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EXECUTIVE SUMMARY

The purpose of the Phase | Master Drainage Plan is to evaluate the existing conditions for the
major waterways within the Brookshire-Katy Drainage District (BKDD) and establish the existing
floodplain, which is currently not mapped by FEMA.

This study models the major streams within BKDD using the National Oceanic and Atmospheric
Administration (NOAA) Atlas-14 rainfall data and 1D/2D hydrologic and hydraulic models for the
following main waterways:

e Brookshire Creek
e Willow Fork

e Snake Creek

e Cane Island Branch

A major part of this analysis is to build or modify hydrologic and hydraulic models for the four
streams identified within BKDD and the contributing subbasins to those streams which cover
most of the District’s area. It did not include detailed analysis of smaller tributaries and Bessie’s
Creek on the western edge of BKDD. In scoping this project, the streams previously mentioned
within BKDD were prioritized due to rapid development occurring within these watersheds, so
other areas of the District were not included within this Phase 1 scope.

To build detailed hydrologic and hydraulic models for this project, previous models in this area
were collected and vetted for accuracy. Four hydraulic models were used as base models to build
the BKDD existing conditions model:

e Fort Bend County’s Bessie’s Creek model (2021) which contains Brookshire Creek.

e Fort Bend County’s Willow Fork model (2021) which contains Willow Fork, Snake Creek,
and Cane Island Branch.

e Sunterra Drainage Impact Analysis model (2021), which contains regional detention
ponds and recent development along Cane Island Branch developed by Quiddity
Engineering.

e The City of Katy study (2020) containing three additional regional detention ponds along
Cane Island Branch prepared by Costello, Inc.

The Costello study and Sunterra models both contain as-built data that was not included in the
Willow Fork study. Additional details are described within Section 1.4. The models utilize Fort
Bend and Harris County drainage methodologies and were analyzed for the Atlas-14 2-, 10-, and
100-year storm events.

Since the area is significantly flat with undersized stream channels and overland flow, 1D/2D
hydraulic modeling was used to provide more detailed results for the channels and overland flow
patterns. See Section 1.5 for more information on modeling methodology.

The hydraulic model was calibrated by comparing the modeled results for the Hurricane Harvey
storm event to existing stream gauge measurements from Hurricane Harvey, and then revising
parameters within the hydraulic geometry to yield results that approximate the peak water
surface elevations from the stream gauges. The model was calibrated to the Hurricane Harvey
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storm event stream gauge data, which peaked between August 27 and August 28, 2017. The
calibration model was created using 2017 conditions land use conditions and Hurricane Harvey
rainfall data. The calibrated Hurricane Harvey model parameters were used to update the
existing conditions models for the four watersheds analyzed. See Section 3.4 for more detailed
information on calibration.

In addition to providing the models, this analysis provides floodplain results data and other data
for the BKDD Geographic Information System (GIS) website. Floodplain results are intended to
assist in future development in the District. Other spatial data provided includes locations of
modeled bridge and culvert crossings, streams, ponds, and land use.

The second phase will include analyzing future development and proposed conditions within the
District to develop a list of potential drainage improvements and projects including ultimate
channel ROW, regional detention, and culvert crossings. Project areas will be determined based
on development patterns, current flooding issues, and health and safety concerns. The goal of
these improvements would be to improve conveyance and flood hazard conditions within the
District.

Y,
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1.0 INTRODUCTION

1.1  PROJECT PURPOSE

The primary goal of Phase | Master Drainage Plan for Brookshire-Katy Drainage District (BKDD) is
to evaluate the existing conditions for the major waterways within the BKDD and establish the
existing floodplain, which is currently not mapped by FEMA. This study models the major streams
within BKDD using 1D/2D hydraulic modeling to provide preliminary updated “Existing
Conditions” hydrologic and hydraulic models. This analysis was completed using the National
Oceanic and Atmospheric Administration (NOAA) Atlas-14 rainfall data and new hydrologic and
hydraulic models of the drainage District. The waterways modeled include Brookshire Creek,
Willow Fork, Snake Creek, Cane Island Branch, and the areas that contribute runoff to those
waterways. This study will aid in long-term planning and future development within BKDD.

1.2  PROJECT LIMITS

The project limits include approximately 107 square miles in BKDD within Waller County with
small areas overlapping both Fort Bend County and Harris County. The study includes
approximately 28 miles of stream:

e 6.4 miles along Brookshire Creek
e 9.1 miles along Willow Fork

e 4.5 miles along Snake Creek

e 7.8 miles along Cane Island Branch

See Exhibit 1 — Vicinity Map. The limits of hydraulic modeling contain the watersheds for each of
the streams and extend beyond the BKDD boundary so that the downstream conditions do not
cause adverse impacts on the modeling results, and in order to produce more accurate data.

1.3 PROJECT OBJECTIVES
The objectives of this analysis are to:

e Create new preliminary updated hydrology and 1D/2D hydraulic models to determine the
existing conditions for BKDD.

e Produce updated preliminary floodplain maps and data with Atlas-14 rainfall data for the
2-, 10-, and 100-year storm events.

e Determine sheet-flow patterns draining to Brookshire Creek, Willow Fork, Snake Creek,
and Cane Island Branch.

These preliminary updated models can be used to assess future development and planning for
BKDD. Bessie’s Creek and West Fork were not analyzed as the scope was focused on the majority
of the District currently experiencing development. These areas will be analyzed under a future
scope of work.
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1.4 PREVIOUS STUDIES

The project area is partially overlapped by several recent studies conducted on behalf of Fort
Bend County Drainage District (FBCDD) and private developers. Four of these studies were
utilized as baseline data for this study to facilitate model development in the upper extents of
Drainage District:

e Willow Fork Study (2021, Pape-Dawson Engineers and Freese and Nichols, Inc.): Willow
Fork, Snake Creek, and Cane Island Branch were studied as part of the Phase | Master
Drainage Plan for Fort Bend County. All three streams from this model were utilized in the
BKDD model, but the downstream ends of the streams outside of BKDD were removed.
The geometry was revised by adding existing bridge and culvert crossings, revising cross
sections and lateral weirs, and adding more detailed sheetflow modeling.

e Bessie’s Creek Study (2021, Freese and Nichols, Inc.): Bessie’s Creek, Brookshire Creek,
and Orchard Creek were studied as part of another separate Master Drainage Plan for
Fort Bend County. Only Brookshire Creek was utilized from this model in the BKDD model,
and the upstream end of the creek was extended north to end upstream of US-90.

e Sunterra Study (2021, Quiddity Engineering, LLC): A small part of upper Cane Island
Branch was studied as part of the Drainage Impact Analysis (DIA) for the Dollins/Freeman
Tract. This development proposes regional detention facilities as part of the overall
residential development. The proposed conditions (as of November 2021) from this DIA
became the existing conditions from Schlipf Road to Clay Road along Cane Island Branch.

e Pitts Road East Study (2020, Costello, Inc.): This study analyzes the proposed regional
detention pond expansion at the intersection of Pitts Road and Morton Road on Cane
Island Branch. The proposed expansion has since been constructed. Geometric data for
the three regional detention ponds in the proposed hydraulic model are used in the BKDD
existing conditions model. The hydrologic model for Costello is not used as a base model
for the BKDD model, and only the pond data in the hydraulic model was utilized for the
BKDD model.

