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ATTACHMENT 1 – Galveston County Drainage District Number Two Map 

Note:  Survey data and computer models may be downloaded at the following link within 90 days of date of 
report: 

https://www.dropbox.com/s/vv570wu2n86gdz3/Ditch%207%20Study%20-%20Models.zip?dl=0
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1.0 Executive Summary 
This report describes and summarizes the computation of flood flows and flood inundation in the Ditch 7 
watershed in Galveston County.  Specifically, flood flows and inundation were computed for the 5-year, 
10-year, 25-year, 50-year, 100-year, and 500-year events using HEC-HMS and a coupled 1d/2d HEC-RAS 
model.  The resultant inundations are presented in Exhibits 9, 10, and 11 of the report. 

The analysis and supporting hydrologic and hydraulic modeling were performed in consideration of the 
Galveston County Drainage District Number Two (District) criteria, which currently defers to the 
methodology described in the Harris County Flood Control District’s Policy Criteria & Procedure Manual 
(PCPM), dated July 2019.  This version of the PCPM includes updates to consider ATLAS 14 rainfall, and as 
such the study includes recognition of ATLAS 14 rainfall. 

The hydraulic modeling includes a coupled 1d/2d model.  The models were developed in consideration of 
guidance by the U.S. Army Corps of Engineers Hydrologic Engineering Center (HEC) and the Harris County 
Flood Control District’s Two-Dimensional Modeling Guidelines.   

The study is based on current land use and channel conditions, and also considers currently planned and 
imminent developments.  Specifically, the proposed Willowood Subdivision, a 118-acre proposed single 
family residential development adjacent to and between Ditch 7A and Ditch 7B that includes four 
detention basins, is included in the evaluation.  The floodplain modeling and mapping of Ditch 7A and 
Ditch 7B described herein have been prepared for the District as part of the development evaluation.  The 
Drainage Impact Analysis for Willowood Subdivision is prepared under a separate report. 

This report and supporting models will be submitted to Galveston County Drainage District Number Two 
(District) for their consideration and potential adoption.    
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2.0 Introduction 
The Ditch 7 watershed is one of the nine watersheds within the boundaries and jurisdiction of Galveston 
County Drainage District Number Two (District).  The Ditch 7 system consists of several ditches, with the 
main ditches being two major forks of Ditch 7 known as Ditch 7A and Ditch 7B along with Ditch 7 as it 
drains to Moses Lake.  To date, there are no known hydrologic and hydraulic studies of Ditch 7, Ditch 7A, 
and Ditch 7B.  This report describes and summarizes a study conducted using HEC-HMS and HEC-RAS to 
determine peak flowrates and inundations along these ditches.  The HEC-RAS model utilized a combined 
one-dimensional/two-dimensional (1d/2d) model, with the channels modeled using the 1d regime and 
the overbank and overflow areas modeled using a 2d regime.   

2.1 Description of Project Area 
The Ditch 7 watershed is mostly within the City of Texas City, however a southern portion of the watershed 
is within the City of La Marque.   Ditch 7, Ditch 7A, and Ditch 7B are all located within the City of Texas 
City.  Exhibit 1 depicts the location of the Ditch 7 watershed and the primary ditches.  The District’s 
Watershed Map is provided as Attachment 1.  The hydrologic study considers the portion of the watershed 
upstream of Loop 197 North (25th Avenue).  There is a small portion of the watershed downstream of Loop 
197 North, however this area is dominated by the tidal influence of Moses Lake and has a negligible 
influence on flood flows and flood elevations.      

Exhibit 2 provides an aerial photograph of the Ditch 7 watershed from the District Map.  The upper half 
of the watershed is developed, with the development consisting primarily of residential neighborhoods 
along with some multi-family and commercial areas along the main corridors.  The lower half is mostly 
undeveloped, with the development consisting of the major transportation corridors along with 
intermittent industrial, commercial, and residential development. According to the District map, the 
watershed drains an area of 2.91 square miles at Loop 197 North. 

There major roadways in the watershed are Loop 197 North, State Highway 146, FM 1764, State 
Highway 3, and FM 1765.  FM 1765 forms the boundary between the Cities of Texas City and La Marque.  
There is a Union Pacific Rail Line that runs generally parallel and west of State Highway 146. 

Exhibit 2 also depicts the limit of the channel study.  Ditch 7A and Ditch 7B are both studied from State 
Highway 3 downstream to their confluence with Ditch 7.  Ditch 7 is studied downstream to Loop 197 
North.  Although the hydrologic calculations for Ditch 7 terminate at Loop 197 North, the HEC-RAS study 
was continued a short distance downstream into Moses Lake to capture the influence of the Loop 197 
North crossing. 

2.2  FEMA Special Flood Hazard Areas  
According to FEMA Flood Insurance Rate Map (FIRM) Panel No. 48167C0265G, dated August 15, 2019, the 
watershed is entirely in the Shaded Zone “X”, which represents areas subject to flooding from a 0.2% 
annual probability event (also known as the 500-year event).  A portion of the area is also in the Zone AE 
floodplain, which represents areas subject to inundation from the 1% annual probability event (also 
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known as the 100-year event) that have computed Base Flood Elevations.  Exhibit 3 depicts these Special 
Flood Hazard Areas.   

Based on a review of the FIRM Panel and FEMA’s Flood Insurance Study, Galveston County and 
Incorporated Areas, dated August 15, 2019, the inundation depicted on the FIRM is from coastal surge 
flooding and does not represent riverine flooding from rainfall in the watershed.  The coastal elevations 
are computed along transect lines which are shown on the exhibit.  The 100-year coastal surge elevation 
is shown as a Base Flood Elevation on the FIRM Panel and is also shown, as elevation 5.0, on Exhibit 2.  
Transect Line 86 runs through the project area.  The 100-year coastal surge elevation is 5.0.  Based on a 
profile presented in the Flood Insurance Study and the 500-year coastal surge elevation is between 
elevation 15.0 and 17.0 within the Ditch 7 watershed.   

The information provided on the FIRM panels and within the Flood Insurance Study confirms that Ditch 7 
and its tributaries are not FEMA studied streams.  

2.3 Elevation Data 
All source elevation data and all elevations cited in this report are in feet above Mean Sea Level based on 
the 1988 North American Vertical Datum (NAVD 88). 

Elevation data for this analysis is a blend of the Upper Coastal Lidar data acquired by a partnership 
between the Texas Water Development Board, Houston-Galveston Area Council, and United States 
Geologic Survey in 2018; and survey data acquired by Costello, Inc. (now part of Pape Dawson) in the fall 
of 2023.   

The lidar data was utilized for most of the elevation data, including overland areas and portions of the 
channel cross sections.  The survey data was used to augment the lidar data in consideration of the 
limitations of the lidar data – specifically the capture of specific details and elevations associated with 
bridge and culvert crossings and the capture of bathymetry in areas where the lidar was unable to 
penetrate a water surface.   

The survey included incremental channel cross sections along Ditch 7, Ditch 7A, and Ditch 7B, including 
elevations below the water surface.  The locations of these sections are shown on Exhibit 4.  These cross 
sections were utilized to develop a TIN and subsequent digital elevation model using ArcGIS software.  
There are software limitations to this method, however the resultant digital elevation model (DEM) was 
accurate at the location of the cross sections – and was used to develop a one-dimensional HEC-RAS 
geometry for the surveyed channel.  Within HEC-RAS, RAS Mapper was utilized to convert the one-
dimensional geometry into a DEM for the surveyed channel.  This channel DEM was then merged with the 
lidar DEM to develop an integrated surface that considers the bathymetry along the channels.   

 Exhibit 5 depicts the resultant blended DEM.  This elevation data was incorporated into the HEC-RAS 
model and was also used in the verification and determination of drainage boundaries and in the 
computation of hydrologic parameters (see Section 3.0).   
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3.0 Hydrology 
Hydrographs were developed for each of the subareas in accordance with the methodology described in 
the Harris County Flood Control District’s Policy Criteria & Procedure Manual (PCPM), dated July 2019, as 
the Galveston County Drainage District Number Two criteria defers to the Harris County Flood Control 
District Criteria until Galveston County releases an updated Drainage Criteria Manual.   

3.1 Watershed Boundary and Drainage Sub-watersheds 
The watershed boundary from the District map was reviewed in consideration of the Lidar topography 
and drainage infrastructure, and portions of the boundary were amended to reflect ground conditions.  
Based on the revised drainage determination, the total drainage area is computed to be 3.22 square miles, 
which is 0.31 square miles greater than the watershed area depicted on the District map (of this 
approximately 0.10 square miles is due to extending the downstream boundary slightly downstream).  The 
District and updated drainage area boundaries are depicted in Exhibit 6.   

The watershed was further subdivided into six sub-watershed areas to facilitate the hydrologic analysis.  
This includes three sub-watersheds that drain to Ditch 7A (sub-watersheds 7A1, 7A2, and 7A3), four sub-
watersheds to Ditch 7B (sub-watersheds 7B1, 7B2, 7B3, and 7B4) and a single sub-watershed to Ditch 7 
(Sub-watershed 7).  These sub-watersheds are also depicted on Exhibit 6.  The Ditch 7 watershed drains a 
total of 3.22 square miles.  Ditch 7A drains 0.84 square miles, and Ditch 7B drains 1.88 square miles. 

3.2 Hydrologic Methodology 
The Harris County Flood Control District legacy hydrology uses the Clark Unit Hydrograph methodology 
and the Green and Ampt loss method to compute runoff hydrographs for a 24-hour ATLAS 14 based 
hypothetical event.  The Clark Unit Hydrograph utilizes two parameters, Time of Concentration (TC) and 
Storage (R) to define the shape of the hydrograph.  Historically, the Flood Control District’s empirically 
developed Clark Unit Hydrograph equations were utilized to develop the Clark TC and R parameters.   
Recently, the Flood Control District has shifted to a different method, the Basin Development Factor, to 
develop Clark Unit Hydrograph parameters.  Both of these methods were developed from the evaluation 
of gauge data, and the Flood Control District notes that neither method is appropriate for sub-watersheds 
less than one square mile in area.   

For drainage areas between 50 acres and 640 acres (one square mile), the PCPM recommends the use of 
the Flood Control District’s Site Runoff Curves.  These curves compute the peak flowrate based on the 
drainage area and percentage of impervious cover and have been updated in consideration of ATLAS 14 
rainfall. The curves are described in Section 3.3 of the PCPM and presented graphically for the 2-year, 10-
year, 100-year, and 500-year events in Exhibits 3-1, 3-2, 3-3, and 3-4 of the PCPM.  They can also be 
developed using the following equation: 
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Q = bAm 

   Where Q =  peak flowrates (cfs) 
    A =  drainage area (acres) 
    m =  1.0 for A = 1-20, 0.786 for A = 20-640 
    b =  variable dependent on impervious cover, see Table 1 

 
Table 1: Harris County Flood Control District Site Runoff Curves 

Determination of “b” Parameter 
Impervious 

Cover 
2-Year 10-Year 100-Year 500-Year 

≤ 20 Ac > 20 Ac ≤ 20 Ac > 20 Ac ≤ 20 Ac > 20 Ac ≤ 20 Ac > 20 Ac 
0% 0.7 1.4 1.3 2.4 2.4 4.6 3.6 6.8 

10% 0.9 1.8 1.6 3.0 2.9 5.5 4.3 8.1 
20% 1.2 2.2 1.9 3.6 3.4 6.5 5.0 9.5 
30% 1.4 2.7 2.3 4.4 4.1 7.7 5.8 11.0 
40% 1.7 3.3 2.8 5.2 4.7 8.9 6.6 12.6 
85% 2.3 4.3 3.5 6.6 5.7 10.9 8.0 15.1 

Note:  Apply linear interpolation between b value with the 85% impervious cover value the maximum 

Runoff hydrographs were computed for the 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year 
events using the software package HEC-HMS version 4.11.  The primary inputs for the HEC-HMS model 
are the precipitation, runoff losses, and unit hydrograph parameters.  The following sub-sections describe 
the determination of the input parameters and the HEC-HMS hydrologic modeling. 

3.2.1 Land Use and Peak Flowrates (Site Runoff Curves) 

Exhibit 7 shows the sub-watershed delineations along with the land use and longest flowpath for each 
sub-watershed.  The sub-watersheds determined for the Ditch 7 watershed are all less than one square 
mile in size, therefore the Site Runoff Curves were utilized to determine the peak flowrates.  The land use 
was determined from aerial photographs and the proposed development plans for the Willowood 
Subdivision.  The land use was used to determine the percentage impervious for each of the sub-
watersheds using the assumed impervious cover values presented in Table 2. 

Table 2: Land Use vs. Impervious Cover 
Land Use Impervious 
Woods 0% 
Grass/Range 0% 
Road Right-of-Way 80% 
Greenspace 15% 
Water 100% 
Subdivision - 1 Ac Lots 25% 
Subdivision - 1/6 Ac Lots 40% 
Multi-Family 85% 
Commerical 85% 
Industrial 65% 
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3.2.2 Precipitation 

The Criteria Manual provides precipitation data based on the NOAA TP-40 report from 1961, however this 
has been superseded and replaced by the NOAA ATLAS-14 rainfall data published in 2018.  Table 3 
summarizes the NOAA ATLAS 14 point rainfall precipitation estimate, which was obtained from the 
National Weather Service ATLAS 14 online Precipitation Frequency Data Server for a location (Latitude: 
29.3907o, Longitude: -94.9717o) at the center of the Ditch 7 watershed. 

Table 3: NOAA ATLAS 14 Precipitation 
Duration Point Rainfall (inches) 

5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 500-Yr 
5 min 0.755 0.866 1.07 1.22 1.37 1.75 
10 min 1.20 1.41 1.70 1.94 2.18 2.76 
15 min 1.52 1.78 2.14 2.42 2.72 3.58 
30 min 2.17 2.53 3.03 3.42 3.83 4.95 
1 hr 2.91 3.42 4.13 4.68 5.27 6.98 
2 hr 3.77 4.54 5.68 6.6 7.64 10.6 
3 hr 4.32 5.30 6.76 7.99 9.39 13.3 
6 hr 5.28 6.60 8.62 10.4 12.4 18.1 
12 hr 6.27 7.89 10.4 12.5 15.0 22.5 
24 hr 7.31 9.22 12.2 14.7 17.7 26.9 

 

3.2.3 Loss Parameters 

The Green and Ampt method was utilized to determine rainfall losses due to ground infiltration, 
evaporation, depression storage, and other mechanisms.  While the PCPM is silent on the selection of the 
loss methodology, the Flood Control District has utilized the Green and Ampt method since the Tropical 
Storm Allison Recovery Project in the early 2000’s.  Green and Ampt loss function is an empirical method 
that determines an initial loss (or initial abstraction) and then a cumulative loss over time.   

