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Briar Branch Drainage Study
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EXECUTIVE SUMMARY

In June 2006, Lockwood, Andrews and Newnam, Inc. (LAN) prepared a Drainage Action Plan
for Tax Increment Reinvestment Zone # 17 (TIRZ 17). The Drainage Action Plan identified
Briar Branch as the only unstudied channel of the four open channels that serve TIRZ 17 as
storm sewer outfalls. In response to the Drainage Action Plan, TIRZ 17 authorized LAN in
October 2006 to study the unstudied portion of Briar Branch, also known as Harris County Flood
Control District (HCFCD) Unit No. W140-01-00. The project limits begin at Gessner Road and
extend east to Blalock Road. Briar Branch was previously studied east of Blalock Road as part of
the Tropical Storm Allison Recovery Project (TSARP). The goal of the study was to extend the
limits of the TSARP floodplain analysis along Briar Branch west of Blalock Road and to identify
the existing level of service provided by the channel.

Existing TSARP hydrology and hydraulics reports and models, as well as land use and historical
flood files, were reviewed and used as the basis for this study. A detailed topographic survey of
Briar Branch was conducted by Martinez, Guy & Maybik Inc., the data from which was used to
develop a hydraulic model of the channel.

A hydrologic analysis of Briar Branch was conducted based on the peak flows produced by both
overland and underground storm sewer flows. Overland drainage arcas were determined using
the TSARP defined sub-basin limits and extreme event flow patterns derived from ArcGIS and
LiDAR. Overland peak flows were calculated using TSARP methodology and are based on
contributing drainage areas. Storm sewer drainage areas were based on the contributing area to
each storm sewer trunkline system. Peak flows were based on contributing drainage areas but
were capped at the capacity of the storm sewer trunkline. HCFCD methodology mandates the
use of overland fiow only when modeling floodplains. However, to account for the flow changes
associated with storm sewer outfalls, cumulative overland flow was calculated at the storm sewer
ontfall locations.

A detailed Hydraulic Engineering Center River Analysis System (HEC-RAS) model was
prepared for the limits of the study. This model extended the established TSARP HEC-RAS
model that previously terminated east of Blalock Road. The model geomeiry was based on a

- _detailed topographic survey of the channel and bridge/culvert crossings. Using HEC-RAS, water

surface elevations were developed for 2-, 5-, 10-, 25-, 50-, 100-, and 500-year rain events.

Using the water surface elevations produced during the hydraulic analysis, the 10-, 50-, 100-, and
500-year floodplains were delineated using "ArcGIS and the 2002 LiDAR Digital Elevation
Model. The existing channel level of service was also identified.

The existing level of service for Briar Branch was determined through analysis of the delineated
floodplains. The level of service is the largest rainfall event that the channel can contain within
its banks. Within the limits of this study, Briar Branch provides a 100-year level of service with
the exception of three relatively small segments of the channel. Two of the segments lie outside
of the TIRZ boundary. The channel segment within the TIRZ boundary, between Gessner and
Witte Road, provides a 25-year level of service — allowing shallow flooding of portions of a
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large paved area. The paved area is primarily used for parking vehicles, most of which are
Spring Branch ISD school busses.

For this study, residents of the neighborhood near Briar Branch were surveyed and asked to
describe common flooding and drainage problems of the neighborhood. The survey responses
supported the modeling results generated by this study, including the overland sheet flow paths
and ponding locations.

The analysis was structured to identify areas along the channel with drainage problems. The
roadway crossings over Briar Branch were studied to identify channel constrictions. Analysis
showed that the existing channel geometry at each bridge crossing did not significantly increase
head loss or significantly constrict flow; therefore, changes to the roadway crossing structures
were considered unnecessary. Improvement alternatives were considered for enclosing Briar
Branch channel with storm sewer allowing the future construction of Claret Road over the
existing channel alignment. A hydraulic model was used to determine the storm sewer
infrastructure required to enclose the channel and provide a 100-year channel level of service
without increasing the current risk of flooding. The 100-year event was chosen as the design
storm because the existing channel provides a 100-year LOS for much of the study limits. The
analysis determined that though it is possible to replace the channel with a storm sewer system,
the design process must be careful to allow the sheetflow from the surrounding areas to be
collected into the system without adverse impact. The construction cost for the storm sewer
infrastructure is estimated to be $11.7 million, not including the cost of the proposed roadway.
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1. PROJECT OVERVIEW

Ll Background

In June 2006, Lockwood, Andrews and Newnam, Inc. (LAN) prepared a Drainage Action Plan
(Plan) for Tax Increment Reinvestment Zone No. 17 (TIRZ 17). The Plan summarized the

- existing available drainage studies and reports for the region. A prioritization of proposed

drainage projects that would impact and benefit TIRZ 17 was produced as part of the Plan. Briar
Branch channel was identified in the Plan as the only unstudied channel of the four open
channels that serve TIRZ 17 as storm sewer outfalls, The Briar Branch Drainage Study is
intended to fill the analytical gap in the Plan by studying the unstudied portion of Briar Branch.

1.2 Authorization

LAN was authorized by TIRZ 17 in October 2006 to study the unstudied portion of Briar
Branch, also known as Harris County Flood Control District (HCFCD) Unit No. W140-01-00.
The project limits begin at Gessner Road and extends approximately 1.4 miles east to Blalock
Road.

1.3  Objectives

The study determined the boundaries of the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year floodplains
along the Briar Branch channel within the project limits and identifies the existing level of
service provided by the channel. Four roadway crossings over the channel, including Bunker
Hill Road, were analyzed in this study to identify potential areas where channel flow may

- experience significant head losses. Overland sheet flow paths were examined with the intent of

locating areas where flow paths into the channel may adversely affect existing structures.

Additionally, this study provides insight into the feasibility of enclosing Briar Branch channel to
allow for the future construction of Claret Road. The alignment of the unstudied portion of Briar
Branch coincides with the alignment of the proposed Claret Road corridor currently under
consideration. As part of this study, the Claret Road alternative was analyzed to determine the
necessary infrastructure required to enclose Briar Branch while conveying 100-year flood flows.

1.4  Scope of Work

The scope of work is documented in the approved work authorization. The following items
summatrize the tasks performed during the study under the scope of work:

Gather and Review Existing TSARP Information
Review and use as the basis for this study the Tropical Strom Allison Recovery Project
(TSARP) hydrology and hydraulics reports and models. Utilize additional information
such as land use and historical flood files to supplement the analysis.

q Lockwood, Andrews
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1.5

Hydrology
Form drainage areas based on extreme event flow patterns for both overland and
underground storm sewer flows using the TSARP defined sub-basin limits and ArcGIS.:
Conduct a hydrologic analysis based on the peak flows produced by the drainage areas
for each flow type.

Hydraulics
Prepare a detailed hydraulic model for the study limits using the Hydraulic Engineering
Center’s River Analysis System (HEC-RAS) software. Extend the established TSARP
HEC-RAS model that previously terminated at Blalock Road. Base the model on a
detailed topographic survey of the channel and bridge/culvert crossings. Develop water
surface elevations (WSE) for 2-, 5-, 10-, 25-, 50-, 100-, and 500-year rain events using
HEC-RAS.

Delineate Floodplain and Determine Level of Service
Delineate the 10-, 50-, 100-, and 500-year floodplains using the HEC-RAS WSE for the
comresponding year event, ArcGIS, and the 2002 LiDAR Digital Elevation Model (DEM).
Also identify the existing channel level of service (LOS).

Prepare Preliminary Improvement Alternatives
Determine where there are drainage problem areas along the channel. Present conceptual
alternatives for channel improvements and for any channel crossing structures that have
been identified as a constriction to the channel. Because the project corridor has been
proposed as the future alignment for Claret Road, one alternative is to enclose the
channel with box storm sewer.

Design Criteria

The hydrologic and hydraulic analyses conducted in this study were performed in accordance

1.6

with the criteria and methodologies set forth in the following references:

Hydrology for Harris County — 1988 Seminar

Tropical Storm Allison Recovery Project Technical White Papers

HCFCD Policy, Criteria, and Procedure Manual (HCFCD Design Manual)
City of Houston Infrastructure Design Manual

Topographic Survey and Datum

Topographic survey data was collected by Martinez, Guy & Maybik Inc. for the area along Briar
Branch within the limits of this study. The survey data was used in conjunction with other
existing data to develop an accurate computer model of the channel.

Lockwood, Andrews
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The topographic survey included detailed data collection and channel cross-sections at the
existing culverts and bridge crossings. Channel cross-sections were surveyed at the upstream
‘and downstream faces of each crossing, 100 feet downstream of each crossing, and at a
maximum interval of 1000 feet along the channel. At roadway crossings, the elevations of the
edge of pavement were taken for a distance of 100 feet on each side of the channel along the
roadway. The flow lines and structure sizes were identified for all outfall structures along the
channel.

The collected survey data is referenced to the TSARP Benchmark Network and was performed
in the NAV Datum 1988 with 2001 Adjustment.
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2. HYDROLOGY

The hydrologic analysis determined the peak runoff rates in cubic feet per second (cfs). The
analysis relates precipitation to watershed characteristics such as overland slope and impervious
cover to determine peak runoff rates.

2.1 Watershed Characteristics

The unstudied portion of Briar Branch lies within the W140C sub-basin. The W140C sub-basin,
as defined by the HCFCD, is one of the sub-basins within the Buffalo Bayou watershed. Sub-
basin W140C has an area of 2.75 sq. miles and slopes at approximately 0.14% from the
northwest corner of the sub-basin down to the southeast comer. The sub-basin has 58.2%
impervious cover and is considered fully developed. While redevelopment of the land in the
sub-basin is possible, the opportunities for adding more impervious cover to the land are very
few.

The peak flows for the W140C sub-basin are listed in Table 1 below. The rain events
commonly referred to as 10-, 50-, 100-, and 500-year rainfall events, having a 10-, 2-, 1-, and
0.2-percent statistical chance, respectively, of being equaled or exceeded during any given year,
were established by the TSARP HEC-HMS model. Using a log extrapolation and interpolation
of the known related flows from the HEC-HMS model, the total discharge flows for the 2-, 10-,
and 25-year rainfall events were determined. The extrapolated and interpolation flows are also
listed in Table 1 below.

Table 1. Discharge Flow for Sub-Basin W140C

Rainfall Annual Chance | W140C Total Source
Event of Occurring Discharge (cfs)

2-year 50% 284 Extrapolated
5-year 20% 458 Extrapolated
10-year 10% : 588 TSARP
25-year 4% 753 Interpolated
50-year 2% 912 TSARP
100-year 1% 1088 TSARP
500-year 0.20% 1642 TSARP

2.2  Methodelogy

This study followed the hydrologic analysis methods of Hydrology for Harris County, the
HCFCD Design Manual, and the TSARP Technical White Papers. The existing TSARP HEC-
HMS model was used to establish boundary conditions for the computer models used in this
study. The W140C sub-basin peak outflows from the TSAP HEC-HMS model were used as the
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upper bounds, with zero as the lower bounds, for interpolating the contributing flows from the
sub-basin drainage areas into the channel. Specific methodologies are discussed in Section 2.3.

Drainage areas were delineated for overland sheet flow and underground storm sewer flow. The
overland sheet flow drainage areas were delineated using ArcGIS and the ArcHydro extension
with the 2002 LiDAR DEM for the elevation data. The underground storm sewer drainage areas
were delineated by incorporating the local storm sewer network in ArcGIS with the 2002 LiDAR
DEM and ArcHydro. Exhibit 3 shows the local storm sewer network (shown in green) with the
underground storm sewer drainage areas. This exhibit also includes a table which describes the
characteristics of the storm sewer system, including drainage area, pipe size, slope of pipe, and
flows for the 10- and 100-year flood events. The overland sheet flow paths and drainage areas
established using ArcGIS’s ArcHydro extension are shown in Exhibit 4, which includes a table
detailing each sub-watershed’s area, percent impervious cover, and peak discharge for the 10-
and 100-year flood events. The line thickness of the overland sheet flow path lines (shown in
yellow) indicates the concentration of flow from smaller catchments. The thickest line represents
the primary overland flow path for a drainage area.

Sub-basin W140C is the uppermost sub-basin that contributes runoff to Briar Branch (see
Exhibit 2). The existing TSARP delineated floodplain terminates near the downstream
boundary of sub-basin W140C. The HCFCD criteria does not recommend sub-dividing W140C
into smaller sub-areas for determining the reduction of peak flows at points upstream of the sub-
basin boundary. To determine the discharges of the drainage areas within sub-basin W140C, the
procedure outlined in TSARP Technical White Paper “Recommendations for Determining
Discharges in Upstream Reaches of Subareas” was followed, with one exception. The TSARP
White Paper recommends that the drainage area versus discharge relationship for the entire
Buffalo Bayou watershed be plotted on a log-log graph. The discharges of the sub-divided
portions of the sub-basin are then to be extrapolated based on the size of the drainage area of
interest.

