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FLOOD PROTECTION STUDY
City of Orange, Texas

EXECUTIVE SUMMARY

This flood prevention study is the result of an agreement signed on March 12, 1992, between
the City of Orange, Texas and the Texas Water Development Board. The agreement
provided funding for a flood study that would incorporate major portions of Orange County.
On November 2, 1992, the City of Orange entered into an agreement with Carter & Burgess,
Inc., to obtain professional engineering services for the study. The following report is the
culmination of that effort.

This report consists of seven major sections, namely; the Introduction, Drainage Criteria and
Methodology Review, Watershed Analysis, Conclusions, Recommendations, Local Project
Ranking System and Capital Improvements Program, and Additional Concems. The
Introduction section gives a brief review of the history of the City of Orange, its flooding, and
previous flood studies. The Drainage Criteria and Methodology Review section discusses the
methodology used for hydrologic and hydraulic analysis in this report. The Watershed
Analysis section provides a description of each watershed and details the steps taken for each
analysis. Note that in this section and in those following, the approach is from large to small.
The large watersheds susceptible to wide-scale flooding are analyzed first then the smaller
local watersheds. The Conclusions section discusses the results of each analysis. The
Recommendations section presents proposed solutions with estimated costs for various flood
protection projects. The Local Project Ranking System and Capital Improvements Program
section presents a project priority ranking system and a yearly budgeting program to maintain
steady progress for implementing the recommendations in the study. The last section,
Additional Concerns, discusses other various pertinent topics as outlined in the contract.

SUMMARY OF CONCLUSIONS

Flooding in the City of Orange can originate from a wide variety of sources. The sources can
be divided into two main categories. The first category includes sources that can result in
wide-scale flooding. These sources inciude the Sabine River, the hurricane surge and the
large bayous that fiow through the city. The second category includes sources that can
produce flooding in more localized or smaller sub-watershed areas. These sources include
undersized storm drain pipes, drainage swales and inlets in various areas throughout the city.
The following summary of conclusions reached in this study discusses these two categories
independently.

Carter & Burgess, inc. ES-1
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Wide-Scale Flooding

The City of Orange is susceptible to wide-scale flooding from the Sabine River and from
hurricane surge that originates in the Gulf of Mexico. Either of these conditions can inundate
a majority of the central city with several feet of water. Certain areas of the city are also
susceptible to inundation from the four large bayous that flow through the area. Flood flows
conveyed in these bayous, Adams Bayou, Coopers Gully, Hudson Gully and Little Cypress
Bayou, can exceed the banks of the bayou and cause flood damage to urbanized areas of the
city. This flooding can occur somewhat independently of peak flood flows from either the
Sabine River or the hurricane surge.

The analyses conducted in the course of this study evaluated measures to prevent flooding
from occurring as a result of either Sabine River flood flows, hurricane surge or bayou flooding
from the four previously-named bayous.

in analyzing flooding from the Sabine River and the hurricane surge, the engineers concluded
that levee protection systems would be required to protect the vulnerable areas of the city
from inundation. The Sabine River and the hurricane surge both can flood the city from the
east and inundate large urbanized areas. The engineers investigated seven levee protection
alternatives that could be constructed to protect various areas of the city. The primary criteria
for evaluating the levee protection alternatives was the protection afforded by the alternative
and the cost of construction. The seven alternatives were narrowed to three alternatives that
will be presented in this report.

In analyzing flooding from the four bayous mentioned earlier, the engineers identified various
combinations of channel improvements, bridge improvements and diversions that could be
constructed to prevent flooding from these sources. These evaluations only considered
flooding from the bayous themselves, and did not superimpose flooding effects from the
Sabine River or the hurricane surge. This means that even if the improvements were
constructed on the bayous, the same areas of the city susceptible to flooding from the Sabine
River and the hurricane surge would still be vulnerable.

Carter & Burgess, Inc. ES-2
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Localized Flooding

Localized fiooding concemns in the city were most often caused by drainage structures that
were not able to convey runoff from more frequently occurring rainfall events. The result of
this being that local sub-watershed areas experience street flooding, yard flooding and
possibly water inside homes and businesses fairly frequently.

In the course of the analysis of these local flooding concemns, the engineers determined that
most often the drainage structure, whether it be a storm water pump station, storm drain pipe,
small drainage swale or set of curb inlets, could convey runoff from less than the one or two
year retumn frequency storm. Therefore the drainage problem was experienced on a rather
frequent basis.

The City of Orange indicated that there were seven areas in the city that experienced this type
of localized flooding on a regular basis. These seven areas are the Cherry Ave. and 13th St.
sub-watershed area, the Coopers Gully pump station area, the upper end of the Dayton Street
ditch at Biuebonnet Drive, a sub-watershed of Hudson Gully, the North Simmons Drive area,
the Old Town area, and an area near Sunset Drive.

To remedy drainage concerns from most of these areas, larger drainage pipes should be
installed along with more curb inlets to convey more runoff away from the street. An intensity-
duration-frequency curve was recommended for the City of Orange so that the Rational
Method could be used to determine the peak design flow for the proposed pipes. In
determining the required pipe sizes, the engineers used a storm frequency of five years. This
design procedure increased the runoff carrying capacity of the pipes from their current one to
two year design level to a five year design level.

The engineers proposed pipe size enlargements for five of the seven localized flooding study
areas mentioned above. These included the Cherry Ave. area, the Dayton Street ditch area,
Hudson Gully, the Old Town area, and the Sunset Drive area.

Drainage swale/ditch improvements were proposed for Hudson and Coopers Gully and the
upstream end of Dayton Street ditch. Both of these proposed improvements will allow the
proposed larger storm drain pipes to drain the street areas more efficiently during a five year
storm.

Carter & Burgess, Inc. ES-3
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Finally, the engineers concluded that pumping capacity improvements at the Coopers Gully
pump station are required to bring the station up to a 100-year capacity. Also, the instaliation
of flap gates along north Simmons Drive at Little Cypress Bayou will prevent flood flows from
the Bayou from backing up through culverts under Simmons Drive and into residential areas
on the west side of Simmons. The installation of these flap gates will provide fiood protection
only until downstream flood levels on either Little Cypress or the Sabine River exceed the top
of road elevation of Simmons Drive. Then the flood waters will over top Simmons Drive from
the east and begin to inundate larger areas.

SUMMARY OF RECOMMENDATIONS

The following paragraphs present the items recommended in this study to prevent flooding in
the Orange area. The recommendations will be presented for the wide-scale flooding
concerns first and then the localized-area flooding concemns.

Wide-Scale Flooding
The items recommended in this in this report to prevent wide-scale flooding in the Orange
area are listed below along with an estimate of probable cost to implement the improvement.

Levee Alternative No. 1 $ 42,225,000
Levee Altemnative No. 2 $ 62,015,000
Levee Alternative No. 3 $ 95,040,000
Adams Bayou Dredging $ 9,700,000
Adams Bayou Diversion $ 7,600,000

Localized Flooding
The items recommended in this report to prevent localized-area flooding as described earlier
are listed below along with an estimate of probable cost to construct each improvement.

Carter & Burgess, Inc. ES4
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Bluebonnet Drive Improvements $ 74000
Channel Improvements @ Hwy. 87 $ 82000
Flap Gates @ Simmons Drive $ 68,000
Upgrade Coopers Pump Station $ 630,000
Additional Bluebonnet Line $ 40,000
Line Segment CH2 $ 225000
Dayton Ditch Downstream Culverts $ 24,000
Line Segment SD1 $ 18,000
Line Segment SD3 $ 16,000
Line Segment HG6 $ 55,000
Line Segment HG5 $ 40,000
Line Segment HG7 $ 13,000
Line Segment OT1 $ 49,000
Line Segment HG1 $ 195,000
Line Segment HG8 $ 319,000
Line Segement CH1 $ 531,000
Line Segment OT2 $ 142,000
Line Segment OT3 $ 133,000
Line Segment OT4 $ 124,000
Line Segment HG4 $ 286,000
Line Segment SS1 $ 553,000
Hudson Gully Channel Improverment $1,200,000
Coopers Gultly channel improvement $ 975,000
SUBTOTAL $ 5,792,000

ENGINEERING AND CONTINGENCIES (30%) $ 1,738,000

TOTAL ESTIMATED CONSTRUCTION COST  $ 7,530,000

Carter & Burgess, inc. ES-5
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CONSTRUCTION PRIORITY AND CAPITAL IMPROVEMENTS PROGRAM

The items recommended for improvement in the localized flooding section of this report are
items that the City could begin constructing immediately under the current capital improvement
program. The projects in this section have been prioritized according to a system that
considered how the flooding situation affected traffic, number of citizens, public safety and
social need. The system also considered construction time and whether the construction
could be accomplished as a stand-alone project or as part of a multi-phase project.

Once the projects were prioritized, the projects were grouped according to 2 proposed capital
improvements project budget of approximately $200,000 per year.

A section on funding outlines how the city may be able to allocate or provide the required
$200,000 annually for the implementation of the localized flood protection projects.

ADDITIONAL ITEMS

To prevent future urbanization from causing localized fiooding problems in the Orange area,
the City should implement the use of a drainage design manual. The manual would provide
guidelines for designing drainage structures such as pipes, ditches, and storm sewer inlets. A
proposed drainage design manual is included as an appendix to this study to aid the City in
this endeavor.

The City should also approve and require the use of the drainage design manual by enacting
an ordinance stating that purpose. The text for a proposed ordinance to accompiish the
manual's approval is included.

In summary, if the City requires the use of the drainage design manual for future drainage

projects and implements localized-flooding improvements on a consistent annual basis, the
City will see positive results in reducing and preventing localized flooding problems.