The input parameters utilized in this study are taken from the methodology described in the Dickinson 
Bayou Watershed, Regional Drainage Plan, Drainage Criteria Manua, dated August 1992. The 
parameters are described below: 
 

Initial Deficit (DTHETA): Also known as the “soil moisture deficit”, the difference between the maximum 
amount of moisture which a soil can hold and the given amount of moisture present in the soil at any given 
time.  Expressed as a ratio. Dickinson Bayou Value:  DTHETA = 0.36 

Suction (PSIF):  Also known as “wetting front suction” and represents the capillary suction which draws 
water into the soil, measured at the wetting front, or the limit of penetration of water into the soil.  The 
wetting front separates wet soil from the dry soil.  Expressed in inches.  Dickinson Bayou Value:  PSIF = 
11.20 in 

Conductivity (XKSAT): hydraulic conductivity of saturated soil, the ratio of the rate of flow of water through 
a soil to the energy gradient causing that flow.  Hydraulic conductivity is a measure of soil permeability.  
Expressed in inches per hour.  Dickinson Bayou Value:  XKSAT = 0.02 in/hr 

Impervious Cover:  The percentage of impervious cover in the sub-watershed, see Table 5.  
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3.2.3 Clark Unit Hydrograph Parameters and Peak Sub-WatershedFlowrates 

Clark Unit Hydrograph parameters TC and R are used to determine the shape of hydrographs given the 
contributing drainage area and excess runoff (precipitation less rainfall infiltration and other losses).  
These parameters are defined as follows: 

Time of Concentration (TC): The time required for storm runoff to flow from the most remote point in a 
subarea to the outlet point, in hours. 

Watershed Storage Coefficient (R): Indicator of the available stormwater storage volume within a 
watershed, in hours.  This storage volume may be provided in depressions or low areas, ponds, or in the 
channel and flood plain of the stream under consideration.  The relative amount of storage volume within 
a watershed varies directly with the storage coefficient, i.e., the higher the storage coefficient, the greater 
the storage volume.   

 For this study, the time of concentration (TC) was determined based on the travel time along the longest 
flowpath in the sub-watershed. The NRCS TR-55 methodology was applied, which calls for the 
determination of travel time associated with sheet flow, shallow concentrated flow, pipe flow, and 
channel flow.  Table 4 summarizes the TC for each of the sub-watersheds. 

Table 4: Time of Concentration (Clark Parameter TC)  
Subarea 7A1 7A2 7A3 7B1 7B2 7B3 7B4 70 

Sheet Flow 
Length (ft) 300 130 190 300 300 250 300 300 

Surface Woods Range Woods Range Range Range Range Range 

N 0.40 0.13 0.40 0.13 0.13 0.13 0.27 0.40 

Slope (ft/ft) 0.0020 0.0050 0.0074 0.0033 0.0020 0.0020 0.0020 0.0067 

2-Yr 24-Hr Precip (in) 5.32 5.32 5.32 5.32 5.32 5.32 5.32 5.32 

Travel Time (min) 100.7 14.6 41.5 33.4 41.0 28.0 73.6 62.2 

Shallow Concentrated Flow 
Length (ft) 1920 1190 4010 4490 1360 1250 4060 920 

Surface Unpaved Paved Unpaved Unpaved Unpaved Unpaved Unpaved Unpaved 

Slope (ft/ft) 0.0032 0.0050 0.0020 0.0021 0.0020 0.0020 0.0020 0.0024 

Velocity (fps) 0.92 1.44 0.72 0.75 0.72 0.72 0.72 0.79 

Travel Time (min) 34.9 13.8 92.6 100.3 31.4 28.9 93.8 19.4 

Ditch Flow 
Length 1690  5740 1430 2580  3750 5850 

Slope (ft/ft) 0.0012  0.0003 0.0028 0.0004  0.0001 0.0009 

Velocity (fps) 2  2 2 2  2 2 

Travel Time (min) 14.1  47.8 11.9 21.5  31.3 48.8 

Time of Concentration (TC) 

Tc (min) 149.7 28.4 182.0 145.6 93.9 56.9 198.6 130.4 

TC (hr) 2.50 0.47 3.03 2.43 1.57 0.95 3.31 2.17 

 

The value for TC, along with the drainage area, Green and Ampt parameters, and ATLAS 14 precipitation 
were input in HEC-HMS.  initial values for the Clark Unit Hydrograph value R were assumed for each sub-
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watershed.  A 100-year even was executed, and the R value was then adjusted until the HEC-HMS 
simulation returned 100-year peak flowrates that matched the peak flowrates computed using the Site 
Runoff Curves.  The resultant TC and R values were applied for all frequencies.   

Table 5 summarizes the TC and R values and supporting parameters.  Table 6 presents the computed peak 
flowrates for each sub-watershed for the 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year 
events, and also presents a comparison of the 10-year and 100-year events using the Site Runoff Curves. 

Table 5: HCFCD Site Runoff Curves and Clark Unit Hydrograph Parameters 

Subarea HCFCD Site Runoff Curves Clark Unit 
Hydrograph 

Name Area 
(acres) 

Area 
(sm) 

% 
Impervious b10 b100 m 10-Yr   

(cfs) 
100-Yr 

(cfs) 
TC         

(hr) 
R           

(hr) 
7A1 139.4 0.2178 25.4% 4.03 7.14 0.786 195.2 346.1 2.50 2.186 

7A2 69.7 0.1089 37.0% 4.96 8.54 0.786 139.3 239.9 0.47 1.416 

7A3 330.8 0.5169 15.2% 3.31 6.02 0.786 316.3 575.0 3.03 4.240 

7B1 514.2 0.8034 42.6% 5.28 9.01 0.786 713.8 1218.7 2.43 2.476 

7B2 243.0 0.3797 31.6% 4.53 7.90 0.786 339.9 592.4 1.57 2.514 

7B3 75.4 0.1178 42.1% 5.27 8.99 0.786 157.4 268.9 0.95 1.240 

7B4 368.3 0.5755 13.2% 3.19 5.82 0.786 332.2 605.7 3.31 4.600 

70 319.3 0.4989 26.3% 4.11 7.26 0.786 381.6 674.7 2.17 3.153 

 

Table 6: Computed Subarea Peak Flowrates  

Subarea 
Peak Flowrate (cfs) Difference from Site 

Runoff Curves (cfs) 

5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 500-Yr 10-Yr 100-Yr 

7A1 155.1 192.3 247.6 293.8 346.1 495.1 -2.9 0.0 

7A2 119.0 143.6 179.2 208.0 239.9 330.9 4.3 0.0 

7A3 242.2 305.8 401.8 482.6 575.0 842.1 -10.5 0.0 

7B1 547.3 677.5 871.9 1034.4 1218.8 1745.6 -36.3 0.1 

7B2 270.9 333.9 427.5 504.7 592.4 844.3 -6.0 0.0 

7B3 133.3 160.9 200.7 233.1 268.9 371.3 3.5 0.0 

7B4 252.2 319.5 421.3 507.3 605.7 890.7 -12.7 0.0 

70 297.5 370.6 479.9 571.0 674.7 973.2 -11.0 0.0 
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4.0 Hydraulic Analysis (Combined 1D/2D HEC-RAS) 
A coupled 1d/2d unsteady flow HEC-RAS model was utilized to compute peak flowrates and inundations 
for the 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year events.  The hydrographs described in 
Section 3.0 were introduced into HEC-RAS as boundary conditions.  The physical channel network, bridges 
and culverts, and overland flow areas are described in the geometry.  This section describes the HEC-RAS 
model development.   

4.1 Geometry Data 
Exhibit 8 presents a schematic of the HEC-RAS model.  The model uses a one-dimensional flow regime to 
model flow within the channels, including areas within the channel banks and the near overbank extents.  
The two-dimensional regime was utilized to model the overbank areas away from the channel.  The two-
dimensional model component was selected because of potential overflows between Ditch 7A and 
Ditch 7B.   

4.1.1 Channel Cross Sections 

Channel cross sections were developed for HEC-RAS along Ditch 7, Ditch 7A, and Ditch 7B from RAS 
Mapper using the terrain model from the hybrid lidar and surveyed bathymetery.  RAS Mapper was used 
to compute reach lengths along the main channel.  The main overbank areas were modeled in the two-
dimensional regime, although there are some small overbank areas within the one-dimensional regime 
that are reflected in the cross sections.  The overbank areas are near to the main channel section, and 
therefore the channel reach length was also used for the right overbank and left overbank reach lengths.   

The channels modeled in this study are all subject to maintenance and in good condition.  For Ditch 7A, a 
Manning’s “n” value of 0.04 was used to reflect the maintained condition of the trapezoidal channel.  Ditch 
7 and Ditch 7B have larger tidal areas that lack vegetation, and therefore the Manning’s “n” value was 
decreased slightly relative to Ditch 7A.  For these channels, an “n” value of 0.035 was assigned for the 
main channel.  For all channels, an overbank “n” value of 0.05 was used.  These values were only applied 
in locations proximate to the channel cross section that are typically well maintained as most of the 
overbank areas are modeled in the two-dimensional regime.     

The confluence of Ditch 7A and Ditch 7B was modeled as a storage area.  This is a more stable method 
than the HEC-RAS junction and returns similar results.  A small storage area was determined and a stage 
vs. storage relationship was developed from the hybrid terrain data. 

4.1.2 Bridges and Culverts 

The roadway, railroad, and canal crossings were modeled using survey data obtained from the Costello 
survey with some augmentation with lidar data (to confirm top of road elevations).  Table 3 lists the 
bridges and culverts in the model.  The survey data did not capture information for the box culverts at 
Loop 197 North along Ditch 7 or at Oak Street (the very upstream portion of Ditch 7A and 7B).  The 
crossings are generally at the modeling boundaries and were estimated from field visits, online imagery, 
and lidar data.  Any inaccuracies from this are negligible to model results.   
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There are a few small pipeline crossings along Ditch 7B and one along Ditch 7.  These were not introduced 
into the model, as their overall impact is negligible.   

Table 4: Bridge and Culvert Crossing 
Channel Station Crossing Description Data Source* 

Ditch 7 1585 Loop 197 North (25th St N) 3 – 10’ x 9’ Concrete Box Culverts 1,3,4 

Ditch 7 2827 SH 146 NB Access Rd 3-Span Bridge 1,2,3,4 

Ditch 7 2975 SH 147 Mainlanes 3-Span Bridge 1,2,3,4 

Ditch 7 3122 SH 146 SB Access Rd 3-Span Bridge 1,2,3,4 

Ditch 7 4279 Union Pacific RR 3-Span RR Bridge 1,2,3,4 

Ditch 7A 3258 GCWA Canal 2 - 60” Reinforced Concrete Pipes 1,2,3,4 

Ditch 7A 3773 Unnamed Crossing 1 - 72” Steel Culvert  1,2,3,4 

Ditch 7A 5565 FM 1764 Emmett Lowry Expwy 3 – 5’ x 6’ Concrete Box Culverts 1,2,3,4 

Ditch 7A 7941 Unnamed Crossing 2 – 48” Corrugated Metal Pipes 1,2,3,4 

Ditch 7A 10376 Oak St 1 – 60” Steel Culvert  

Ditch 7B 3400 FM 1764 Emmett Lowry Expwy WB Access Rd 3-Span Bridge 1,2,3,4 

Ditch 7B 3550 FM 1764 Emmett Lowry Expwy Mainlanes 3-Span Bridge 1,2,3,4 

Ditch 7B 3700 FM 1764 Emmet Lowry Expwy EB Access Rd 3-Span Bridge 1,2,3,4 

Ditch 7B 5406 N. Pine Rd 3-Span Bridge 1,2,3,4 

Ditch 7B 6801 5th Ave North 2-Span Bridge 1,2,3,4 

Ditch 7B 9434 Oak St 3 – 10’ x 10’ Concrete Box Culverts 1,3,4 

*1-Lidar  2-Costello Survey  3-Online Imagery  4-Field Observation 

 

4.1.3 Two-Dimensional Flow Areas 

The overbank areas were modeled in the two-dimensional regime.  HEC-RAS 2D Areas were delineated 
and a mesh was defined on 80-foot spacings.  Breaklines were established and enforced at high points in 
the terrain to prevent flow from “leaking” between cells.  Table 5 lists the three 2D Areas. 

Table 5: HEC-RAS 2D Areas 
2D Area Description 

East_2d Area in the east overbank area of Ditch 7 and Ditch 7B 

West_2d Area in the west overbank area of Ditch 7 and Ditch 7A 

Middle_2d Area between Ditch 7A and Ditch 7B 

 

A shapefile representing land use was developed and imported into the HEC-RAS model to establish 
Manning’s “n” values for the two-dimensional regime.  Exhibit 8 displays the land use assignments and 
the Manning’s “n” values.  Table 6 summarizes the Manning’s “n” values used for the two-dimensional 
area. 
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Table 6: Manning’s “n” Values – 2D Areas 

Land Use Manning’s “n” HCFCD 2d Modeling Guidelines 
(Range/Recommended) 

Commercial 0.03 0.02-0.06/0.031 
Grass 0.22 0.15-0.30/0.222 
Industrial 0.03 0.02-0.06/0.031 
Multi-Family 0.06 0.02-0.06/0.031 
Right-of-Way 0.02 0.02-0.06/0.031 
Subdivision 0.16 0.06-0.20/0.163 
Subdivision – Large Lot 0.18 0.06-0.20/0.184 
Woods 0.25 0.18-0.30/0.255 
HCFCD 2d Modeling Guidelines Land Categories: 1 – Developed High Intensity, 2 – Pasture/ Grasslands, 
3 – Developed Medium Intensity, 4 – Developed Low Intensity, 5 – Forest/Shrubs 

 
4.1.4 Lateral Weirs 

Lateral weirs were utilized to connect the one-dimensional and two-dimensional regimes.  There are 
spoil areas adjacent to the channel banks along much of the channel network, and the lateral weirs were 
generally aligned with the top of these spoil banks.  A weir coefficient of 0.50 was applied for the lateral 
weirs.   
 
There are two 48” storm pipes that collect runoff in a swale west of Willow Street just south of its 
intersection with 5th Avenue N.  These pipes run along the south side of 5th Avenue N to Ditch 7B and 
have been included in the modeling of the lateral weir along the west side of this portion of Ditch 7B. 
 
4.1.5 Willowood Subdivision and Detention Basins 

Willowood Subdivision is an ongoing 116-acre development in the center of the watershed located along 
and between Ditch 7A and Ditch 7B.  Four detention basins are proposed – two located along Ditch 7A 
(Pond 1 and Pond 2), one located along Ditch 7B (Pond 3), and a fourth located west of Willow Street 
(Pond 4) that will drain under Willow Street into Pond 3.  The land use in the hydrology includes the 
proposed development.  Additionally, fill will be placed in the developed areas to raise the lot areas above 
the 100-year flood levels (the high banks of the detention areas will also be elevated, however the high 
banks for the two basins in the Ditch  7B will be elevated but not above the 100-year flood elevation.   

Details of the Willowood Subdivision and its drainage features are descried in a separate report prepared 
by Burton Johnson Engineering, Inc. entitled Willowood Subdivision Drainage Impact Analysis, Galveston 
County Drainage District No. Two, City of Texas City, Texas.  The detention basins were modeled as storage 
areas.  Ponds 1, 2, and 3 were connected to the adjacent streams with lateral structures, while Pond 4 
was connected to Pond 3 using a storage area connection.  The stage vs. storage relationships for each 
basin along with the outfall structure are the same as those utilized in the Drainage Impact Analysis. 

4.1.6 Boundary Conditions 

Boundary Conditions utilized in the HEC-RAS model consist of the hydrographs computed in HEC-HMS and 
described in Section 3.0 as well as an internal 2D boundary condition upstream of a culvert that drains 
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areas east of Willow Street to Ditch 7B.  In addition, external 2D boundary conditions are defined at the 
perimeters of portions of the 2D Areas.  These external 2D boundary conditions are necessary to manage 
flow at the perimeter of the 2D flow areas.  Without a boundary condition, flow will consider the 
perimeter of the 2D area as a wall.   