Hydrologic and hydraulic modeling data was incorporated from two developments within the
project area —Sunterra and Katy Lakes. Not all developments in the area were modeled, but these
two were included because these developments include regional detention facilities, which
impact the hydraulic modeling for the District.

1.5 METHODOLOGY

The base models for this analysis were created by combining components of the previous studies
mentioned in Section 1.4. The two Fort Bend County studies (Willow Fork and Bessie’s Creek
studies) extend much further south than the limits of BKDD, so the portions of Willow Fork and
Brookshire Creek outside of BKDD were excluded from the model. Snake Creek and Cane Island
Branch are fully contained within BKDD and so fully modeled, while the Willow Fork modeling
ends downstream of Kingsland Boulevard, and the Brookshire Creek modeling ends 2000 feet
downstream of Hunt Road. Streams besides Brookshire Creek, Willow Fork, Snake Creek, and
Cane Island Branch were not modeled.
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The prior proposed conditions of the Sunterra model (south of Beckendorff Road) are now built,
but this data was not included in the Willow Fork study because it was not built yet at the time
of that study. Therefore, the Sunterra model contains the most recent existing conditions data
for the Sunterra project area. The Sunterra hydrologic and hydraulic data was used in the models
rather than the Willow Fork data in the Sunterra project area. Additionally, the Cane Island
Branch geometry was revised to include the now existing regional detention ponds modeled in
the Costello model.

Two sets of hydrologic and hydraulic models were built — the Hurricane Harvey models and the
Existing Conditions models. The Hurricane Harvey models were built using 2017 Hurricane Harvey
rainfall data to calibrate the hydraulic results to the 2017 Hurricane Harvey high-water mark data.
The high-water mark data was obtained from the Harris County Flood Warning System (HCFWS).
The Hurricane Harvey models did not include any developments built after 2017 in the hydrology
calculations or hydraulic geometry. After the Hurricane Harvey hydraulic model was calibrated
to align with the Hurricane Harvey high-water mark data, the Hurricane Harvey model was used
as the base model for building the Existing Conditions model, which includes developments and
structures added after 2017. The rainfall data utilizes the BKDD Atlas-14 rainfall data for the
Existing Conditions model.

The resulting hydrographs from the HEC-HMS model are input into the HEC-RAS model as either
point source flows within the 2D mesh or as uniform lateral inflows in the 1D geometry. The area
upstream of the streams’ headwaters is a single 2D mesh, and the areas between each 1D stream
are a separate 2D mesh. This set-up aids in evaluating the flow patterns of different storm events
accurately.

The hydrographs input in the 2D mesh are input in the lower one third of the contributing
subbasin to avoid double accounting for routing time. This is because the hydrologic model
already transforms the hydrograph based on the time it takes to drain through the subbasin, so
the resulting hydrograph is the flow that would occur at the downstream end of the subbasin.
See Exhibits 9-13 for the HEC-RAS schematic.

1.6 DATUM

This study utilizes 2018 Upper Coast LiDAR and 2019 Hurricane LiDAR data (obtained from TNRIS)
to map the existing flow patterns and floodplain. All elevations in this report are referenced to
North American Vertical Datum (NAVD) 1988, and all shapefiles are referenced to the North
American Datum (NAD) 1983 State Plane Texas South Central horizontal coordinate system.

Survey data or approved As-Builts were obtained to model major bridge crossings that were not
included in the effective base models (see Exhibit 4). Atlas-14 rainfall data obtained from the
BKDD reference manual was used in the hydrologic models — see Table 3 for the rainfall depths
used in this analysis.
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2.0 HYDROLOGIC ANALYSIS

2.1 BACKGROUND

The project area is in the southeast corner of Waller County and is bounded by Harris County to
the east and Fort Bend County to the south. The project area includes undeveloped grassland
and forest, as well as some medium intensity development focused along US-90 and 1-10 and
towards the southeast of the project area. The terrain is generally flat (<0.1% grade) over the
project area and drains from northwest to southeast towards the coast. Existing natural ground
elevations range from approximately 195 feet in the north to 112 feet at the southwestern
corner.

Large areas of the District are used for rice farming and other portions in the past were used for
rice farming as well. The land used for rice farming has many small berms and swales throughout
the area that were intended for ponding and draining water, and in higher level storms these
features are overtopped. The flows generally follow the rural roads as high points, with
overtopping in some areas. See Exhibit 2 — Elevation Map.

Most of the project area is undeveloped land that was previously used for rice farming. There is
also a small amount of medium density development around US-90 and I-10 towards the south
of BKDD. The former rice fields contain terraced areas bounded by berms. The agricultural areas
also contain a network of small channels with culverts going underneath the berms. In larger
storm events, the berms and roadside ditches are overtopped by the sheet flow.

The project area is located within the effective FEMA FIRM panels as noted in Table 1.
Additionally, the effective FEMA floodplain mapping is depicted in Exhibit 3 — Effective
Floodplain Map. The project area contains areas mapped within the effective Zone A (unstudied
100-year without Base Flood Elevations defined), AE (100-year with Base Flood Elevations
defined), and shaded Zone X (500-year) floodplains. See Appendix 1 for the effective FIRM
panels.
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Table 1 - FEMA FIRM Panels in Project Area

FEMA FIRM Effective
CETIE Date

48473C0275E | 2/18/2009
48473C0300E | 2/18/2009
48157C0025L | 4/2/2014
48157C0020L | 4/2/2014
48157C0050L | 4/2/2014
48157C0040L | 4/2/2014
48157C0080M | 1/29/2021
48157C0085M | 1/29/2021
48157C0105L | 4/2/2014

Field topographic survey was collected in December 2022 and January 2023. The field
topographic survey was collected at eight bridge and culvert crossings that were not included in
the base models along the main streams in the project area. See Table 2 below and Exhibit 4 -

Surveyed Structures.