Carter & Burgess, Inc. ES-6
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FLOOD PROTECTION STUDY
City of Orange, Texas

l. INTRODUCTION
A CITY HISTORY

The City of Orange is located on the west bank of the Sabine River in the extreme
southeast comer of Texas. The city has a long and colorful history that reaches back
to its first American-Indian inhabitants, and includes the Spanish, the French, and the
early Texas pioneers. The area's first permanent settlers were drawn to the vast
natural resources of the land that include timber, fertile soil, a mild climate, and the
navigable Sabine River. The area's permanent population began to grow and
eventually the City of Orange was incorporated in 1858. By the end of the 1Sth
century, Orange had become established as a port for the cotton trade and, with the
railroad, as a valuable link between the eastern and westem portions of the United
States. In 1914, the Amy Corps of Engineers dredged the harbor of Orange so that
shipyards could be buiilt to aid the nation's efforts during World War §. The operation
was a great improvement to the existing water transportation facilities and resulted in
bringing prosperity and a population increase to the city. At the onset of World War I,
the United States Navy built a base at Orange which again resulted in a great increase
of the city's population. A local industrial boom accompanied the naval base and
brought with it rapid growth and development throughout the city. Much of the
industrial growth centered itself just south of the city limits along a stretch of the river
now known as "chemical row." Ship building, petroleum refining and paint
manufacturing became the area's dominant industries. After World War || the city's
growth leveled off and the Navy's need for a base declined. Eventually, the naval
station was moth-balled in 1965. The base closing resulted in a population decrease
and removed an important part of the area's economy.

The City of Orange has sought to preserve its rich heritage through the dedication of
many historic sites and homes throughout the city. Today, the City of Orange is still
an economically and aesthetically attractive city that offers an established industrial
base, many natural resources, a mild climate, and an extensive transportation network
that includes rail lines, an interstate highway, and a deep water port. The City of
Orange's 1990 population was 19,381 according to the latest Bureau of the Census
report. The County of Orange's 1990 population was 80,509 according to the same
report. (See Reference 1)

Carter & Burgess, Inc. I-1
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B. FLOODING HISTORY

Ironically, water, which is one of Orange County's greatest assets by providing
transportation and irrigation, is also one of its greatest liabilites. The City of Orange
lies on relatively flat, low-lying ground adjacent to the Sabine River and is located only
a few miles infand from the Gulf of Mexico. Large bayous and several gullies also
pass through the City on their way to the Sabine River. This proximity to so many
water ways makes the City prone to flooding. The City is susceptible to flooding from
both wide-scale storm events such as a rising Sabine River or a hurricane in the Gulf,
and from localized rain storm runoff. Localized flooding occurs quite frequently as the
region's average annual rainfall is fifty-seven inches.

Several floods of significant magnitude have occurred and been documented in
Orange. Documentation is based on eye-witness accounts and on river measurements
made from the Sabine River Authority staff gauge in Orange and the U.S. Geological
Survey's stream gaging station at Rutliff, about 30 miles upstream of Orange. The
study released by the Army Corps of Engineers in 1968 lists the ten highest gauge
heights on the Sabine River at Orange to that date. (See Reference 2) The gauge
heights are included as Table 1.1 below.

TABLE |1  Ten Highest Sabine River Gauge Readings at Orange Through 1968

Rank Date of Crest Gauge Height *(MSL)
1 April 25, 1913 6.6
2 September 12, 1961 6.6
3 August 24, 1915 6.1
4 May 24, 1953 6.0
5 August 18, 1915 59
6 May 3, 1914 5.8
7 April 17, 1923 58
8 December 25, 1923 57
9 June 10, 1950 54

10 June 1, 1914 52

* USC&GS MSL Datum of 1929
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Table 1.1's highest gauge reading of 6.6 in 1961 was the result of tides caused by
Hurricane Carla. The maximum discharge recorded on the Sabine to date is 121,000
cfs and occurred on May 24, 1953. Both of these storms caused extensive flooding
throughout Orange. In September of 1963, another humricane, Hurricane Cindy, struck
the Texas coast. This storm was accompanied by very heavy rainfall in the Beaumont
- Port Arthur - Orange area, and resulted in extensive local flooding. Total rainfall
accumulations caused by Cindy were 22.8 inches at Orange. There is little definite
information on past flood flows of Adams Bayou. However, one large flood of Adams
Bayou was recorded in September 1958. Rainfall for this flood averaged about 10.5
inches over the watershed and produced a peak discharge of about 7,500 cfs.

C. APPLICABLE FLOOD STUDIES

Several existing flood studies were consulted for this report. A brief description of
each and its relation to the City of Orange follows.

1. Report on a Comprehensive Drainage Plan for the City of Orange, Texas and
Metropolitan Area - by George J. Schaumburg Consulting Engineers, November
1958

This study was commissioned by the City of Orange to help solve its drainage
problems. The study set forth design criteria and presented preliminary designs and
cost data for improvements in the Adams Bayou, Coopers Gully, Little Cypress Bayou
and Sabine River watersheds. The study was very thorough and serves as the model
for this report.

2. Drainage Master Plan Northwest Area City of Orange, Texas - by Gary Grahm
of Bob Shaw Consulting Engineers, Port Arthur, Texas, March 1980

This study was commissioned by the City of Orange to serve as a flexible guide to
direct construction of and improvements to drainage systems within the northwest
portion of the city, especially as development occurs. The study was written to be an
addendum to and compatible with the Schaumburg report of 1958.
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3. Flood Plain Information Sabine River and Adams Bayou Orange, Texas Area -
by U.S. Army Corps of Engineers, Galveston District, July 1968

This study was requested by the City of Orange, commissioned by the Army Corps of
Engineers, and prepared by Turner, Collie & Braden, Inc. Consuiting Engineers of
Houston, Texas. The study brought together a record of the largest known floods on
the Sabine River and calculated and mapped the probable extent of future flooding in
the vicinity of Orange due to the Standard Project Flood.

4. Stage 2 Documentation Report Lower Sabine River Basin, Texas and Louisiana
- by US. Amy Corps of Engineers, Galveston and Fort Worth Districts,
September 1979

This study was commissioned in 1974 by two resolutions of Congress and was
directed by the Corps of Engineers. The purpose was to present findings of
investigations concerning water resource problems and needs in the lower Sabine
River Basin. The lower basin was defined as the area from Toledo Bend Dam to
Sabine Lake. One of the study's findings was that all of the existing flood control
works in the study area are located in Orange County. Those existing warks consist of
a locally owned levee along Little Cypress Bayou and a small levee and floodwall
which protect the former U.S. Naval Base at Orange. The study concluded that the
levees "provide only minimal protection from hurricane flooding." The study proposed
a combination of larger earthen levees and concrete floodwalls to provide adequate
protection from hurricanes.

5. Flood Insurance Study - City of Orange, Texas - by Federal Emergency
Management Agency, July 6, 1982

This study was authorized by the National Flood insurance Act of 1968 and the Flood
Disaster Protection Act of 1973. It was performed by Tetra Tech, Inc. in 1980 and
released by FEMA in 1982. The purpose of the study was to convert the City of
Orange to the regular program of flood insurance administered by FEMA and to assist
local and regional planners in sound flood plain management. The report illustrates
flood profiles for the 10, 50, 100, and 500 year storms and maps the flood plain
throughout the city.
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6. Sabine River Flood Study - by Brown & Root, Inc., January 1993

This study was commissioned by the Texas Water Development Board and was
performed by Brown and Root, Inc. The purpose was to present findings of
institutional and hydraulic issues associated with flooding of the Sabine River. Peak
flood flows were predicted for the fower Sabine River north of Orange County. The
predicted flood elevations were lower than those of the previous FEMA studies for the
City of Orange. The lower predicted flood elevations result from the lower flow values
used in the study. The lower flow values were due to a change in statistical probability
methods used to analyze coincident hurricane surge values and Sabine River flooding.
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il. DRAINAGE CRITERIA AND METHODOLOGY REVIEW

Drainage criteria are those design factors that influence the level of flood protection a
particular community will possess. Methodology is the means by which drainage criteria and
pertinent data are analyzed to derive meaningful answers to flooding questions. This section
of the report reviews the methods and criteria used for the flood control analysis performed in
this study. (See References 3,4, and 5) The section is divided into three sub-sections;
hydrology, hydraulics, and storm drain analysis.

A HYDROLOGY

The planning, design and construction of drainage facilities are based on the study of
hydrology and its use tc determine accurate predictions of storm runoff over a
particular watershed. The best data source from which to base the design of storm
drainage and flood control systems is, of course, continuous long-term records of
rainfall and resulting storm runoff . Unfortunately though, it is not often possible to
obtain such records in sufficient quantities as weather records do not often date back
very far and land development alters the runoff volumes produced by similar storms.
Therefore, the accepted practice that is used most often today is to relate storm runoff
to the amount of rainfall over a particular watershed along with different parameters of
the watershed. This relation provides a means of estimating the rates, timing and
volume of runoff expected from watersheds at various rainfall recurrence intervals.

This sub-section discusses the two methods of hydrology used for analysis in this
study. The first is the Rational Equation which applies to smaller drainage areas of
usually less than 200 acres and the second is the U.S. Army Corps of Engineers'
HEC-1 Flood Hydrograph Package computer program which applies to larger drainage
areas of usually greater than 200 acres.

1. The Rational Equation
Most communities today use the widely known and accepted Rational Equation to

calculate the amount of storm water runoff a watershed of 200 acres or less will
generate. The Rational Equation is stated as follows:
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Q=CIA
where Q= the amount of runoff in cubic feet per second (CFS)
C=  the runoff coefficient or "C-factor”
1= the rainfall intensity in inches per hour
A= the watershed area in acres.

Each community determines its own level of flood protection based on the values it
adopts for both C and | in the equation. The area, A is a constant for each watershed
and is therefore not subject to adaptation.