The downstream boundary condition for the model is based on normal depth flow.  As noted in Section 
2.2 of this report, the project area is influenced by coastal elevations in Moses Lake and Galveston Bay.  
This analysis and subsequent mapping only considers the impact and inundation from riverine flooding 
resulting from a rainfall event over the area.  The analysis and mapping does not consider coastal flooding 
or a combined probability analysis.  While a combined analysis will provide a more accurate depiction fo 
flood risk, the riverine model prepared for this project is more appropriate for evaluating potential 
impacts from development and formulating riverine floor risk mitigation measures. 

The sub-watershed hydrographs were assigned to locations within the HEC-RAS model.  Most hydrograph 
assignments were prorated portions of the sub-watershed.  The prorations were determined by 
identifying subareas of each sub-watershed that define a smaller area to a channel reach or detention 
basin, and then developing a HEC-HMS model recognizing these subareas.  These prorate areas are 
illustrated in Exhibit 8.  The parent sub-watershed TC and R values were applied, however the actual 
impervious cover was computed for each subarea.  The HEC-HMS output includes the total runoff volume 
for each subarea.  The subarea volume was compared to the parent sub-watershed volume to develop 
the prorate percentage of flow.  Table 7 summarizes the determination of the pro-rate percentages for 
each sub-watershed subarea.   

Table 7: Sub-Watershed Hydrograph Prorata Calculation 
Subwatershed (Parent) Subwatershed Subarea (Child) Prorata 

Volume 
% 

Name Area    
(sm) 

Volume 
(ac-ft) 

Name Area (ac) Area 
(sm) 

% IMP Volume 
(ac-ft) 

7A1 0.2178 186.3 7A1_1 69.1 0.1079 42.1% 94.4 50.7% 
7A1 0.2178 186.3 7A1_2 33.3 0.0521 7.8% 43.5 23.3% 
7A1 0.2178 186.3 7A1_3 37.0 0.0578 9.8% 48.4 26.0% 
7A2 0.1089 94.6 7A2_1 18.4 0.0288 1.3% 23.8 25.2% 
7A2 0.1089 94.6 7A2_P1 24.9 0.0389 50.6% 34.4 36.4% 
7A2 0.1089 94.6 7A2_P2 26.3 0.0412 49.1% 36.4 38.5% 
7A3 0.5169 435.8 7A3_1 64.0 0.1000 47.3% 88.1 20.2% 
7A3 0.5169 435.8 7A3_2 266.8 0.4169 7.4% 347.7 79.8% 
7B1 0.8034 703.6 7B1 514.2 0.8034 42.6% 703.6 100.0% 
7B2 0.3797 323.6 7B2_1 177.9 0.2779 29.6% 239.1 73.9% 
7B2 0.3797 323.6 7B2_C 62.2 0.0972 37.0% 84.5 26.1% 
7B3 0.1178 107.2 7B3_1 13.4 0.0210 6.2% 17.5 16.3% 
7B3 0.1178 107.2 7B3_P3 24.7 0.0386 61.8% 34.7 32.4% 
7B3 0.1178 107.2 7B3_P4 40.2 0.0628 42.2% 55.0 51.3% 
7B4 0.5755 483.9 7B4_1 187.9 0.2936 16.4% 248.0 51.3% 
7B4 0.5755 483.9 7B4_2 180.4 0.2819 9.9% 235.9 48.7% 
70 0.4989 427.3 70_1 257.3 0.4021 31.2% 346.7 81.1% 
70 0.4989 427.3 70_2 62.0 0.0968 6.2% 80.6 18.9% 
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Table 8 summarizes the internal boundary conditions, which consist of the inflow hydrographs; and Table 
9 summarizes the external boundary conditions, which consists of normal depth flow.   

Table 8: Internal Boundary Conditions 
1D/2D HEC-RAS 

Location 
Type Sub-

watershed 
Subarea % of 

Subwatershed 
Hydrograph 

Ditch 7A 
1D 10400 Flow Hydrograph 7A1 7A1_1 50.7% 
1D 10297 - 8696 Uniform Lateral Inflow 7A1 7A1_2 23.3% 
1D 8597 Lateral Inflow 7A1 7A1_3 26.0% 
1D 8384 - 6917 Lateral Inflow 7A2 7A2_1 25.2% 
1D Pond 1 

 

Lateral Inflow 7A2 7A2_P1 36.4% 
1D Pond 2 Lateral Inflow 7A2 7A2_P2 38.5% 
1D 8531 - 6241 Uniform Lateral Inflow 7A3 7A3_1 20.2% 
1D 5317 - 667 Uniform Lateral Inflow 7A3 7A3_2 79.8% 
Ditch 7B 
1D 9477 Flow Hydrograph 7B1 7B1 100% 
1D 9225 – 7101 Uniform Lateral Inflow 7B2 7B2_1 73.9% 
2D Middle_L1: B20 Lateral Inflow 7B2 7B2_C 26.1% 
1D 6446 - 5771 Uniform Lateral Inflow 7B3 7B3_1 16.3% 
1D Pond 3 Lateral Inflow 7B3 7B3_P3 32.4% 
1D Pond 4 Lateral Inflow 7B3 7B3_P4 51.3% 
1D 5074 - 3832 Uniform Lateral Inflow 7B4 7B4_1 51.3% 
1D 3194 - 499 Uniform Lateral Inflow 7B4 7B4_1 48.7% 

Ditch 7 
1D 4313 - 1728 Uniform Lateral Inflow 70 70_1 81.1% 
1D 1419 - 528 Uniform Lateral Inflow 70 70-_2 18.9% 

 

Table 8: 2D Boundary Conditions (External) 
1D/2D HEC-RAS Location  Type Descriptive Location Slope 

(ft/ft) 

2D West_2d: West1  Normal Depth Northwest Perimeter  0.0005 
2D West_2d: DS_Left Normal Depth Left Overbank at Mouth 0.0005 
2D East_2d: East 1 Normal Depth Southeast Perimeter 0.0005 
2D East_2d: East 2 

 

Normal Depth East Perimeter 0.0005 
2D East_2d: DS_Right Normal Depth Right Overbank 0.0005 
1D Ditch 7: XS 328 Normal Depth Mouth of Ditch 7 0.0005 
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5.0 Results 
The resultant coupled 1d/2d HEC-RAS model was executed using HEC-RAS version 6.3.1.  The results are 
presented in this section.   

5.1 Inundation 
Exhibit 9 depicts the inundation for the 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year events.  
As the exhibit indicates, the inundation results in large floodplains.  There are overflows and out of bank 
flooding even during the 5-year event.  This inundation mapping, as well as the inundations presented in 
Exhibits 10 and 11 only reflect riverine flood risk and do not incorporate coastal flooding.   

Exhibit 10 shows the 100-year inundation shaded by the computed 100-year water surface elevation.   The 
map also includes 100-year elevation lines (similar to Base Flood Elevation lines on a FEMA Flood 
Insurance Rate Map).  Exhibit 11 shows a 100-year depth grid based on the 100-year riverine model.   

5.2 Computed Water Surface Elevations 
Table 9 presents the computed water surface elevations along Ditch 7, Ditch 7A, and Ditch 7B. These 
elevations are based on a normal depth downstream boundary condition and do not consider the 
influence of Galveston Bay, which has a 100-year elevation of 5.0.   

Table 9: 1D Computed Water Surface Elevations (Without Galveston Bay Influence) 

Stream RAS XS Computed Water Surface Elevation (ft, NAVD 88) Note 
5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 

Ditch 7 328 1.69 2.03 2.37 2.60 2.82 3.33 Moses Lake 
Ditch 7 528 1.79 2.12 2.47 2.70 2.92 3.42 

 

Ditch 7 766 1.97 2.31 2.66 2.89 3.11 3.63 
 

Ditch 7 1030 2.03 2.36 2.71 2.95 3.17 3.68 
 

Ditch 7 1272 2.04 2.37 2.71 2.95 3.16 3.66 
 

Ditch 7 1419 2.18 2.50 2.84 3.07 3.29 3.80 
 

Ditch 7 1543 2.14 2.46 2.79 3.01 3.21 3.72 
 

Ditch 7 1639 2.60 3.00 3.46 3.81 4.18 4.99 Loop 197 North 
Ditch 7 1728 2.66 3.08 3.54 3.91 4.30 5.11 

 

Ditch 7 1985 2.83 3.24 3.71 4.07 4.45 5.23 
 

Ditch 7 2269 3.01 3.41 3.86 4.22 4.59 5.36 
 

Ditch 7 2578 3.25 3.63 4.06 4.40 4.76 5.51 
 

Ditch 7 2795 3.43 3.82 4.25 4.58 4.93 5.66 
 

Ditch 7 2861 3.45 3.84 4.27 4.61 4.95 5.69 SH 146 NB Access Rd 
Ditch 7 2913 3.46 3.85 4.28 4.61 4.96 5.70 

 

Ditch 7 3041 3.49 3.88 4.31 4.64 4.99 5.72 SH 146 Mainlanes 
Ditch 7 3090 3.50 3.89 4.31 4.65 5.00 5.73 

 

Ditch 7 3163 3.51 3.90 4.32 4.66 5.01 5.74 SH 146 SB Access Rd 
Ditch 7 3247 3.51 3.90 4.32 4.66 5.01 5.74 

 

Ditch 7 3834 3.64 4.03 4.45 4.79 5.13 5.86 
 

Ditch 7 4025 3.73 4.11 4.53 4.87 5.20 5.92 
 

Ditch 7 4219 3.79 4.17 4.59 4.92 5.25 5.94 
 

Ditch 7 4232 3.80 4.17 4.59 4.92 5.25 5.94 
 

Ditch 7 4313 3.88 4.28 4.74 5.11 5.47 6.21 Union Pacific RR 
Ditch 7 4328 3.89 4.29 4.76 5.13 5.49 6.23 

 

Ditch 7A 10 3.89 4.29 4.76 5.13 5.49 6.23 Confluence Ditch 7 
Ditch 7A 667 4.11 4.49 4.89 5.23 5.56 6.28 
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Table 9: 1D Computed Water Surface Elevations (Without Galveston Bay Influence) 

Stream RAS XS Computed Water Surface Elevation (ft, NAVD 88) Note 
5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 

Ditch 7A 1397 4.31 4.67 5.06 5.36 5.68 6.37 
 

Ditch 7A 2061 4.48 4.82 5.19 5.47 5.77 6.44 
 

Ditch 7A 2858 4.71 5.03 5.38 5.63 5.89 6.54 
 

Ditch 7A 3161 4.81 5.12 5.45 5.69 5.94 6.57 
 

Ditch 7A 3360 5.81 6.15 6.51 6.75 6.96 7.59 GCWA Canal 
Ditch 7A 3428 5.84 6.17 6.53 6.76 6.97 7.59 

 

Ditch 7A 3645 5.87 6.20 6.55 6.78 6.99 7.60 
 

Ditch 7A 3746 5.88 6.21 6.56 6.79 6.99 7.61 
 

Ditch 7A 3801 6.56 6.75 6.94 7.07 7.20 7.68 Unnamed Crossing 
Ditch 7A 3879 6.56 6.75 6.93 7.07 7.20 7.68 

 

Ditch 7A 4523 6.60 6.79 6.97 7.10 7.23 7.72 
 

Ditch 7A 5245 6.64 6.82 7.01 7.15 7.28 7.79 
 

Ditch 7A 5313 6.64 6.83 7.01 7.15 7.29 7.79 
 

Ditch 7A 5351 6.64 6.83 7.01 7.15 7.29 7.80 
 

Ditch 7A 5765 6.77 6.97 7.15 7.27 7.40 7.86 FM 1764 
Ditch 7A 5994 6.79 6.99 7.18 7.31 7.44 7.88 

 

Ditch 7A 6241 6.84 7.06 7.27 7.41 7.56 8.01 
 

Ditch 7A 6531 6.88 7.13 7.38 7.53 7.71 8.19 
 

Ditch 7A 6917 6.92 7.18 7.46 7.62 7.80 8.30 
 

Ditch 7A 7417 7.09 7.40 7.70 7.88 8.06 8.56 
 

Ditch 7A 7879 7.17 7.50 7.81 7.99 8.17 8.66 
 

Ditch 7A 7920 7.19 7.52 7.84 8.01 8.19 8.68 
 

Ditch 7A 7968 8.14 8.75 9.13 9.31 9.45 9.77 Unnamed Crossing 
Ditch 7A 8024 8.15 8.76 9.13 9.30 9.44 9.77 

 

Ditch 7A 8187 8.16 8.78 9.15 9.32 9.45 9.76 
 

Ditch 7A 8384 8.20 8.82 9.22 9.40 9.54 9.87 
 

Ditch 7A 8597 8.24 8.87 9.28 9.47 9.63 9.97 
 

Ditch 7A 8696 8.25 8.88 9.29 9.48 9.64 9.98 
 

Ditch 7A 8878 8.27 8.90 9.31 9.51 9.67 10.01 
 

Ditch 7A 9071 8.29 8.92 9.35 9.55 9.71 10.07 
 

Ditch 7A 9304 8.33 8.96 9.39 9.60 9.78 10.16 
 

Ditch 7A 9540 8.54 9.18 9.66 9.91 10.15 10.66 
 

Ditch 7A 9731 8.56 9.20 9.68 9.95 10.19 10.71 
 

Ditch 7A 10029 8.62 9.25 9.75 10.02 10.27 10.82 
 

Ditch 7A 10297 8.71 9.33 9.83 10.12 10.38 10.95 
 

Ditch 7A 10332 8.71 9.33 9.83 10.10 10.37 10.93 
 

Ditch 7A 10396 9.88 10.48 11.34 12.05 13.00 118.95 Oak St 
Ditch 7A 10400 9.88 10.48 11.34 12.05 13.00 118.95 Study Limit 
Ditch 7B 109 3.89 4.29 4.76 5.13 5.49 6.23 Confluence Ditch 7 
Ditch 7B 499 4.05 4.45 4.92 5.29 5.65 6.35 

 

Ditch 7B 1230 4.22 4.61 5.09 5.45 5.81 6.48 
 

Ditch 7B 1784 4.31 4.71 5.19 5.55 5.90 6.56 
 

Ditch 7B 2517 4.46 4.86 5.36 5.72 6.06 6.71 
 

Ditch 7B 3194 4.58 4.97 5.48 5.84 6.16 6.79 
 

Ditch 7B 3354 4.60 4.99 5.51 5.88 6.20 6.83 
 

Ditch 7B 3441 4.63 5.04 5.58 5.97 6.31 7.01 FM 1764 WB Access Rd 
Ditch 7B 3494 4.64 5.04 5.59 5.97 6.32 7.03 

 

Ditch 7B 3638 4.66 5.07 5.62 6.02 6.37 7.09 FM 1764 Mainlanes 
Ditch 7B 3671 4.66 5.07 5.62 6.02 6.37 7.09 

 

Ditch 7B 3760 4.69 5.11 5.68 6.10 6.47 7.26 FM 1764 EB Access Rd 
Ditch 7B 3832 4.70 5.11 5.68 6.10 6.47 7.25 

 

Ditch 7B 4292 4.74 5.15 5.75 6.19 6.58 7.42 
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Table 9: 1D Computed Water Surface Elevations (Without Galveston Bay Influence) 