The reason for the variance from the TSARP White Paper methodology is that sub-basin W140C
contains a large amount of storage, both overland and in the underground storm sewer, which is
much larger in proportion to its size than the other sub-basins within the Buffalo Bayou
watershed. The unique storage characteristics of the W140C sub-basin reduce the peak flow to
area ratio compared to other Buffalo Bayou sub-basins. The result of the lower peak flow to arca
ratio, when applying the TSARP White Paper methodology, is elevated peak flows in the mid-
portions of the sub-basin. The methods used to determine the peak flows are described in
Section 2.3. The large storage characteristics of the W140C sub-basin may be attributed to the
high number of ponding areas located throughout the sub-basin. The ponding area locations and
depths in the vicinity of the project limits are shown on Exhibit 6.

q Lockwood, Andrews
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2.3  Peak Flow Determination
2.3.1 Underground Storm Sewer Contributing Flows

Contributing drainage areas for underground storm sewer flow are described in Section 2.2. The
discharge flow of each underground storm sewer drainage area was based on the contributing
drainage area, but capped at the capacity of the storm sewer that connects the drainage area (o the
channel. The controlling factor for underground storm sewer drainage was the storm sewer
capacity. The capacity of the underground storm sewer drainage areas were determined by
applying Manning’s equation to the storm sewer outfall of each drainage area. The storm sewer
outfall size and slope were considered the controlling factors for flow. The storm sewer
contributing flows are shown on Exhibit 5.

2.3.2 Overland Drainage Area Flows

Contributing drainage areas for overland flow are described in Section 2.2. The peak flows for
each contributing overland sheet flow drainage area were determined by interpolating between
the sub-basin outflows provided by the TSARP HEC-HMS model and zero flow. The
interpolations were based on the size of the specific drainage area in relation to the size of the
total contributing area. For overland sheet flow, the total contributing area was 1008 acres (1.58
sq. mi.). The discharge flows calculated for the overland flow drainage areas were considered
the most conservative. They were considered the most conservative because the flows for the
overland flow drainage areas were generally greater than those calculated for underground storm
sewer drainage areas. HCFCD criteria recommend the use of extreme event overland sheet flow
to determine the peak flows used to define floodplains. The overland sheet flow contributing
flows are shown on Exhibit 5.

2.4  Assumptions

‘An important assumption made while analyzing the hydrologic characteristics of the W140C
sub-basin involves the confluence of the channel and the storm sewer at Witte Road. The
channel crosses Witte Road through two 48-inch diameter culverts. The 48-inch culverts also
connect to the existing Witte storm sewer (one 8'x5’ box culvert) that flows south, across Briar
Branch. Water that enters the junction of Briar Branch and the Witte Road storm sewer has the
option of flowing south through the Witte Road storm sewer to W151, or east into Briar Branch.
The portion of water that enters Briar Branch versus the Witte Road storm sewer is determined
by the current hydraulic head on each system. Water will ultimately follow the path of least
resistance. For the extreme event, storm sewer trunk lines carry very little flow relative to
overland sheet flow. W151, the receiving waterway for the Witte Road storm sewer, has been
widely documented in other reports as ineffective during the extreme event. The assumption was
made that the Witte Road storm sewer trunk line is surcharged for the extreme event and
therefore receives no flow from upstream of the confluence. For this analysis, the worst case
scenario for the community north of TH-10 was assumed for studying Briar Branch. It was
assumed that all flow upstream of the confluence contributes to Briar Branch.
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3. HYDRAULICS

The hydraulic analysis utilized the peak flows determined in the hydrologic analysis to study the
flow characteristics of Briar Branch and ultimately determine the channel water surface
elevations and associated floodplains.

31 Methodology

A detailed HEC-RAS model was prepared for the limits of the study. The HEC-RAS software
was developed by the U.S. Army Corp of Engineers for, among other uses, calculating water
surface profiles for steady-state flow in open channels such as Briar Branch. HEC-RAS,
considered the industry standard for floodplain delineation and water surface profile
determination, is used by TSARP, the HCFCD, and FEMA. The hydraulic calculations followed
the criteria and methodologies described and required by TSARP and the HCFCD

The existing TSARP HEC-RAS hydraulic model of Briar Branch terminated at Blalock Road.
This study extended the established TSARP HEC-RAS model of Briar Branch westward to
Gessner Road, To achieve continuity with the TSARP model, the upper most water surface
“elevation of the TSARP model was used as the downstream boundary condition for the new
model. The HEC-RAS model of Briar Branch developed for this study was then analyzed for a
variety of rainfall event scenarios.

The model geometry from a detailed topographic survey performed as part of this study and the
2002 LiDAR Digital Elevation Model (DEM). The 2002 LIDAR DEM was used to supplement
the topographic survey in the channel overbank areas.

3.2  Channel Geometry

For this study, a detailed topographic ficld survey of the channel was performed. The survey
information was used to ensure accurate channel cross-section geometries for the HEC-RAS
model. Roadway and pipeline crossings were also analyzed in the HEC-RAS model based on
information obtained in the field survey. The cross-section locations are shown in Exhibit 5.

In developing the channel’s hydraulic model, three-dimensional cross-section data was captured
using ArcGIS with the 2002 LiDAR DEM as the data input. The channel centerline, banklines,
and three-dimensional cross-sections geometries were exported to HEC-RAS from ArcGIS using
the extension HEC-GeoRAS. The LiDAR based cross-sections were then adjusted in HEC-RAS
using the detailed topographic field survey information. Additionally, bridge crossings and
culvert structures were modeled based on information obtained by the topographic survey.

A LEQ A DALY COMPANY
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3.3 Water Surface Elevations

Using HEC-RAS, water surface elevations (WSE) were developed for 2-, 5-, 10-, 25-, 50-, 100-,
and 500-year rainfall events. HEC-RAS model results are provided in Appendix A. The WSE
for the 10-, 50-, 100-, and 500-year events were later used to delineate the corresponding
floodplains (described in Section 4).
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4. FLLOODPLAIN DELINEATION

As part of the hydraulic analysis for this study, water surface elevations were developed for
several rainfall events. These elevations were exported from HEC-RAS into ArcGIS using
HEC-GeoRAS. Once in ArcGIS, the relevant floodplains were delineated by intersecting the
WSE with the 2002 LiDAR Digital Elevation Model (DEM). The 10-, 50-, 100-, and 500-year
delineated floodplains are shown in Exhibits 7, 8, 9, and 10 respectively.

4.1  Existing Level of Service

Further analysis was conducted to determine the existing channel level of service (LOS). The
LOS for these areas was then based upon the maximum rainfall event that can be contained
within the channel banks.

A 25-year LOS was identified for the channel segment beginning approximately 500 feet east of
Gessner Road and stopping at Witte Road. The delineated floodplains created for this analysis
indicate that rainfall events greater than a 25-year event will exceed the southern banks of the
channel, causing flooding on portions of a large paved area. The paved area is used primarily for
parking vehicles, most of which are Spring Branch ISD school busses. It should be noted that
only a small portion of the parking lot is inundated by the 100-year flood event. For the channel
segment beginning at Witte Road extending east to approximately 300 feet west of Oak Tree
Drive, the channel has a 100-year LOS. From approximately 300 feet west of Oak Tree Drive to
just west of Cedar Post Lane, the delineated floodplains indicate the channel has a 50-year LOS.
Delineated floodplains for greater than 25-year rain events show exitensive street flooding
between Cedar Post Lane and Blalock Road, indicating a 25-year LOS for the channel in this
area. The breakdown of LOS along the entire channel length is shown in Exhibit 11.

4.2  Drainage Problems Survey

Attendees of a March 6, 2007 public meeting, held at Woodview Elementary School, were asked
to participate in a survey about drainage problems in the neighborhood near Briar Branch. The
public meeting was held to discuss the jointly funded City of Houston / TIRZ 17 Bunker Hill
Roadway Improvement project. The survey asked respondents to describe flooding and drainage
problems as well as locate the problem areas on an attached map. Fourteen people responded to
the survey. The data collected through this survey was digitized and graphically displayed in
GIS. Exhibit 5 displays the survey results. The drainage problems described and comments
from the neighborhood constituents support the computer model results generated by this study,
including the overland sheet flow paths and ponding locations. While it was not a defined scope
item for this study, the ponding area west of Bunker Hill was analyzed in further detail and
recommendations were made to the Bunker Hill design engineer to ensure that the ponding
problem was not passed further downstream. The ponding location along Bunker Hill was the
only ponding studied in detail. -
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5. PRELIMINARY IMPROVEMENT ALTERNATIVES

-+ The hydrologic and hydraulic analysis determined the location of drainage problem areas along

Briar Branch channel. This section presents conceptual alternatives for improving the channel
LOS and enclosing the channel to allow for the future Claret Lane.

5.1  Channel Improvements & Roadway Crossings

The LOS for various channel segments is described in Section 4.1. Many of the channel
segments currently provide a 100-year level of protection. Based on a visual inspection of the
floodplain delineations, channel segments with less than a 100-year LOS do not appear to cause
structural flooding. Drainage problems in the vicinity of Briar Branch appear to be a result of
overland sheet flow problems, inadequate storm sewer collection system, or a combination
thereof. Because of this, it is not recommended that modifications to Briar Branch be considered
to improve the channel LOS.

HEC-RAS bridge crossings were analyzed for signs of significant head loss across each drainage
structure. According to the hydraulic model, there were no significant head losses across the
bridge crossings. Therefore, modifications to the bridge crossing are not recommended.

5.2  Enclosing Channel with Box Storm Sewer

The project corridor has been proposed as the future alignment for Claret Road. Therefore, one
improvement alternative will be to provide a 100-year level of service by enclosing Briar Branch
channel with box storm sewer. This scenario was modeled and evaluated using the City of
Houston approved storm drain modeling program HouStorm to determine the required sizes of
the proposed storm sewer trunkline. Since the existing LOS provided by the channel is an
approximately 100-year capacity, the proposed storm sewer would provide that same LOS. The
proposed storm sewer would be designed to contain the 100-year flood flows and not exacerbate
any existing flooding issues in the area.

5.2.1 Hydrologic Design Criterion

Exhibit 5 illustrates the assessment used to determine the design flows for the storm sewer
model. Two categories of flows contribute to the existing Briar Branch Creek. The first
category is cumulative overland sheetflow, which represents the 100-year flood event determined
by the HMS model following TSARP and HCFCD methods. This model does not focus on the
role of storm sewer in the system as it assumes that sheetflow dominates the outcome of the
system.

. The second category of design flows is cumulative storm sewer contributing flows, which are
flows entering the channel from the existing storm sewer system. Design flows for the proposed
storm sewer model combined the two previously described scenarios, s0 as to maintain a
conservative approach to the model. There are only two locations where the point source of
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storm sewer flow is greater than the overland sheetflow in that area. These locations are at Witte
Rd. and Bunker Hill Rd.

5.2.2  Hydraulic Design Criterion

Initially, the proposed storm sewer was designed to provide a 100-year level of service. For this
design, a minimum of 3.5-feet of ground cover was allowed over the storm sewer trunkline. The
critical water surface elevation for each pipe node was set at three feet above the sofit of the
storm sewer trunkline. This critical elevation would ensure that in the 100-year flood event,
water would not overtop the storm sewer inlets and possibly flood the street as well as the
surrounding area. Due to this critical water surface elevation constraint and high tailwater
conditions (see high tailwater discussion below) this design scenario is not feasible. No practical
size of storm sewer will allow the 100-year level of service conditions to be met along the entire
project limits.

Therefore, a feasible hydraulic model of the box storm sewer was created according to the
following criterion. The critical water surface elevation for each pipe node was set as the 100-
year WSE from the corresponding cross-section of the HEC-RAS model. In cases where a HEC-
RAS cross-section does not fall directly on a storm sewer pipe node, the 100-year WSE was
interpolated between adjacent cross-sections. This criterion was used to ensure that under
proposed conditions (storm sewer in place of the channel) flooding issues would not be any
greater than existing conditions. Presently, about 60 percent of the channel achieves a 100-year
level of service (LOS shown in Exhibit 11).

The storm sewer model was developed under two tailwater boundary conditions; the 10-year and
the 100-year WSE of the cross-section immediately downstream of the end of the proposed
storm sewer. The system was modeled under the 10-year WSE in accordance with the COH
Design Manual. As stated previously, this storm sewer model is not only subject to traditional
design rules because of the amount of 100-year sheetflow flowing into the proposed storm sewer.
Because the storm sewer is replacing an open man-made channel, it is subject to the more
‘stringent standards of HCFCD and TSARP methods. Therefore, a model was produced which
sized the storm sewer in accordance with the 100-year tailwater conditions. For this model the
HEC-RAS 100-year WSE of the cross-section immediately downstream of the end of the
proposed storm sewer was used as the downstream tailwater boundary condition.