The "C-factor” is a runoff coefficient that varies according to soil type and land use. It
is generally accepted that altering land use through urban development has a
pronounced effect on the rate and volume of runoff from a given rainfall. Urbanization
alters the hydrology of a watershed by improving its hydraulic efficiency, reducing its
surface infiltration and reducing its storage capacity. The more impervious and
densely developed an area, the higher the value of the C-factor attributed to it and thus
the higher the calculated runoff. For example, undeveloped farm land may use a C of
0.3 while a paved parking lot may use a C of 0.9. The C-factor can therefore have a
great impact on the quantity of runoff calculated. For this reason, the C-factor for
design of urbanized storm drain systems should always be chosen assuming a fully
developed watershed. This helps to prevent future flooding due to increased
development. Zoning ordinances and zoning maps can aid in determining what the
fully developed C-factor will be.

C-factors are generally derived through experimentation and, over time, fairly standard
values have emerged. Most values are widely accepted and generally correspond
well, especially among adjacent communities as the topography and soil conditions are
often quite similar. Three southeast Texas counties located near Orange County,
namely; Brazoria, Fort Bend, and Montgomery, have all adopted the same C-factor
values. These values are presented in Table il.1 entitied "Rational Method Runoff
Coefficients for 5-10 Year Frequency Storms in Brazoria, Fort Bend, and Montgomery
Counties, Texas." The table is very thorough and was used as a resource in this
study. It is recommended that the City of Orange adopt and use these values. A
complete drainage design manual has been recommended and is discussed later in
this report in Part F of Section VIl entitled "Additional Concerns”.
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TABLE Il.1  Rational Method Runoff Coefficients for 5-10 Year Frequency Storms in
Brazoria, Fort Bend, and Montgomery Counties, Texas

Basin Basin Basin
Description of Area Slope Slope Slope
<1% 1-3.5% 3.5-5%
Single Family Residential Districts
Lots greater than 1/2 acre 0.30 0.35 040
Lots 1/4 - 1/2 acre 0.40 0.45 0.50
Lots less than 1/4 acre 0.50 0.55 0.60
Multi-Family Residential Districts 0.60 0.65 0.70
Apartment Dwelling Areas 0.75 0.80 0.85
Business Districts
Downtown 0.85 0.87 0.90
Neighborhood 0.75 0.80 0.85
Industrial Districts
Light 0.50 0.65 0.80
Heavy 0.60 0.75 0.90
—- Railroad Yard Areas 0.20 0.30 040
Cemeteries 0.10 0.18 0.25
Playgrounds 0.20 0.28 0.35
Streets
Asphait 0.80 0.80 0.80
Concrete 0.85 0.85 0.85
Concrete Drives and Walks 0.85 0.85 0.85
Roofs 0.85 0.85 0.85
Lawn Areas
Sandy Soil 0.05 0.08 0.12
Clay Soil 0.15 0.18 022
Woodlands
Sandy Soil 0.15 0.18 025
Clay Sail 0.18 0.20 0.30
Pasture
Sandy Soil 0.25 0.35 040
Clay Soil 0.30 0.40 0.50
Cultivated
Sandy Soil 0.30 055 0.70
Clay Soil 0.35 0.60 0.80

i
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As a comparison, the values that Schaumburg assigned to C in the 1958 report on a
comprehensive drainage plan for the City of Orange (See Reference 6) are as follows:

C = 0.6 for Commercial Areas
C = 0.4 for Residential Areas

These values correspond well with those listed for similar categories in Table 11.1. The
"Basin Slope < 1%" column applies to the City of Orange in most cases because of its
low sloped terrain.

The "rainfall intensity”, 1, is the average rainfall rate in inches-per-hour over a
watershed. The value is based on the chosen storm frequency of occurrence and a
rainfall duration equal to the "time of concentration." The storm frequency is a
statistical variable based on the probable retumn interval in years of a particular size
storm. For instance, a 100-year storm frequency has a 1/100th (or one percent)
chance of occurring in any given year while a 5-year storm has a 1/5th (or 20 percent)
chance of occurring in any given year, based on past records of rainfall. The "time of
concentration”, Tc, is the time required for runoff to travel from the most distant part,
hydraulically, of the watershed to any point of interest along a drainage route. Runoff
reaches its maximum value when the time of concentration has been reached at a
particular point since at this time all portions of the watershed are contributing runoff to
that point.

The time of concentration Tc and intensity value | have an inverse relationship for any
given watershed. As the time of concentration decreases, or as runoff reaches an inlet
faster, rainfall intensities increase. Rainfall intensities increase due to the natural
phenomenon that very intense rainfalls last only a short amount of time while less
intense rainfalls can last much longer. For instance, a heavy down pour of rain may
last only about 15 minutes while a light steady drizzle may last for hours or even days.
To drain effectively, storm drains need to camry just enough capacity at each point to
drain the rainfall intensity that corresponds to the time of concentration for that drain at
that point. For example, if it takes 10 minutes for runoff to reach an inlet, then that
portion of the drain needs to be designed for a rainfall intensity that corresponds to a
10 minute time of concentration. A one-hour trip needs to be designed for a smaller
intensity that corresponds to a one-hour time of concentration.
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Once the time of concentration is known, the corresponding rainfall intensity, I, may be
determined from rainfall intensity-duration-frequency curves. These curves graphically
relate rainfall durations (the time of concentration) to rainfall intensities in inches-per-
hour over a particular region. The rainfall intensity-duration-frequency curves
presented in the Schaumburg report are based on the U.S. Department of Commerce
Weather Bureau bulletin released in 1955 entitied "Technical Paper No. 25."
Comparing these curves to a more recent study released by the National Oceanic and
Atmospheric Administration in 1977 shows very little change. Therefore the
Schaumburg report's curves were used for the analysis in this study. The curves
have been included as Exhibit 11.1 entitled "Rainfall Intensity Curves."

As previously stated, the City of Orange does not have a written drainage design
manual for determining proper values for | but has adopted the values recommended
by the Schaumburg report of 1958. The Schaumburg report recommended using an |
value of 2.9 inches-per-hour throughout the city. This value was based on a five-year
frequency storm with a sixty minute duration or time of concentration. This intensity
value tends to be low as most smalier watersheds, especially those with storm drain
systems, have times of concentration much lower than sixty minutes and therefore
higher intensity values. An average initial time of concentration, or that time required
for runoff to reach the most upstream inlet, for a developed portion of a city is usually
between 5 and 10 minutes. As a matter of fact, many cities have set maximum initial
times of concentration allowed in their design criteria for certain types of land use. For
example, the City of Dallas limits its residential initial time of concentration to 15
minutes or less and its commercial time to 10 minutes or less. Beyond the initial time
of concentration, the value may be incremented up to 5 minutes or more depending on
the velocity and distance traveled along a drainage route. As most typical city storm
drains are less than 2000 feet in length and have velocities around 3 feet per second,
it is rare that the total accumulated time of concentration exceeds 30 minutes. Thus,
the Schaumburg report's value of a 60 minute time of concentration for all drainage
design projects is too high for most of the smaller watersheds in Orange. The
corresponding 5-year rainfall intensity value of 2.9 inches-per-hour is therefore too low.
This lower intensity value leads to lower calculated runoffs and thus to undersized
storm drains.
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For the analysis in this report, each watershed's time of concentration was determined
by first assigning a minimum value of 10 minutes for the initial time of concentration
and then incrementing that time by the amount of time required for the runoff to reach
the next point of analysis.
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2. HEC-1 Flood Hydrograph Package Computer Program

HEC-1 is a computer program created by the United States Army Corps of Engineers
to calculate runoff amounts for watersheds that are generally larger than 200 acres.
(See Reference 7) Because of its versatility and accuracy, the program has become
widely used and is the accepted standard for most runoff analysis performed today.

The program works by creating a stream network model which simulates the runoff
response of a river basin to rainfall over that basin. The program combines
hydrography and routing computations in its analysis. The following paragraphs
describe the elements required to develop a HEC-1 computer model.

One process of the HEC-1 program is to the determine the design storm rainfall.
Design storm rainfall can be described in terms of frequency, duration, areal extent
and distribution of intensity with time. A design storm's rainfall distribution in time is
handled by the HEC-1 program by assuming a symmetrical, single-peaked design
hyetograph, or design storm. The engineer's choice for frequency and duration is
dependent upon the physical characteristics, location and study objectives. In most
cases, design will be based on a 24-hour duration storm event. The HEC-1 program
has the capability to modify runoff hydrographs to account for progressively smaller
design storm volumes as areal coverage increases. The HEC-1 users manual
suggests how to model storm rainfall depth versus drainage area relationships.

Another process of the HEC-1 program is to determine the "excess" rainfall. Only a
portion of the rainfall volume which falls on a watershed during a storm event actually
ends up as stream runoff. The remainder is intercepted by infiltration, depression
storage, evaporation and other mechanisms. The volume of rainfall which becomes
runoff is termed the excess rainfall. The difference between the observed total rainfall
hyetograph and the excess rainfall hyetograph is termed as abstractions, or losses.

Having determined the design storm excess rainfall, the next process of the program is
to determine the storm runoff hydrograph at particular points of interest. As a flood
wave passes downstream through a channel or detention facility, its shape is altered
due to the effects of storage. The procedure for determining how the shape of the
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flood hydrograph changes is termed "flood routing”. Flood routing can be used to
determine the effects of storage on a flood's runoff pattem, or its hydrograph.

HEC-1 uses all of these parameters to calculate the amount of runoff that will be
produced by certain storm frequencies. The most common storm frequencies
analyzed are the 10, 50, 100, and 500 year intervals.

B. HYDRAULICS

The planning, design and construction of drainage facilities is not only based on the
study of hydrology but also on the study of hydraulics. Hydraulics is used to determine
what quantity of runoff a drainage system will convey and the resulting water surface
elevation. This information is useful and necessary to design the most efficient
sections for channels and storm drains and to predict flood elevations. This sub-
section discusses basic hydraulics and two methods of hydraulic analysis.

The state of flow in a channel is at all times either uniform, gradually varied, or rapidly
varied. Different methods for determining water surface profiles are applicable to each
of these conditions of flow. A brief description of each type of flow is provided below.