Stream RAS XS Computed Water Surface Elevation (ft, NAVD 88) Note 
5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 

Ditch 7B 4354 4.74 5.16 5.75 6.19 6.58 7.42 
 

Ditch 7B 4426 4.75 5.16 5.75 6.19 6.59 7.42 
 

Ditch 7B 4555 4.76 5.18 5.77 6.20 6.60 7.44 
 

Ditch 7B 4729 4.79 5.21 5.79 6.23 6.63 7.46 
 

Ditch 7B 4932 4.83 5.25 5.82 6.25 6.64 7.47 
 

Ditch 7B 5074 4.84 5.26 5.82 6.25 6.64 7.47 
 

Ditch 7B 5292 4.89 5.31 5.85 6.26 6.65 7.46 
 

Ditch 7B 5468 5.12 5.59 6.12 6.47 6.81 7.57 N. Pine Rd 
Ditch 7B 5771 5.13 5.61 6.15 6.49 6.84 7.58 

 

Ditch 7B 6446 5.25 5.72 6.26 6.55 6.87 7.59 
 

Ditch 7B 6730 5.31 5.77 6.27 6.53 6.85 7.58 
 

Ditch 7B 6867 5.54 6.07 6.59 6.85 7.15 7.83 5th Ave North 
Ditch 7B 7101 5.60 6.13 6.65 6.91 7.22 7.91 

 

Ditch 7B 7892 5.81 6.33 6.86 7.15 7.48 8.14 
 

Ditch 7B 8213 5.89 6.40 6.92 7.21 7.53 8.17 
 

Ditch 7B 8699 6.15 6.68 7.23 7.56 7.88 8.55 
 

Ditch 7B 9084 6.53 7.12 7.75 8.14 8.49 9.21 
 

Ditch 7B 9225 6.57 7.17 7.80 8.20 8.54 9.24 
 

Ditch 7B 9346 6.62 7.22 7.87 8.28 8.63 9.35 
 

Ditch 7B 9469 6.58 7.22 7.95 8.45 8.93 10.13 Oak St 
Ditch 7B 9477 6.57 7.20 7.92 8.41 8.88 10.06 Study Limit 

 

5.3 Peak Flowrates and Hydrographs 
Table 10 presents the computed peak flowrates along the one-dimensional reaches.  These flowrates only 
consider the flow in the one-dimensional regime.  Flow in the floodplain that is modeled in the two-
dimensional regime are not considered.   

Table 10: 1D Peak Flowrates  
Stream RAS XS Peak Flowrate (cfs) Note 

5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 
Ditch 7       1,189        1,248         1,409         1,594         1,728         1,856         2,180  Moses Lake 
Ditch 7       1,198        1,250         1,412         1,594         1,731         1,864         2,195  

 

Ditch 7       1,183        1,233         1,390         1,567         1,698         1,826         2,146  
 

Ditch 7       1,168        1,223         1,378         1,551         1,693         1,820         2,146  
 

Ditch 7       1,154        1,213         1,361         1,524         1,656         1,793         2,074  
 

Ditch 7       1,144        1,206         1,355         1,526         1,665         1,809         2,075  
 

Ditch 7       1,139        1,204         1,353         1,526         1,662         1,811         2,026  
 

Ditch 7       1,139        1,204         1,353         1,527         1,662         1,813         2,026  Loop 197 North 
Ditch 7       1,133        1,203         1,348         1,514         1,638         1,772         1,978  

 

Ditch 7       1,124        1,184         1,320         1,461         1,577         1,684         1,944  
 

Ditch 7       1,114        1,162         1,293         1,427         1,538         1,636         1,876  
 

Ditch 7       1,102        1,137         1,263         1,396         1,508         1,608         1,838  
 

Ditch 7       1,094        1,119         1,244         1,388         1,514         1,638         1,923  
 

Ditch 7       1,094        1,119         1,244         1,388         1,514         1,641         1,923  SH 146 NB Access Rd 
Ditch 7       1,096        1,116         1,240         1,385         1,515         1,636         1,909  

 

Ditch 7       1,096        1,116         1,240         1,385         1,515         1,636         1,909  SH 146 Mainlanes 
Ditch 7       1,094        1,109         1,231         1,373         1,502         1,625         1,905  

 

Ditch 7       1,094        1,109         1,231         1,373         1,502         1,625         1,905  SH 146 SB Access Rd 
Ditch 7       1,090        1,104         1,226         1,366         1,495         1,612         1,870  
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Table 10: 1D Peak Flowrates  
Stream RAS XS Peak Flowrate (cfs) Note 

5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 
Ditch 7       1,067        1,056         1,163         1,287         1,394         1,489         1,581  

 

Ditch 7       1,059        1,040         1,146         1,266         1,377         1,473         1,575  
 

Ditch 7       1,074        1,024         1,127         1,246         1,371         1,495         1,661  
 

Ditch 7       1,073        1,023         1,126         1,242         1,365         1,487         1,649  
 

Ditch 7       1,073        1,023         1,127         1,244         1,370         1,487         1,651  Union Pacific RR 
Ditch 7       1,074        1,023         1,128         1,248         1,376         1,493         1,664  

 

Ditch 7A          263           271            298            304            309            301            370  Confluence Ditch 7 
Ditch 7A          262           271            300            327            319            336            385  

 

Ditch 7A          240           241            265            287            285            290            299  
 

Ditch 7A          220           214            231            246            253            255            295  
 

Ditch 7A          197           182            190            197            200            195            210  
 

Ditch 7A          188           170            174            177            177            172            168  
 

Ditch 7A          188           170            175            177            178            175            177  GCWA Canal 
Ditch 7A          185           167            171            175            178            180            212  

 

Ditch 7A          177           155            154            153            153            157            196  
 

Ditch 7A          161           132            120            109            107            114            170  
 

Ditch 7A          161           132            121            109            108            115            171  Unnamed Crossing 
Ditch 7A          188           160            158            155            159            169            226  

 

Ditch 7A          170           143            153            170            192            219            325  
 

Ditch 7A          167           131            162            190            224            252            292  
 

Ditch 7A          170           134            168            201            240            273            322  
 

Ditch 7A          181           148            191            225            266            304            357  
 

Ditch 7A          181           149            191            242            269            308            364  FM 1764 
Ditch 7A          191           158            212            283            317            370            468  

 

Ditch 7A          186           158            213            285            323            372            480  
 

Ditch 7A          180           112            153            208            233            265            341  
 

Ditch 7A          172           128            164            201            220            236            281  
 

Ditch 7A          151           124            159            181            195            206            240  
 

Ditch 7A          142           123            161            192            210            223            268  
 

Ditch 7A          142           123            158            185            201            214            249  
 

Ditch 7A          142           126            162            190            206            219            251  Unnamed Crossing 
Ditch 7A          148           127            177            221            247            265            292  

 

Ditch 7A          138           131            174            232            265            293            353  
 

Ditch 7A          130           132            174            231            268            302            363  
 

Ditch 7A          149             98            129            172            200            228            275  
 

Ditch 7A          147             97            130            172            200            229            294  
 

Ditch 7A          118             95            128            171            203            238            318  
 

Ditch 7A          110             94            125            168            201            238            327  
 

Ditch 7A          105             91            122            164            198            233            323  
 

Ditch 7A            80             76            102            139            165            196            272  
 

Ditch 7A            76             75              99            135            161            190            269  
 

Ditch 7A            70             72              95            129            154            182            258  
 

Ditch 7A            64             70              92            124            148            174            247  
 

Ditch 7A            64             70              92            124            148            174            247  
 

Ditch 7A            64             79              97            126            149            175            247  Oak St 
Ditch 7A            64             79              97            126            149            175            247  Study Limit 
Ditch 7B          927           700            774            898            980         1,068         1,140  Confluence Ditch 7 
Ditch 7B          924           700            775            901            967         1,043         1,092  

 

Ditch 7B          896           670            742            873            931            982         1,098  
 

Ditch 7B          881           646            721            873            958            999         1,130  
 

Ditch 7B          836           614            682            814            901            942         1,062  
 

Ditch 7B          863           595            674            862         1,027         1,144         1,521  
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Table 10: 1D Peak Flowrates  
Stream RAS XS Peak Flowrate (cfs) Note 

5-Yr 10-Yr 25-Yr 50-YR 100-Yr 500-Yr 
Ditch 7B          862           596            675            862         1,031         1,167         1,541  

 

Ditch 7B          862           596            675            863         1,038         1,206         1,586  FM 1764 WB Access Rd 
Ditch 7B          864           597            676            863         1,039         1,208         1,587  

 

Ditch 7B          864           597            676            864         1,042         1,213         1,596  FM 1764 Mainlanes 
Ditch 7B          866           598            676            864         1,043         1,214         1,613  

 

Ditch 7B          866           598            676            864         1,045         1,222         1,636  FM 1764 EB Access Rd 
Ditch 7B          906           613            703            872         1,068         1,256         1,675  

 

Ditch 7B          864           562            639            664            713            773            843  
 

Ditch 7B          844           558            647            662            710            761            818  
 

Ditch 7B          868           570            664            689            740            800            868  
 

Ditch 7B          853           562            663            649            678            724            765  
 

Ditch 7B          837           546            644            612            605            620            619  
 

Ditch 7B          816           524            619            589            553            529            475  
 

Ditch 7B          826           526            627            610            578            554            523  
 

Ditch 7B          827           536            648            682            660            659            718  
 

Ditch 7B          827           544            651            783            732            705            740  N. Pine Rd 
Ditch 7B       1,011           639            692            785            637            583            633  

 

Ditch 7B          987           657            729            744            726            795         1,033  
 

Ditch 7B          975           663            731            913            957         1,053         1,267  
 

Ditch 7B          975           685            783            932         1,050         1,168         1,334  5th Ave North 
Ditch 7B          962           690            783            939         1,065         1,181         1,361  

 

Ditch 7B          924           669            771            926         1,055         1,174         1,427  
 

Ditch 7B          977           613            753            924         1,054         1,172         1,466  
 

Ditch 7B          975           601            744            922         1,065         1,187         1,494  
 

Ditch 7B          904           550            684            876         1,038         1,186         1,582  
 

Ditch 7B          891           542            673            864         1,026         1,202         1,676  
 

Ditch 7B          891           543            674            866         1,030         1,208         1,735  
 

Ditch 7B          891           542            674            869         1,032         1,214         1,744  Oak St 
Ditch 7B          891           542            674            868         1,032         1,215         1,744  Study Limit 

 

Exhibit 11 shows Hydrograph Computation lines that represent hydrographs computed across Profile 
Lines in RAS Mapper.  Four Hydrograph Computation Lines are identified along both Ditch 7A and Ditch 
7B, and three Hydrograph Computation Lines are identified along Ditch 7.  Exhibit 12 shows the 
hydrographs computed across the Hydrograph Computation Lines for the 5-year, 10-year, 25-year, 100-
year, and 500-year events.   
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Exhibit 5 - Topography and Digital Elevation Model

Study Channels
Elevation Contour
Ditch 7 Watershed
Roads

DEM
Elevation

High : 40
Low : -10



Di
tch

 7D

Ditch 7C

Ditch 7E

Ditch 7

Ditch
7A

Ditch 7B

7
6

5

-2

6

5

3

-1

3

2

9 8

86

7
5

5

2

8
6

54

8

3

14
13

9

7

6

4

7
5

4

3

7 6

8

4

8

4

8
4

18
16

17

16

15
13

14
11

109

8

6

5 4

8

5

6

4

6

4

5

4

6

4

14 12

11

7

8 7 9

8

9
6

8 6

76

6

5

8

5

7

5

7 5

6

5

7

6

75

7 4

6
4

5

3

5

4

6

5

6
3

6
5

5

4

4

0

1514

16

15

13

12

11

8

109

11

10

9 8

7

6

8 7

8

6

8
6

6
5

6

5

7
5

76

7

5
7

6

7 5

6

5

7

5

7

1

54

5

4

5

4

5

4

5 4

6
5

65

6 5

6

5

6
4

6

4

6
4

6
5

6 5

5

4

6

5

5

4

5
4

5 3

5

3

4 3

5
4

43

15
14

15 14

15

14 14
13

14

13

1312

11

10

10 8

9

8

98

9
8

9
8

9
8

9
8

9
7

9

7

8

7

87
7 6

7
6

7

6

76

7 6

7

2

6

5

6 5

6 5

6

5

6

5

6 5

6
5

6 5

65

6

5

65

6 4

6

3

5

4

5
4

5
4

5 4

5
4

5

4

5 4

5
4

5

4

53

4

3

4

3

4

3

4

3

37

13

12

30

27

7

21

9

8

2

1

4

1

0

-1

-2

-3

11

7

9

8

13
6

7

7

9
16

9

6

7

11

6

11

5

5 4
9

3

7
6

4

19

15

15

14

4

7

9

9

10

8

6

7
4

2

4

3

15
15

15

14

7

12

5

9

12

10

910

9

7

8

7

7

8

6

6

7

7

7

5

4

4

18

7

14

15

15

15

16

14

13

15

14
15

12

13

12 10

9

8

7

7

8

9

9

8

8

7

9

8

5

9

7

8

8

8

8

8

7

7

7

8

5

6

8

8

6

4

6

6

6

5

7

7

6

6

7

7

7

7

7

7

7

6

6

7

7

5

5

5

5

6

6

5

6

6

6

5

46

3

5

4

3

-3

26
12 12

16

5

17

17

11

16

16

15

15

15

15

1515

15

16

16

16

10
14

13

14

13

14

14
14

15

15
15

14
13

13

13

13

13

14

12

11

13

12

10

11

11

12

11

12
11

9

10

10

10

11

8

8

11

10

10

9
8

8

7

11
5

9

9

9

9

8

9

7

9

9

9

8

7

8

6

10

10

7

8

8

9
9

8

8

8

9

9

9

8

8
9

-1

7

9

3
97

7

7

6

6

8

7

7

7

7

8

8

8

8

8

7

8

8

8

8

8

8

8

5

6

6

6
6

6

6

6

6

7

7

66

6

6

6

6

7

7
7

7

7

7

7

7

7

7

7

7

7

7

6

7

7

7

7

6

5

6
5

6

4

7

4

6

6

7

5

4

5

7

4

5

5

5

5

5

4

6

5

5

6

5

6

5

5

6

6

5

5

6

5

6

6

6

6

5

5

6

4

5

5

3

5

5

6

6

5

4

4

4

4

4

5

4

3

4

5

4

5

5
5

5

5

4

5

4

3

5

5

4

5

3

3

4

4

4

5

5

5

3

3

2

5

3

3

4

4

4

3

2

-1

18

29

11

16

16

17

15

15

15

15

1516

15

15
15

15

16

16

15

16

11

14

14

14

14

14

14

14

14

14

14

15

15

1515

15

15

10

4

13
13

13

14

14

14

14

13

14

13

14

12
14

12

12

13

13

13

13

13

12

13

10

11

12

12

12

12

12

12

10

9

10

11

11

10

10

11

11

11

10
11

11

8

7

9

9 9

9

9

9

9

9

10

10

9
9 8

7

10

6

10

5

8

8

9

8

9

9

8

9

9

9

8

9

9

9

9

9

9

9

9

9

9

9

9

8

9

9

9

9

9

9

8

8

7

7
9

9

7
7

9

9 7

9

6

5

5

9

07
7

7

7

7

7

7

8
8

8

8

7

8
8

8

7

8

8

8
8

8

7

7

8

8

8

8

8

8

8

8

7

8

8

8

8

8

8

8

8
8

8

7
8

8

8

8

8

8

8

3

8

6

6

6

6

6

6

6

6

6

6

6

7

7

7

6

7

6
7

7

7

7

7

7

7

6

7

6

6

6

7

7

6

7

7

7

6

7

7

7

7

7

7

7

77 7

6

7

7

7

6

7
7

7

7

6

6

6 5
5

5

5

7

5

5

5

7

7

7

5

5

5

5

5

555

5

5

5

5

5

5

5

5

5

5

5

5

6

5

6

5

6

5

6

6

6

6

6

6

6

6

6

6

6

5

6

6

5

6

6

6

5

6

6

6

6

6

6

6

6

5

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

5

5

5

5

5

5

5

6

4

6

4

6

6

6

6

6

6

6

4

4

3

6

6

4

4

4

4

4

4
4

4

4

5

4

4

4

4

4

4

4

4

4

4

5

5

4

4

4

5

5

4

4

4

5

5

4

5

5

4

5

5

5

5

5

5

5

4

5

5

5

4

5

5

5

5

5

4

5

5

5

5

4

4

5

5

5

5

5

5

5

5

5

5

5

5

5

5 5

5

5

5

5

5

5

55

5

5

5

4

5
5

5

5

5

4

4

4

5

5

5

3

3

3

3

4

4
3

4

4

4

4

4

4 4

4

4 4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

3

3
3

3

4

4

-4

-5

3

3

3 3

3

3

3

3

3

-3

2

2

2

2

1

0

-2

-3

-2

16

16

15

14

12

11

9

9 9

9

8

8

8

8

7

7

7

7

7

7

6

66

6

6

6

6

6

6

5

5

5

5

5

5

5

5

5

5

5

5

5

5

4

4

4

44

4

4

4

4

3

3

7A2

7B2

7A3

7A1

7B1

70

7B4

7B3
7B3

.
0 1,500750

Feet

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2

Floodplain 
Modeling & 

Mapping

Exhibit 6 - Subarea Map
Ditch 7 Channels
Computed Drainage Area
GCDD No. 2 Drainage Area
Elevation Contour