Table 2 — Surveyed Structures

Crossing ‘ Structure Type Creek

Highway 90 Bridge Brookshire Creek

I-10 Bridge Brookshire Creek

Waller Avenue (FM 359) Bridge Brookshire Creek
Cardiff Road Culvert Willow Fork
Highway 90 Bridge Willow Fork
Unnamed Culvert North Culvert Snake Creek
Unnamed Culvert South Culvert Snake Creek
Cane Island Parkway Bridge Snake Creek

Low water crossings and farm road crossings that were not expected to significantly impact
riverine flow were omitted from the survey data and the crossings were approximated in the
model. All survey data was referenced to the North American Vertical Datum (NAVD) 1988 and
the horizontal datum was referenced to the NAD 1983 State Plane Texas South Central horizontal
coordinate system for consistency with the LiDAR datasets.
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2.2 METHODOLOGY

The Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS) v.4.3 was used to
develop hydrographs for the Hurricane Harvey and Existing Conditions models. The standard
methodologies used in the hydrologic model for the Phase | Master Drainage Plan for BKDD
match the previous studies conducted in this area and include the Green and Ampt loss method,
the Clark Unit Hydrograph transform method, and Modified Puls routing method.

The Existing Conditions model used NOAA Atlas-14 rainfall data acquired from BKDD Rules and
Regulations 22-01 adopted February 22, 2022, for three storm events: the 2-, 10-, and 100-year
events. The rainfall data used can be found in Table 3 below.

Table 3 — BKDD Atlas-14 Rainfall Data

. Depth (in)
Duration
2-year Event 10-year Event 100-year Event

5 Minutes 0.59 0.84 1.26
15 Minutes 1.19 1.69 2.5
1 Hour 2.26 3.22 4.8

2 Hours 2.83 4.19 6.91
3 Hours 3.17 4.82 8.47
6 Hours 3.77 5.97 11.2
12 Hours 4.4 7.2 13.8
1 Day 5.09 8.55 16.5

The effective subbasins were obtained from the Willow Fork, Bessie’s Creek, and Sunterra
studies. For the Hurricane Harvey model, the subbasins match those in the effective models. For
the Existing Conditions model, several subbasins were revised to reflect new developments
based on aerial imagery and LiDAR flown in 2018 and 2019. See Table 4 below for a summary of
the revised (Existing) subbasins. See Exhibit 5 — Hurricane Harvey Model Subbasins and Exhibit
6 — Existing Conditions Subbasins for a visual of the two sets of subbasins.

.1 QUIDDITY
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Table 4 - Effective and Existing Subbasins and Data

Existing Subbasins

Change

Brook_05 Brook_05 Land use updated for new development
Brook 06 Brook_06_R Subbasin delineation and land use updated for new development
Brook_07 Brook_07_R Subbasin delineation and land use updated for new development
CIB o1 CIB_01_R Subbasin delineation and land use updated for new development
- 320AC_R Subbasin delineation and land use updated for new development
CiB_03 CIB_03_R Subbasin delineation and land use updated for new development
CIB 04 T100D2_1 R Subbasin delineation and land use updated for Sunterra
- T100D2 2 R Subbasin delineation and land use updated for Sunterra
CIB 05 CIB_05_R Subbasin delineation and land use updated for new development
- T100D2_3_R Subbasin delineation and land use updated for Sunterra
CIB_06 CIB_06_R Subbasin delineation and land use updated for new development
CiB_07 CIB_07_R Subbasin delineation and land use updated for new development
SC_07_R Subbasin delineation and land use updated for new development
SC 07 T100D1_1 R Subbasin delineation and land use updated for Sunterra
T100D1 2 R Subbasin delineation and land use updated for Sunterra
SC_10 SC_10_R Subbasin delineation and land use updated for new development
WF_06 WF_06 Land use updated for new development
WF_07 WEF_07 Land use updated for new development
WF_08 WF_08 Land use updated for new development

The Green and Ampt method was used to calculate infiltration losses in the hydrologic model.
The initial content, saturated content, suction, and conductivity loss parameters were
maintained to match the base models. For Brookshire Creek, the base model (v.4.3) utilized Fort
Bend County canopy and loss parameters, while the Willow Fork, Snake Creek, and Cane Island
Branch base model (v. 4.3) utilized Harris County canopy and loss parameters. The Sunterra
model (v.3.3), which covers part of Cane Island Branch and is the most up-to-date base model for
that area, utilized the loss parameters from the Barker Reservoir model, made effective in June
2007. In importing the Sunterra subbasins to the BKDD model built in version 4.3, the Sunterra
subbasins were revised to use the Harris County loss parameters to match the Willow Fork model.
This is because version 4.3 requires the user input additional parameters versus what is required
in version 3.3, so what was present in the version 3.3 base model was not sufficient for the model

to run in version 4.3.
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The percent impervious cover was recalculated for only the subbasins where the land use or
delineation changed based on updated aerial imagery or LiDAR delineation. The percent
impervious cover was calculated based on the most recent aerial imagery of those areas using
impervious values from the Harris County Flood Control District (HCFCD) 2019 Atlas-14 Policy
Criteria and Procedures Manual (PCPM). The percent impervious cover values were not
recalculated for subbasins where the land use or drainage area boundaries did not change since
the base models were done so recently in 2021. See Table 5 for the impervious cover values used
in calculations. See Appendix 3 for the effective and revised impervious cover calculations. See
Tables 6, 7, and 8 below for the Harris County, Fort Bend County, and the Harris County Flood
Control District (HCFCD) 2009 Model and Map Management (M3) System effective loss
parameters.

Table 5 — Harris County Impervious Cover Values

Land use Percent Impervious

Undeveloped 0
Residential Rural Lot (>5 ac) 5
Residential Large Lot New (>1/2 ac) 25
Residential Large Lot Old (>1/4 ac) 25
Residential Small Lot (<1/4 ac) 40
Schools 40
Developed Green Areas 15
Light Industrial/Commercial 65
High Density Industrial/Commercial 85
Isolated Transportation 80
Water 100

Table 6 — Harris County Simple Canopy and Green and Ampt Loss Parameters

Storage (%) Storage (in) | Coefficient Content(in) Content (in) (in/hr)
Willow Fork 0 0.5 1 0.048 0.46 4.33 0.079

Initial Canopy | Max Canopy Crop Initial Saturated Suction | Conductivity

Initial Canopy | Max Canopy Crop Initial Saturated Suction Conductivity
Storage (%) Storage (in) | Coefficient | Content (in) | Content (in) (in/hr)
Zone 1 0 0.5 1 0.048 0.46 4.33 0.079

Zone
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Table 8 — 2009 HCFCD M3 Green and Ampt Loss Parameters

Suction | Conductivity

(in) (in/hr)
6.182 0.062

For consistency with the three hydrologic base models, the Clark Unit Hydrograph method was
used as the transform method for the BKDD hydrologic model. For subbasins that did not change
from the effective models, the transform parameters were not revised. For subbasins that had
delineation or land use changes, the Basin Development Factor (BDF) method was used to
determine the Clark Unit Hydrograph parameters. This methodology was also used for the
effective models. See Appendix 3 for the effective and revised BDF calculations and Exhibits 7
and 8 for the Hurricane Harvey model (2017) and existing BDF land use.