Uniform Flow

When a section of channel is sufficiently long and unchanging such that the flow depth
is not changing (i.e. the force of gravity and channel resistance can be considered
balanced), then the flow profile can be analyzed assuming uniform flow. Under these
circumstances the depth remains constant and can be determined with Manning's
equation. Manning's equation will be discussed in detail below.

Gradually Varied Flow

In the majority of channel flow situations, the state of flow is gradually varied. In other
words, the depth is gradually changing with longitudinal distance along the channel
due to an imbalance between the forces of gravity and channel resistance. Under
these conditions, the recommended means for determining flow profiles is with the
standard step method. The standard step method is an iterative process in which the
one-dimensional energy equation is solved to find the water surface elevation at a
cross-section. Manning's equation is utilized to determine channel losses due to
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friction. Losses due to channel non-uniformities are usually calculated with empirical
coefficients. A widely accepted computer model for calculating gradually varied flow

profiles is the U.S Army Corps of Engineers' HEC-2 Water Surface Profiles computer
program. (See Reference 8) The HEC-2 program will also be discussed below.

Rapidly Varied Flow

Rapidly varied flow involves extreme conditions such as waterfalls and is not
considered in this discussion.

1. Mannings Equation

Manning's equation is an empirical equation which relates friction slope, flow depth,
channel roughness, and channel cross-sectional shape to flow rate. The friction slope
is a measure of the rate at which energy is being lost in the flow to channe! resistance.
When the channel slope and the friction slope are equal (St = So) the flow is uniform
and Manning's equation may be used to determine the depth of the uniform flow.
Uniform flow is also known as normal depth.

Manning's equation is stated as follows:

_ 149
n

1% RP 5

or

1.49
n

Q- AR 5"
where Q= total discharge cubic feet per second (cfs)
V= velocity of flow (ft/sec)
n=  Manning's coefficient of roughness
=  cross-sectional area of the flow (ft)
R=  hydraulic radius of the channel (ft) (flow areawetted perimeter)
friction slope, the rate at which energy is lost due to channel
resistance
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Manning's "n" value is an experimentally derived constant which represents the effect
of channel roughness in the Manning's equation. Considerable care must be given to
the selection of an appropriate "n" value for a given channel due to its significant effect
on the character of the flow. A list of "n" values used in this study is provided in Table
I1.2. Much more extensive lists of n-values are available in most hydraulic text books.

TABLE 1.2 "N Values

Conveyance " value

Natural Channel

Rock bottom .03

Light vegetation .03

Moderate vegetation 05

Heavy vegetation .08
Concrete-lined Channel 015
Flood Plains

Wooded areas 15

Residential A5

Marsh .08
Reinforced Concrete Pipe .013

2. HEC-2 Flood Hydrograph Package Computer Program

HEC-2 is a widely accepted computer mode! for calculating gradually varied flow
profiles. (See Reference 8) The program uses the standard step method for open
channel flow and can readily accommodate modifications in channel design and losses
at bridges, culverts, drop structures and transitions. Program input includes the flow,
cross section geometry, cross section characteristics, and slope along each reach to
be analyzed. The program begins computation at a cross section of known or
estimated water surface elevation and proceeds upstream for subcritical flow, and
downstream for supercritical flow. Program output includes flow velocity, flow widths,
and water surface elevations.
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The HEC-2 program requires accurate cross sectional data to be effective. Cross
sectional data includes point elevations and stations, "n" values for the length of the
cross section, and the distance between cross sections. Cross-sections should be
placed such that the channel configuration between them is largely uniform. In areas
where channel properties are rapidly changing, the distance between cross-sections
should be appropriately less. The HEC-2 cross sectional information used for the
analysis in this report came mostly from flood studies published by the Federal
Emergency Management Agency (FEMA). Some modifications to FEMA's data were
made based on channel improvements and visual surveys.

The HEC-2 program also requires an accurate determination of the starting water
surface elevation, especially in the vicinity of the first cross-section. The best method
of determining a starting water surface elevation is with a known rating curve or from
past backwater studies. The least favorable is the slope-area method which
determines normal depth given the friction slope and discharge. It is important to
begin water surface profile analyses a significant distance downstream of the point(s)
of interest for subcritical flow and upstream of the point(s) of interest for supercritical
flow. The starting water surface elevations used in the analysis of this study were
taken from past backwater studies of the receiving stream at the proper points of
confluence. The receiving streams in this study were the Sabine River and Adams

Bayou.

Special care is required in handling energy losses due to bridges. The HEC-2 users
manual presents several methods for determining bridge losses and may be consulted
for more detail. The method used most often in this study was the Special Bridge
Method.

C. STORM DRAIN ANALYSIS

Storm drains are usually constructed of reinforced concrete pipe and are aligned in
streets or other public right-of-ways. Storm drains are designed to carry a desired
frequency storm peak flow with the most efficient pipe size possible to minimize cost.
Exhibit 11.2 illustrates three different levels of storm drain design that are possible.
Storm drains designed to carry the 100-year storm are usually cost prohibitive due to
greater material and construction costs. Individual communities must decide what level
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of flood protection they desire and what price they are willing to pay. Once a specific
level of protection is approved, peak flows may be determined using the Rational
Equation. Flow velocities and water surface elevations are determined using
Manning's Equation assuming uniform flow conditions. A general outline of the storm
drain design process is described below.

Usually the first step for a storm drain design is to outline the area to be drained. The
outlined area is then divided into sub-drainage areas that are determined by inlet
locations. Each inlet drains a sub-area. Inlets are located in natural low-lying areas
and along curbs at spacing intervals that prevent flows from becoming excessive in the
streets. The storm drain alignment is usually set at this time. Once the sub-drainage
areas are known the C-factor value for each is estimated. Preliminary pipe sizes are
then chosen. The adequacy of the preliminary pipe sizes is then analyzed using the
Rational Equation to determine a flow value and Manning's Equation to determine the
flow velocity and water surface elevation. The beginning or downstream water surface
elevation must be known before analysis can begin. Based on the results of the
analysis, the pipe size and or slope is either increased or decreased accordingly.

Head losses, or changes in water surface elevation due to changes in flow conditions,
must also be calculated. The equation for the head loss (feet) at an inlet or manhole is
stated as follows:

V: - KV
head loss = (_2__12)-
2g

where
Vi = velocity in the upstream pipe (fps).
V2= velocity in the downstream pipe (fps).
K= junction or structure coefficient of loss.

A special case of sudden contraction is the entrance loss for pipes. The equation for
head loss at the entrance to a pipe is given as follows:
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head loss = K ——
8

where
K= entrance loss coefficient. (See Table 5.4)
V= flow velocity in pipe (fps).

The analysis for pipe size adequacy and head losses continues for the length of the
drain.

The storm drain analysis performed in this study made use of a computer spreadsheet
developed in-house by Carter & Burgess, Inc. The spreadsheet is named HYDRADAL
and incorporates both the Rational and Manning's equations.

For purposes of this study, storm drains were designed to carry the 5-year rainfall
runoff. Intensities, for use in the Rational Equation, were taken off of the intensity-
duration-frequency curve discussed earlier. The rainfall intensity for a particular design
was based on the time of concentration to that particular point of interest. The
minimum pipe sizes used were 18" as smaller pipes are difficult to maintain. The "n"
value used for concrete pipe was 0.013. Sub-drainage areas were determined using
existing storm drain maps provided by the City of Orange.
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lll. WATERSHED ANALYSIS

This section describes the physical characteristics of each watershed studied and how it was
analyzed. The section is divided into three sub-sections; data acquisition, watersheds
susceptible to wide-scale flooding, and watersheds susceptible to localized flooding.

A DATA ACQUISITION

The data used for this study came from many sources. The Federal Emergency
Management Association (FEMA) provided copies of existing Fiood Insurance Studies
(FIS) for the City of Orange and its surrounding communities. FEMA also provided
micro-filmed copies of pertinent HEC-1 and HEC-2 inputs and outputs. The City of
Orange provided blueine aerial maps of the city at 1" = 100" scale, an extensive
computer planimetric and topographic database, and schematic plans of existing storm
drains at 1" = 100" with delineated surface flow directions. The City of Orange also
provided copies of previous applicable flood studies. The United States Army Corps of
Engineers (COE) provided copies of previous applicable flood studies and provided
useful information on neighboring Port Arthur's levee construction. Engineers from
Carter & Burgess, Inc. also made several trips to Orange to visually survey the study
areas. Photographs and video recordings were made for additional reference.

Carter & Burgess hired Klinkhammer & Associates to provide actual survey
measurements of several areas. Specific information included cross sections along
Dayton Street Ditch and spot elevation checks to verify contour elevations and
elevations along the existing levee by Coopers Gully pump station.

B. WATERSHEDS SUSCEPTIBLE TO WIDE-SCALE FLOODING

Wide-scale flooding in Orange may be caused by the Sabine River and by hurricanes
originating in the Gulf of Mexico. The Sabine River is about 300 miles long and has a
watershed encompassing over 9,700 square miles. For such a large river there are
very few flood control measures in ptace. (See Reference 8) Large amounts of
rainfall in the upper basin can significantly raise the amount of flow as well as the
elevation of the river downstream. The Guif of Mexico, only ten miles downstream
from Orange, is capable of producing hurricanes with enough rainfall and high enough
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tidal surges to flood large portions of the City. Wide-scale flooding may have a
duration of several days or even weeks if due to the Sabine River. The Navy built a
small levee and floodwall to help protect its base in Orange from wide scale flooding.
The existing levee will be discussed in greater length in the Levee sub-section.

For the purposes of this study the "wide-scale" flooding definition incorporated Adams

Bayou and Little Cypress Bayou because their watersheds are much larger than those
in the "localized flooding” category. This sub-section describes the analysis of Adams
Bayou, Little Cypress Bayou and the Levee protection alternatives.

1. Adams Bayou

Two alternatives were studied regarding flooding due to Adams Bayou. The first was
diverting flow out of and away from Adams Bayou and the second was widening the
Adams Bayou channel by dredging.