GCDD No. 2 Drainage Areas are from
the District's Watershed Map, dated 
January, 2019.
Computed Drainage Areas are from 
evaluation of topography and drainage 
infrastructure.  The determination was
coordinated with and assisted by LJA
Engineering.

Subarea Area   
(ac)

Area 
(sm)

7A1 139.4 0.2178
7A2 69.7 0.1089
7A3 330.8 0.5169
7B1 514.2 0.8034
7B2 243.0 0.3797
7B3 75.4 0.1178
7B4 368.3 0.5755
70 319.3 0.4989

Total 2060.1 3.2189



Di
tch

 7D

Ditch 7C

Ditch 7E

Ditch 7

Ditch
7A

Ditch 7B

7A2

7B2

7A3

7A1

7B1

70

7B4

7B3
7B3

.
0 1,500750

Feet

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2

Floodplain 
Modeling & 

Mapping

Exhibit 7 - Hydrology
Longest Flowpath
Ditch 7 Channels
Subwatershed Areas

Land Use Map consideres the completed
construction of the Willowood Subdivision,
a proposed 116-Ac subdivision with four 
detention basins being planned at the time
of this study.

Land Use
Commerical

Grass

Greenspace

Industrial

Multi-Family

ROW

Subdivision

Subdivision - Large

Water

Woods

(acres) (sm) % Imp b10 b100 m 10-Yr   
(cfs)

100-Yr 
(cfs)

TC         
(hr)

R           
(hr) 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 500-Yr

7A1 139.4 0.2178 25.4% 4.03 7.14 0.786 195.2 346.1 2.50 2.186 155.1 192.3 247.6 293.8 346.1 495.1
7A2 69.7 0.1089 37.0% 4.96 8.54 0.786 139.3 239.9 0.47 1.416 119.0 143.6 179.2 208.0 239.9 330.9
7A3 330.8 0.5169 15.2% 3.31 6.02 0.786 316.3 575.0 3.03 4.240 242.2 305.8 401.8 482.6 575.0 842.1
7B1 514.2 0.8034 42.6% 5.28 9.01 0.786 713.8 1218.7 2.43 2.476 547.3 677.5 871.9 1034.4 1218.8 1745.6
7B2 243.0 0.3797 31.6% 4.53 7.90 0.786 339.9 592.4 1.57 2.514 270.9 333.9 427.5 504.7 592.4 844.3
7B3 75.4 0.1178 42.1% 5.27 8.99 0.786 157.4 268.9 0.95 1.240 133.3 160.9 200.7 233.1 268.9 371.3
7B4 368.3 0.5755 13.2% 3.19 5.82 0.786 332.2 605.7 3.31 4.600 252.2 319.5 421.3 507.3 605.7 890.7
70 319.3 0.4989 26.3% 4.11 7.26 0.786 381.6 674.7 2.17 3.153 297.5 370.6 479.9 571.0 674.7 973.2

Total 2060.1 3.2189 27.7%

HEC-HMS Computed Peak Flowrate (cfs)HCFCD Site Runoff Curves Clark Unit 
HydrographSubarea



2d Area:
East_2d

2d Area:
Middle_2d

2d Area:
Middle_L1

2d Area:
Middle_L2

2d Area:
West_2d

2d
Connection:

2d
Connection:

2d 
Co

nne
ctio

n:

2d Connection:

2d
 C

on
ne

cti
on

:

2d Connection:

2d 
Conn

ect
ion

:

BC: B
20

BC
: D

S_
Rig

ht

BC: DS_Left

BC: E
ast

2

BC: East1

BC: West1

LS: 6020
LS: 6728 LS : 5503

LS:4423

LS:
1981

LS: 4522

LS: 1980

LS:
6240

LS:
4291

LS: 42
90

LS: 6444

LS: 8595

LS: 4327
LS: 2515

LS: 4322

LS: 2516

LS:10330

LS
:

1 0
33

1

LS: 2856

LS: 2857

LS: 9345

LS
: 9

34
4

8187
8024

8384

37
46

7879

6531

10
02

9

10
29

7

6917 6241

53515765

5245

31
61

8878

5994

34
28

9071

8213

38
79

9084

97
31

9304

8597

9225

3645

8699

45
23

66
7

9346

28
58

139
7

10
40

0

95
40

5771

52
92

3760

6730
6867

2517

7101

20
61

5074

16391230

6446

3638

17
2840

25

499

17
84 1272

3194

54
68

3494

109

52825
78

22
69

1985 1419

4932

7892

4729
4426

10

4555
4292

32831
63

94
77

27
95

94
69

30
41

766

29
13

1030

7B1

70_1

7A1_1

7A1_2

7A1_3

7B2_1

7A2_17A2_P1
7A3_2

7B2_C

7B3_P3

7B3_1

70_2

7B4_2

7B4_1

7B3_P4

7A2_P2

7A3_1

7B3_P3

7A1_3

.
0 1,000500

Feet

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2

Floodplain 
Modeling & 

Mapping

Exhibit 8 - 1d/2d HEC-RAS Model

Subwatershed Subarea
XS
Lateral Structure
Channel
Bridge/Culvert 
2d Boundary Condition
2d Connection
Breaklines
2d Area Boundary
2d Cells

Manning's "n" Values
(2d Areas)

Commerical (0.03)

Grass (0.22)

Greenspace (0.22)

Industrial (0.03)

Multi-Family (0.06)

ROW (0.02)

Subdivision (0.16)

Subdivision - Large (0.18)

Water (0.02)

Woods (0.25)



FM 1764

Bayo
u

Bell

5th

Mentor

Cherry

29t
h

1st

34t
h

Phillips

FM 1765

Willo
w

25th

SL 197SH
 3

SH
14

6

BC
: D

S_
Rig

ht

BC: DS_Left

BC: E
ast

2

BC: East1

BC: West1

8187
8024

37
46

7879

6241

53515765

5245

31
61

5994

34
28

8213

7417

38
79

3645

66
7

45
23

2858

139
7

5771

5292

3760

6730

2517

7101

20
61

16391230

6446

3638

17
2840

25

499

17
84 1272

3194

54
68

3494

109

52825
78

22
69

1985 1419

7892

4932

10

4292

32831
63

27
9530
41

766

29
13

1030

9304

8699

East_2d

Middle_2d

West_2d .
0 1,000500

Feet

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2

Floodplain 
Modeling & 

Mapping

Exhibit 9 - Inundation Map

XS
Channel
2d Boundary Condition
Roads
2d_Area
5-Yr Inundation
10-Yr Inundation
25-Yr Inundation
50-Yr Inundation
100-Yr Inundation
500-Yr Inundation



Lincoln

FM 1764

Fer
guson

Ceda
rLa

ur
ell

Cherry

29t
h

Bayo
u

Mentor

Bell

5th

34t
h

Phillips

25th

1st

Willo
w

SL 197

FM 1765

SH
 3

SH
14

6

Ditch 7

Ditch 7B

Ditch 7A9

8

9 8

7

6

8

7

8

5

6

57

6

7

6

5

37

6

5

4

6

4

6

8

6

9

6

6

7

6

5

9

8

8
5 555

.
0 1,000500

Feet

Floodplain
Modeling &

Mapping

Exhibit 10 - 100-Yr Water Surface Elevations
100-Yr Flood Elev Line
Channel

100-Yr Flood
Elev (ft)High : 13.0

Low : 0.0

100-Yr Water Surface Elevation determined
in HEC-RAS without consideration of combined
probability of tidal flooding from Galveston Bay

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2



Lincoln

FM 1764

Fer
guson

Ceda
r

Cherry

La
ur

ell

29t
h

Mentor

Bayo
u

Bell

5th

Phillips

34t
h

25th

1st

Willo
w

SL 197

FM 1765

SH
 3

SH
 14

6

Ditch 7

Ditch 7B

Ditch 7A

Hy
dro

: 7
A_

31
61

Hydro: 7A_8597

Hy
dro

: 7
A_

10
29

7

Hy
dro

: 7
_2

57
8 Hydro: 7_1419

Hydro: 7B_9346

Hydro: 7A_5351

Hydro: 7B_2517

Hy
dro

: 7
_4

02
5

Hydro: 7B_7101

Hydro: 7B_3354

.
0 1,000500

Feet

Floodplain
Mapping &
Modeling

Exhibit 11 - 100-Yr Depth & Hydograph Lines

Hydrograph Lines
Channel

100-Yr Depth
0.0' - 0.5'
0.5' - 1.0'
1.0' - 1.5'
1.5' - 2.0'
2.0' - 2.5'
2.5' - 3.0'
3.0'  3.5'
3.5' - 4.0'
>4.0'

Depth grid reflects 100-yr riverine flood depths from
Coupled 1d/2d HEC-RAS model with a normal
depth downstream boundary condition. Inundation
and depths depcited to not consider influence of
flooding from Galveston Bay.  

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2



Floodplain
Modeling &

Mapping

Exhibit 12:  Hydrographs at Profile Lines

DIT
CH

 7 W
AT

ER
SH

ED
 ST

UD
Y

(DI
TC

H 7
, 7A

, &
 7B

)
Ga

lve
sto

n C
ou

nty
 DD

 No
. 2



  

  

 
 

 

 

 

 

 

 

 

 

 

Attachment 1 
Galveston County Drainage District No. 2 Watershed Map 
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1.0 Introduction 
Willowood Subdivision is a proposed 116-acre single-family subdivision located within the City of Texas 
City and within the boundary of Galveston County Drainage District Number Two (District).  This report 
summarizes and describes a drainage impact analysis for the proposed subdivision.  This analysis has been 
conducted in consideration of the District’s Design Criteria Guidance.  This report considers the ultimate 
configuration of the proposed development in Section 2.0 and an initial phase of development referred 
to in this report as Phase One and is described in Section 4.0 (This initial phase consists of approximately 
82.5 acres.   

1.1 Description of Project Area 
The Willowood Subdivision project is located on currently undeveloped properties generally south of the 
Emmett F. Lowry Expressway (FM 1764) and east of Highway 3.  The location of the site is depicted in 
Exhibit 1.  The project is entirely within the District’s Ditch 7 system and is between Ditch 7A and Ditch 7B.  
These two ditches join to create Ditch 7 north of FM 1764.  This confluence is approximately one mile 
downstream of the project.  Ditch 7 then extends a short distance into Moses Lake.  

Exhibit 2 provides an aerial photograph of the proposed development area.  The project area is mostly 
undeveloped grassed areas with some intermittent wooded areas.  The project is bisected by Willow 
Street (some maps label it as Phillips Street) a City of Texas City roadway that runs north-south through 
the site.  The western portion of the north perimeter of the site is adjacent to the alignment of Ditch 7A, 
and the southeast perimeter of the site is along Ditch 7B.  Small areas of the property are on the opposite 
(east) side of Ditch 7B.  No development activity is proposed for these small tracts.  A portion of the 
property east of Willow Street is bounded on the south by 5th Street.  The remainder of the project to the 
south is bounded by older residential subdivisions, and portions to the north are adjacent to undeveloped 
property and an oil and gas facility.  

There is a gravel farm road through the property.  This road is labeled on maps as Roberts Road, as it is an 
extension of Roberts Road in the adjacent subdivision.  This road is private and now owned or maintained 
by the City of Texas City.  

1.2  FEMA Special Flood Hazard Areas  
According to FEMA Flood Insurance Rate Map (FIRM) Panel No. 48167C0265G, dated August 15, 2019, the 
watershed is entirely in the Shaded Zone “X”, which represents areas subject to flooding from a 0.2% 
annual probability event (also known as the 500-year event).  A portion of the area is also in the Zone AE 
floodplain, which represents areas subject to inundation from the 1% annual probability event (also 
known as the 100-year event) that have computed Base Flood Elevations.  Exhibit 3 depicts these Special 
Flood Hazard Areas.   

Based on a review of the FIRM Panel and FEMA’s Flood Insurance Study, Galveston County and 
Incorporated Areas, dated August 15, 2019, the inundation depicted on the FIRM is from coastal surge 
flooding and does not represent riverine flooding from rainfall in the watershed.  The coastal elevations 
are computed along transect lines which are shown on the exhibit.  The 100-year coastal surge elevation 
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is shown as a Base Flood Elevation on the FIRM Panel and is also shown, as elevation 5.0, on Exhibit 2.  
Transect Line 86 runs through the project area.  The 100-year coastal surge elevation is 5.0.  Based on a 
profile presented in the Flood Insurance Study and the 500-year coastal surge elevation is between 
elevation 15.0 and 17.0 within the Ditch 7 watershed.   

The information provided on the FIRM panels and within the Flood Insurance Study confirms that Ditch 7 
and its tributaries Ditch 7A and Ditch 7B are not FEMA studied streams.  