The routing methodology utilized in each of the base models was maintained in the BKDD
hydrologic model. The Brookshire Creek base model did not utilize routing. The base model for
Willow Fork, Snake Creek, and Cane Island Branch utilized Muskingum routing, and the Sunterra
base model utilized Modified Puls routing. Because the results from each subbasin were input
directly into the 1D/2D hydraulic model, routing downstream of subbasins had no result on the
hydrograph being input into HEC-RAS. This is why the routing was not revised from the effective
model. See Appendix 3 for the effective supporting calculations for the routing parameters.

2.3 HYDROLOGIC RESULTS

The hydrologic results for the existing 2-, 10-, and 100-year Atlas-14 storm events are provided
in Appendix 4. Results from the analysis were used as flow inputs for the hydraulic modeling
described in Section 3.0.
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3.0 HYDRAULIC ANALYSIS

3.1 BACKGROUND

Unsteady flow 1D/2D hydraulic modeling was performed using HEC-RAS v.6.2 to model the
existing floodplain throughout BKDD. The model was developed using 2018 Upper Coast LiDAR
and 2019 Hurricane LiDAR. The 1D components of the Hurricane Harvey model were built via a
combination of pieces of the four base models. The 2D components were rebuilt for this study.
Survey was used to incorporate additional bridge and culvert structures that were not present in
the effective models.

3.2 METHODOLOGY

1D/2D modeling was used in this study due to the flat terrain and limited existing channel
capacity within the project area. Using point source flows in a 2D hydraulic model is an effective
way to model sheet flow over flat areas, which occurs in the rice fields and agricultural lands in
the northern and central areas of BKDD.

As previously mentioned, the project area contains four major streams — Brookshire Creek,
Willow Fork, Snake Creek, and Cane Island Branch. To accurately model the riverine flows and
bridge and culvert structures, 1D flow modeling is needed for detailed accuracy of the channel
terrain alongside the 2D modeling for the flat overbank terrain. Therefore, 1D/2D modeling most
accurately captures the variability in the patterns of overland flow (2D modeling) along with the
riverine flow (1D modeling).

3.3 GEOMETRY DEVELOPMENT

The 1D geometry, including reaches, cross sections, and lateral structures, was imported from
the four base models for this project area. The 1D geometry for reaches other than the four
studied streams (Brookshire, Willow Fork, Snake, and Cane Island Branch) are outside of the
project area extents and were not included. The upstream end of the reach for Brookshire Creek
was extended from downstream of Twinwood Parkway to the intersection of 1% Street and
Stalknecht Road. Bridge and culvert structures that were not present in the effective models were
added — see Tables 9 and 10 below. The additional structures added to the Existing Conditions
model were not yet built in 2017.
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Table 9 — Structures Added to Hurricane Harvey Model 1D Geometry

Stream ‘ Bridge Source
Brookshire Creek Highway 90 Survey
Brookshire Creek [-10 Survey
Brookshire Creek Waller Ave/FM 359 Survey

Willow Fork Cardiff Rd Survey
Willow Fork Highway 90 Survey
Willow Fork Kingsland Blvd Plans/as-builts
Willow Fork Private Drive Approximated
Snake Creek Schlipf Rd Approximated
Unnamed Culvert North Culvert Snake Creek
Unnamed Culvert South Culvert Snake Creek

Snake Creek

Century Plant Bridge

Approximated

Snake Creek

Tubular Steel Private Rd

Approximated

Snake Creek

Tubular Steel Railroad

Approximated

Snake Creek

Cane Island Pkwy

Survey

Table 10 — Additional Structures Added to Existing Conditions 1D Geometry

Stream Bridge Source
Brookshire Twinwood Pkwy Plans/as-builts
Willow Fork TX Heritage Pkwy Plans/as-builts
Willow Fork Cane Island Pkwy Plans/as-builts

The Manning’s roughness coefficients (n values) for the 1D cross sections matches the effective

models except in locations where bridge structures were added. The Manning’s n values adjacent

to added structures were revised to reflect the observed conditions based on photos and aerial
imagery. The effective Manning’s n values and the revised values are both based on the Harris
County Flood Control District (HCFCD) 2019 Atlas-14 Policy Criteria and Procedures Manual
(PCPM). These values can be found in Table 11 below.
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Table 11 — 1D Manning’s n Values

Land use Manning's n

Channel

Grass-Lined 0.04
Riprap-Lined 0.04
Articulated Concrete Block - Grassed 0.04
Articulated Concrete Block - Bare 0.03
Concrete-Lined 0.015
Natural or Overgrown Channels 0.05-0.08
Overbanks

Some flow 0.08-0.15
Ineffective Flow Areas 0.99
Conduit

Concrete Pipe 0.013
Concrete Box 0.013
Corrugated Metal Pipe 0.024

Lateral structures were set at the edge of the 1D cross sections along stream banks to connect
the 1D reaches to the 2D flow areas. To connect the outfalls of Snake Creek and Cane Island
Branch to Willow Fork, a storage area was added at the downstream end of both Snake Creek
and Cane Island Branch. The storage areas were connected to the most downstream cross section
of the outfalling reach and have storage area-2D (SA-2D) connections on either side to connect
them to the 2D flow areas and a lateral structure on the downstream end to connect them to
Willow Fork downstream. See Table 12 below for the lateral structure coefficients, obtained from
HCFCD’s “Two-Dimensional Modeling Guidelines” dated July 2018.

Table 12 — Lateral Weir Coefficients

Item Being Modeled with Lateral
Structure
Levee/roadway: 3 feet or higher
above natural ground

Description

Broad crested weir shape, flow over
levee/road acts like weir flow

Range of Weir

Coefficients
1.5t02.6
(2.0 default)

Levee/roadway: 1 to 3 feet above

Broad crested weir shape, flow over

levee/road acts like weir flow, but becomes 1.0to 2.0
natural ground .
submerged easily
. . D t really act lik ir, but wat t
Natural high ground barrier: 1 to 3 0es o rea' y act Tike a weir . Lt water mus
. flow over high ground to get into a 2D flow 0.5t01.0
feet high
area
Non-elevated overbank terrain,
lateral structure not elevated Overland flow escaping the main channel 0.2t0 0.5
above ground
I_\’. ENGINEERING 17
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The downstream boundary conditions for Brookshire Creek and Willow Fork are both normal
depths, which is consistent with the effective base models. The normal depth value was obtained
by measuring the slope at the reach outfall using the terrain data. The Manning’s n values were
obtained from the effective models and were maintained in this model, except in the location of
new structures.