Diversion of Flow

One way to reduce flooding along Adams Bayou would be to decrease the amount of
flow in Adams by diverting it directly to the Sabine River. Several diversion routes
were analyzed. The most plausible route was determined to be diverting flow from
Adams Bayou to Little Cypress Lake through a gravity flow channel just north of and
parallel to I-10. A schematic layout of the diversion channel is shown in Exhibit I11.1
Note that this alignment benefits only that portion of the floodplain downstream of
I-10. The length of the diversion channel would be approximately 10,500 feet.

The first step of the analysis was to size the gravity fiow channel. The difference in
elevation between the 100-year water surface in Adams Bayou just upstream of |-10
and the 5-year water surface in Little Cypress Lake is only 5 feet. Such a small
difference in elevation over such a long distance, means the proposed channel invert
gradient must be very flat. The slope was set at 0.05%. Such a flat channel requires
a large cross sectional area to carry the diversion flow. A channel bottom width of 100’
was used along with a depth of 8 feet. As the channel would be grass lined, the side
slopes were set at 3:1. Hydraulic analysis of the channel showed it would divert up to
3,300 cubic feet per second (cfs) away from Adams Bayou to the Sabine River.

Carter & Burgess, Inc. -2



2000

1000
GRAPHIC SCALE 1N FEET

TEXAS

@ carter-Burgess

EXHIBIT 11,1
SCHEMATIC OF ADAMS BAYOU
CHANNEL DIVERSION

CITY OF ORANGE,

PREPARED BY:

ey b e
CARTER & BURGESS, NC.

750 QUMK DBV RITE 398
[t

APRIL, 1984




FLOOD PROTECTION STUDY

City of Orange, Texas

The next step of the analysis was to determine the downstream effects of the diversion
on the Adams Bayou floodplain. The existing HEC-2 analysis was run and the
resulting floodplain was plotted on a planimetric map. See Exhibit Ill.2 for a plan view
of the HEC-2 cross section locations. Then the HEC-2 input was altered to reflect the
diversion of 3,300 cfs and the analysis was re-run. The resulting floodplain of the
diversion alternate was then plotted on the same planimetric map.

The final step of the analysis was to determine the benefit gained by the reduced
floodplain and to estimate the construction costs of the diversion channel. The results
are discussed in the Conclusions section of this report.

Channel Widening

Ancther altemative analyzed to reduce flooding along Adams Bayou was to widen the
existing channel by dredging. One benefit of this altemate was that the floodplain
reduction could be extended north of I-10 as far as the channel was dredged unlike the
diversion channel alternate whose benefits were limited to south of 1-10.

The first step of this analysis was to plot the Adams Bayou floodplain on a planimetric
map. Next, the proposed channel widening width was set at 50'. The HEC-2 input
was then altered using Channel Improvement cards to reflect a 50' widening. The
HEC-2 analysis was re-run and the resulting floodplain was plotted on the same
planimetric map.

The final step of the analysis was to determine the benefit gained by the reduced

floodplain and to estimate the dredging costs of widening the channel. The results are
discussed in the Condlusions section of the report.

Carter & Burgess, Inc. -4
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FLOCD PROTECTION STUDY
City of Orange, Texas

2. Little Cypress Bayou

Little Cypress Bayou is a watershed located north of the City of Orange that drains
approximately 18,000 acres. The watershed was included in the FEMA study
performed for the City of Orange. However, in the analysis during this study
discrepancies were noted between the HEC-2 input and output files provided by
FEMA. One discrepancy noted is a difference in the lengths of the two studies. The
micro-filmed output files and the published Flood Insurance Study both correspond and
show the HEC-2 analysis all the way to cross section number 17.000 for a total study
length of over 43,000 feet. The micro-filmed input file, though, ends at cross section
number 23.00 for a total study length of only 23,000 feet. Cross section 23.00 is
located about 1,800 feet upstream of the Highway 87 bridge. The shorter input file
therefore limited the extent of this study's analysis. See Exhibit I11.3 for a plan view of
the input file's cross sections.

Ancther discrepancy noted between the input and output files was a difference in flow
values. The 100-year flow in the micro-filmed output file, as well as the published FIS
report, was 3,750 cfs at Jack’s landing. The 100-year flow, though, in the input file at
the same location was 5,208 cfs. For the purposes of this study those flows from the
published FIS report were assumed to be correct and were used in the analysis.

The first step of the analysis was to alter the HEC-2 input file to match the
assumptions previously stated. The resulting 100-year floodplain was then plotted on
a planimetric map. Within the limited reach of this analysis there were a total of 19
homes observed within the floodplain boundary.

Carter & Burgess, Inc. -7
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FLOOD PROTECTION STUDY
City of Orange, Texas

The next step of the analysis was to determine how the floodplain might be reduced.
Only three bridges were included in the analysis, namely; the Southemn Pacific
Railroad, the F.M. 1130, and the Highway 87 bridges. Both the Southern Pacific
Railroad and F.M. 1130 bridge's low chords were above the 100-year water surface
and therefore no improvements are recommended. The Highway 87 bridge
experienced pressure flow and appears to be somewhat of a constraint. However, the
top of road is not flooded and therefore no improvements are recommended at this
time to Highway 87. No further analysis was performed as there are so few houses in
the floodplain that any full scale improvements made to Little Cypress Bayou would not
likely warrant the cost. Other recommendations to reduce the impact of floods in Little
Cypress Bayou are included in the Recommendations section of this report.

3. Levee Protection Altematives

The biggest threat of wide scale flooding in Orange comes not from Adams Bayou but
from the Sabine River. The river can rise due to flooding upstream and due to tidal
surges from hurricanes in the Gulf of Mexico. Recognizing this threat, the U.S. Navy
built a small levee to protect its base at Orange. (See Reference 1) The levee begins
near the Simmons and Green intersection then heads north parallelling the Sabine
River. The levee then runs west parallelling Dewey Avenue. The levee ends near the
Simmons and Dewey intersection. A pump station was built where the levee crossed
Coopers Guilly. The pump station is discussed in the Coopers Gully sub-section of
Localized Flooding. The existing levee provides only minimal protection from hurricane
flooding. (See PHOTOS 111.384)

FEMA published a flood insurance study for the City of Orange in July of 1982. (See
Reference 1) This study presented water surface profiles for different year storms and
mapped the 100-year floodplain. The results of this Orange study, however, conflict
with the adjacent FEMA study of Calcasieu Parish across the Sabine River in
Louisiana. (See Reference 10) The Calcasieu Parish study found lower flood
elevations and a slightly smaller floodplain. The accuracy of the Calcasieu Parish
study was confired by the Brown and Root, Inc. study of the Sabine River recently
released in January of 1993. (See Reference 9) Exhibit lll.4 entitled "Comparison of
100-year Floodplains" and Exhibit 111.5 entitied "Comparison of 100-year Flood Profiles”
illustrate the differences between the two studies.

Carter & Burgess, Inc. -9
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PHOTO liL.4 Existing Levee Near Coopers Pump Station

Carter & Burgess, inc. H-10



1] 1500 3000

GRAPHIC SCALE N FEET

LEGEND

100-YEAR FLOOD PLAIN BOUNDARY !N
ORANGE COQUNTY F,. .S, STUDY

100-YEAR FLOOD PLAIN BOUNDARY IN
SABINE RIVER AUTHOR!TY STUDY

EXHIBIT 111, 4
COMPARISON OF
100 YEAR FLOODPLAINS
CITY OF ORANGE, TEXAS

y PREPARED BT
Ca Carter:Burgess

a




ZLil

( { {
EXHIBIT lIL.5 Comparison of 100-Year Flood Profiles
/ SABINE RIVER \
A =08 A =16 A=28 A=406 A =42 A =40
| | | | | | |
Orange County Flood Insurance Study —\
Sabine River Authorlty Study T

1 0 I ———— e

/— Stream Bed

Orange County

Newton County —y

t Orange City Limits _‘4

“ Carter-Burgess



FLOOD PROTECTION STUDY
City of Orange, Texas

The only reasonable way to protect the entire City of Orange from wide-scale flooding
from the Sabine River is by constructing a levee. This report assumed a levee design
height of 14' MSL to provide protection against the Standard Project Flood (SPF) of
elevation 10' MSL plus an additional 4 feet of freeboard. For the purposes of this
report, three levee options of differing alignments were analyzed. Each alignment is a
combination of earthen levee and concrete floodwall. Floodwall sections are intended
to be used where earthen levees are not practical due to right-of-way constraints,
aesthetics, or environmental impact. Floodwall sections are recommended along Front
Street and along portions of West Park Ave. The three [evee alignment options
studied are as follows:

No.1 - This propased alignment protects primarily the City of Orange only. The levee
begins near the Simmons and |-10 intersection and follows the existing levee
alignment past the Coopers Gully pump station. it then follows the riverbank to
Dupont Drive and encompasses the Cove area then tums inland and follows
the east bank of Adams Bayou all the way to the intersection of West Park and
Link Ave. Exhibit lIl.6 gives a schematic alignment of the levee alternative.

No.2 - This proposed alignment protects primarily the cities of Orange, West Orange
and Pinehurst. The levee has the same layout as No.1 on the east side of
Adams Bayou but also includes additional levee along the west side of Adams
Bayou to protect the cities of West Orange and Pinehurst. The additional ievee
begins near the hospital on Strickland Drive and parallels Adams Bayou to
Smith Street in West Orange where it tums southwest and bends around
Courtiand Ave. and heads northwest to its end near the intersection of Westemn
and Hwy 87. Exhibit 111.7 shows a schematic layout of the levee alternative.

No.3 - This levee alternative also has the same layout as No. 1 on the east side of
Adams Bayou and includes additional levee to the west of Adams. However,
the westem levee in this option is extended to include the industrial area known
as "chemical row." The additional levee begins near the hospital on Strickland
Drive and parallels Adams Bayou to just beyond Dupont Drive where it tums
westerly to incorporate the industries then heads north fo its end near the
Orange Airport. A schematic layout of this levee altemative is shown on Exhibit
I11.8.