1.3 Elevation Data 
All source elevation data and all elevations cited in this report are in feet above Mean Sea Level based on 
the 1988 North American Vertical Datum (NAVD 88).  Elevation data for this analysis is a blend of the 
Upper Coastal Lidar data acquired by a partnership between the Texas Water Development Board, 
Houston-Galveston Area Council, and United States Geologic Survey in 2018; and survey data acquired by 
Costello, Inc. (now part of Pape Dawson) in the fall of 2023.  The lidar data was utilized for most of the 
elevation data, including overland areas and portions of the channel cross sections.  The survey data was 
used to augment the lidar data in consideration of the limitations of the lidar data – specifically the capture 
of specific details and elevations associated with bridge and culvert crossings and the capture of 
bathymetry in areas where the lidar was unable to penetrate a water surface.  For this study, the survey 
data in the channel was utilized to determine the outfall depth from the detention basins.  All other 
calculations are based upon the lidar data.  

Topographic contours utilized in the analysis are shown in Exhibit 4.  Natural ground elevations generally 
range between elevation 10 (at the western perimeter) and elevation 5 near the eastern perimeter near 
Ditch 7B.  There are some filled areas with elevations as high as elevation 14.  The fill areas are spoil piles 
along the banks of Ditch 7A and Ditch 7B.  There are also some fill areas related to the connection of the 
private road with Roberts Road in the adjacent subdivision.  The drainage pattern is generally from west 
to east.   

1.4 Galveston County Drainage District Number Two 
The District has not completed a study of the Ditch 7 Watershed.  A floodplain study of the Ditch 
watershed, including the computation of water surface elevations and flowrates for Ditch 7, Ditch 7A, and 
Ditch 7B has been prepared by Burton Johnson Engineering, Inc. under separate cover.  This report, 
entitled Ditch 7 Watershed (Ditch 7, Ditch 7A, Ditch 7B), Floodplain Mapping and Modeling is dated 
April 3, 2024 and establishes 100-year water surface elevations in the vicinity of this project.  The findings 
described in the report are based upon a combined 1d/2d HEC-RAS model using Atlas 14 rainfall.   

The study described in this analysis considers the Willowood Subdivision and its supporting detention and 
floodplain fill mitigation, as described herein, as part of the existing watershed condition.  As part of this 
Willowood Subdivision analysis, a pre-project 100-year floodplain was computed to determine the 
amount of floodplain fill to be mitigated.  The resultant floodplain map is presented in Exhibit 5.   

As part of the Ditch 7 analysis, it was recognized that Ditch 7A is not a natural drainage channel.  It 
apparently was constructed to provide drainage to the State Highway 3 and/or other development in the 
area and does not have a “valley” section common to natural stream.  When floodwaters exceed the 
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channel banks of Ditch 7A, they spill into the site and overflow toward Ditch 7B.  The combined 1d/2d 
provided an opportunity to properly consider this overflow.    

1.5 Proposed Project 
The proposed project is illustrated in Exhibit 6.  The area will be subdivided into residential lots with a 
minimum size of 6,000 square feet and an average lot size of about 1/6 acre.  Four detention basins are 
proposed.  Pond 1 and Pond 2 will outfall into Ditch 7A.  Pond 4 will drain under Willow Street to Pond 3, 
and Pond 3 will outfall into Ditch 7B.  The land will be elevated as required to ensure that it is above the 
100-year flood elevation of Ditch 7A and Ditch 7B.  The detention ponds will provide detention to offset 
runoff from the development and from the placement of fill in the computed 100-year floodplain.   

1.6 Criteria 
This analysis was conducted in consideration of the District’s Design Criteria Guidance.  This guidance 
defers to the Harris County Flood Control District’s Policy Criteria & Procedure Manual (PCPM) for 
hydrologic methodologies and detention analyses.  In addition, the District requires a minimum detention 
rate of 0.75 acre-feet per acre of development if using HCFCD Method 1 or 2, although this rate can be 
lowered to as low as 0.50 acre-feet per acre if a detailed study is performed (HCFCD Method 3).  HCFCD 
recommends Method 2 for projects between 50 acres and 640 acres, therefore Method 2 was utilized in 
this study.  This approach is discussed in greater detail in subsequent sections of this report.    
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2.0 Hydrology and Detention – Full Development 
Hydrographs were developed for each of the subareas in accordance with the methodology described in 
the Harris County Flood Control District’s PCPM as described in the following sections.       

2.1 Site Runoff Curves and Small Watershed Method 
For Detention Method 2, The PCPM requires the use of the Harris County Site Runoff Curves to compute 
peak flowrates for watersheds up to one square mile.  In 2019, these curves were updated to consider 
Atlas 14 rainfall.  The curves compute the peak flowrates for the 10-year event and 100-year event based 
upon the size of the drainage area and the computed impervious cover.   

The PCPM recommends the utilization of the Small Watershed Method developed by H.R. Malcom to 
develop runoff hydrographs.  Also known as the “Malcolm Method”, this approach considers the 
computed peak flowrate, watershed area, and total runoff volume to develop a hydrograph shape.   

Peak flowrates were developed for the pre-project and post-project 10-year and 100-year method using 
the Site Runoff Curves.  The peak flowrate for the 25-year event was developed by interpolation using the 
relationship between 10-year, 25-year, and 100-year peak flowrates determined as part of the Ditch 7 
watershed study.  Runoff hydrographs for the post-project condition were developed using the Small 
Watershed Method.  The runoff volume was determined from curves in the PCPM for Region 3, which 
includes the most southern Harris County watersheds. 

2.2 Pre-Project Hydrology 
There are four proposed detention basins and three outfall points.  Ponds 1 and 2 drain to Ditch 7A, while 
Pond 3 drains to Ditch 7B and Pond 4 drains into Pond 3.  For pre-project conditions, the drainage areas 
were determined for the areas to Ditch 7A (Area 12 recognizing post-project flows to Pond 1 and Pond 2) 
and Ditch 7B (Area 34 recognizing post-project flows to Pond 3 and Pond 4).  These drainage areas and 
the assumed land use is presented in Exhibit 7.  The determination of peak flowrates for the pre-project 
condition are summarized in Table 1.  These peak flowrates establish the allowable post-project flowrate 
for the developed condition. 

Table 1:  Pre-Project Peak Flowrates 
Drainage Subarea P12 P34 

Area (Ac) 32.6 65.1 
Impervious (%) 0.1% 1.3% 

Site Runoff Curve:  10-Year 
m 0.786 0.786 
b 2.41 2.48 
Peak Flowrate (cfs) 37.2 66.1 

Interpolate:  25-Year 
Peak Flowrate (cfs) 49.5 87.6 

Site Runoff Curve:  100-Year 
m 0.786 0.786 
b 4.61 4.72 
Peak Flowrate (cfs) 71.3 125.7 
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2.3 Post-Project Hydrology 
Exhibit 6 also depicts the post-project land use assumption and drainage subareas for the development.  
Drainage subareas were assigned for each of the four detention basins as all developed condition runoff 
will be directed into one of the four basins.  Table 2 summarizes the determination of the Post-Project 
peak flowrates and runoff volume for the 10-year, 25-year, and 100-year events.   

Table 2:  Post-Project Peak Flowrates and Runoff Volume 
Drainage Subarea P1 P2 P3 P4 

Area (Ac) 26.4 26.3 21.6 38.7 
Impervious (%) 49.9% 49.1% 64.7% 43.8% 

Site Runoff Curve:  10-Year 
m 0.786 0.786 0.786 0.786 
b 5.51 5.48 5.97 5.32 
Peak Flowrate (cfs) 72.1 71.6 66.8 94.1 

Interpolate:  25-Year 
Peak Flowrate (cfs) 90.2 89.6 83.0 118.0 

Site Runoff Curve:  100-Year 
m 0.786 0.786 0.786 0.786 
b 9.34 9.31 10.00 9.07 
Peak Flowrate (cfs) 122.3 121.6 111.9 160.5 

Runoff Volume (inches) 
10-Year 7.86 7.84 8.22 7.71 
25-Year 10.92 10.90 11.25 10.79 
100-Year 16.58 16.56 16.84 16.47 

 

2.4 Detention Routing 
The detention basins were initially sized and evaluated to ensure that the peak allowable flowrates from 
Table 1 and the minimum detention volumes (based on 0.75 acre-feet per acre) were provided for the 
100-year event.  These evaluations were performed in HEC-RAS.  For Method 2, the PCPM requires a 
constant tailwater elevation at the top of the outfall pipe.  As part of the analysis, the size of the basin and 
the configuration of the outfall structure was manipulated until a satisfactory result was obtained.   

2.4.1  Detention Stage vs. Storage 

The detention basins will be wet bottom basins with a permanent water surface.  In this report, any 
references to the “bottom” of the basin refers to the permanent pool elevation, as all storage below the 
permanent pool does not contribute to the attenuation of runoff.  The basins will all have 4:1 (h:v) side 
slopes and 30-foot maintenance berms.  

Table 3 provides the stage vs. storage relationship for the four proposed detention basins.   
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Table 3:  Detention Basin Stage vs. Storage 
Pond 1 Pond 2 Pond 3 Pond 4 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

2.0 0.0 0.5 0.0 0.5 0.0 0.5 0.0 
3.0 3.7 1.0 1.6 1.0 3.8 1.0 1.0 
4.0 7.7 2.0 5.0 2.0 11.8 2.0 3.3 
5.0 11.8 3.0 8.6 3.0 20.1 3.0 5.8 
6.0 16.2 4.0 12.4 4.0 28.7 4.0 8.5 
7.0 20.7 5.0 16.4 5.0 37.7 5.0 11.5 
8.0 25.5 6.0 20.7 6.0 47.1 6.0 14.8 
9.0 30.5 7.0 25.1 

    

10.0 35.7 8.0 29.8 
    

  
9.0 34.7 

    

  

Note that the storage volumes for Ponds 3 and Ponds 4 were increased by 100 acre-feet in the HEC-RAS 
model to facilitate the Pond 4 outfall pipe, which is below sea level.  The resultant output was then 
decreased by 100 acre-feet.   

2.4.2 Detention Basin Control Structures 

The control structures of each basin were modified to optimize the performance of the basin and to 
ensure no downstream impact.  The control structure for Pond 1 and Pond 2 will include an orifice 
restrictor in front of an outfall pipe.  This orifice may be constructed over the inlet to the outfall or in a 
manhole.   No restrictor is required for Pond 3 and Pond 4.  The outfall structures are described in Table 4 
and in Exhibit 8.   

Pond 1, Pond 2, and Pond 3 will have earthen overflow weirs to allow ponds to safely drain to the receiving 
channel if design elevations are exceeded.  Willow Street is between Pond 4 and Pond 3 and will act as 
the overflow into Pond 3.  Willow Street overtops at an elevation of 7.18 between Pond 3 and Pond 4.  
Prior to this overflow, flows will potentially flow south along Willow Steet and adjacent areas.  However, 
this phenomenon exists today behind the existing 42-inch culverts that drain this area, and the additional 
storage will decrease this relative to current conditions.   

2.4.3 Detention Routing Results 

The detention routing results are summarized in Table 4.  The cumulative peak flow from Pond 1 and 2 
was determined by adding the hydrographs for the basin outflow.  This combined flow was compared to 
the pre-project peak flow for Area 12, as the ponds both outfall to Ditch 7A and they are in close proximity 
to each other.  The peak outflow from Pond 3 was compared to the pre-project peak flowrate from 
Area 34, as Pond 4 drains into Pond 3 and does not have a separate outfall into Ditch 7B.   

The detention configuration is shown in Exhibit 8. 

 

 



Willowood Subdivision 
Drainage Impact Analysis 
April 2, 2024  

Page 7 

  

 
 

Table 4:  Detention Basin Routing Results  
Pond 1 Pond 2 Combined 

1&2 
Pond 3 Pond 4 Combined 

3&4 
Drainage Area (Ac) 26.4 26.3 52.7 21.6 38.7 60.3 
Development Area (Ac) 26.4 26.3 52.7 21.6 36.2 57.8 
Elev - Bottom of Storage Pool 2.0 0.5 

 
0.5 0.5 

 

Elev -Top of Basin 10.0 9.0 
 

5.8 6.0 
 

Control Structure Orifice Dia (in) 15 21 
 

None None 
 

Control Structure Orifice Invert Elev 2.0 0.5 
 

n/a n/a 
 

No. Outfall Pipes 1 1 
 

3 2 
 

Outfall Pipe Diameter (in) 24 30 
 

30 54 
 

Outfall Pipe Length (ft) 90 90 
 

90 215 
 

Outfall Location Ditch 7A Ditch 7A Ditch 7A Ditch 7B Pond 3 Ditch 7B 
Outfall Pipe Elev US (Pond) 2.0 0.5 

 
0.5 -4.0 

 

Outfall Pipe Elev DS  1.9 0.4 
 

0.4 -4.00 
 

10-Year Event 
Stage Elevation 5.47 3.92 

 
3.25 3.29 

 

Storage Volume (ac-ft) 13.9 12.1 
 

22.2 6.6 
 

Allowable Peak Flowrate (cfs) 
  

37.2 
  

66.1 
Proposed Peak Flowrate (cfs) 8.8 15.8 24.5 44.9 57.4 44.9 

25-Year Event 
Stage Elevation 6.60 4.96 

 
3.78 3.88 

 

Storage Volume (ac-ft) 18.9 16.3 
 

26.8 8.2 
 

Allowable Peak Flowrate (cfs) 
  

49.5 
  

87.6 
Proposed Peak Flowrate (cfs) 11.6 20.8 32.2 71.4 77.3 71.4 

100-Year Event 
Stage Elevation 8.62 6.82 

 
4.80 5.05 

 

Storage Volume Required* (Ac-Ft) 19.8 19.7 39.5 16.2 27.2 43.4 
Storage Volume (ac-ft) 28.6 24.3 52.9 35.9 11.7 47.6 
Allowable Peak Flowrate (cfs) 

  
71.3 

  
125.7 

Proposed Peak Flowrate (cfs) 14.8 27.4 42.0 105.2 111.6 105.2 
*Based on 0.75 acre-feet per acre 

2.4 Floodplain Fill and Detention Rate 
The Ditch 7 model without the project was utilized to determine the 100-year elevations, floodplain fill 
volumes, and required slab elevations.  The portion of the detention storage not required for floodplain 
fill mitigation was assigned as runoff mitigation, and the resultant detention rate was determined from 
the cumulative detention volume and development area.  This rate was determined separately for areas 
to Ditch 7A (Pond 1 and 2) and Ditch 7B (Pond 3 and 4).  This section summarizes these computations and 
presents the results.  
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2.4.1 Minimum Slab Elevations 

The City of Texas City Floodplain Ordinance requires the lowest slab elevation to be 18 inches above the 
Base Flood Elevation as depicted on the Flood Insurance Rate Maps.  As noted previously, a portion of the 
development is within the coastal flood zone and there is not a FEMA Base Flood Elevation representative 
of riverine flooding.  However, it is recommended that new construction it the proposed development 
have slab elevations 18 inches above the 100-year flood elevation computed as part of the Ditch 7 analysis 
provided for the District.  Exhibit 14 shows the 100-year floodplain and 100-year elevations from the Ditch 
7 analysis along with the specification of minimum slab elevations for the proposed development.   

2.4.2 Floodplain Fill 

Floodplain fill volume was determined for the 100-year flood inundation associated with Ditch 7A and 
Ditch 7B.  This includes the overflow area from Ditch 7A to 7B.  This volume was determined from a HEC-
RAS analysis of Ditch 7A without flow in Ditch 7B.  The resultant inundation and corresponding floodplain 
fill was assigned to Ditch 7A and the reminder was assigned to Ditch 7B.  Table 5 summarizes the floodplain 
fill and the resultant mitigation.  Mitigation is provided by excess capacity (all capacity in addition to the 
0.75 acre-feet per acre) in the detention basins below the 100-year flood elevation in the adjacent stream.   