~ According to the previously described criterion, the following two scenarios with varying project
limits were modeled and evaluated: '

e Scenario 1: Enclose the channel in box storm sewer from Gessner Rd. to Blalock Rd.,
which encompasses the entire project corridor.

e Scenario 2: Enclose the channel in box storm sewer from Gessner Rd. to Bunker Hill Rd.
This is the portion of the channel within TIRZ 17.
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Lackwood, Andrews
& Newnam, In¢,

A LEQ A DALY COMPANY



Briar Branch Drainage Stody
TIRZ 17 Area Drainage

5.2.3 Storm Sewer Model Results

Output from each HouStorm model is found in Appendix B. Tables 2 and 3 summarize the
required storm sewer trunkline sizes for design scenarios 1 and 2 for the 100-year tailwater
conditions. According to Scenario 1 and 100-year tailwater conditions modeling results, the
largest box storm sewer needed will be 4 — 9°x7’ boxes over the last 1277 feet of the proposed
project limits. See Exhibit 12 for the proposed preliminary box storm sewer sizes and locations.

Table 2 - Scenario 1 Proposed Storm Sewer Design (Gessner Rd. to Blalock Rd.)

Cumulative % Length - 100-Year TW
Run F Street Description Box Storm
Tow (cfs) Slope (ft) .

Sewer Size
Begins at Gessner Rd. and oo
1 25 0.054 608 Extends east 608 ft. 1-4°x3
Begins 867 ft west of Witte Rd. and .
2 50 0.073 867 Ends at Witte Rd. 1-6'x3
Begins at Witte Rd. and -
3 280 0.098 | 2812 Ends at Bunker Hill Rd. 1-9'x7
Begins at Bunker Hill Rd. and -
4 522 0.102 837 Ends 200 ft west of Confederate Rd. 2-9'x7
Begins 200 ft west of Confederate Rd. and v
5 806 0.102 912 Ends at Oak Tree Dr. 3-8'x7
Begins at Oak Tree Dr. and -
6 961 0.102 718 Ends at Cedar Post Ln. 4-9x7
Begins at Cedar Post Ln and o
7 1003 0.166 559 Ends at Blalock Rd. 4-9x%x7

Table 3 - Scenario 2 Proposed Storm Sewer Design (Gessner Rd. to Bunker Hill Rd.)

Cumulative % Length . 100-Year
Run Street Description Box Storm
Flow (cfs) Slope (ft) .
Sewer Size
Begins at Gessner Rd. and Vo
1 25 0.054 608 Extends 608 {t cast. 1-4x3
Begins 867 ft west of Witte Rd. and .
2 50 0.073 867 Ends at Witte Rd. 1-6'x3
Begins at Witte Rd. and R
3 280 0.098 | 2812 Ends at Bunker Hill Rd. L-9'x7

Note: Scenario 2 was analyzed separately to isolate improvements in TIRZ 17 and the prevent influence from
downstream storm sewer lmprovements.
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5.2.4 Cost Estimate for Proposed Storm Sewer System

A cost estimate was completed for Scenario 1 using the 100-year tailwater condition.
Calculations for this estimate are found in Appendix B. Key items considered in the cost
estimate were linear feet of various sizes of concrete box culverts, customized junction boxes, a
trench safety system, and excavation and off-site disposal of soil. (Proposed roadway costs were
not considered in this estimate.) Of these key items, the amount of large concrete box culverts
controls the final projected cost. Cost per linear foot of various sizes of concrete box culverts
were estimated using the TxDOT Houston District’s average low bid unit price list. The final
proposed cost of the storm sewer system is approximately $11.7 million. This estimate includes
a 20 percent contingency fund. :
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6. CONCLUSION

The existing level of service for Briar Branch was deteriined through further analysis of the
delineated floodplains. The level of service is the largest rainfall event that the channel can
contain within its banks. Within the limits of this study, the majority of Briar Branch provides a
100-year level of service. There are three segments of the channel that provide less than a 100-
year level of service. Two of those segments lie outside of the TIRZ boundary. The segment of
the channel that lies within the TIRZ boundary provides a 25-year level of service between
Gessner and Witte Road. The analysis indicates that flooding in that area is likely to occur along
the southern bank of Briar Branch — potentially flooding portions of a large paved area. The
paved area is used primarily for parking vehicles, most of which are Spring Branch ISD school
- busses. The 100-year flooding in the parking lot is characterized as shallow (less than 1 foot)
and does not extend very far out of bank.

Residents of the neighborhood near Briar Branch were asked in a survey to identify and describe
common flooding problems in the neighborhood. The survey respondents described specific
locations where flooding and ponding commonly occur, as well as water depth and flooding
duration details based on their past observations. The survey responses did not identify any
problem areas along the channel. Some of the survey information was used to improve the
roadway and drainage design of the Bunker Hill Road Improvement project.

Preliminary alternatives for improving the channel level of service or functionality were
considered. Since most of the channel currently provides a 100-year level of service and the
channel segments with less than a 100-year LOS do not appear to cause structural flooding, no
improvements were recommended. The roadway crossings over Briar Branch were studied to
identify areas in need of improvement where significant headloss occurred during major rain
events. The analysis concluded that none of the roadway crossings negatively affect channel
flow and therefore are not in need of improvements. Another preliminary improvement
alternative studied was the enclosure of Briar Branch channel with box storm sewer. Enclosing
the channel would allow Claret Lane to be constructed over the existing Briar Branch alignment.
Based on the preliminary analysis performed for this report, it is technically feasible to enclose
the channel within a box storm sewer and provide a 100-year level of service for the entire length
of the channel while allowing a City of Houston standard roadway to be constructed above it.
The analysis determined that though it is possible to replace the channel with a storm sewer
system, the design process must be careful to allow the sheetflow from the surrounding areas to
be collected into the system without adverse impact. The preliminary analysis performed for this
report concerning the enclosure of Briar Branch did not consider any existing right-of-way
issues, specific roadway design issues, or cost. This preliminary study determined the sizes of
the storm sewer infrastructure necessary to enclose the channel] with a roadway constructed

. above it. This preliminary study also estimated a construction cost of approximately $11.7
million for the proposed storm sewer infrastructure.

14

A LEQ A DALY COMPANY

Lockwood, Andrews
& Newnam, Inc.



ExWibite-



=
&
2
\) A
Py |
3.
ol |
- PROJECT
1 LOCATION
- :
I |
i ':
e '
3] .
= ¢
i OO0
A i ;
cl i
7 h
§ p‘, .
& | o -
: Wi o b .
.El ! - O(So’dle ~,
I S 1 1 C - o~
§ - _-- o - e@ -, J
3 A " 13 ! K
AN / IS 'i
5 ‘n ) !‘u—v :
N ¢ S 3
i, <! I P
2 VICINITY MAP (NTS) . H -
2 i Exhibit 1
z ! Briar Branch Drainage Study
s & ; " Project Location Map
2 : Harris County, Texas
2 . H N 0 1,500 3,000 6,000
w<{}>E e
g - " Feet
s 8 S
Ss —
5 s LF’ggAJTEIg)L City of Houston TIRZ 17
2e gy — Lockwood, Andrews
Sy : & Newnam, Inc.
2}'8_ A LEO A DALY COMPANY
b=}




3-¢ - L002/62/S
Juswnoo( depy

Nd

-0S501L-02L\r 120z,

| " * T sodozzia - |
ANYdWOD A1vd vV 031 v ! \ o» g « ” w.r.ﬂ
"Ou| ‘weumapN R _ g g || m# \ el el LT T e gl
SMalpuy ‘poom3a0 :G w m, m, 5| S J = Awo.oo.wﬁ \_VL md
LI ZYIL UoIsnofy Jo 4ji7) ] | o 6 13 Ui “
5| . = | S 00-00-0910 {noAeg STEE
E| 4 - e (S 00}00-6210 _
& g , UL o BT AE 00-v0-6210
s 3 |
b g i B ,
.,L,mn |
NOAVE 3VO JLIHM g ;
MIFHO SSTYAAD F1LLIT Eii Th
NOAVE ONILNNH | J?ﬁ\\ g .
3 s 4 3
NOAVE STIVH i SIS 1=
NOAYY SNITYO o s ,m.wﬁ. Sales
10-10-601.L T

M33HD SSIHJAD

NOAVE O1v44Ng

NOAVE SAVHd

dIOAY3STY Y3IrMdvd

dI0NH3S3Y SMolaav
Spaysiajepy

*

U101-19-00
00-20-L0

00-20-8€E .

U101-01-00

019

00-51-19;

Y

00801043 - Hozo-z04d . - 2 S
uiseg-qns O0vLM i y :
IBUUBYD QO4OH —— \ A = (f il
Y . 8 S .
youeug ieug - 3 H—\! // An
: 1-101 3 @ W‘?SS ; o 8 8.3.&5 Yoo o
= 3 00-10-9143 | @ 4 yoduelig Jeug o] bunnguuon suiseqg-an ) $2n0
SAVMHOIH s 8 s ;w Youe.g Jeug o} bunnguiuo) suiseg-qng i . e e LU
2 B ! ¢ Bl
Ucwmwl— e 50-50-9113 ~ =, u, “ | ubfw« Lo o0 \%‘wml %( o
ES f 2 0070-9080/" oy, ey m <
& <2 S 2 00700°DZLn Heaip Joulle ) m
s g |8 5 i
| 00-zz-1013 * ' 8 g : | B
o 3 e S
. < G oS
00-€2-1013 = =¥\ A S
ey 00-0z°8L4d * < 3 *o No% g
00-9g-81LA ¢ - e o _ S S
o - 5 ~ Ob) 9
sajiw Z sjenba youy | 4 : g = g g 5
Exi 2 z 4 ; s < FAw 00-00:6Z1 *
SOl . £0-61-811d & m 00-¥0-izia i 2 o 00-Z1-90LN *
: [ vopieild ¢ .2 3 g g
g ; 8 %, ] < o o
! ; g 5 . o &t
14 € 4 1 G0O s s 83 : 3 7
~ s et z i 8
2 o 2 m % s
- S i b 5
g a 2 loo-roeela * | R >
L R D
S E- < 00-10-291y *
= M = A . 2
€ld 2, - &
N 2 ) 4 =
i\ 8| 3
00tz0-55 1 4" dm,wﬁﬁe.o e . w
- 4, 25 2
Spays.sjep) ealy UO}SNOH B T T _ | dosoovia g
Apnyg abeureiq youeug teug e o s_.eg’
~ g
N 3| 00 ‘Q.WVNX
IqIYX § LN\ S s u g
AIGIIPE g I WS & 71
ey ~ 4 /

ZX3\Z 6 UOISIBA\SAXIN\SI03[01d\SID\POI\000

a1y uojsnoy

2

pXw'z 6 spaysie:

(



ANVdWOD ATVA V 031 V
"ou| ‘weumapn B <
SMaJpuy ‘poomya0]

L[ ZYIL UoISnop] Jo 417y

TSh0GEl — Z002762S
J1\7) suswnooq depy

ealy Apnjs youeiq Jeug

7,,
1 s % \ I M 1] u M |
.M..,\,‘ - ‘ ||| e 0-10-07LM ‘Y2 u.m \\(,z‘ / « a
= | e —f &
& P
— 3 = [X) =2 b =X
depy, Anuoip bt:oo suieH B B 1B & 3 J SE
L SLA— .d 5 .T\.\ N J1 m
" A I
uiseg-qng oo$>>n 1 , Moo |
Arepunog /| zyIL |- _ ) —t o i sl
- i fm_ @—‘ 2 @ ml o) S
aulT Jamag wio)s J 2] © 2 F
1 3 m @ - Pos—
gl . mF Y = M. > 1
louueyd qo4oH —— . e J g
] = “ ! | [FAERIEE INER e 2
suwit Apms youesg seug [ : M | — ~——1 B 5 % | &
5 ) i) &5
\— 15 I
SUOO9S-8S01D SYY-OJH —— | = v 3 =~ 3 s U 8 § Lol
X el ] S 3 - S &3 =
al eely ebeuieiq  # w\‘-.‘,.‘\,l;, e NS I o 2 g B 8 3 . g
| —— | B [ 2 = A e S e il 2 %
pusbay C 1Y 0 o NG i | 2 . 1o syt
.,l.l]w 0 = : > N | ) 5 2 L) P
,,,, { —___ ] Z] | 4 L 1 EFR T ¥
S \ h = i # 0 Jie v {5l _m ! 5 2 f " S RGER T o g
1994 — e S = mi
i A =\ , 2 - N &2 o)
q M ) 3= | s m ] =
9 A | d——trmroEie— 1 s % 3 ]
¢ ‘ = 2 E T ey N -SRI S
N 000'2 000k 00S 0 < m & RO
ﬁ\ R V. OAZ : =
sealy abeuleiq Joames wioig | Lu/ P e N
. QS (e eV ANO WA ¢
Apng abeureiq youeug seug L
. N //.( VNV AN . L ) i
€ NqIyx3g s B S
10! ,, S 2 q T 2'90-10-07 LM 2 g
06 06 vee £500°0 99 09 94 L T —& %
T - i 1 T ~— S G G
€. £/ LGe ) 8/ 9r 7 & 4
994 v gLl 0 00000 0 9 vh 5 1 g L
G/1 zhl 0 00000 0 Sy gl 1 g | 1o
L1 , Siz 961 50000 09X0Z 1L 6/ o L ] < H i i
I { T - 10 2.
pLE gLz vl 20000 09%96 I L o0 fr-orim & & OOMIMROANHS gamm = LA )
vLe iz . €€ 2000 9€ 8/ 0t Priics iz _,
€0z 161 vz €400°0 9 It 6 ,
1/ . € Ve §L00°0 8t Gl 8
561 , 1oL _ 56 80000 vs L€ /
zL _ €/ 2z LL0O0 9 5z 9
9.5 . 0/ ‘ 8 LL000 vz 0 a5 / “““““““““
9.5 0.8 Lez 60000 204 261 S / 5w
68 95 61 12000 el 1z v , 4 ,, i E &
089 8zr 602 11000 #8 e GO T 32 .
9¢/ vo¥ 8¢ 20000 09X96 2z z B i #
98r zie 961 0000 09X0Z4 961 L : ] :
(S42) © ¥v3A 001 (s42) O ¥V3IA 0L (s42) (N1) (s349v) P B U, SN N ey e - .__”t,i:.:_._‘,_ 5
3AYND 440NN F1IS  FAMND 44ONNY FLIS O S.ONINNVIN 3d07S  3ZIS3dId  VINV INOD  TIV4INO v | (. el A