Carter & Burgess, Inc. Hi-13
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FLOOD PROTECTION STUDY

City of Orange, Texas

Pump stations will be required to remove storm runoff that accumulates within the
protected area of these levee alternatives. Pump stations will be located in naturally
low lying areas and have runoff channeled to them. Levee Option No.1 of this report
includes five pump stations. Option No. 2 includes a total of seven pump stations and
Option No. 3 also includes a total of nine pump stations.

A typical proposed levee cross section is shown as Exhibit 111.9. Preliminary cost

estimates and recommendations regarding these levee alternatives are discussed in
the Conclusions and Recommendations section of this report.

Carter & Burgess, Inc. lll-14
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XHIBIT 1.9

TYPICAL LEVEE CROSS SECTION

s
l<1_5’_>’

)

5:1 SLOPE

LEVEE DIMENSIONS

HEIGHT
SIDE SLOPES :

WIDTH OF FILL :

WIDTH OF RIGHT-OF-WAY: 60’ - 130°

%\____

RANGE
1-8
3:1-5:1*
30’ - 100’

* Depending on soil stability /

o8 Carter - Burgess



FLOOD PROTECTION STUDY

City of Orange, Texas

C. WATERSHEDS SUSCEPTIBLE TO LOCALIZED FLOODING

On a local level, flooding is most often the result of increased development. As the
natural land is, altered the drainage characteristics change and generally increase the
rate of storm water runoff. Increased storm runoff increases the risk of flooding. Much
of the City of Orange was developed in spurts without provision for adequate storm
water drainage systems to convey the increased runoffs. The combination of high
rainfall amounts, high runoff rates, and inadequate storm drain and channel capacities
has created conditions conducive to localized flooding in and around Orange. Seven
local areas known to contain flooding concemns were presented to the Consultants by
the City of Orange for analysis. The seven areas are the Cherry Ave. and 13th St.
watershed, Coopers Gully pump station, Dayton Street Ditch (especially along Hwy.

87 near Bluebonnet Drive), Hudson Gully, North Simmons Drive, Old Town, and
Sunset Drive. Exhibit lll.10 entitled "Localized Areas Prone to Flooding” shows each of
these areas. Exhibit Il.11 entitied "Watersheds" provides a boundary map of the City's
watersheds. Each locdized area will be discussed in greater detail in the following
sections.

Carter & Burgess, Inc. -19
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FLOOD PROTECTION STUDY
City of Orange, Texas

1. Cherry Ave. & 13th St.

The area in the vicinity of Cherry Ave. & 13th St. was designated by the City of Orange
as an area prone to flood. The Cherry Ave. & 13th St. watershed is roughly bounded
by EIm on the south, 14th St. on the west, Curtis Ave. on the north, and 10th St. on
the east. The watershed encompasses approximately 122 acres. The natural ground
slope, or drainage pattern, is from east to west. The receiving water is Adams Bayou.
The watershed high point is approximately elevation 10' near Curtis Ave. & 13th St.
The watershed is fully developed as residential. An existing storm drain system is in
place. A discussion of the existing system's hydrologic and hydraulic analysis follows.

Refer to Section i, entitlied "Drainage Criteria and Methodology Review" , for an in-
depth discussion of drainage criteria derivation and the methodology used for the
hydrologic and hydraulic analysis of this local watershed.

In analyzing the drainage problems in this watershed area, the initial goal was to
determine the capacity of the existing storm drain pipes. The first step of the analysis
was to create a hydraulic model of the existing system using the computer program
HYDRADAL prepared by Carter & Burgess, Inc. Pipe sizes, reach lengths, and invert
elevations were input using data from drainage maps furnished by The City of Orange.
The existing system has pipe sizes ranging from a double 3'x5' box at the outfall to 15”
diameter reinforced concrete pipes (RCP) at the most upstream end. See Exhibit 111.12
entitled "Cherry Ave. Watershed" for a plan view of the existing system. Sub-drainage
areas were delineated using existing inlet locations, flow arrows from the City's storm
sewer maps, and contour maps. Each sub-area was measured and entered into the
program. The C-factor assigned was 0.5 to reflect the residential development with
moderate density.

The initial runoff "Time of Concentration” used was 10 minutes. The residential terrain
is rather flat, is well vegetated, and runoff must travel several hundred feet to reach the
first inlet, therefore, ten minutes was considered adequate.

During analysis, the program increments the initial time of concentration by the flow
time in the pipe for each reach. Flow time equals length of pipe divided by flow
velocity. The summation of time is then used to determine the rainfall intensity for the
next reach of pipe. As discussed previously, as the time increases, rainfall intensity
decreases. The input data was then checked for accuracy to complete the first step of
analysis.

Carter & Burgess, Inc. m-22



FLOOD PROTECTION STUDY
City of Orange, Texas

The second step of the analysis was to run the completed hydraulic model using
different year storm frequencies that correspond to different rainfall intensities in an
attempt to determine the capacity of the pipes. Larger storm frequencies resutt in
greater rainfall intensities. The storm frequencies evaluated were the 5-year, 2-year,
and 1-year events. Starting water surface elevations were also determined and input
for each year storm frequency. The starting water surface for Cherry Ave. & 13th St. is
the corresponding water surface in Adams Bayou just north of W. Green Ave. After
running HYDRADAL, the resulting water surface profile for each evaluation was then
compared to the existing street surface elevations to determine if flooding would occur.
Flooding was defined for this analysis as "a water surface greater than one foot above
the street gutter or inlet elevation.” If flooding conditions existed for the 5-year storm
then the 2-year storm was analyzed. Similarly, if flooding conditions existed for the 2-
year storm then the 1-year storm was analyzed. The conclusions and
recommendations of the analysis are presented in the following sections entitled
"Conclusions" and "Recommendations." The outputs from HYDRADAL are included in

the Appendix.

Carter & Burgess, Inc. -23
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FLOOD PROTECTION STUDY
City of Orange, Texas

2. Coopers Gully

Coopers Gully is another watershed that was designated as prone to flooding.
Coopers Gully is a natural drainage way that extends through the center of the City of
Orange. A channel consisting of both grassed and concrete lined sections drains the
watershed and outfalls through a pump station at the Sabine River. The watershed is
roughly bounded by 20th Street on the west between Melwood Ave. and Barkins Ave.
and extends southeasterly to the Sabine River in eastern Orange. See Exhibit 111.13
for a plan view of the Coopers Gully watershed. The watershed is fully developed with
over 90% in single family homes and the remainder in commercial, multi-family, and
park land. The watershed encompasses approximately 1,024 acres and slopes from
west to east at roughly four feet per mile. The watershed high point is approximately
elevation 12' near 16th St. & Barkins Ave.

The City of Orange currently maintains one storm water pump station to aid in the
removal of runoff from urbanized areas. This pump station is located at the outfall of
Coopers Gully into the Sabine River on the east side of the city. The pump station
was improved in 1963. The pump station currently contains four 62,000 gallon per
minute (gpm) pumps, two 30,000 gpm pumps and one 15,000 gpm sump pump.
Therefore, the total nominal capacity of the station is 323,000 gpm.

The area draining to the pump station is approximately 1,024 acres (1.6 square miles).
The drainage area is primarily fully-developed, and has been since the publication of
the 1982 Flood Insurance Study for the City of Orange.

Currently, the gravity flow sluice gates at the pump station are lodged in the closed
position. Consequently, the station is activated whenever there is runoff in the
watershed, regardless of the observed flood levels on the Sabine River.

The peak discharges computed for the Flood Insurance Study at the Coopers Guilly
pump station are shown in Table 11.1.
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PHOTO 111.6 Coopers Pump Station
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TABLE lil.1 PEAK DISCHARGES AT COOPERS GULLY PUMP STATION

FREQUENCY DISCHARGE
10-Year 1,250
50-year 1,470
100-year 1,640
500-year 1,780

These discharges were verified through the use of the Comps of Engineers' HEC-1
Flood Hydrograph Package computer program. Copies of the computer printouts can
be found in the Appendix.

Two-foot contour interval topographic maps of the Coopers Gully watershed were used
to detemmine the available storage volume for use in the analysis of the existing
pumping capacity of the station. In conducting the pumping analysis, the assumption
was made that the maximum flood elevation that could be allowed was elevation 5.5 ft.
The one inch to 200 feet scale base maps of the city showed several structures inside
the six feet contour elevation along Coopers Gully. Any elevation below approximately
5.0 ft. appeared to be contained within the channel of Coopers Gully. The finished
floor elevations of the individual houses inside the elevation six contour should be
verified to determine a more accurate approximation of the maximum ponding
elevation that could be allowed along the creek.

The Coopers Guily channel is trapezoidal-shaped from the pump station at the Sabine
River all the way to the Southem Pacific railroad crossing at the headwaters. The
channel is concrete lined along several reaches including from the pump station to
cross section 10+01, from just downstream of East John Avenue to the downstream
side of Curtis Avenue, and from the upstream side of 11th Street to the downstream
side of the railroad crossing. The City of Orange currently has plans to construct
additional concrete lining in the channel from Curtis Avenue to Turret Avenue.
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Hydraulic Analysis

Flood protection alternatives for Coopers Gully were analyzed using the U.S. Ammy
Corps of Engineers' Water Surface Profiles HEC-2 computer program. The official
version of the Coopers Gully computer model was obtained from the Federal
Emergency Management Agency (FEMA). The model was created in March of 1980
for use in the City of Orange Flood Insurance Study that was completed in July of
1982. The model contained water surface elevations in Coopers Gully from the Sabine
River to the Limit of Study at the Southern Pacific railroad for the 10-, 50-, 100-, and
500-year storm events. Upon receipt of the model from FEMA, Carter & Burgess
revised the cross sections to reflect current conditions and comrected certain errors in
the model. The revised version of the existing conditions mode! is presented in the
Appendix. Revisions made include changes in n-value to reflect additional concrete-
lined sections, removal of bridges that are no longer in place, and corrections to some
of the existing cross sections. See Exhibit 111.14 for location of the HEC-2 cross
sections. Cross section plots of the revised existing channel are also presented in the

Appendix.