For Pond 3, the 100-year elevation of Ditch 7B will exceed the elevation of the pond high banks.  During a 
riverine 100-year event, the pond will be inundated in a fashion similar to today.  The adjacent 
development will be elevated above the 100-year elevation.   The top of Pond 4 is also below the 100-
year water surface of Ditch 7B.  If the basin were to be elevated above the 100-year elevation it would 
potentially block sheet flow from the neighborhoods to the south.  Most of Pond 4 is in areas with natural 
ground above the elevation of the top of the basin, and the excavation of the portion between the top of 
the basin (elevation 6.0) and the 100-year flood elevation will provide 8.4 acre-feet of additional 
floodplain excavation.      

Floodplain fill and mitigation volumes were determined separately for Ditch 7A and Ditch 7B by combined 
calculations for Pond 1 and Pond 2 (Ditch 7A) and Pond 3 and Pond 4 (Ditch 7B).  As the table indicates, 
there is adequate fill mitigation provided by the ponds and the excavation of the area “above” Pond 4 to 
offset the placement of fill in the floodplain of Ditch 7A and Ditch 7B.    

The computed 100-year floodplain and floodplain mitigation table is provided as Exhibit 9. 

Table 5:  Floodplain Fill Mitigation and Detention Rate  
Pond 1 Pond 2 Combined 

1&2 
Pond 3 Pond 4 Combined 

3&4 
Floodplain Fill (Ac-Ft) 0.0 13.4 13.4 20.2 4.7 24.9 
Fill Mitigation Available in Pond (Ac-Ft) 13.6 9.6 23.2 29.0 -12.4 16.7 
Additional FP Excavation (Ac-Ft) 0.0 0.0 0.0 0.0 8.4 8.4 
Total FP Fill Mitigation Available (Ac-Ft) 13.6 9.6 23.2 29.0 -4.0 25.0 
Total FP Fill Mitigation Utilized (Ac-Ft) 

  
13.4 

  
24.9 

Excess FP Fill Mitigation (Ac-Ft) 
  

9.8 
  

0.1 
Required Detention (Ac-Ft) 19.8 19.7 39.5 16.2 27.2 43.4 
Provided Detention (Ac-Ft) 

  
49.3 

  
43.5 

Detention Rate (Ac-Ft/Ac) 
  

0.94 
  

0.75 
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The detention volume not required for floodplain mitigation is assigned to traditional stormwater 
detention in the determination of the total detention volume.  This detention volume is then compared 
to the contributing development area to derive an effective detention rate.  The resultant volumes and 
detention rates for Ponds 1 and 2 (Ditch 7A) and Ponds 3 and 4 (Ditch 7B) are also summarized in Table 5.  
For Ditch 7A, the project is providing detention at a rate of 0.94 acre-feet per acre; and for Ditch 7B, the 
project is providing detention at a rate of 0.75 acre-feet per acre.   
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3.0 Offsite Flow Considerations – Full Development 
This section considers the management of offsite flow that the development may impact.  These are 
illustrated in Exhibit 15. 

3.1 Swale West of Pond 1 (Area A) 
There is an offsite area from the south that drains the west portion of the site toward Ditch 7A.  The swale 
runs up against the location of Pond 1.  The development must accommodate these offsite flows.  A total 
of 41.5 acres flows from offsite areas, most developed, through the site.  The computed peak 100-year 
flowrate of the full acreage is 121.5 cfs.  The project must accommodate this flow, either through a pipe 
system through the neighborhood, a perimeter swale system, or both.  Exhibit 15 depicts a swale around 
the perimeter of the site.  The specific method of managing offsite flow and the design and computations 
related to it will be provided with any future construction plans.  The calculates for the offsite flow at the 
nodes depicted on Exhibit 15 are provided in Table 6. 

3.2 Swale South and West of Pond 4 (Area B) 
Area B consists of a small area at the rear of existing residential lots that currently drain toward the subject 
property.  The total area is 1.7 acres.  A perimeter swale will intercept this runoff and convey it to Pond 4. 

Table 6:  Offsite Flow 
Swale Area     

(ac) 
Impervious m B 100 Yr Flowrate 

(cfs) 
A1-A2 14.0 20% 1.000 3.4 47.6 
A2-A3 30.0 20% 0.786 6.5 94.2 
A3-A4 41.5 20% 0.786 6.5 121.5 
B1-B2 1.7 20% 1.000 3.4 5.8 

 

3.3 Area South of Pond 4 (Area C) 
Area C consists of approximately 51 acres that drain to the existing swale that fees dual 42-inch pipes that 
convey flow under Willow Street and all the way to Ditch 7B.  A portion of the existing swale is on the 
subject property.  No additional infrastructure is required to accommodate this flow.  The construction of 
the proposed project and Pond 4 will decrease the drainage are to this swale and the culverts considerably 
and should improve drainage associated with the undersized culverts. 

3.4 Area North of Site along Willow Street (Area D) 
Willow Street north of and adjacent to the project drains toward the south, and the area west of  
Willow Street drains to the existing swale behind the dual 42-inch culvert under Willow Street.  This 
drainage pattern will be maintained.  As noted in the preceding paragraph, the drainage area to these 
culverts will be reduced with the proposed project.  The design plans will include the sizing of roadside 
culverts at the subdivision entrance and potentially improvements to the roadside ditch. 
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4.0 Hydrology and Detention – Phase 1 Development 
Phase 1 represents the initial development of the site.  The total area of the Phase 1 development is 
approximately 82.5 acres, and It includes most of the area described as full development.  Exhibit 10 shows 
the Phase 1 concept.  The Phase 1 development includes all four detention basins, however Pond 1 and 
Pond 2 have a smaller configuration.  Pond 3 also has a slightly smaller configuration, as it does not include 
a small portion of a tract along Ditch 7B.   

The methodology utilized to analyze Phase 1 is the same as that described for the full project in Section 
3.0.      

4.1 Pre-Project Hydrology 
There are four proposed detention basins and three outfall points.  Ponds 1 and 2 drain to Ditch 7A, while 
Pond 3 drains to Ditch 7B and Pond 4 drains into Pond 3.  For pre-project conditions, the drainage areas 
were determined for the areas to Ditch 7A (Area 12 recognizing post-project flows to Pond 1 and Pond 2) 
and Ditch 7B (Area 34 recognizing post-project flows to Pond 3 and Pond 4).  These drainage areas and 
the assumed land use is presented in Exhibit 7.  The determination of peak flowrates for the pre-project 
condition are summarized in Table 1.  These peak flowrates establish the allowable post-project flowrate 
for the developed condition. 

Table 7:  Pre-Project Peak Flowrates 
Drainage Subarea P12 P34 

Area (Ac) 18.7 64.6 
Impervious (%) 0.0% 1.3% 

Site Runoff Curve:  10-Year 
m 0.786 0.786 
b 2.40 2.48 
Peak Flowrate (cfs) 24.0 65.7 

Interpolate:  25-Year 
Peak Flowrate (cfs) 31.9 87.0 

Site Runoff Curve:  100-Year 
m 0.786 0.786 
b 4.60 4.72 
Peak Flowrate (cfs) 45.9 125.0 

 

4.2 Post-Project Hydrology 
Exhibit 11 also depicts the post-project land use assumption and drainage subareas for the development.  
Drainage subareas were assigned for each of the four detention basins as all developed condition runoff 
will be directed into one of the four basins.  Table 2 summarizes the determination of the Post-Project 
peak flowrates and runoff volume for the 10-year, 25-year, and 100-year events.   
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Table 8:  Post-Project Peak Flowrates and Runoff Volume 
Drainage Subarea P1 P2 P3 P4 

Area (Ac) 15.1 12.8 21.0 34.1 
Impervious (%) 51.8% 56.0% 63.7% 38.8% 

Site Runoff Curve:  10-Year 
m 1.00 1.00 0.79 0.79 
b 5.57 5.70 5.94 5.10 
Peak Flowrate (cfs) 84.0 72.7 65.0 81.8 

Interpolate:  25-Year 
Peak Flowrate (cfs) 104.9 90.7 80.9 102.8 

Site Runoff Curve:  100-Year 
m 1.00 1.00 0.79 0.79 
b 9.42 9.61 9.95 8.75 
Peak Flowrate (cfs) 142.2 122.6 109.0 140.3 

Runoff Volume (inches) 
10-Year 7.91 8.01 8.20 7.59 
25-Year 10.96 11.06 11.23 10.68 
100-Year 16.61 16.68 16.82 16.38 

 

4.3 Detention Routing 
The detention basins were initially sized and evaluated to ensure that the peak allowable flowrates from 
Table 1 and the minimum detention volumes (based on 0.75 acre-feet per acre) were provided for the 
100-year event.  These evaluations were performed in HEC-RAS.  For Method 2, the PCPM requires a 
constant tailwater elevation at the top of the outfall pipe.  As part of the analysis, the size of the basin and 
the configuration of the outfall structure was manipulated until a satisfactory result was obtained.   

4.3.1  Detention Stage vs. Storage 

The detention basins will be wet bottom basins with a permanent water surface.  In this report, any 
references to the “bottom” of the basin refers to the permanent pool elevation, as all storage below the 
permanent pool does not contribute to the attenuation of runoff.  The basins will all have 4:1 (h:v) side 
slopes and 30-foot maintenance berms.  

Table 3 provides the stage vs. storage relationship for the four proposed detention basins.  Note that the 
storage volumes for Ponds 3 and Ponds 4 were increased by 100 acre-feet in the HEC-RAS model to 
facilitate the Pond 4 outfall pipe, which is below sea level.  The resultant output was then decreased by 
100 acre-feet.   
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Table 9:  Detention Basin Stage vs. Storage 
Pond 1 Pond 2 Pond 3 Pond 4 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

Stage 
(elev) 

Storage 
(ac-ft) 

2.0 0.0 0.5 0.0 0.5 0.0 0.5 0.0 
3.0 2.6 1.0 1.5 1.0 3.5 1.0 1.0 
4.0 5.3 2.0 4.6 2.0 10.8 2.0 3.3 
5.0 8.2 3.0 7.8 3.0 18.5 3.0 5.8 
6.0 11.2 4.0 11.2 4.0 26.5 4.0 8.5 
7.0 14.4 5.0 14.7 5.0 34.9 5.0 11.5 
8.0 17.7 6.0 18.4 6.0 43.7 6.0 14.8 
9.0 21.2 7.0 22.2 

    

10.0 24.8 8.0 26.2 
    

  
9.0 30.4 

    

  

4.3.2 Detention Basin Control Structures 

The control structures of each basin were modified to optimize the performance of the basin and to 
ensure no downstream impact.  The control structure for Pond 1 and Pond 2 will include an orifice 
restrictor in front of an outfall pipe.  This orifice may be constructed over the inlet to the outfall or in a 
manhole.   No restrictor is required for Pond 3 and Pond 4.  The outfall structures are described in Table 4 
and in Exhibit 12.   

Pond 1, Pond 2, and Pond 3 will have earthen overflow weirs to allow ponds to safely drain to the receiving 
channel if design elevations are exceeded.  Willow Street is between Pond 4 and Pond 3 and will act as 
the overflow into Pond 3.  Willow Street overtops at an elevation of 7.18 between Pond 3 and Pond 4.  
Prior to this overflow, flows will potentially flow south along Willow Steet and adjacent areas.  However, 
this phenomenon exists today behind the existing 42-inch culverts that drain this area, and the additional 
storage will decrease this relative to current conditions.   

Note that the control structures for the basin are unchanged from the full development scenario 
described in Section 3.0.  

4.3.3 Detention Routing Results 

The detention routing results are summarized in Table 4.  The cumulative peak flow from Pond 1 and 2 
was determined by adding the hydrographs for the basin outflow.  This combined flow was compared to 
the pre-project peak flow for Area 12, as the ponds both outfall to Ditch 7A and they are in close proximity 
to each other.  The peak outflow from Pond 3 was compared to the pre-project peak flowrate from 
Area 34, as Pond 4 drains into Pond 3 and does not have a separate outfall into Ditch 7B.   

The detention configuration is shown in Exhibit 12. 
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Table 10:  Detention Basin Routing Results  
Pond 1 Pond 2 Combined 

1&2 
Pond 3 Pond 4 Combined 

3&4 
Drainage Area (Ac) 15.1 12.8 27.8 21.0 34.1 55.1 
Development Area (Ac) 15.1 12.7 27.8 20.8 26.8 47.6 
Elev - Bottom of Storage Pool 2.0 0.5 

 
0.5 0.5 

 

Elev -Top of Basin 10.0 9.0 
 

5.8 6.0 
 

Control Structure Orifice Dia (in) 15 21 
 

None None 
 

Control Structure Orifice Invert Elev 2.0 0.5 
 

n/a n/a 
 

No. Outfall Pipes 1 1 
 

3 2 
 

Outfall Pipe Diameter (in) 24 30 
 

30 54 
 

Outfall Pipe Length (ft) 90 90 
 

90 215 
 

Outfall Location Ditch 7A Ditch 7A Ditch 7A Ditch 7B Pond 3 Ditch 7B 
Outfall Pipe Elev US (Pond) 2.0 0.5 

 
0.5 -4.0 

 

Outfall Pipe Elev DS  1.9 0.4 
 

0.4 -4.00 
 

10-Year Event 
Stage Elevation 5.09 2.83  3.2 3.24  
Storage Volume (ac-ft) 8.5 2.8  120.1 6.2  
Allowable Peak Flowrate (cfs)   24.0   65.7 
Proposed Peak Flowrate (cfs) 7.6 8.3 15.9 42.0 47.6 42.0 

25-Year Event 
Stage Elevation 6.07 3.46  3.68 3.77  
Storage Volume (ac-ft) 11.5 9.4  123.9 7.9  
Allowable Peak Flowrate (cfs)   31.9   87.0 
Proposed Peak Flowrate (cfs) 10.4 13.1 23.5 67.4 66.1 67.4 

100-Year Event 
Stage Elevation 7.85 4.67  4.65 4.85 

 

Storage Volume Required* (Ac-Ft) 11.3 9.6 20.9 15.6 20.1 43.4 
Storage Volume (ac-ft) 17.2 13.5 30.8 32.0 11.1 47.6 
Allowable Peak Flowrate (cfs)   45.9   125.7 
Proposed Peak Flowrate (cfs) 13.8 19.5 33.2 100.8 97.3 105.2 

*Based on 0.75 acre-feet per acre 

4.4 Floodplain Fill and Detention Rate 
The Ditch 7 model without the project was utilized to determine the 100-year elevations, floodplain fill 
volumes, and required slab elevations.  The portion of the detention storage not required for floodplain 
fill mitigation was assigned as runoff mitigation, and the resultant detention rate was determined from 
the cumulative detention volume and development area.  This rate was determined separately for areas 
to Ditch 7A (Pond 1 and 2) and Ditch 7B (Pond 3 and 4).  This section summarizes these computations and 
presents the results.  