EXI\Z 6 UOISISA\SAXNISI08I01d\SID\POIH\000-0850-0Z

6 SYQ JemMeswio)s” youeigieug

(pxwg



ANVAWOD ATVA V 031 V ! m
U] ‘WeumapN £
SMalpuy ‘POOMHMI0T = —

Nd SZ.E0Z - L002/62/S

[T 2SO0 || e

mmeq ApniS youeug leug

1

]
08ZF

A N T S A

oou_‘cnaﬂ—.; ..CUEN _M.v _Wm QWS VA V
e
ot s P | T HE —epmenes | E| X = )
dey AyuiiA Aunog siuey S w\_.w, . A nossuva= (U O NOTEES ot L &
- vm; ) w ) £=
= il o e R 4
useg-ans oorimEl | AR ol B & % .
= = . ‘ . W vx,
Arepunog /1 ZzyiL | I , G
SaUIT JOMaS WIo}g i
| INIOEONO L B
lBUUBYD QO4OH —— | x
sywI Apnis youelg Jeu T = s & §
1 Apnis youeig seng [ S ) e
SU0N99G-SS01) SYY-OTJH —— | [ w ‘ _ m e Ad=E
SaUI] MOJJ}93YS puBlBaAQ N T 2 = 2 ih g
| | M.m” \ | 0 10C)
al ealy abeueiq  # _ g
<+ L
pusbe] [N, f——tbomrat LN T L 3 :
N J
\| P b
i ‘ — 1) (3 B QMO VI ey S
0002 oom L 005 0 AR T L] M - w
= | /.[~ — 7
3 M e = , ,
g ] €90°L0-0pipy « 290°L0-OVIM © { g ,
N 3 2 = T/OTERTAIT
— = : o
sealy abeuleiq y g e = 1
MO[H }838YS puesAQ 4 7 * m - B O—
Apmg abeuieiq youeug Jseug . § - [ | _ B
00-L}-0VLM ‘ (QEOMMOGYHS] Ml
v HaIyx3 1 :
T GOOMANS
562 €61 T~ %19 908 Z L |
Gl 8Ll %61 7G°6€ 9 TER e bund
6.€ 0€Z %8z vTlbl G TR i 11 9
LLol 965 %22 68'€95 v d B — s .
042 | o %05 89/ € W il e i 2
29¢ 652 %99 90101 z | | R 3 R —
0SL1L 96/, %1¥9 SY oLy L | hM _ _ a : N/r
(s30) (s39) snoinsadwy o,  abeasoy al , : =28 5 T3 Nl
abieyosiqg yead JA-00) @bieyasig yeaq 1£-01L eysodwogn easy abeureiq easy abeuieiq | — R = ﬂl <
dlqe abieydsiq yead - ealy abeuleig moyyesys pueuaaQ youeig Jeug BB _ ; / | P r

Z1\1) uswnooq depy

UYouIgIBHg pX3\Z 6 UOISIBA\SAXIN\SI9801d\SI9\POId\000-0G50L-07

26 SYQ MO98ySpuEpan0

(pxw-



ANVAdWOD ATva Vv 031 v
"Ou| ‘Weuma 3 :G
SMalpuy ‘pOOMYI0"] — Z

LI ZY[L uojsnor Jo 4315

120°02:C - L002/62/5
A7) quawnooq depy

/

ealy Apnis youelig Jeug

}

SIS IN

s

i

55— ETIGARILY . Wy V. o [] +1 el

AN S1o Am_quNm G B < : v» -
a o010 ovim e Eage TGy - 38 RN SR Y ER 0 | + (S9) SMO|4 buinquiu0)
3 5 MO|}Ja9y§ puelIdAQ dARBINWWNY

-i>

- T

Youeig leug gx3\g S_UO!SJSA\SCIXW\Slﬁa.lUJd\SIS\DOJd\OOO'OSSOL'OZL‘

MNEENZATE] L JJ\ 3 |
depy Ayuoip Ajuno) siue _.,,g,z T !
L . |
I | . 3
"Saulpjunl} JomMas Wlojs £ ._ o f - e u.w ;
Bunsixe ayj woly Bunnguyuoo smoy ., % . A O p8ELhgu oo FaLL00 m T [ g
T4 3 2 ’ 2o YHS] =
'pY 21D J8pun aulpuNn} James 7 B v.,.,mn b o £ ar SN 4 g
wuols pasodoud Joy smoy ubiseq _ = w u\ . g 2 | T E—— mﬂ m £
‘urejdpooyy : 2 o T g g g
§ - . e &2 = ©
1A-001 8y} 8jeluljap 0} pasn smoj4 & = e ,ﬁ,.?\éﬂﬁr =
: i_ Al - \...w NW,; L2 M
‘S3LON A 413 © oM WJ 83— I = - &
53 5 DX () [ = g R EEY
(‘JuswBas jomas i > < |

DISLELN

W
Gaisaiiinay ‘Y _c
ﬂ\ SOGRIAIE a i

WJ0)s yoes aAOge pajousp g o " . f Bt
8Je sajel moy) bunnguiuo)) g < oz st L
JOMBS WIS vmmoaoi IO _. 2 [ 2 =2 SN FER =
b = S -
Atepunog /1 zy1L | P—t=reEiie > 2 Dot e ra———
= e RO /A R iy 7Rk 41
uiseg-ans o0 | M _. % - : M N1 |- ml..m
sywi Apnis youelg Jeu 2 IR ,
nwr Apmis youeug seug [N J— A g GRINYY _Il.:.vlﬂ IR |
[suueyp do40H —— — ENQES = f — NIRR _ g g =Mis| |
\\ .- o ~ Py | - \.( (LVAC ) ?C - - H lK.. 4
SV BEEVNCISHTT o) [ — y 0 -| ’ 1 et N~ ; & B W 8
v i INVGISSON) =N ; R _ ’ £90-L0-0pln +  2'90-L0-0FLM IR d g 82 2 5
SUOMIO8S-8S0I) SYY-OFH —— % Q . wwu s (rlwl.;.m._.
& SHRIANENS VA 5 A > S ) I 1 =S : @ MY ONIS 5
S8UIT MOJJ}e8yS puepaAQ pee=—ERRlRERL i @ : _ & OO S WMJMG@,? 4 E
.{m 3 2 & 4
al eaiy obeuresg  # & FRSHEERS ] i 2 2 & DT T
SVb Ve e o ( o2 Til.. < J e RN v.l‘a
5B 2. G Mg 5 @ M ‘ e
btw md b o z ( g ,HA, S = ! dOOMN Aﬁﬂ. .,.._,.r.v/mw.
5 D0 W [ROOMIMOEVESES 8 2l ek
) = , . 8 M 9
Hm H— : wm _ = 1 P e i
ﬂ i S e o

000°C 000t 00S O

=
)
,%-' {
5
NN

s T U000V ousia DU |

. " * n , ENONOREEN H I—

N ZI | VOCNY, S mrEdyee

o e -

smol4 Bunnguyuon B 1 & ik e
Apmyg sBeutesq youeug teug ) v S 1 1|

QIO ) i | S—— :

G )¥qiyx3y S y OO |

b OO MMM




T 6L UL ¢ 2002752

ANVdWOD ATVA V 031 Vv
“ou| ..EmEswz » QHOIAVD
SM3Ipuy ‘pooMy207] | .
B
L[ Z¥II UOISNof Jo A11)
mm& ApniS youelg teug z ; = OO
m ] b L XXX XX KKK KK XK > XXX $ £ X)X N \
.w _ A $29.9.4 X ,/7 X S AR X XX
z COOOOOENNNERIRKIIOOOD
g . T T T R T R A A AL T TOTOTOT TS
I —— . R R IR N XRIIIN XXX XXX XX
e W S T | e e tQu ALY 10 i
S //(,»
/ Vs ; : H\ <
depy AnudiA Aunod suuey : |
Z- | . | 1 -k ,
OL-S R |!-S0[ | ;
G-I GS0-0[ | o ,
(1) ydaqg Buipuoy _m = :
‘1o i 2%
Asepuno %% s ‘ Y ETeveve
punog /I zdIL XXX DTS \ I [ e E S 13uvio o
sywi Apnis youeug teng [N - S e e T 1 SRR > 351v1 3N .
S8UIT MOIB8YS pueIanQ <! ‘ — 008 /// 3 I T Nolsa |!
rpaO g 0 00 e y, i
_QCCNP_O OOH_OI HONVYE ONOT A m ; LK% i T T ;
suonels adi4 ° =W . . .m = ., \ r awawvaan ¢
| 1S ] A { _nm v\w - it
A T ayviand r ,
Sloous Mu w | % Aiejuawa|g mm Fvome
suole}s 821104 . . mW u M3IAPOOAA m i o
m MJM " Nolsuvl M.,.ﬁ L | .‘x,_, NodsH¥] B m\l ==
is El W ! -
N < _, W m b W i W e
- i = 4 - S—— | |
L L p S 7 3wawvaas ! e E
7 _M_% Y 2 - ToF
] s i J _m_ m i Vv |
® o A R &3 I ﬁ x
I @ /\m\\ CMaLSEIM T 5 cw\w a8 : 3 ..,_ 2
sjureldwo) Jo # \ g | ) % 2 E m i
s)insay Aaaing o e
llml vonve »038N3ddVL zumazmm = —~—
Ucm ml— i \ ) 1 \\
H@@H_ S 5 —— { < 1 I mg . L,\ — = 1 =
LT; | i 7 i | | 3 s b
¢ - il = i z @ 9o = g
00c'L 009 00¢ 0 N 3 f_ = :\oumv. _ z =2 g e 2
5 S : 5 1 g 3 ‘g g
s)insey AsAing 1 : m g 5 s
sw|qo.ld ebueuleiq | o S '3 g . :
P = ! M m.ﬂ‘r S0 réﬂﬁwﬁr . aaisaLim
Apnig abeureiqg youeig seug | ... . i R W.,W _f
X 5 WH. _T ) m =
o ﬂ_n_cxm M # m E 1SUNHTIZVH
$023d : nm_ m : _ i m_
; - . ._ H 1N
1o i m

1\7) suswnooq depy

Youelg leug 9x3z 6 UOISIBA\SAXN\S109/01d\SID\POIH\000-0550 L-0Z

swa|qoid abueieiq

~unsay Aemaung

(pxw-z



ANVdWOD ATVA vV 031 Vv
U] ‘WeumMaN B
SMaJpuy ‘poomy90-]

LI ZY[L UOISnoH Jo 4317

/

| Baly Apnis youeig leng

=]

sz AN
A
v A

depy Ajuip Ayunod suuey

T

Suoljels 8dljod mm

S|jooyos uu

suonels al4

Ll ZUI1 BA

ure|dpooj JesA-Q| T
puabag

199

e R

00C'L 009 00¢ 0

S

ule|dpool JesA-0|

Apnjg abeuleiq youeug Jeug |

IRICITNE]

L 0§

SR UTT L (R RN

& QV%,

<56

: 25262

e
2 *
SRR
BRI

LB,

%%
5%

BN
X

35

—BUTLERCRES]T: <=

5

S Wll.‘%mlﬂ:. v}!.

M3IIALSIM

161:G¥'Z - L002/62/5

JZL\7) uewnooq depy

- (pxwrg

leug /x3\z 6 UOISIBA\SAXN\S103[01d\S9\POId\000-05504-0Z | .

youeig .