The 2D geometry was rebuilt and includes seven 2D flow areas. The 2D areas were subdivided
into seven pieces to avoid runtime errors in the model, which occur if a 2D area extends to both
sides of a 1D reach. There is a single 2D flow area upstream of the headwaters of the four reaches
analyzed and at least one flow area on either side of each reach. Additionally, there are eleven
storage areas (SAs), one at the upstream end of each reach (four total), one at the junction of the
reaches that flow into one another (two total), three to represent the Katy Detention Ponds on
Cane Island Branch, and two to represent the Sunterra development. The storage areas at the
upstream end of each reach are added to funnel flow from the upstream 2D flow areas into the
1D reach. SA-2D connections connect the 2D flow areas and storage areas, and lateral structures
connect the 2D flow areas and storage areas to the 1D reaches.

Boundary condition lines with hydrographs from the upstream drainage areas in HEC-HMS were
added to the 2D geometry near the downstream end of the subsequent hydrologic subbasins.
The Manning’s n values were assigned using 2018 Houston-Galveston Area Council (HGAC) land
use data and the associated manning’s values. See the 2D Manning’s n values in Table 13 below
and Exhibit 9 — 2018 HGAC Land Cover for 2D Mapping.

Table 13 — 2D Manning’s n Values based on 2018 HGAC Land Cover Values

Land use Manning's n

Cultivated Crops 0.17
Deciduous Forest 0.25
Developed - High Intensity 0.03
Developed - Low Intensity 0.16
Developed - Medium Intensity 0.18
Developed - Open Space 0.06
Evergreen Forest 0.25
Grassland-Herbaceous 0.22
Open Water 0.02
Pasture-Hay 0.22
Unclassified 0.06
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Boundary condition lines were also added along the perimeter of the area of analysis using
normal depth slopes as the boundary conditions here. The normal depth slope was calculated
based on the slope of the LiDAR data available at each location which allows sheetflow to leave
the system and not impound along the perimeter lines. See Exhibits 10-14 — HEC-RAS
Schematics.

The resultant hydrographs from the hydrologic model were input into the hydraulic model as
either point source flows within the 2D mesh or as uniform lateral inflows in the 1D geometry.
Flows in the upstream 2D areas were applied as a flow hydrograph input at a boundary condition
line approximately at the lower third of the drainage area. Boundary condition lines were drawn
near the outfall location of the contributing subbasin to not double account for routing flow
through the subbasin. For subbasins that directly contribute flow into a channel, the flow is input
as a uniform lateral hydrograph, lateral hydrograph, or simple flow hydrograph at a cross section
based on how the drainage areas drain into the channel sections. See Tables 14 and 15 below for
a breakdown of the hydraulic boundary conditions and the subbasin that corresponds with each
flow input for the 1D and 2D flow areas.
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Table 14 — Subbasin and Corresponding HEC-RAS Flow Input Location (1D Area)

Stream Reach XS Boundary Condition Contributing Subbasin
Brookshire Creek Reach1 | 34313 Flow Hydrograph N/A — Minimum Flow Input
Brookshire Creek Reach1 | 33828 Uniform Lateral Inflow Brook_07
Brookshire Creek Reach1l | 26364 Uniform Lateral Inflow Brook_06
Brookshire Creek Reach 1 16733 Uniform Lateral Inflow Brook_05
Brookshire Creek Reach 1 11050 Lateral Inflow Hydrograph Brook_04
Brookshire Creek Reach1 | 11002 Uniform Lateral Inflow Brook_04
Brookshire Creek Reach 1 9931 Uniform Lateral Inflow Brook_03
Brookshire Creek Reach 1 7790 Uniform Lateral Inflow N/A — Minimum Flow Input
Brookshire Creek Reach 1 5737 Normal Depth N/A — Normal Depth

Cane Island Branch Upper 136379 Uniform Lateral Inflow CIB_02A
Cane Island Branch Upper 131417 Uniform Lateral Inflow N/A — Minimum Flow Input
Cane Island Branch Upper 125620 Uniform Lateral Inflow Sunterra Flow Input for SAs 1-1 and 1-2
Cane Island Branch Upper 121554 Uniform Lateral Inflow T100D2_3
Cane Island Branch Upper | 119780 Uniform Lateral Inflow sunterra Floav;(;t\;cu;cf;rdzAs 2,3,and
Cane Island Branch Upper 119494 Uniform Lateral Inflow CIB_05
Cane Island Branch Upper 111211 Uniform Lateral Inflow CIB_06
Cane Island Branch Upper 110710 Lateral Inflow Hydrograph CIB_06
Cane Island Branch Upper 103864 Uniform Lateral Inflow ClB_07
Cane Island Branch Upper | 103199 Lateral Inflow Hydrograph CiB_07
Cane Island Branch Upper 100965 Uniform Lateral Inflow ClB_08
Cane Island Branch Upper 97429 Uniform Lateral Inflow CIB_09
Cane Island Branch Upper 93996 Uniform Lateral Inflow N/A — Minimum Flow Input
Snake Creek Reach-1 | 120371 Flow Hydrograph N/A — Minimum Flow Input
Snake Creek Reach-1 | 119641 Uniform Lateral Inflow SC_08
Snake Creek Reach-1 | 105360 Uniform Lateral Inflow SC_10
Snake Creek Reach-1 | 100617 Uniform Lateral Inflow SC_11
Snake Creek Reach-1 | 98608 Lateral Inflow Hydrograph SC_11
Willow Fork Reach1 | 136840 Uniform Lateral Inflow WF_04
Willow Fork Reach 1 | 127252 Lateral Inflow Hydrograph WF_05
Willow Fork Reach1 | 124171 Lateral Inflow Hydrograph WF_05
Willow Fork Reach1 | 123687 Uniform Lateral Inflow WF_06
Willow Fork Reach 1 | 118955 Uniform Lateral Inflow WF_07
Willow Fork Reach1 | 113755 Uniform Lateral Inflow WF_10
Willow Fork Reach 1 | 105521 Lateral Inflow Hydrograph WF_09
Willow Fork Reach1 | 92056 Lateral Inflow Hydrograph WF_11
Willow Fork Reach1 | 89712 Normal Depth N/A — Normal Depth
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Table 15 — Subbasin and Corresponding HEC-RAS Flow Input Location (2D Area)