4.4.1 Minimum Slab Elevations 

See Section 3.4.1.   The minimum slab elevations are applicable for the Phase 1 development.   
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4.4.2 Floodplain Fill 

Floodplain fill volume was determined for the 100-year flood inundation associated with Ditch 7A and 
Ditch 7B.  This includes the overflow area from Ditch 7A to 7B.  This volume was determined from a HEC-
RAS analysis of Ditch 7A without flow in Ditch 7B.  The resultant inundation and corresponding floodplain 
fill was assigned to Ditch 7A and the reminder was assigned to Ditch 7B.  Table 5 summarizes the floodplain 
fill and the resultant mitigation.  Mitigation is provided by excess capacity (all capacity in addition to the 
0.75 acre-feet per acre) in the detention basins below the 100-year flood elevation in the adjacent stream.   

For Pond 3, the 100-year elevation of Ditch 7B will exceed the elevation of the pond high banks.  During a 
riverine 100-year event, the pond will be inundated in a fashion like today.  The adjacent development 
will be elevated above the 100-year elevation.   The top of Pond 4 is also below the 100-year water surface 
of Ditch 7B.  If the basin were to be elevated above the 100-year elevation it would potentially block sheet 
flow from the neighborhoods to the south.  Most of Pond 4 is in areas with natural ground above the 
elevation of the top of the basin, and the excavation of the portion between the top of the basin (elevation 
6.0) and the 100-year flood elevation will provide 8.4 acre-feet of additional floodplain excavation.      

Floodplain fill and mitigation volumes were determined separately for Ditch 7A and Ditch 7B by combined 
calculations for Pond 1 and Pond 2 (Ditch 7A) and Pond 3 and Pond 4 (Ditch 7B).  As the table indicates, 
there is adequate fill mitigation provided by the ponds and the excavation of the area “above” Pond 4 to 
offset the placement of fill in the floodplain of Ditch 7A and Ditch 7B.    

The computed 100-year floodplain and floodplain mitigation table is provided as Exhibit 13. 

Table 11:  Floodplain Fill Mitigation and Detention Rate  
Pond 1 Pond 2 Combined 

1&2 
Pond 3 Pond 4 Combined 

3&4 
Floodplain Fill (Ac-Ft) 0.0 12.7 12.7 20.2 1.1 21.3 
Fill Mitigation Available in Pond (Ac-Ft) 11.9 20.3 32.1 29.7 -5.3 24.4 
Additional FP Excavation (Ac-Ft) 0.0 0.0 0.0 0.0 8.4 8.4 
Total FP Fill Mitigation Available (Ac-Ft) 11.9 20.3 32.1 29.7 3.1 32.7 
Total FP Fill Mitigation Utilized (Ac-Ft)   12.7   21.3 
Excess FP Fill Mitigation (Ac-Ft)   19.5   11.4 
Required Detention (Ac-Ft) 11.3 9.6 20.9 15.6 20.1 35.7 
Provided Detention (Ac-Ft)   40.3   47.1 
Detention Rate (Ac-Ft/Ac)   1.45   0.99 

 

The detention volume not required for floodplain mitigation is assigned to traditional stormwater 
detention in the determination of the total detention volume.  This detention volume is then compared 
to the contributing development area to derive an effective detention rate.  The resultant volumes and 
detention rates for Ponds 1 and 2 (Ditch 7A) and Ponds 3 and 4 (Ditch 7B) are also summarized in Table 5.  
For Ditch 7A, the project is providing detention at a rate of 1.45 acre-feet per acre; and for Ditch 7B, the 
project is providing detention at a rate of 0.99 acre-feet per acre.   
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5.0 Results 
Based on the analysis presented herein, the proposed development, including the full development 
scenario and the Phase 1 scenario, can be constructed as described without adversely impacting drainage 
and flood risk upstream, adjacent to, and downstream of the project.   

For the full development, the project provides 0.94 acre-feet of detention per acre of development in two 
detention basins for the portion of the project draining to Ditch 7A; and provides 0.75 acre-feet of 
detention per acre of development in two detention basins for the portion of the project drainage to Ditch 
7B.  The detention basins also have additional capacity to adequately mitigate the placement of fill in the 
computed 100-year floodplain of Ditch 7A and Ditch 7B.   

For the Phase 1 development, the project provides 1.45 acre-feet of detention per acre of development 
in two detention basins for the portion of the project draining to Ditch 7A; and provides 0.99 acre-feet of 
detention per acre of development in two detention basins for the portion of the project drainage to Ditch 
7B.  The detention basins also have additional capacity to adequately mitigate the placement of fill in the 
computed 100-year floodplain of Ditch 7A and Ditch 7B.   

As a result of the analysis I hereby certify the project will have no adverse impact to flood risk along Ditch 
7, Ditch 7A, Ditch 7B and other drainage infrastructure in adjacent areas.  
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Exhibit 4 - Topography and Digital Elevation Model
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Exhibit 7 - Drainage Subarea Map
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Exhibit 8 - Proposed Detention
Detention Outfall
Detention Contour
Site

Land Use
Grass
Greenspace
ROW
Subdivision
Water
Woods

Detention Pond 1

Detention Pond 2

Detention Pond 3SF Lots (1/6 Ac)

SF Lots (1/6 Ac)
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Detention Pond 4

Total Site Acreage = 116.1 Ac +/-
Total Development Acreage = 110.5 Ac

Pond 1
4:1 Side Slope
Wet Bottom w Perm WSE = 2.0
Top Elev = 10.0
Stage Elev (10/25/100yr) =
  5.47/6.60/8.62
Storage Volume (10/25/100yr) =
  13.9 AF/18.9 AF/28.6 AF
Peak Outflow (10/25/100yr) =
  8.8 cfs/11.6 cfs/14.8 cfs Pond 2

4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 9.0
Stage Elev (10/25/100yr) =
  3.92/4.96/6.82
Storage Volume (10/25/100yr) =
  12.1 AF/16.3 AF/24.3 AF
Peak Outflow (10/25/100yr) =
  15.8 cfs/20.8 cfs/27.4 cfs 

Pond 4
4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 6.0
Stage Elev (10/25/100yr) =
  3.29/3.88/5.05
Storage Volume (10/25/100yr) =
  6.6 AF/8.2 AF/27.2 AF
Peak Outflow (10/25/100yr) =
  57.4 cfs/77.3 cfs/111.6 cfs 

Pond 3
4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 5.8
Stage Elev (10/25/100yr) =
  3.25/3.78/4.80
Storage Volume (10/25/100yr) =
  22.2 AF/26.8 AF/35.9 AF
Peak Outflow (10/25/100yr) =
  44.9 cfs/71.4 cfs/105.2 cfs 

Pond 1 Outfall
Restrictor:
  15" Orifice Restrictor Plate
   Inv Elev = 2.0
Outfall Pipe
  1-24" Pipe, 90 LF +/-
  US Inv. Elev = 2.0
  DS Inv Elev = 1.9
Earthen Weir (Overflow)
  Crest Elev = 9.0
  Crest Length = 10'

Pond 2 Outfall
Restrictor:
  21" Orifice Restrictor Plate
   Inv Elev = 0.5
Outfall Pipe
  1-30" Pipe, 90 LF +/-
  US Inv. Elev = 0.5
  DS Inv Elev = 0.4
Earthen Weir (Overflow)
  Crest Elev = 8.0
  Crest Length = 10'

Pond 4 Outfall
Restrictor:
  None
Outfall Pipe
  2-54" Pipes, 215 LF +/-
  US Inv. Elev = -4.0
  DS Inv Elev = -4.0
Overflow
  Willow Rd to Pond 3
  Min Elev (Ex) =  7.18

Pond 3 Outfall
Restrictor:
  None
Outfall Pipe
  3-30" Pipe, 90 LF +/-
  US Inv. Elev = 0.5
  DS Inv Elev = 0.4
Earthen Weir (Overflow)
  Crest Elev = 4.8
  Crest Length = 10'

Combined Pond 1 & 2
Allowable Flowrate (10/25/100yr) = 
  37.2 cfs / 49.5 cfs / 71.3 cfs
Actual Flowrate (10/25/100yr) = 
  24.5 cfs / 32.2 cfs / 42.0 cfs
Combined Pond 3 & 4
Allowable Flowrate (10/25/100yr) = 
  66.1 cfs / 87.6 cfs / 125.7 cfs
Actual Flowrate (10/25/100yr) = 
  44.9 cfs / 71.4 cfs / 105.2 cfs
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Exhibit 9 - FP Fill Mitigation & Detention Rate

Detention Outfall
Detention Contour
Site
Computed 100-Yr FP

Land Use
Grass
Greenspace
ROW
Subdivision
Water
Woods

Detention Pond 1

Detention Pond 2

Detention Pond 3SF Lots (1/6 Ac)

SF Lots (1/6 Ac)
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Detention Pond 4

Pond 1 & 2
Floodplain Fill = 13.6 AF
Total Pond Volume below Ditch 7A 100-Yr WSE = 63.0 AF 
Required 100yr Detention Volume (0.75 AF/ac) = 39.5
Pond Volume Available for FP Fill Mitigatin = 23.2 AF
FP Fill Mitigation Provided = 13.6 AF
Unused FP Fill Mitigation = 9.8 AF
Net 100yr Detention Volume Provided = 49.3 AF
100yr Detention Rate = 0.94 AF/Ac

Pond 3 & 4
Floodplain Fill = 24.9 AF
Total Pond Volume below Ditch 7B 100-Yr WSE = 68.4 AF 
Required 100yr Detention Volume (0.75 AF/ac) = 43.4
Pond Volume Available for FP Fill Mitigatin = 25.0 AF
FP Fill Mitigation Provided = 24.9 AF
Unused FP Fill Mitigation = 0.1 AF
Net 100yr Detention Volume Provided = 49.5 AF
100yr Detention Rate = 0.75 AF/Ac
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Exhibit 10 - Phase 1 Development
Land Use

Greenspace
ROW
Subdivision
Water
Site

Detention Pond 1

Detention Pond 2

Detention Pond 3SF Lots (1/6 Ac)

SF Lots (1/6 Ac)
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Detention Pond 4

Total Phase One Development Acreage = 82.5 Ac +/-
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Exhibit 11 - Phase 1 Drainage Subarea Map

Drainage Subarea
Elev Contour
Phase 1 Area
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Exhibit 12- Phase 1 Detention

Detention Outfall
Phase 1 Area
Full Development

Land Use
Grass
Greenspace
ROW
Subdivision
Water
Woods
Detention Contour

Detention Pond 1

Detention Pond 2

Detention Pond 3SF Lots (1/6 Ac)

SF Lots (1/6 Ac)
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Detention Pond 4

Total Site Acreage = 116.1 Ac +/-
Total Development Acreage = 110.5 Ac

Pond 1
4:1 Side Slope
Wet Bottom w Perm WSE = 2.0
Top Elev = 10.0
Stage Elev (10/25/100yr) =
  5.09/6.07/7.85
Storage Volume (10/25/100yr) =
  8.5 AF/11.5 AF/17.2 AF
Peak Outflow (10/25/100yr) =
  7.6 cfs/10.4 cfs/13.8 cfs Pond 2

4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 9.0
Stage Elev (10/25/100yr) =
  2.83/3.46/4.67
Storage Volume (10/25/100yr) =
  2.8 AF/9.4 AF/13.5 AF
Peak Outflow (10/25/100yr) =
  8.3 cfs/13.1 cfs/19.5 cfs 

Pond 4
4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 6.0
Stage Elev (10/25/100yr) =
  3.24/3.77/4.85
Storage Volume (10/25/100yr) =
  6.2 AF/7.9 AF/11.1 AF
Peak Outflow (10/25/100yr) =
  47.6 cfs/66.1 cfs/97.3 cfs 

Pond 3
4:1 Side Slope
Wet Bottom w Perm WSE = 0.5
Top Elev = 5.8
Stage Elev (10/25/100yr) =
  3.20/3.68/4.65
Storage Volume (10/25/100yr) =
  20.1 AF/23.9 AF/32.0 AF
Peak Outflow (10/25/100yr) =
  42.0 cfs/67.4 cfs/100.8 cfs 

Pond 1 Outfall
Restrictor:
  15" Orifice Restrictor Plate
   Inv Elev = 2.0
Outfall Pipe
  1-24" Pipe, 90 LF +/-
  US Inv. Elev = 2.0
  DS Inv Elev = 1.9
Earthen Weir (Overflow)
  Crest Elev = 9.0
  Crest Length = 10'

Pond 2 Outfall
Restrictor:
  21" Orifice Restrictor Plate
   Inv Elev = 0.5
Outfall Pipe
  1-30" Pipe, 90 LF +/-
  US Inv. Elev = 0.5
  DS Inv Elev = 0.4
Earthen Weir (Overflow)
  Crest Elev = 8.0
  Crest Length = 10'

Pond 4 Outfall
Restrictor:
  None
Outfall Pipe
  2-54" Pipes, 215 LF +/-
  US Inv. Elev = -4.0
  DS Inv Elev = -4.0
Overflow
  Willow Rd to Pond 3
  Min Elev (Ex) =  7.18

Pond 3 Outfall
Restrictor:
  None
Outfall Pipe
  3-30" Pipe, 90 LF +/-
  US Inv. Elev = 0.5
  DS Inv Elev = 0.4
Earthen Weir (Overflow)
  Crest Elev = 4.8
  Crest Length = 10'

Combined Pond 1 & 2
Allowable Flowrate (10/25/100yr) = 
  24.0 cfs / 31.9 cfs / 45.9 cfs
Actual Flowrate (10/25/100yr) = 
  15.9 cfs / 23.5 cfs / 33.2 cfs
Combined Pond 3 & 4
Allowable Flowrate (10/25/100yr) = 
  65.7 cfs / 87.0 cfs / 125.0 cfs
Actual Flowrate (10/25/100yr) = 
  42.0 cfs / 67.4 cfs / 100.8 cfs
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Exhibit 13 - Ph 1 FP Fill Mitigation & Detention Rate

Detention Outfall
Detention Contour
Phase 1 Area
Site
Computed 100-Yr FP

Land Use
Greenspace
ROW
Subdivision
Water

Detention Pond 1

Detention Pond 2
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Detention Pond 4

Pond 1 & 2
Floodplain Fill = 12.7 AF
Total Pond Volume below Ditch 7A 100-Yr WSE = 53.0 AF 
Required 100yr Detention Volume (0.75 AF/ac) = 20.9
Pond Volume Available for FP Fill Mitigatin = 32.1 AF
FP Fill Mitigation Provided = 12.7 AF
Unused FP Fill Mitigation = 20.6 AF
Net 100yr Detention Volume Provided = 40.3 AF
100yr Detention Rate = 1.45 AF/Ac

Pond 3 & 4
Floodplain Fill = 21.3 AF
Total Pond Volume below Ditch 7B 100-Yr WSE = 60.0 AF 
Required 100yr Detention Volume (0.75 AF/ac) = 35.7 AF
Pond Volume Available for FP Fill Mitigatin = 25.0 AF
Additional FP Volume from lowering of Pond 4 = 8.4 AF
FP Fill Mitigation Provided = 33.4 AF
Unused FP Fill Mitigation = 12.1 AF
Net 100yr Detention Volume Provided = 47.1 AF
100yr Detention Rate = 0.99 AF/Ac
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Exhibit 14 - Minimum Slab Elevations

Minimum Slab Elevations based
on 18" above 100-Yr.  Other criteria
may apply. Minimum Slab Elev
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Exhibit 15 - Offsite Flow Management
!5 Reference Nodes

Perimeter Swale
Offsite Areas
Road
Channels
Site

Pond 1

Pond 2

Pond 3
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Pond 4
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