-01-11q1yx3 " uoneauleq urejdpooly

6 urejdpc



ANVdWOD ATVA V 031 VvV
U] ‘weumapn
SMaJpuy ‘poomya0]

L[ ZY[L uojsnory Jo 4315

/

ealy ApniS youelig leug

~ar
Y.

028
%

e
depy Anuioip Ayunod siuen B

<K _. s
: : LSS AR
5008 AR : e s TRy 10
K85 % =¥ ; OTOTAN N e
S b2 SR
S :

+
¥ 2

-

P o

“j’ﬁvr o
h -

suones 901104 m w1 il el xSt ) 3 S epelis s S £
sjooyos T | T S el
suonels ail4 o
Ll Z¥11
ure|dpoo| JeaA-0S [l
puaba]

G

1oed

o

002’1 009 00 O

S

zZ

ulejdpoo|4 JesA-0g
Apnyg abeureiq youeag Jeug |

g NqIUXg

~ L “BUTLERCRES]

1 €2:6¥'¢ —- L002/62/S

,Z1\7) uswnooq depy

youelg Jeug gx3\g 6~U0!519/\\5GXW\SIOQ.VOJd\SIE)\POJd\OOO'OQQOI.‘OZL

“0$-1qIux3~uoneauljeq  urejdpooyy

"6 uleidpc

(pxwrg



Exhibit 9

100-Year Floodplain
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Briar Branch Prainage Study
TIRZ 17 Area Drainag_e

APPENDIX A

HEC-RAS MODELING RESULTS -

. Lockwood, Andrews . -
. & Newnam, Inc. -

ALEO A QALY COMPANY

Appendices -
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HEG-RAS Plan: Plan 08 River: Briar_Branch Reach: BB_Reach

‘2 "Reach -} ‘River Sta Profiie . ‘| -Q Totat Min Ch El i -W.S. Elev Crit W.S. *{ E.G.Elev E.G. Sicpe val Chnl Flow Area Top Width Froude # Chl
: B i S edg) T (i (it . [ {ft/s) S (sqfy Sy e
7131.642 - |29r 25.00 75.53 78.23 76.20 78.23 0.000131 0.62 40.32 21.79 0.08
7131642 - |5 25.00 75.53 78.75 76.20 78.75 0.000064 0.48 53.81 36.14 0.08
= 17131.642 0 [104n : 25.00 7553 79.08 76.20 79.05 0.000043 .41 68.09 55.97 0.05
fr1zeaz sy 25.00 75.53 79.39 76.20 79,40 0000028 0.35 89.65 66.64 0.04
<3| 50-yr 25.00 75.53 70.67 76.20 79.67 0.000019 0.30 110.32 82.07 0.03
100yr =) 25.00 75.53 70.96 76.20 79.96 0.000013 0.27 137.80 110.97 0.03
500 ] 25.00 75.53 80.15 76.20 80.15 0.000011 0.25 17217 240.78 0.03
|2y 25.00 73.77 78.22 7452 78.22 0.000008 0.22 111.56 35.43 0.02
Byr 25.00 73.77 78.74 74,52 78.74 0.000005 019 130.65 7116 0.02
: 10-yr ' 25.00 7377 79.04 74.52 79.04 0.000004 0.18 141.85 131.77 0.02
60284 [2syr 25.00 73.77 79.39 7452 79.39 0.000003 016 154.68 153.03 a.01
BB Reach " [6402.843  [50-y 25.00 73.77 79.67 74.52 75.67 £.000002 015 164 95 277 80 o0
BB_Reach |6402.843  |[100wr 25.00 7397 79.95 74.52 79.95 G.000602 0.14 175.72 303.85 .01
BB Reach " [6402.843  |500-yr 25.00 7377 80.15 7452 8015 0.000002 014 182.85 321.07 0.01
6240 Culvert
BOFZ.O1R " foyr 25.00 74.40 78.17 75.55 78.17 0.000051 0.43 57.95 2661 0.05
B077.012 . {5yr B 25.00 74.40 78.69 75.55 78.70 0.000027 0.34 72.47 28.78 0.04
6077012 {10-yr- 25.00 74.40 79.00 75.55 79.00 G00001¢ 0.31 81.32 39.45 0.03
“leoFroig sy o 25.00 74.40 79.34 75.55 79.34 0.000013 0.27 91.75 54.70 003
BB:Reach. . |6077.012 " {50-yr S 25.00 74.40 79.62 75.55 79.62 0.000010 0.25 100.31 8446 0.02
BB_Reach - |6077.012 - [100yr - 25.00 74.40 79.91 75.55 7991 0.000008 0.23 108.33 259.75 0.02
BB Reach™ - {6077.012 - "|5004yr 2500 74.40 80.10 75.55 80.11 0.000008 0.22 115.30 283.77 0.02
BE_Reach. |5604.393 |2yr 47.00 74.91 78.09 75.92 78.10 0.000340 1.08 43.38 141.49 0.13
BB.Reach """ |5604.393 ' |5-yr 67.00 74.91 78.61 76.16 78.64 0.000368 1.22 54.72 146.81 014
BB Reach .|5604.393 {10y - - 81.00 74 7891 76.31 78.94 0.000388 1.3 61.74 149.86 0.14
BB Reach - |{5604.393 © |26y, | 99.00 74.91 79.26 76.48 79.29 0.000409 1414 70.22 153.34 0.15
BB’ Redch -{5604.393 - [50-yr 114.00 74.91 79.53 76.61 79.57 0.000416 1.47 79.75] 17467 015
BB Réach ooy 13100 7491 79.83 76.75 79.86 0.000414 1.52 96.00! 198.73 015
BB_Reach: ol sooyr o 187.00 74.91 80.10 80.10 80.10 0.000017 0.32 933.61 237.94 0.03
BB Reach . |4737.855 ' [2-yr 66.00 75.17 77.00 76.51 77.14 0.005793 3.04 2171 18.90 0.50
BB Reach . |4737.855 |5y ° 100.00 7517 77.50 76.78 77.65 0.004454 3.14 31.81 21.51 0.46
BB Reach . [4737.885 | [10yr 124.00 7517 77.74 76.94 77.91 0.004414 3.34 37.16 278 0.46
BB_Resch ' [4737.855  |25-yr 154.00 75.17 78.03 77.13 78.22 0.004252 350 43.95 24.29 0.46
BB Reach - [4737.855  [50-yr 181.00 75.17 78.32 77.30 78.51 0.003828 353 51.24 25.81 0.44
BBReach " |4737.855  [100-yr 212.00 75.47 78.66 77.46 78.85 0.003336 3.51 63.22 6321 042
BB Reach .~ |4737.855 - |500yr 31000 75.17 79.34 7792 79.46 0.002137 313 267.37 72017 0.34
BB, Reach |4089.951 - |24yr 66.00 72.12 74.93 73.72 75.02 0.002130 2.38 27.77 15.82 0.32
BB_Reach . ~|4089.951  |5-yr : 100.00 7212 75.34 74.08 75.47 0.002693 2.89 34.58 17.41 0.36
BB RAeach - |4099.951 % 7 [10-y . 124.00 7212 75.79 74.30 75.92 0.002321 2.90 42.80 19.17 0.34
BB Reach ~: [4089.051 7 |25 154.00 7212 76.46 74.54 76.58 0.001636 2.72 56.58 21.79 0.30
BE Reach -7 [4080.951 - [s04¢ . 181.00 72.12 77.05 74.74 77.15 0.001313 2.5 70.01 2407 027
BS_ Reach " |4089.951  [100-yr 212.00 7212 77.55 7495 7765 0.001160 257 82,49 34.94 0.25
BB Reach -’ |4089.951 - |500-y 310.00 72.12 78.17 75.52 78.32 0.001505 3.2 99.37 196.25 0.20
BB Reach:. = |[4094.5 Bridge
BB:Reach " {4088.949  i2-yr : §6.00 71.76 74.93 73.32 74.99 0.001252 1.99 33.25 16.37 025
BB:Reach - 14088.948 " i5yr 100.00 7176 75.34 7369 75.44 0.001711 .49 40.23; 17.78 0.29
|BB-Reach - ]4088.940 . 1104yr 124,00 71.76 75.79 73.H 75.89 0.001580 2.55 48,56} 19.34 0.28
BB:Reach™ ' :{4088.949 {25-w 154.00 71.76 76.46 74.15 76.56 0.001242 2.47 62.33 21.66 0.26
BB Reach' ~14088.949 {80-yr 181.00 71.76 77.05 74.36 77.14 0.001021 2.39 75.60 23.68 024
BB.Reach .14088.949 1100-yr 212.00 7176 77.54 74.57 7763 0.000837 2.41 87.82% 2541 0.23
BB Reach - j4088.849 . {500wr . 310.00 71.76 78.16 75.16 78.30 0.001268 2.88 104.17 36.80 0.27
BB Redch ~13994.240  i24p 66.00 72.45 74.56 732.93 7475 0.008187 3.54 18.63 12.94 0.52
BB.Réach ~[3994.240 |5 100.00 72.45 7472 74.30 75.08 0.010507 4.81 20.8t 13.57 0.68
BB_Reach  [3994.240  [10wr 124.00 72.45 75.35 7453 75.61 0.005418 412 30.10 1597 0.53
8B_Reach ‘|3994.240 |25y 154.00 72.45 76.12 74.78 76.37 0.003117 3.44 44.80 19.17 0.40
BB_Reach ~ [3994.240  [SO-wr 181.00 72.45 76.84 74.99 76.99 0.002128 211 58.23 2163 0.33
8B._Reach = |3094.240  [100-yr 212.00 72.45 77.37 75.20 77.51 C.001772 3.02 7013 23.69 0.31
BB_Reach  [3994.240  [500-yr 310.00 7245 77.92 75.79 78.13 0.002293 3.70 84.05 27.69 0.36
BE_Reach  [3405.885  [2-yr 66.00 70.22 72.37 71.87 72.66 0.002289 431 15.33 9.88 0.81
BE_Reach [3405.665 [5-yr 1060.00 70.22 73.94 7228 74.08 0.000608 2.99 33.41 13.09 0.33
BB _Reach |3405.685 |10-yr 124.00 70.02 74.89 72.53 75.00 0.000376 2.65 46.75 15.02 0.26
BB_Reach |3405.685  |25-yr 154 00 70.22 75.87 7082 75.97 0.000266 247 62.46 48.58 0.23
BB Reach  |3405.665  |50-yr 181.00 70.22 76.58 73.05 76.67 0.000224 2.4% 75.08 104.05 0.21