For purposes of the Coopers Gully flood protection analysis, the 100-year storm fiows
were used to evaluate flood protection alternatives. The starting water surface was
assumed to originate directly from the Sabine River, thus ignoring any influence of the
pump station. The starting water surface elevations for FEMA's analysis as well as the
current analysis assumed that the Sabine River was not at flood stage. This is
because the one-hundred year water surface elevation of the Sabine River is too high
to allow any drainage from Coopers Gully. Flood protection altemnatives that are able
to protect the City from large floods on the Sabine River are discussed in the sub-
section entitled "Watersheds Susceptible to Wide-Scale Flooding." The starting water
surface elevation used for FEMA's analysis and this 100-year flow analysis was
elevation 1.2'.

Fully-urbanized peak discharges were computed in the Coopers Gully watershed using
the U.S. Army Corps of Engineers' HEC-1 Flood Hydrograph Package computer
program. The methodology applied to compute these discharges is discussed in
Section II, Drainage Criteria and Methodology Review. The discharges computed by
FEMA and this study compare favorably. Therefore, the assumption was made that
the watershed was essentially fully-developed at the time of the Flood Insurance
Study.
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Flood Protection Analysis

The primary consideration of the analysis along Coopers Gully was to prevent the
flooding of existing structures. To identify the areas where potential structure flooding
could occur, the approximate 100-year floodplain of Coopers Gully, without Sabine
River effects, was plotted on topographic maps that contained a 2-foot contour interval.
Areas where the floodplain boundary encompassed existing structures were
considered to be possible structural flooding areas. The chart below shows the
published FIS elevations and top widths for a 100-year flood on Coopers Gully. The
elevations do not include the effects of the Sabine River flood elevations.

100-YEAR WATER TOP WIDTH
SURFACE ELEV, OF FLOODPLAIN
CROSS SECTION (Ft) (Ft)
A 20 100
B 20 29
C 38 112
D 71 1324
E 73 1542
F 76 820
G 79 1266

HEC-2 models of Coopers Gully were obtained from FEMA. Upon investigation,
several discrepancies were discovered that have not been resolved with FEMA. In
particular, several models were obtained that had widely varying 100-year discharges
for the Gully. The printouts that contained the flows published in the FIS report did not
produce the computed water surface elevations published in the report. Therefore,
there is either a discrepancy in correct flows or the model that contains the correct
cross section information for the existing gully. Consequently, the HEC-2 model was
not used in the analysis of proposed improvements. Instead, a normal depth analysis
using Manning's formula was used to determine proposed channel size improvements.
The Federal Highway Administration's culvert analysis program HY8 was used to
determine the size of the required proposed culverts.
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FLOOD PROTECTION STUDY
City of Orange, Texas

3. Dayton Street Ditch

The Dayton Street Ditch watershed encompasses portions of both the City of Orange
and the City of West Orange. The watershed is named for Dayton Street in VWest
Orange, the first street crossing encountered upstream from the ditch's outfall. The
watershed area encompasses approximately 562 acres and is roughly bounded by
Brown Dr. (Hwy. 87) on the west, MacArthur Dr. (Hwy. 87) on the north, Adams Bayou
on the east, and the Missoun Pacific Railroad on the south. See Exhibit [11.15 for a
plan view of the watershed.

The natural ground slope, or drainage pattern, is from west to east. The receiving
water is Adams Bayou. The watershed high point is approximately elevation 16' near
the railroad intersection at the westerm-most part of the watershed. The watershed is
zoned approximately 70% residential and 30% commercial. Two-thirds of the
watershed have been developed. A small storm drain is in place at the upstream end
along Bluebonnet Dr. The drain outfalis to a grass swale, or ditch, that flows east
along Hwy. 87. The ditch crosses Hwy. 87 via a double 5'x2' RCB and one 36"RCP
relief drain. The ditch then flows east and south around the Walmart property and then
continues southeasterly to Adams Bayou.

The primary flooding concern in this watershed is the intersection of Bluebonnet and
Hwy. 87 at the watershed's upstream end. This intersection floods during even
moderate rains and disrupts the flow of traffic, blocks business entrances, and
threatens several homes. Parking lots are frequently inundated. Home owners
downstream in West Orange along the creek route also attest to water flowing on their

properties.

The hydraulic analysis of this watershed and intersection required a two part process.
First, a HEC-2 model was created to analyze the open channel, or ditch, flow.
Second, an improved storm drain was modeled along Bluebonnet Dr. and Hwy 87.
Refer to section |l., entitled "Drainage Criteria and Methodology Review" , for an in-
depth discussion of drainage criteria derivation and the methodology used for
hydrologic and hydraulic analysis. *

To create an accurate HEC-2 model it was first necessary to obtain cross section data
along the stream. Carter and Burgess contacted Klinkhammer and Associates
Surveying of Orange to provide the cross sectional data. Additional information
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included in the model was obtained from visual survey during site visits, from aerial
photographs, and from the Walmart property grading plans. The combined information
was then input into the HEC-2 program to create a hydraulic model of existing
conditions. The assumed "n" values were 0.04 for maintained natural channel, 0.05 for
overgrown natural channel, 0.15 for overbank area, and 0.018 for concrete-lined
channel. Because the HEC-2 program is limited to analyzing only one type of culvert
at one time, the Hwy. 87 culvert was entered in as a double 2'x7' RCB to model the
existing double 2'x5' RCB and 36" RCP relief drain. Discharges were calculated using
the Rational Equation and the 5-year storm intensity values. The beginning water
surface used was elevation 3.3 ft., which is the 5-year flow elevation in Adams Bayou
at the Dayton Street confluence. The model of existing conditions was then run and
reviewed. See Exhibit I11.16, for a plan view of HEC-2 cross sections. The existing
condition HEC-2 output is included in the Appendix.

The model of existing conditions resulted in a water surface elevation of 11.3 ft. at the
Bluebonnet and Hwy. 87 intersection. This water surface is clearly too high to allow
drainage of the intersection since the approximate pavement elevation is 11.0'. Under
these conditions, the existing inlets cannot accept any additional water and the
intersection floods.

To alleviate this condition, several improvements were modeled in to the existing HEC-
2 model to lower the water surface. The first set of improvements considered were
changes in n-values to reflect a properly maintained (primarily mowed) channel and to
include additional portions of concrete-lining. An n-value change from 0.05 to 0.04 to
reflect proper maintenance upstream of the Davis Street crossing resulted in a final
water surface of 11.1 feet at Bluebonnet Drive. All further analysis assumed proper
channel maintenance with an n-value of 0.04. This change had little impact on
draining the intersection. Next, a change in n-value from .04 to .018 to refiect concrete
lining from the Walmart culverts to Bluebonnet resulted in a final water surface of 10.6
feet. Again, this change had little impact on allowing the intersection to drain.

The second set of improvements considered were changes to the culverts at Hwy. 87.
In the existing model the water surface jumped 0.5 feet at this crossing which indicates
a "bottleneck” or constriction of flow. The culvert sizes were increased from double
2'XT RCBs to double 4'x7" RCBs. The difference in flowline elevation between the
upstream and downstream sides of Highway 87 will allow the larger culverts. The
resulting water surface was 10.9 feet at Bluebonnet Drive. Again, this was not a
significant improvement toward draining the intersection. Next, the ditch was regraded
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holding a constant slope of 0.2% from Walmart's upstream set of 5'x5' boxes at
elevation 4.0' to the Bluebonnet intersection. The resulting invert elevation change
was from 7.2 feet to 5.75 feet at the intersection. This change was necessary to allow
any improvements to the storm drain in Biuebonnet. The resulting water surface
elevation at Bluebonnet was 10.3 feet. To attempt to lower the water surface even
further, concrete lining of the channel was modeled in from the Walmart boxes to
Bluebonnet. The resulting water surface was 10.0 feet.

The third set of improvements considered in were changes to the culverts in West
Orange at Shell Dr. and Tanglewood Dr. (Note: The rest of the model remained as
existing conditions.) In the existing model the water surface jumped 1.5 feet at the
Tanglewood culverts indicating a constriction of flow. Shell Drive has only two 48"
concrete pipes for conveyance and Tanglewood has only three 36" pipes. Both of
these "bottlenecks" were eliminated by increasing the culvert sizes at each intersection
to dual 6'x4' boxes and regrading from Cross Section 4250 to Cross Section 5900 to
increase channel capacity and to create a consistent slope. The slope was held at
0.13%. The resulting water surface was 10.8 feet which indicates the downstream
improvements have little impact on the Bluebonnet intersection. However, the water
surface was lowered greater than a foot between Cross Sections 4845 and 5967 in
West Orange. This decreased water surface will result in lower flooding potential for
homes along those reaches in West Orange. Next, concrete lining of the channel from
the Walmart boxes to Bluebonnet was modeled in.  The resulting water surface was
10.1 feet.

The final set of improvements modeled in was the combination of the first three. The
channel was regraded from Cross Section 4250 to Cross Section 5900 and regraded
and lined with concrete from the Walmart boxes to Bluebonnet and culverts were
improved at Tanglewood, Shell, and Hwy. 87. The resulting water surface at
Bluebonnet was 9.4 feet, for a total decrease of 2.0 feet from original conditions.

The second step of analysis was to model an improved storm drain along Bluebonnet
Drive. The water flows south down Bluebonnet and concentrates in the sump at the
Hwy. 87 intersection. The existing drain consists of only two 4 ft. long low point inlets
connected by a 15" lateral pipe with a 24" RCP outfall to a grass lined ditch. See
Exhibit 111.17 for a plan view of the existing system.
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The S-year flow for this subarea was calculated to be 106 cfs using the Rational
Equation. However, since the existing water surface elevation at the upstream end of
the ditch along Highway 87 was 11.2", the pipe will actually carry even less flow.