2D Flow Area

Boundary Condition

Contributing Subbasin

Areal Flow Hydrograph WF_01
Area 1 Flow Hydrograph CIB_02B
Areal Flow Hydrograph SC_04
Area l Flow Hydrograph WF_03a
Areal Flow Hydrograph Brook 08c
Area 1 Flow Hydrograph Brook_08b
Area 1 Flow Hydrograph Brook_08a
Areal Flow Hydrograph SC_06a
Area 1 Flow Hydrograph SC 03
Areal Flow Hydrograph SC_05
Area 1 Flow Hydrograph SC 02
Areal Flow Hydrograph SC 01
Areal Flow Hydrograph WF_02
Area 1 Normal Depth N/A
Area 2 Flow Hydrograph Brookl Tribl 01
Area 2 Normal Depth N/A
Area 3 Flow Hydrograph WF_03b
Area 3 Flow Hydrograph WF_08
Area 3 Normal Depth N/A
Area 3 Normal Depth N/A
Area 4 Flow Hydrograph SC_09
Area 5 Flow Hydrograph SC_06b
Area 5 Flow Hydrograph SC_07
Area 6 Flow Hydrograph CIB_01
Area 6 Normal Depth N/A
Area 7 Flow Hydrograph CiB_03
Canelsland Upstr | Lateral Inflow Hydrograph N/A- MII:;Ttum Flow

To stabilize the model at the start of the storm events, low-flow hydrographs and minimum flows
were inserted at key locations in the 1D geometry to prevent the streams from becoming dry and
causing the model to become unstable. The low flows are not expected to impact the model
results and solely serve the purpose of model stabilization and startup.
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3.4 CALIBRATION

Two sets of models were built for this analysis — one set has 2017 Conditions “Hurricane Harvey”
geometry and meteorological data, and the other set has current day “Existing Conditions”
geometry and current Atlas-14 meteorological data. While the Existing Conditions model was the
desired product, the Hurricane Harvey model was developed to be run with the Hurricane Harvey
rainfall event data so that the resulting water surface elevations (WSE)s in the streams could be
compared to the stream gauge data at the same time in the same rainfall event. The hydraulic
model could then be calibrated to produce results that approximate the stream gauge data
observed during Hurricane Harvey. This process ensures that the results of the model are
reflective of historical conditions in a rainfall event. The calibrated 2017 model was used as a
base to build the Existing Conditions model.

The Hurricane Harvey hydrologic and hydraulic models use the four effective models (Bessie’s
Creek, Willow Fork, Sunterra, and Costello) as the base models. The Hurricane Harvey hydrologic
model uses Hurricane Harvey rainfall data from Willow Fork Master Drainage Plan for Fort Bend
County. The Willow Fork hydrologic model included Hurricane Harvey precipitation data for 31
gauges within the project area. For subbasins that did not include an independent rain gauge in
the Willow Fork study, rainfall depths were associated with the nearest Willow Fork subbasin and
gauge.

The Hurricane Harvey gauge data was obtained from Fort Bend County Drainage District
modeling data from the Willow Fork Master Drainage Plan. See Appendix 2 for the Hurricane
Harvey gauge data.

The corresponding hydraulic model includes only structures built in 2017 and before and utilizes
the flow results from the Hurricane Harvey HEC-HMS model.

There are several gauges in the vicinity of BKDD that were reviewed for suitability to be used for
calibration to the 2017 Hurricane Harvey storm. However, several limitations in the gauge data
restricted our ability to calibrate each reach. Calibration is an extra step to verify and refine
hydraulic results where possible but is not a mandatory step to yield accurate results. Therefore,
the results for the two reaches that were not able to be calibrated are still regarded as accurate.

Snake Creek:
Snake Creek does not have a gauge. So, without high-water mark data, calibration was not
possible.

Brookshire Creek:
The Brookshire Creek gauge (Station 2510) was not installed until 2020, so calibration was not
possible.
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Willow Fork:

The Willow Fork gauge (Station 2060) high-water mark data ends at 8:37pm on 8/27/2017 and
resumes on 9/7/2017, therefore excluding the peak of the Hurricane Harvey storm event. The
model was calibrated to approximate a high-water mark data point collected before the data
ends but still during the height of the storm event.

Cane Island Branch:

Cane Island Branch has two gauges (Stations 2050 and 2040), and both gauges collected the full
data from the Hurricane Harvey storm event. Thus, Cane Island Branch was calibrated to
approximate the peak observed high-water mark at each gauge location.

Northern Sheet Flow Area:

The Station 2090 gauge is on a roadside ditch off Morrison Road, which is at the very top of the
watershed. The WSE measured at this gauge is below the level that would indicate flooding risk
in the Hurricane Harvey storm event, so this gauge is not utilized for calibration.

In summary, due to the availability and applicability of gauge data, only Willow Fork and Cane
Island Branch are calibrated. See Exhibit 15 to see the layout of the gauge locations and Table 16
for a summary of the gauge data on each creek.

Table 16 — Stream Gauge Data

Stream Brookshire Willow Snake Cane Island Roadside
Creek Fork Creek Branch Ditch
Gau_ge 2510 2060 - 2040, 2050 2090
Station
Calll?ratlon Data Available for N - N y -
Hurricane Harvey Storm Event

* Willow Fork has data for the time prior to the peak of the Harvey storm event, but data ends before the peak.
Thus, Willow Fork is calibrated to a data point before the peak of the storm.

** The roadside ditch gauge station did not measure WSEs that indicate flooding is likely, so this gauge is not deemed
necessary for calibration.

The method of calibration used in this analysis is to revise the 1D Manning’s n values of the
stream until the resulting WSE from the model matches the WSE reflected in the gauge data. The
1D Manning’s n is only changed within the allowable values provided by the HCFCD PCPM shown
in Table 11. Generally, increasing the Manning’s n value causes the flow velocity to decrease,
resulting in WSE increases, while decreasing the Manning’s n value causes the flow velocity to
increase, resulting in WSE decreases.
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If changing the 1D Manning’s n value did not create the desired effect, then other parameters
were revised. These include the 2D Manning’s n values locally, revising the ineffective areas,
revising the pressure coefficients for bridge crossings, and changing lateral weir coefficients.

For the Cane Island Branch, the time-stage curve of the gauge data was selected as the data to
measure against for calibration, which is standard. For Willow Fork, the peak high-water mark
was not recorded, so the time-stage curve of the last available WSE was selected for comparison.
This data occurs several hours before the storm peaks.

Results of the calibration efforts varied, and in general, the modeled results from the Hurricane
Harvey 2017 storm event were measured to within approximately 0.6’ (7” +/-), which is
considered reasonable for this size of analysis with limited gauge data.