HEC-RAS Plan: Plan 08 River: Briar_Branch Reach: BB_Reach (Continued}

| miversta | . Profite: | ‘@ Total =i Min Ch E1 | ‘W.S Elev | - Crew.8. | 'EG. Elev | £G. Slope | Vel Chnt | Flow Area "3 :Top Widih . | “Froude # Chl- -
R RPN ESUSVITe Aefs) e e T e [ s [ tsa ST
8B Raach - |3405.665: :-[100yr " 212.00 70.22 77.12 73.30 77.22 0.000217 .49 85.20 124.85 021
3B_Reach . *:| 3405.665 || 500yr:" 310,00 70,22 77.51 73.89 77.68 0.000366 3.34 92.69 191.32 0.27
BB -Reach.. [3392" Bridge
BB Reach - {3377.861. " 66.00 70.13 71.93 71.93 72.56 0.002738 §.37 10.37 8.25 1.00
BB Reach’ {3377.8610" 100.00 70.13 73.91 72.38 74.07 0.000301 315 31.70 13.24 0.36
BB Reach - {3377.861" 124.00 70.13 74.88 72 64 74,98 0.000174 272 45.64 15.66 0.28
BB_Reach - -13377.861 . 154.00 70.13 75.67 72.94 75.96 0.000117 2.47 62.35 18.15 0.23
BB.Redch © [3277.861. 181.00 70.13 76.58 73.18 76.67 0.000094 239 75.80 10.38 0.21
BB: Reach: -1:[3377.861 - [100-yr 212.00 70.13 77.12 7343 77.21 0.000089 2.48 86.33 19.94 0.21
BB Reach . [3377.861. | 500-yr 310.00 7013 77.50 74.13 77.67 0000150 2.29 94.11 20.34 0.97
BB Reach - -[3358.85 - 66.00 70.27 72.17 71.49 72.37 0.000611 3.54 18.63 11.56 0.49
BB Reach -[3asaas . 100.00 70.27 73.96 71.85 74.05 0.000140 237 42,21 14.89 0.25
BBE_Reach -, |3358.85 . 124.00 70.27 74.91 72.09 7498 0.000094 217 5717 16.66 0.21
BB Reach. ' 154.00 70.27 75.89 72.35 75.95 ©.000071 2.07 74.40 18.50 0.18
BB Reach’ 181.00 7027 76.60 72.56 76.66 0.000062 2.06 87.88 19.40 0.17
BB :Reach’ 212.00 70.27 77.13 72.79 77.20 0.000062 215 98.40 19.95 017
BB Reach 310.00 70.27 77.53 73.43 77.66 ©.000106 2.91 106.37 20.36 0.22
BB Reach "' [3357.850." 86.00 66.27 72.29 67.58 7232 0.000107 128 51.60 11.78 0.1t
B8’ Reach: |3357.850 100.00 66.27 74.00 67.09 74.03 0.000131 1.34 74.43 14.97 0.11
B8 ‘Reach | [3357.850 124.00 66.07 7494 68.25 74.97 0.000133 1.39 89.27 16.72 0.11
BB Reach -~ |3357.850 - 154.00 66.27 75.91 68.56 75.94 0.000148 145 106.43 18.54 o011
88 Reach . [3357.850 181.00 66.27 76.82 68.82 76.65 0.000154 1.51 119.89 19.42 0.11
BB_Reach . ~[3357.850 - 212.00 66.27 77.15 69.10 77.19 0.000172 1.63 130.43 19.98 o1
BB_Reach |3357.850" 310.00 66.27 77.56 69.92 77.64 0.000317 223 138.74 20.40 0.15
BB Reach [3278.776 " 66.00 66.09 72.29 67.44 7231 0.000117 111 59.58 17.25 011
BB.Reach:-.|3278.776 " - 100,00 66.09 74.00 67.85 74.01 0.000106 1.05 95.19 24.42 0.09
BB Reach | 1|3278.776 1117 124.00 66.09 74 94 68.12 74.95 0.000097 1.03 119.96 28.35 0.09
BB Resch’ " |a278776 1 154.00 66.09 75.91 68.42 75.93 0.000089 103 149 62 32 45 .08
BB Aeach. " |3278.776 181.00 86.09 76.62 68.68 76.64 0.000086 1.04 173.68 35.42 0.08
BB Reach - {3278,776 212.00 66.09 77.16 68.95 77.18 0.0000H 1.10 193.31 37.67 0.09
BB Aeach - [3278.776 30.00 66.09 77.58 69.76 7761 0.000160 1.43 209.44 39.43 011
BB_Reach. .|2335.149 - [2-yr 214.00 64.70 71.80 67.52 7192 0.000729 274 7793 21.03 025
BB-Reach . *|2335.149  [5-yr 343.00 64.70 73.50 68.55 7363 0.000737 2.87 119.59 27.93 0.24
BB_Reach - [2335.149 " |10-yr’ 439.00 54.70 74.44 69.63 74.58 0.060739 2.98 147.50 31.73 0.24
BB ‘Reach - |2335.149 [25-yr 560.00 64.70 75.41 70.46 75.56 0.000745 3.11 180.16 35.66 0.24
BB Reach [2335.149 * [50-yr 677.00 64.70 76.09 71.06 76.26 0.000786 329 218 46 118.36 0.25
BE ‘Reach |2336.149" 806.00 64.70 78.57 71.62 76.76 0.000871 3.53 290.27 350.78 0.26
BB _Reach " :[2335.149 1213.00 64.70 77.13 72.99 77.22 0.000570 3.01 1665.19 1818.95 0.22
BB Reach. " {1620.327 .- 252.00 63.71 71.26 66.87 71.38 0.000802 2.82 88.39 24.12 0.26
BB:Reach . {1629.327 " 406.00 53.71 72.95 68.38 73.09 0.000797 2.97 136.76 31.74 0.25
BB Reach11628.397 521.00 6371 73.88 69.27 74.03 0.00080% 310 168.25 35.92 0.25
BB Reach ::i1629.827 ¢ 667.00 63.71 74.84 70.05 75.01 0.000814 3.26 204.75 40.22 0.25
BB Reach " [1629.327 §06.00 63.71 7548 70.65 75.67 0.000968 3.48 236.82 90.13 0.26
BS Redch’ . |1620.327 961.00 63.71 76.02 71.20 76.18 0.000761 3.40 703.30 1364.55 0.25
B8 Reach - | 1629.327 1449.00 6371 76.68 7257 76.79 0.000622 3.30 1784.26 1771.78 0.23
BB Reach - |9109760 263.00 62.78 70.71 66.04 70.83 0.000717 2.75 95.49 24.15 0.24
BB_Reach ' "|ei0.e780 423.00 62.78 72.39 67.58 7253 0.000755 2.98 14175 31.00 0.25
BB Reach ~ -|910.9760 543.00 62.78 73.30 68.48 73.46 0.006787 3.16 171.70 34.72 0.25
BB 'Reach -~ (9109760 695.00 6278 74.27 £9.27 74.44 0.000759 3.34 245.59 240.60 0.25
BB ‘Reach™ " .|910.9760 841.00 62.78 75.01 £9.89 75.15 0.000584 3.18 556.36 495.46 0.22
BB Reach * |910.9760 " :[100-yr 1003.00 82.78 75.63 70.47 75.74 0.000473 305 N267 790.73 020
BB_Heath 9109760 ;' [500-yr 1513.00 62.78 76.19 71.91 76.34 0.000633 3.72 1611.73 1529.41 0.24
BB_Reach - 14838807 - {2yr 284.00 62.54 70.58 65.93 70.70 0.000150 2.83 100.24 25.20 0.25
BE Roach |433.8807 - |5yr 458.00 62.54 7228 67.62 72.40 0.000137 2.09 148.44 3217 0.25
BB_Reach. |4338807 |10-yr 568.00 62.54 78.17 68.45 73.33 0000137 3.28 179.38 35.94 0.26
BB_Reach - [433.8807  [25-yr 753.00 62.54 74.11 69.23 74.30 0.000161 3.47 216.72 47.42 0.29
BB_Reach - [4a33.8807  |[s0-yr 912.00 62.54 74.81 69.85 75.01 0.000165 362 252.07 53.83 0.29
BB Reach [433.8807  [100+r 1088.00 62.54 75.57 70.43 75.66 0.000083 272 2662.48 3032.19 0.21
BB_Reach  [433.8807  [500-yr 1642.00 §2.54 76.18 71.88 76 24 0.000083 292 4566.42 3423.85 0.22
BB _Reach ~[|407.8807 [2-yr 284.00 62 54 70.64 §4.13 70.67 £.000018 1.40 203.03 25.15 0.09
BB_Reach la07.8807  |5-yr 458.00 §2.54 72.32 6473 72 38 0.000027 187 24530 2518 0.11
BB Reach  [407.8807 [10-yr 588.00 62 54 73.23 65.12 73.30 0.000035 219 268.15 25.20 0.12
BB Reach = [407.8807  i25-yr 753.00 62.54 74.17 65.59 74.27 0.000066 248 303.58 4818 017




L

cfs ) (it (i) :

912.00 62.54 74.87 66.00 74.98 0.000075 2.69 339.38 54.46 0.19
1088.00 62.54 75.57 66.44 75.65 0.000063 2.54 1581.06 1603.47 0.18
1642.00 62.54 76.16 67.66 76.23 0.000058 2.59 4667.37 3426.17 017

Bridge

284.00 62.32 70.64 63.93 70.67 0.000017 1.37 208.04 25.15 0.08

458.00 62.32 72.32 64.53 72.37 0.000026 1.83 250.26 25.19 0.10

588.00 62.32 73.21 64.83 7328 0.000035 2.15 272.82 26.55 0.12

753.00 62.32 74.13 65.38 74.23 0.000055 2.43 303.30 38.72 0.16

912.00 62.32 74.80 65.81 74.91 0.000069 275 331.28 1045.42 0.18
1088.00 62.32 75.44 66.23 75.53 0.C00059 2.61 1694.04 1525.48 0.17
1642.00 62.32 76.10 67.46 76.20 0.000073 3.03 3472.76 3056.21 0.19

284.00 62.35 70.54 65.73 70.66 0.000675 2.71 104.84 25.49 0.24

458.00 62.35 72.22 67.39 72.36 0.000728 2.99 153.03 32.07 0.24]

588.00 62.35 7an 68.20 73.27 Q000777 3N 183.28 35.58 0.25

753.00 62.35 74.03 68.97 74.22 0.000918 3.45 218.29 42.51 0.27)

912.00 62.35 74.69 69.60 74.90 0.001069 3.66 268.77 200.86 0.29]
1088.00 62.35 75.46 70.19 75.52 0.000438 2.48 1615.02 1649.40 0.19
1642.00 62.35 76.14 71.68 76.18 0.000344 2.38 2907.66 2266.73 017

284.00 61.93 70.48 65.37 70.58 0.000609 257 110.38 26.65 022

456.00 61.93 7215 B7.05 72.28 0.000661 2.85 160.67 33.57 0.23

588.00 61.93 73.04 67.91 73.19 0.000707 3.06 192.18 37.25 0.24

753.00 61.93 73.95 68.72 7412 0.000755 3.29 256.88 176.79 0.25

912.00 61.93 74.63 69.34 74.79 0.000709 3.31 4€8.18 368.75 0.24]
1088.00 61.93 75.33 69.93 75.46 0.000578 3.14 785.76 672.55 0.22
1642.00 61.93 75.94 71.40 76.11 0.000775 384 1405.64 1508.77 0.26







Briar Branch Drainage'Study
TIRZ 17 Area Drainage

APPENDIX B

PRELIMINARY _IMPROVEMENT ALTERNATIVE — CHANNEL ENCLOSURE

B.1. Proposed Storm Sewer Profile
B.2. HouStorm Modeling Results

B.3. Proposed Storm Sewer Cost Estimate
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Briar Branch — RAS 10 Year

HouStorm (City Of Houston STORM DRAIN DESIGN) Version 2.1, Update: Jan/5/05
Run @ 5/11/2007 1:25:45 PM

PROJECT NAME : Briar Branch Drainage Study

JOB NUMBER :

PROJECT DESCRIPTION : Sizing storm sewer under Claret Street.

PROJECT File: L:A120214\120-10550-000\Prod\Data\Refined\Houstorm\Briar_Branch_

DESIGN FREQUENCY : 100 Years

ANALYSYS FREQUENCY : 100 Years
MEASUREMENT UNITS: ENGLISH

OUTPUT FOR DESIGN FREQUENCY of: 100 Years

Runoff Computation for Design Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q@ Total Q
(acre) (min) (min) (in/hr)  (cfs)  (cfs)

A-1 035 001 1000 1000 936 0.000 0.033
A-2 035 001 1000 1000 9.36 0.000 0.033
A-3 035 001 1000 1000 936 0.000 0.033
A4 035 001 1000 1000 936 0.000 0.033
A-5 035 001 1000 1000 9.36 0.000 0.033
A-6 035 001 1000 1000 936 0.000 0.033
A-T 035 001 1000 1000 936 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User  Additional Total
LD. Type C-Value Dr.Area Tc Supply Q QinNode Disch.
(acres) (min) (in/hr) cfs) (cfs)  (cfs)

A-1  Junct 0350 0.01 10.00 9.36 2500  25.033
A-2  Junct 0350 0.02 13.64 8.63 50.00  50.060
A-3  Junct 0350 003 1754 7098 280.00 280.084
A-4  Junct 0350 0.04 24.86 7.02 522.00 522.098
A-5 Junct 0350 005 2708 6.78 806.00 806.119
A6 Junct 0350 0.06 2925 6.57 961.00 961.138
A-7 Junct 0350 0.07 31.05 640 1003.00 1003.157
OUT Ouwlt 0350 0.07 31.05 6.40 1003.00  1003.157

Conveyance Configuration Data

Run Node 1D. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

(fy (1o (f) (fy () (%)



A-1 A2 7321 72.88 Box1 40 3.0 608.0 0.054 0.013
A2 A3 7288 7223 Box1 6.0 3.0 867.0 0.075 0.013
A3 A4 6823 6537 Box1 80 7.0 2812.0 0.102 0.013
A-4 A5 6537 6452 Box2 8.0 7.0 837.0 0.102 0.013
A-5 A6 6452 6359 Box2 10.0 7.0 9120 0.102 0.013
A-6 A7 6359 6286 Box3 90 7.0 718.0 0.102 0.013
A-7 OUT 6286 6193 Box3 9.0 7.0 559.0 0.166 0.013

=1 N U s WD e

Conveyance Hydranlic Computations. Tailwater = 73.040 (ft)

Run Hyd. Gr.line Crit.Elev Depth  Velocity Junc
# US DS US Fr.Slope Unif. Actual Unif. Actual Q  Cap Loss
(fty (ft) ) (%) ) ) (/s) (f/s) (cfs) (cfs) (ft)

78.70 78.45 7996 0.041 2.25 3.00 2.78 2.09 25.0 28.80.000

78.45 77.94 7996 0.059 225 3.00 3.71 278 50.1 56.30.000

77.94 75.59 79.94 0.083 547 7.00 6.40 5.00 280.1 309.50.000
75.59 74.99 77.12 0.072 520 7.00 6.28 4.66 522.1 618.90.000
74.99 74,10 76,70 0.097 5.74 7.00 7.02 5.76 806.1 826.2 0.000
74.10 73.53 76.02 0.080 5.36 7.00 6.64 5.09 961.1 1082.1 0.000
73.53 73.04 75.63 0.087 4.62 7.00 8.04 5.31 1003.2 1382.0 0.000

e = B i SRR A e

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This Iength may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

LINKS:
Type of Convey Material Rise Span Number of Links Quantity
Structure (ft) (ft) of this type (ft)
Box Concrete 3.0 4.0 1 608.0
Box Concrete 3.0 6.0 1 867.0
Box Concrete 7.0 8.0 2 4486.0
Box Concrete 7.0 10.0 1 1824.0
Box Concrete 7.0 9.0 2 3831.0
NODES:
- Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Iength Width Length Area Perimeter (each)
(fy @) (f) (f (O
Conduit Junction 00 00 00 0.0 00 7

Outlet 00 00 00 00 00 1




OUTPUT FOR ANALYSYS FREQUENCY of: 100 Years

Runoff Computation for Analysis Frequency.

