is chosen. To summarize, the following decisions will be necessary:

1. Which of the two alignments A or B will serve the City of Tomball best? Alignment A
has one regional detention basin location available, and Alignment B has two regional
detention basins locations available.

2. The level of protection (10-year or 100-year recurrence interval storm) that the proposed
channel will provide for the City of Tomball will need to be determined.

3. A utility survey of the pipelines and wells are needed that summarize the cost of
relocating the pipelines and wells.

4. An environmental impact study is needed to determine what wetlands are in the project
vicinity and what the solutions can be provided.

5. The next choice is which of the four mitigation options are best for the City of Tomball.
The cost varies significantly for each of the four mitigation options.
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Notes:

Option 1: Mitigate proposed channel improvements

Option 2: Mitigate proposed channel improvements and increased impervious cover due to future land use
changes

Option 3: Mitigate proposed channel improvements and future loss of floodplain storage

Option 4: Mitigate proposed channel improvements, increased impervious cover due to future land use
changes, and future loss of floodplain storage
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