Calibration, while not typically analyzed when creating a Master Drainage Plan, does provide for
a greater level of accuracy. The Master Drainage Plan models were calibrated when possible to
improve their accuracy when compared to historical data.

Willow Fork:

The resulting WSEs from the Hurricane Harvey hydraulic model were compared to the high-water
mark reading at Station 2060 (Willow Fork at Pederson Road) at 8:37 pm on 8/27/2017. This time
was selected because it is the last time that data was collected before the data collection
stopped, thus it is the closest data point to the peak WSE. It is assumed that the peak WSE would
have occurred late on 8/27 or early on 8/28 based on the peak WSEs of nearby streams. The
hydraulic model outputs data on a 15-minute interval, so the nearest modeled result occurs at
8:30 pm on 8/27/2017. The initial resulting WSE was below the recorded gauge WSE, and
calibration adjustments of the 1D Manning’s roughness values were done. See Table 17 below
for a summary of the final calibration results.

Table 17 — Willow Fork Calibration at Pederson Road — RS 113908

Gauge WSE (ft) \ Modeled WSE (ft)
148.39 148.43

Cane Island Branch:

There are two gauges on Cane Island Branch, so the stream was calibrated to match the recorded
WSEs at two locations: Highway 90 and Clay Road. The resulting WSEs from the 2017 hydraulic
model were compared to high-water mark data at Sta 2040 (Highway 90) at 1:08 am on
8/28/2017 and Sta 2050 (Clay Road) at 11:45 am on 8/27/2017. These times were selected
because they correspond to the peak recorded WSE for each location. The recorded data was
compared to the max WSE at the corresponding location in the hydraulic model, which occurs at
8am on 8/28/2018 at Sta 2040 (Highway 90), and 4am on 8/28/2017 at Sta 2050 (Clay Road). The
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recorded data and the modeled data peak within 7 hours of each other at Highway 90 and within
4 hours of each other at Clay Road.

The initial resulting WSEs at both locations were below the recorded gauge WSEs, but
adjustments to the 1D Manning’s roughness values did not yield enough increase in the peak
WSE to match the recorded data. Therefore, other parameters were revised to yield a peak WSE
in the model that produced a reasonable time-stage curve to approximate the results of the
gauge. These parameter adjustments included the local 2D Manning’s roughness values, 1D
ineffective areas around the bridge cross sections, pressure coefficients for bridge crossings, and
lateral structure coefficients locally. The final calibration results at both gauge locations are
shown in Tables 18 and 19 below.

Table 18 — Cane Island Branch Calibration at HWY 90 — RS 97429

Gauge WSE (ft) | Modeled WSE (ft)
139.34 138.8

Table 19 — Cane Island Branch Calibration at Clay Rd — RS 117680

Gauge WSE (ft) ‘ Modeled WSE (ft)
157.55 157.06

The Hurricane Harvey hydrologic model was used as the base model for the Existing Conditions
model. Table 3 shows the subbasins that were revised based on new drainage patterns and land
use due to new developments. These Hurricane Harvey subbasins were updated to match the
current conditions for the Existing Conditions model. The BKDD Atlas-14 2-, 10-, and 100-year
storm events were analyzed.

The calibrated Hurricane Harvey hydraulic model was similarly used as the base model for the
Existing Conditions hydraulic model. The Hurricane Harvey 2D Manning’s n values were revised
in the same areas that the subbasin parameters were revised to account for new developments.
The 1D reaches were revised to add the structures that were built after 2017 (see Table 9). The
Manning’s n values and other parameters that were calibrated in the Hurricane Harvey model
were maintained for the Existing Conditions model.

3.5 HYDRAULIC RESULTS

The 1D/2D unsteady HEC-RAS model was used to calculate the WSEs and extents of the existing
floodplain throughout BKDD for the 2-, 10-, and 100-year storms. Exhibits 16, 17, and 18 show
the resulting floodplains for these storm events, and the resulting hydraulics tables can be found
in Appendix 6.
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Northern Sheet Flow Area:
Due to the methodology of the 2D overland flow modeling, which inputs the hydrographs at the
downstream end of each subbasin, there is an area at the northern end of the watershed where
no flow is applied and therefore, there is no floodplain inundation. This area is north of FM 529
and west of Pattison Road.

Flow travels from northwest to southeast with the general slope of the land. Most of this area is
undeveloped farmland, and a significant amount of that was previously used for rice farming. The
berms used to terrace the rice fields or for other farming purposes are tall in some areas.
Therefore, runoff is blocked or redirected by these berms. Breaklines were used to model the
ridges of these berms and of the rural roads in this area. Most of the flow input in this 2D area
travels into the 2D areas bounding the streams or directly into the streams.

Brookshire Creek:

At the upstream end of Brookshire Creek, there is ponding in the 100-year event north of
Westbound Highway 90 due to the approximate 4-foot berm that the roadway presents. The
road does not overtop in the 100-year event, so flow is funneled directly into Brookshire Creek.
As a result of the restriction of flow behind Highway 90, the floodplain extents are very minor
just downstream of the highway. The 100-year floodplain extents stay within the channel banks
for 3,000 feet downstream of I-10. The floodplain expands further into the overbanks as more
area contributes runoff to the creek. At the downstream end of the analysis, the Brookshire Creek
floodplain expands far to the west in low-lying areas which would also contain the Bessie’s Creek
floodplain. Bessie’s Creek was not modeled as part of this study.

Willow Fork:

The Willow Fork reach starts just south of Morton Road where the 100-year runoff ponds
upstream of the roadway, with some flow overtopping Morton Road to the east of the Willow
Fork crossing. In the 100-year event, the entire area 5,000 feet on either side of the stream is
inundated. This area is terraced farmland that was previously used as rice fields. Most of the area
between Stalknecht Road and FM 2855 drains towards Willow Fork north of Highway 90 and
ponds north of the highway before being funneled into the channel. Part of the 100-year runoff
overtops FM 2855 just upstream of Highway 90 and drains east towards the Snake Creek crossing.
Some 100-year runoff also overtops Highway 90 just east of the Willow Fork crossing.

The flow that makes it across Highway 90 also ponds behind I-10, inundating the Igloo Factory
Store and Medline Industries buildings. Flow crosses I-10 by funneling into an approximately 20
feet wide structure west of Igloo Road, or into the Willow Fork crossing. Flow does not overtop
I-10 in the 100-year storm in this area. Some flow also drains east towards Snake Creek.

About 9,000 feet downstream of I-10, the Willow Fork channel widens out and the 100-year
floodplain in the overbanks contracts as the stream winds through single-family neighborhoods.
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Snake Creek and Cane Island Branch flow into Willow Fork within 5,500 feet of each other, and
the model ends just downstream of the Cane Island Branch outfall into Willow Fork.