ID CValue Areca Tc TcUsed Intensity Supply Q Total Q
(acre) (mn) (min) (infhry  (cfs) (cfs)

A-1 035 001 1000 10,00 936 0.000 0.033
A-2 035 001 1000 10.00 9.36 0.000 0.033
A-3 035 001 1000 1000 9.36 0.000 0.033
A-4 035 001 1000 1000 936 0.000 0.033
A-5 035 001 1000 1000 936 0.000 0.033
A-6 035 001 1000 1000 936 0.000 0.033
A-7T 035 001 1000 10.00 9.36 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User Additional Total

ILD. Type C-Value Dr.Area Tc Supply Q Qin Node Disch.
(acres) (min) (n/hr) cfs) (cfs)  (cfs)

A-1  Junct 0350 001 10.00 9.36 2500  25.033

A-2  Junct 0330 002 1364 8.63 50.00  50.060

A-3 Junct G350 0.03 1754 7.98 280.00  280.084

A-4  Janct 0350 0.04 2486 7.02 522.00  522.098

A-5 Junct 0350 0.05 27.08 6.78 806.00 806.119

A-6 Junct 0350 0.06 2925 6.57 961.00 9601.138

A-7T  Junct 0350 0.07 3105 640 1003.00 1003.157
OUT Qutlt 0.350 0.07 31.05 640 1003.00  1003.157

Conveyance Configuration Data

Run Node LD. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

0 (o) (fy () () (%)

A-1 A2 7321 72.88 Box1 4.0 3.0 608.0 0.054 0.013
A-2 A3 7288 7223 Box1 6.0 30 867.0 0.075 0.013
A3 A4 6823 6537 Box1 8.0 7.0 2812.0 0.102 0.013
A4 A-5 6537 6452 Box2 8.0 7.0 8370 0.102 0.013
A5 A6 6452 6359 Box2 100 7.0 912.0 0.102 0.013
A6 A-7 6359 62.86 Box3 90 7.0 718.0 0.102 0.013
A-7 OUT 6286 6193 Box3 9.0 7.0 5590 0.166 0.013

R = W T AR VA I O I

Conveyance Hydraulic Computations. Tailwater = 73.040 (ft)

Run Hyd. Grline Crit.Elev Depth  Velocity - Junc



"'-H_/.

# US DS US FrSlope Unif. Actual Unif. Actual Q Cap Loss
(f) (fty fty (%) &) ) {/s) (H/s) (cfs) (cfs) (ft)

78.70 78.45 79.96 0.041 225 3.00 2.78 2.09 25.0 28.80.000

78.45 7794 7996 0.059 2.25 3.00 3.71 278 50.1 56.30.000

77.94 75.59 7994 0.083 5.47 7.00 6.40 5.00 280.1 309.50.000
75.59 74.99 77.12 0.072 520 7.00 628 4.66 522.1 618.9(.000
74.99 74.10 7670 0.097 5.74 7.00 7.02 5776 806.1 826.2 0.000
74.10 73.53 76.02 0.080 5.36 7.00 6.64 5.09 961.1 1082.1 0.000
73.53 73.04 75.63 0.087 4.62 7.00 8.04 5.31 1003.2 1382.00.000

SRS LY, JF N FUI O

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

LINKS:

Type of Convey Material Rise Si)an Number of Links Quantity
Structure (ft) (ft) ofthistype  (ft)

Box Concrete 3.0 4.0 1 608.0

Box Concrete 3.0 6.0 1 867.0

Box Concrete 7.0 8.0 2 4486.0

Box Concrete 7.0 10.0 1 1824.0

Box Concrete 7.0 9.0 2 3831.0

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity

Structure Length Width Length Arca Perimeter (each)
(fty (fy (fry (fty ()
Conduit Junction 00 00 00 00 00 7
Outlet 00 00 00 00 0.0 1
END

NORMAL TERMINATION OF HOUSTORM.
Warning Messages for current project:
Runoff Frequency of: 100 Years

- Runoff Frequency of: 100 Years



Briar Branch — RAS 100 Year

HouStorm (City Of Houston STORM DRAIN DESIGN) Version 2.1, Update: Jan/5/05
Run @ 5/11/2007 1:25:10 PM

PROJECT NAME : Briar Branch Drainage Study

JOB NUMBER :

PROJECT DESCRIPTION : Sizing storm sewer under Claret Street.

PROJECT File: L:\120214\120-10550-000\Prod\Data\Refined\Houstorm\Briar_Branch_

DESIGN FREQUENCY : 100 Years

ANALYSYS FREQUENCY : 100 Years
MEASUREMENT UNITS: ENGLISH

OUTPUT FOR DESIGN FREQUENCY of: 100 Years

Runoff Computation for Design Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q Total Q
(acre) (min) (min) (in‘hr)  (cfs) {cfs)

A-1 035 0.01 1000 1000 936 0.000 0.033
A2 035 001 1000 10600 936  0.000 0.033
A3 035 001 1000 1000 936 0.000 0.033
A4 035 001 1000 1000 9.36 0.000 0.033
A-5 035 001 1000 1000 936 0.000 0.033
A-6 035 001 10.00 1000 9.36 0.000 0.033
A7 035 001 1000 1000 9.36 (.000 0.033

Cunmulative Junction Discharge Computations

Node Node Weighted Cumulat. Camulat. Intens. User  Additional Total
ILD. Type C-Value Dr.Area Tc Supply Q QinNode Disch.
(acres) (min) (in/hr) cfs)  (cfs)  {(cfs)

A-1  Junct 0350 0.01 1000 9.36 2500  25.033
A-2  Junct 0350 002 13.64 8.63 50.00  50.060
A-3  Junct 0350 0.03 1754 798 280.00  280.084
A-4  Junct 0350 0.04 2487 7.02 52200 522.098
A-5 Junct 0350 0.05 2708 6.78 806.00 806.119
A-6 Junct 0350 0.06 2948 6.54 961.00 961.137
A-7 Junct 0350 007 3142 636 1003.00  1003.156
OUT Outlt 0350 0.07 3142 6.36 1003.00 -1003.156

Conveyance Configaration Data

Run Node ILD. FlowLine Elev.
# US DS US DS Shape# Span Rise ILength Slope n_value

(f) (fv) (fty (fy (f) (%)



o

A-1 A2 7321 7288 Box1 40 3.0 608.0 0.054 0.013
A2 A3 7288 7223 Boxl 60 30 867.0 0.075 0.013
A-3 A4 6823 6537 Box1 90 7.0 2812.0 0.102 0.013
A4 A5 6537 6452 Box2 90 7.0 837.0 0.102 0.013
A-5 A-6 6452 6359 Box3 80 7.0 9120 0.102 0.013
A-6 A-7 6359 6286 Box4 90 7.0 718.0 0.102 0.013
A7 OUT 6286 61.93 Box4 90 7.0 559.0 0.166 0.013

~1 O LA R B

Conveyance Hydraulic Computations. Tailwater = 75.330 (ft)

Run Hyd. Grline Crit.Elev Pepth  Velocity Junc
# US DS US FrSiope Unif. Actnal Unif. Actual Q@ Cap Loss
(fty (fty &y (%) ({t) () (f/s) {7s) (cfs) (cfs) (f)

79.56 7931 79.96 0.041 225 3.00 2.78 2.09 25.0 28.80.000

79.31 78.80 79.96 0.059 2.25 3.00 3.71 278 50.1 56.30.000

78.80 77.07 79.94 0.061 4.87 7.00 6.39 445 280.1 360.8 0.000
77.07 76.63 77.12 0.053 4.59 7.00 6.31 4.14 522.1 721.40.000
76.63 75.93 76.70 0.077 530 7.00 6.33 4.80 806.1 928.7 0.000
75.93 75.60 76.02 0.045 4.32 7.00 6.18 3.81 961.1 1442.8 0.000
75.60 75.33 75.63 (.049 3.72- 7.00 7.49 3.98 1003.2 1842.6 0.000

~1I AN B W N e

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

Type of Convey Material Rise Span Number of Links Quantity
Structure (fty (ft) ofthistype  (ft)

Box Concrete 3.0 4.0
‘Box Concrete 3.0 6.0
Box Concrete 7.0 9.0
Box Concrete 7.0 8.0

608.0
867.0
9594.0
2736.0

—_ s = =

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Length Width Length Area Perimeter (each)

(fy ({0 o) ) (fo

Conduit Junction 00 00 00 00 00 7
Outlet 00 00 00 00 00 1




‘\—v/‘-

OUTPUT FOR ANALYSYS FREQUENCY of: 100 Years

Runoff Computation for Analysis Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q Total Q
(acre) (min) (min) (in‘hr)  (cfs) (cfs)

A-1 035 001 1000 1000 936 0.000 0.033
A-2 035 001 10.00 1000 936 0.000 0.033
A-3 035 0.01 1000 1000 936 0.000 0.033
A-4 035 001 1000 10.00 936 0.000 0.033
A-5 035 001 1000 1000 936 0.000 0.033
A6 035 001 1000 1000 9.36 0.000 0.033
A-7 035 00t 1000 1000 9.36 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User  Additional Total

ILD. Type C-Value Dr.Area Tc Supply Q QinNode Disch.
(acres) (min) (infhr) cfs) {cfs) (cfs)

A-1  Junct 0350 0.01 1000 9.36 25.00  25.033

A-2  Junct 0350 0.02 13.64 8.63 50.00  50.060

A-3 Junct 0350 0.03 1754 7.98 280.00 280.084
A-4  Tunct 0350 0.04 2487 7.02 522.00 522.098

A-5 Junct 0350 0.05 2708 6.78 806.00 806.119

A-6  Junct 0350 0.06 2948 6.54 961.00 961.137

A-7 Junct 0.350 0.07 3142 6.36 1003.00  1003.156
OUT Outlt 0350 007 3142 6.36 1003.00 1003.156

Conveyance Configuration Data

Run Node 1D. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

(fty (f (fty (fy () (%)

A-1 A2 7321 72.88 Box1 4.0 3.0 6080 0.054 0.013
A2 A3 7288 7223 Box1 60 3.0 8670 0.075 0.013
A-3 A4 6823 6537 Box1 90 70 28120 0.102 0.013
A4 A-5 6537 6452 Box2 90 7.0 837.0 0.102 0.013
A5 A6 6452 6359 Box3 80 7.0 912.0 0.102 0.013
A6 A7 6359 62.86 Box4 9.0 7.0 718.0 0.102 0.013
A7 OUT 6286 6193 Box4 9.0 7.0 559.0 0.166 0.013

AR WS —

Conveyance Hydranlic Computations. Tailwater = 75.330 (ft)

Run Hyd. Gr.line Crit.Elev Depth  Velocity Junc
# US DS US FrSlope Unif. Actual Unif. Actual Q  Cap Loss



NN R W =

@ () @€ (%) () () (s) (#s) (cfs) (cfs) (f)

79.56 79.31 79.96 0.041 2.25 3.00 2.78 2,09 25.0 28.80.000

79.31 78.80 79.96 0.059 225 3.00 3.71 278 50.1 56.30.000

78.80 77.07 79.94 0.061 4.87 7.00 6.39 445 280.1 360.8 0.000
77.07 76.63 77.12 0.053 4.59 7.00 6.31 4.14 522.1 721.40.000
76.63 75.93 76.70 0.077 5.30 7.00 633 4.80 806.1 928.70.000
75.93 75.60 76,02 0.045 432 7.00 6.18 3.81 961.1 1442.8 0.000
75.60 75.33 75.63 0.049 3.72 7.00 7.49 3.98 1003.2 i842.6 0.000

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

.L]NKS:
Type of Convey Material Rise Span Number of Links Quantity
Structure (ft) (ft)y of thistype  (ft)
Box Concreie 3.0 4.0 1 003.0
Box Concrete 3.0 6.0 1 867.0
Box Concrete 7.0 9.0 4 9594.0
Box Concrete 7.0 8.0 1 2736.0
NODES:
Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Length Width Length Area Perimeter (each)
(fty (fy (1) () o
Conduit Junction 00 00 00 00 00 7
Qutlet 00 00 00 00 00 1
END

NORMAL TERMINATION OF HOUSTORM.
Warning Messages for carrent project:
Runoff Frequency of: 100 Years

Runoff Frequency of: 100 Years
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Briar Branch to Bunker Hill - RAS 10 Year

HouStorm (City Of Houston STORM DRAIN DESIGN) Version 2.1, Update: Jan/5/05
Run @ 5/11/2007 1:26:36 PM

PROJECT NAME : Briar Branch Drainage Study

JOB NUMBER :

PROJECT DESCRIPTION : Sizing storm sewer under Claret Street.