Snake Creek:

The headwaters of Snake Creek, like Willow Fork, are downstream of Morton Road. 100-year
runoff slightly overtops Morton Road 300 feet to the west and overtops 800 feet to the east of
Snake Creek. The area surrounding the northern part of the reach is undeveloped grassland that
does not appear to have been used for rice farming previously, and there is shallow ponding
throughout the area.

The ponding depths increase upstream of Highway 90 and I-10 where the excess runoff from
Willow Fork reaches Snake Creek. Snake Creek flow travels from north to south, and the Willow
Fork excess flow travels east to intersect the Snake Creek runoff. Some of the Willow Fork 100-
year excess runoff overtops Highway 90 west of Tubular Drive; the rest of the flow continues east
to meet the Snake Creek flow north of Highway 90, bounded to the east by Cane Island Parkway.
Here, the 100-year flow overtops Cane Island Parkway to flow east, overtops Highway 90 to flow
south, or is conveyed south by the Highway 90 bridge crossing.

More Willow Fork excess flow joins the Snake Creek flow north of I-10, but no flow overtops I-10
in the 100-year storm event and all runoff is funneled through the 1-10 crossing or the FM 1463
underpass underneath 1-10 1,600 feet to the east of the Snake Creek crossing. The stream ties
into Willow Fork 450 feet downstream of I-10.

Cane Island Branch:

Cane Island Branch begins downstream of Beckendorff Road. The northern portion of Cane Island
Branch appears to previously have been rice farms, and the 100-year ponding depth to the west
of the channel increases from around 0.5 feet at Beckendorff Road to around 1.5 feet at Stockdick
Road, which overtops significantly. 100-year runoff from the west of the channel and just north
of Stockdick Road overtops the channel and continues flowing east to be captured by the swales
surrounding the Sunterra development. Most of the overland flow draining to Cane Island Branch
comes from the west, as flow moves from northwest to southeast in this area. Cane Island Branch
drains from north to south, intercepting this flow.

Between the Sunterra development and Morton Road, 100-year runoff is mostly contained
within the banks of Cane Island Branch. Downstream of Morton Road, the 100-year overland flow
enters from the west and travels through low points in the residential developments to Cane
Island Branch. It should be noted that there are many new neighborhoods along Cane Island
Branch, and the 2018 Upper Coast LiDAR used for floodplain mapping does not reflect all of these
new developments.

Highway 90 has minor overtopping in the 100-year event about 1500 feet to the west of the Cane
Island Branch crossing. Upstream of [-10, 100-year excess runoff from the Snake Creek crossing
joins the Cane Island Branch runoff to pond upstream of the [-10 crossing with no flow
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overtopping I-10 at this crossing. The 100-year ponding extents are not as wide at the upstream
end of the Cane Island Branch Crossings as at the Willow Fork and Snake Creek crossings.

The resulting water surface elevations and flows at significant locations were compared to the
most recent studies in this area, which also served as the base models for this project: Bessie’s
Creek, Willow Fork, and Sunterra. Because the Costello model was a smaller localized model
rather than a regional-level model like the other three base models, the BKDD results were not
compared to the Costello results. See Appendix 7 for WSE and flow comparison data for each
storm event and floodplain extents comparisons.
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4.0 SUMMARY AND CONCLUSIONS

1. This study’s models were built using data from three effective models: the Bessie’s Creek,
Willow Fork, and Sunterra studies. Hydrologic parameters were maintained from the
effective models except where subbasin delineation or land use changed, in which case
the parameters were then recalculated using the same methodology as the effective
models.

2. The existing subbasins were verified and revised using 2018 Upper Coast LiDAR and 2019
Hurricane LIDAR.

3. Infiltration losses were calculated using the Green and Ampt method, and the
corresponding parameters from Harris County, Fort Bend County, and M3 (2007) were
used.

4. The hydrograph transform was calculated using the Clark Unit Hydrograph method, and
the Basin Development Factor method was used to calculate the TC and R values.

5. Hydrologic and hydraulic modeling was conducted using HEC-HMS v.4.3 and HEC-RAS
v.6.2. Unsteady 1D/2D modeling was used in this project based on the complex overland
flow patterns in this area, including rice fields, other agricultural lands, developed areas,
and waterways. 2D modeling was used to capture the multidirectional flow patterns
outside of the major channels, and 1D modeling was used for the channel flow, which
only flows in one direction, downstream.

6. The hydraulic model was calibrated using Hurricane Harvey 2017 rainfall and results prior
to setting up the Hurricane Harvey model. This model represents 2017 conditions and
matches the base models. The 1D Manning’s roughness values and lateral weir
coefficients were revised to approximate the WSE results from the Hurricane Harvey
gauge data for each of the streams that had a usable gauge. The Willow Fork and Cane
Island Branch reaches were calibrated. The 1D Manning’s roughness values and lateral
weir coefficients were adjusted for calibration and then utilized in the Existing Conditions
model.

7. The Brookshire Creek and Snake Creek reaches were not calibrated because these
streams did not have gauges during the Hurricane Harvey storm event. Calibration is an
extra step to verify and refine hydraulic results where possible but is not a mandatory
step to yield accurate results. Therefore, the results for the two reaches that were not
able to be calibrated are still regarded as accurate.

8. The BKDD 2-, 10-, and 100-year Atlas-14 storm events were analyzed. The rainfall depths
were obtained from the BKDD design guidelines.

9. All approaches follow BKDD, Harris County, and Fort Bend County methodologies.
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Sta 2090 is at the headwaters of the watershed.

The WSE measured at this gauge is below the
level that would indicate flooding risk in the
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Sta 2090

Hurricane Harvey event, so this gauge is not
used for calibration.
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The gauge at Sta 2510 was not built until 2020,
and the Hurricane Harvey storm event (2017)
was used for calibration. Therefore, this gauge
was not able to be used for calibration.
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. Northwest area without floodplain -
| |This area is at the top of the watershed,
' and water does not concentrate
significantly until further downstream in

the watershed. This is why there is no

visible floodplain in this area.
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Brookshire Creek West area without
: floodplain - Brookshire Creek has
A greater capacity than the other creeks
| due to greater channel depth and
width. This is why the floodplain is
contained within the channel banks
rather than significantly overtopping
like the other channels. .
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. Northwest area without floodplain -
| |This area is at the top of the watershed,
' and water does not concentrate
significantly until further downstream in

the watershed. This is why there is no

visible floodplain in this area.
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significantly until further downstream in
the watershed. This is why there is no
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