PROJECT File: L:\120214\120-10550-000\Prod\Data\Refined\Houstorm\Briar_to_Bunk

DESIGN FREQUENCY : 100 Years
ANALYSYS FREQUENCY : 100 Years
MEASUREMENT UNITS: ENGLISH

OUTPUT FOR DESIGN FREQUENCY of: 100 Years

Runoff Computation for Design Frequency.

ID CValue Area Tc TcUsed Intensity SupplyQ Total Q
(acrey (min) (min) (ivhr)  (cfs) (cfs)

A-1 035 001 1000 10.00 9.36 0.000 0.033
A-2 035 001 1000 1000 9.36 0.000 0.033
A-3 035 001 1000 10.00 936 0.000 0.033
A4 035 001 1000 1000 936 (.000 0.033
A-5 035 0010 1000 1000 936 0.000 0.033
A6 035 001 1000 1000 936. 0.000 0.033
A-7 035 001 1000 1000 936 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User  Additional Total
LD. Type C-Value Dr.Area Tc Supply Q Qin Node Disch.
{acres) (min) (in‘hr) cfs) (cfs) (cfs)

A-1 Junct 0350 0.01 1000 9.36 25.00  25.033
A-2 Junct 0350 0.02 13.64 8.63 50.00  50.060
A-3  Junct 0350 003 1754 798 280.00 280.084
OUT Outlt 0350 0.03 17.54 7.98 280.00  280.084

Conveyance Configuration Data

Run Node I.D. FiowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

(fy (ft) () (fy (O (%)

1 A1 A2 7321 7288 Box1 40 3.0 608.0 0.054 0.013
2 A2 A3 7288 7223 Box1 6.0 3.0 867.0 0.075 0.013
3 A3 OUT 6823 6537 Box1 8.0 7.0 2812.0 0.102 0.013



Conveyance Hydraulic Computations. Tailwater = 74.880 (ft)

Run Hyd. Gr.ine Crit.Elev Depth  Velocity Junc
# US DS US Fr.Slope Unif. Actual Unif. Actual Q@ Cap Loss
(fty (fty ) (%) ) @) (/s) ({s) (cfs) (cfs) (ft)

1 7798 77.74 7996 0.041 225 3.00 2.78 2.09 250 28.80.000
2 7774 7722 79.96 0.059 225 3.00 3.71 278 50.1 56.30.000
3 7722 7488 7994 0.083 547 7.00 6.40 5.00 280.1 309.50.000

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

LINKS:

Type of Convey Material Rise Span Number of Links Quantity
Structure (ft) (ft) of thistype  (ft)

Box Concrete 3.0 4.0 1 608.0
Box Concrete 3.0 6.0 1 867.0
Box Concrete 7.0 8.0 1 2812.0

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Length Width Length Area Perimeter (each)

(fty () () fy )

Conduit Junction 00 00 00 00 00 3
Outlet 0.0 00 00 00 00 1

QUTPUT FOR ANALYSYS FREQUENCY of: 100 Years

Runoff Computation for Analysis Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q Total Q
(acre} (min) (min)  (in/hr)  (cfs)  (cfs)

A-1 035 001 1000 1000 936 0.000 0.033
A-2 035 001 1000 1000 936 0.000 0.033
A-3 035 001 1000 1000 936 0.000 0.033
A4 035 001 1000 1000 9.36 0.000 0.033



A-5 035 001 1000 1000 936 0.000 0.033
A6 035 0.01 1000 1000 936 0.000 0.033
A-7 035 001 1000 1000 936 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumnulat. Intens. User  Additional Total
LD. Type C-Value Dr.Area Tc Supply Q Qin Node Disch.
(acres) (min) (in/hr) cfs) (cfs)  (cfs)

A-1  Junct 0350 0.01 10.00 9.36 2500  25.033
©A-2  Junct 0350 0.02 1364 8.63 50.00  50.060

A-3  Junct 0350 0.03 17.54 7.98 280.00 280.084

OUT Ouwtlt 0350 0.03 1754 798 280.00  280.084

Conveyance Configuration Data

Run Node 1D. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

6 () (o (o & (%)

1 A1 A2 7321 7288 Box1 40 3.0 608.0 0.054 0.0i3
2 A2 A3 7288 7223 Boxl 6.0 3.0 867.0 0.075 0.013
3 A3 OUT 6823 6537 Box1 80 7.0 2812.0 0.102 0.013

Conveyance Hydraulic Computations. Tailwater = 74.880 (ft)

Run Hyd. Gr.line Crit.Elev Depth  Velocity Junc
# US DS US FrSlope Unif. Actual Unif. Actual Q@ Cap Loss
(ft) (fty ) (%) () () (Fs) ({fs) (cfs) (cfs) (ft)

1 7798 77.74 79.96 0.041 225 3.00 2.78 2.09 25.0 28.80.000
2 7774 7722 7996 0.059 225 3.00 3.71 2.78 50.1 56.30.000
3 7722 74.88 7994 0.083 547 7.00 6.40 5.00 280.1 309.50.000

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:
The convey length should be from upstream to downstream inside box.
This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,

and this length should not be used as Pay Item.

Type of Convey Material Rise Span Number of Links Quantity
Structure (fty (ft) ofthistype (i)

Box Concrete 3.0 4.0 1 608.0



Box Concrete 3.0 6.0 1 867.0

Box Concrete 7.0 8.0 1 2812.0

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity

Structure Length Width Length Arca Perimeter (each)
(fo ) 0 @ €

Conduit Junction 00 00 00 00 00 3

Outlet 0.0 00 00 00 00 1

========== END

NORMAL TERMINATION OF HOUSTORM.
Warning Messages for current project:
Runoff Frequency of: 100 Years

Runoff Frequency of: 100 Years



Briar Branch to Bunker Hill - RAS 100 Year

HouStorm (City Of Houston STORM DRAIN DESIGN) Version 2.1, Update: Jan/5/05

Run @ 5/11/2007 1:27:38 PM

PROJECT NAME : Briar Branch Drainage Study
JOB NUMBER :
PROJECT DESCRIPTION : Sizing storm sewer under Claret Street.

PROJECT File: L:A120214\120-10550-000\Prod\Daia\Refined\Houstorm\Briar_to_Bunk

DESIGN FREQUENCY : 100 Years
ANALYSYS FREQUENCY : 100 Years
MEASUREMENT UNITS: ENGLISH

OUTPUT FOR DESIGN FREQUENCY of: 100 Years

Runoff Computation for Design Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q Total Q
{acre) (min) (min)  (in‘hr) (cfs)  (cfs)

A-1 035 001 1000 1000 936 0.000 0.033
A2 035 001 1000 10.00 936 0.000 0.033
A3 035 001 1000 10.00 936 0.000 0.033
A-4 035 001 1000 1000 936 0.000 0.033
A-5 035 0.01 1000 1000 936 (.000 0.033
A-6 035 0.01 1000 1000 9.36 0.000 0.033
A-7 035 0.01 1000 1000 9.36 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User Additional Total
LD. Type C-Value Dr.Area Tc Supply @ QinNode Disch.
(acres) (min) (in/hr) cfs)  (cfs) (cfs)

A-1  Junct 0350 0.01 1000 9.36 25.00  25.033
A-2  Junct 0350 002 13.64 8.63 50.00  50.060
A-3  Junct 0350 0.03 1754 798 280.00  280.084
OUT Outlt 0.350 0.03 17.54 798 280.00 280.084

Conveyance Configuration Data

Run Node ID. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

(ft) (fo) (fty O ft) (%)

1 A-1 A2 7321 72.88 Box1 40 3.0 6080 0.054 0.013
2 A2 A3 7288 7223 Box1l 6.0 3.0 867.0 0.075 0.013
3 A-3 OUT 6823 6537 Box1 90 7.0 2812.0 0.102 0.013




Conveyance Hydraulic Computations. Tailwater = 77.120 (ft)

- Run Hyd. Gr.line CritElev ~  Depth  Velocity Junc
# US DS US Fr.Slope Unif. Actnal Unif. Actnal Q  Cap Loss
(fty (fy ) (%) () |ty (fs) ({/s) (cfs) (cfs) (ft)

1 7961 7936 79.96 0.041 225 3.00 2.78 2.09 25.0 28.80.000
2 7936 78.84 79.96 0.059 225 3.00 3.71 278 50.1 56.30.000
3 78.84 77.12 79.94 0.061 4.87 7.00 6.39 445 280.1 360.8 0.000

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:

The convey length should be from upstream to downstream inside box.

This length may also be used as Pay Item.

Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

LINKS:

Type of Convey Material Rise Span Number of Links Quantity
Structure (fty (ft) of this type  (ft)

Box Concrete 3.0 4.0 1 608.0
Box Concrete 3.0 6.0 1 867.0
Box Concrete 7.0 9.0 1 2812.0

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Length Width Length Area Perimeter (each)
(v d0 O ) ({O

Conduit Junction 00 00 00 00 00 3
Qutlet 0.0 00 00 00 00 1

OUTPUT FOR ANALYSYS FREQUENCY of: 100" Years

Runoff Computation for Analysis Frequency.

ID CValue Area Tc TcUsed Intensity Supply Q Total Q
(acre} (min) (min)  (in/hr)  (cfs)  (cfs)

A-1 035 001 1000 1000 936 0.000 0.033
A2 035 001 1000 1000 936 0.000 0.033
A-3 035 001 1000 1000 936 0.000 0.033
A4 035 001 1000 1000 936 0.000 0.033



A-5 035 0.01 1000 1000 936 (.000 0.033
A-6 035 001 10.00 1000 936 0.000 0.033
A7 035 001 1000 1000 9536 0.000 0.033

Cumulative Junction Discharge Computations

Node Node Weighted Cumulat. Cumulat. Intens. User  Additional Total
LD. Type C-Value Dr.Area Tc Supply Q QinNode Disch.
(acres) (min) (in/hr) cfs) (cfs)  (cfs)

A-1  Junct 0350 0.01 10.00 9.36 25.00 25.033
A2 Junct 0.350 0.02 1364 8.63 50.00  50.060
A3 Junct 0350 0.03 1754 798 280.00  280.084
OUT Outlt 0.350 0.03 17.54 798 280.00 280.084

Conveyance Configuration Data

Run Node ILD. FlowLine Elev.
# US DS US DS Shape# Span Rise Length Slope n_value

(fty (ft) (O & (%)

1 A1 A2 7321 7288 Box1 40 30 608.0 0.054 0.013
2 A2 A3 7288 7223 Box1 60 3.0 8670 0.075 0.013
3 A3 OUT 6823 6537 Box1 9.0 7.0 2812.0 0.102 0.013

Conveyance Hydraulic Computations. Tatlwater = 77.120 (ft)

Run Hyd. Gr.line Crit.Elev Depth  Velocity Junc
# US DS US FrSlope Unif. Actual Unif. Actual Q  Cap Loss
(fty (fry ) (%) () (fr) /s) (ffs) (cfs) (cfs) (ft)

1 79.61 79.36 7996 0.041 2.25 3.00 2.78 2.09 25.0 28.80.000
2 7936 78.84 79.96 0.059 2.25 3.00 3.71 2.78 50.1 56.3 0.000
3 78.84 77.12 79.94 (.061 4.87 7.00 639 445 280.1 360.8 0.000

SUMMARY OF STORM DRAIN STRUCTURE QUANTITIES

NOTE:
The convey length should be from upstream to downstream inside box.
This length may also be used as Pay ltem.
Using hydraulic length, from node center to node center, may result in profile error,
and this length should not be used as Pay Item.

LINKS:

Type of Convey Material Rise Span Number of Links Quantity
Structure (ft) (ft) of this type (ft)

Box Concrete 3.0 40 1 608.0



T

Box Concrete 3.0 6.0 1 867.0
Box Concrete 7.0 9.0 1 28120

NODES:

Type of Inlet Type of Grate Inlet Grate Grate Grate Grate Quantity
Structure Length Width Length Area Perimeter (each)

(fH v O f) )

Conduit Junction 00 00 00 00 00 3
Quitlet 00 00 00 00 0.0 1
END ===

NORMAL TERMINATION OF HOUSTORM.
Warning Messages for current project:
Runoff Frequency of: 100 Years

Runoff Frequency of: 100 Years