An improved storm drain system was considered along Bluebonnet to more efficiently
convey water away from the low point at the intersection. The improved system's
starting water surface was 9.4 ft. to reflect an improved Dayton Street Ditch as
described above. Double 5'x3' RCPs were used for the outfall and majority of the
mainline. Boxes were chosen since there was not enough cover for an equivalent
pipe. Six 10' inlets were considered, four in the sump area and two located
approximately 200" upstreamn to intercept some of the flow down Bluebonnet.

In order to determine the downstream effects of enlarging the culverts in the Dayton St.
ditch, an analysis was performed to calculate the impact that larger culverts would
have on time of concentration or ponded storage along the ditch. Theoretically,
enlarging the culverts could negate the ponding effects that the existing culverts
provide and increase the flow downstream of the enlarged culvert.

The ponding analysis performed for the Dayton St. ditch centered on the culverts at
Tanglewood Drive. According to the hydraulic analysis performed on the existing
Dayton St. ditch culverts, the culverts at Tanglewood Dr. appeared to be causing the
largest restriction to flow in the ditch. When a culvert causes a restriction in ditch flow,
storm runoff tends to pond, or be stored, on the upstream side of the culvert. If the
ponding effects are large enough, the flow released to the downstream side of the
culvert will be smaller than the incoming flow in the ditch on the upstream side of the
culvert. The degree to which the culvert will affect downstream flows in the ditch
depends on the amount of water that can be stored in the ditch and surrounding areas
on the upstream side of the culvert. As flow approaches the culverts, it begins to be
restricted due to the size of the culvert opening. As it is restricted, it begins to back up
in the upstream storage areas. |If the storage area were large enough, and the culvert
opening small enough, theoretically all of the incoming runoff could be held in the
storage area and no flow would be released downstream. If the ponding area
upstream of the culvert is small, the water will fill up the ponding area quickly and over
top the culvert. If the over topping occurs relatively soon, the flow continues
downstream as if there were no culvert or restriction. In this case the ability of the
culvert to act as a flow restriction would be lessened.
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A storage analysis was performed for the Tanglewood Dr. culverts to determine if the
existing culverts were having much effect on the flows in the ditch downstream.
Without the culverts in the ditch at Tanglewood Dr., the five-year flow in the ditch is
176 cfs. With the existing three 36-inch diameter RCP's in the ditch and allowing for
the storage that could be provided in the upstream areas, the resulting flow that would
be released through the culverts is 163 cfs. Therefore, the existing culverts appear to
be lowering the five-year flow from an unrestricted 176 cfs down to 163 cfs. Using the
163 cfs as the ditch flow in the hydraulic analysis, and comparing the resulting water
surface elevations with those resuilting from a flow of 176 cfs, the water surface
elevation in the ditch dropped 0.1 ft from the full unrestricted flow of 176 cfs.
Consequently, the smaller culverts do not appear to be having much effect on lowering
the flows in the ditch. The flow lowering that does occur does not result in much
lowering of the water surface elevation in the ditch.

The results of this analysis apply to all of the existing culverts in the Dayton St. ditch.
Although the culverts do pond water on the upstream side, the ponding area is small
enough and over topping of the culverts occurs soon enough that the culverts are not
acting as enough of a flow restriction to affect water surface elevations in the ditch.
Consequently, enlarging the culverts in the ditch as recommended in this report will not
have a significant effect on the flows in the ditch.

The results of the analysis are discussed in the Condusions and Recommendations
sections.
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FLOOD PROTECTION STUDY

City of Orange, Texas

4, Hudson Gully

Hudson Gully is another watershed that was designated as prone to flooding. Hudson
Gully is a large natural drainage way that encompasses the Roselawn Addition west of
Adams Bayou. A channel consisting of both natural and concrete lined sections drains
the watershed and outfalls directly to Adams Bayou just behind Baptist Hospital of
Orange. The watershed is roughly bounded by the Missouri Pacific Railroad on the
west, Mockingbird St. on the north, Adams Bayou on the east, and Hwy. 87 on the
south. Approximately one-third of the watershed is developed as residential and the
remaining two-thirds is undeveloped land. The watershed encompasses approximately
910 acres and slopes from west to east at roughly four feet per mile. The watershed
high point is approximately elevation 17" near the intersection of the Missouri Pacific
Railroad and Strickland Dr.

The Hudson Gully channel is trapezoidal-shaped along its whole reach. The channel
is concrete lined from Cross Section 2261, just west of Strickland at Bay, to Cross
Section 5532, at 37th St. (also known as Old Airport Rd).

Hydraulic Analysis

Flood protection alternatives for Hudson Gully were analyzed using the U.S. Army
Corps of Engineers' Water Surface Profiles HEC-2 computer program. The official
version of the Hudson Gully computer model was obtained from the Federal
Emergency Management Agency (FEMA). The model was created in May of 1980 for
use in the City of Orange Flood Insurance Study that was completed in July of 1982.
The model simulated water surface elevations in Hudson Gully from Adams Bayou to
the 37th St. bridge, the Limit of Study, for the 10-, 50-, 100, and 500-year storm
events. Upon receipt of the model from FEMA, Carter & Burgess revised the cross
sections to correct certain data entry errors in the model. The revised version of the
existing conditions model is presented in the Appendix. Cross section plots of the
revised existing channel are also presented in the Appendix.

For purposes of the Hudson Gully flood protection analysis, the 100-year storm flows
were used to evaluate flood protection alternatives. The starting water surface was
obtained from Adams Bayou at the confluence with Hudson Gully.
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Flood Protection Analysis

The primary consideration of the analysis along Hudson Gully was to prevent the direct
flooding of existing structures. The secondary consideration was to lower the hydraulic
grade line in the channel to allow better drainage of the existing storm sewer pipes that
drain into Hudson Gully. To identify the areas where potential structure flooding could
occur, the approximate 100-year floodplain of Hudson Gully was plotted on topographic
maps that contained a 2-foot contour interval. Areas where the floodplain boundary
encompassed existing structures were considered to be possible structural flooding
areas. In the analysis, only one such reach of the gully was identified. The 100-year
floodplain of Hudson Gully was contained within the channel banks for the remainder
of the reaches along the gully. See Exhibit 111.18 for the HEC-2 cross section

locations.

Storm Drain Analysis
As mentioned in the watershed description, an existing storm drain system is in place.
A discussion of the existing system's hydrologic and hydraulic analysis follows.

Refer to section Il entitied "Drainage Criteria and Methodology Review" | for an in-
depth discussion of drainage criteria derivation and the methodology used for
hydrologic and hydraulic analysis.

An analysis was conducted of the storm drain pipes on the southemn bank of Hudson
Gully to determine their capacity for conveying runoff. The first step of the analysis
was to create a hydraulic model of the existing drains using the computer program
HYDRADAL. Pipe sizes, reach lengths, and invert elevations were input using data
from drainage maps fumished by The City of Orange. See Exhibit 11.19 entitled
"Hudson Gully Watershed." The existing drains all outfall directly to Hudson Gully.
Sub-drainage areas were delineated using existing inlet locations, flow arrows from the
City's storm sewer maps, and contour maps. Each sub-area was measured and input
into HYDRADAL as acres. The C-factor used was 0.5 to reflect the residential
development. The initial Time of Concentration used was 10 minutes. The residential
terrain is rather flat, is well vegetated, and runoff must travel several hundred feet to
reach the first inlet. Therefore, ten minutes was considered adequate. The initial time
of concentration can be calculated as described in the "Drainage Criteria and
Methodology Review'', however, the maximum value of 10 minutes was used for the
reasons discussed earlier in the section on Cherry Ave. and 13th Street.
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The second step of the analysis was to run the completed hydraulic model using
different year storm frequencies that correspond to different rainfall intensities. Larger
storm frequencies result in greater rainfall intensities. The storm frequencies
evaluated were 5-year, 2-year, and 1-year events. Starting water surface elevations
were also determined and input for each storm frequency. The starting water surface
elevations were obtained from the HEC-2 analysis discussed above. After running
HYDRADAL, the resulting water surface profile for each evaluation was then compared
to the existing street surface elevations to determine if flooding would occur. Flooding
was defined for this analysis as "a water surface greater than one foot above the street
gutter or inlet elevation." If flooding conditions existed for the 5-year storm then the 2-
year storm was analyzed. Similarly, if flooding conditions existed for the 2-year storm
then the 1-year storm was analyzed. The conclusions and recommendations of the
analysis are presented in the following sections entitled "Conclusions” and
"Recommendations.” The outputs from HYDRADAL are included in the Appendix.
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City of Orange, Texas

5. North Simmons Drive

The residential area known as Brownwood located southwest of Interstate 10 and
Simmons Drive intersection is another area designated by the City of Orange as prone
to flood. The watershed was named for its major thoroughfare and eastern boundary,
the northemn portion of Simmons Drive.

The North Simmons Drive watershed is roughly bounded by Interstate 10 on the north,
6th St. on the west, Dewey Ave. on the south, and Simmons Drive on the east. The
natural ground slope, or drainage pattem is from northwest to southeast. The
receiving water is Little Cypress Bayou. The watershed high point is approximately
elevation 10' near 6th St. and Dogwood St. The watershed is fully developed as
residential. An existing storm drain system is in place. A discussion of the existing
system's hydrologic and hydraulic analysis follows.

Refer to Section II, entitled "Drainage Criteria and Methodology Review," for an in-
depth discussion of drainage criteria derivation and the methodology used for
hydrologic and hydraulic analysis in this study.

An analysis was conducted on the storm drain pipes in the vicinity of North Simmons
Drive to determine their hydraulic capacity. The first step of the analysis was to create
a hydraulic model of the existing drains using the computer program HYDRADAL.
Pipe sizes, reach lengths, and invert elevations were input using data from drainage
maps fumished by The City of Orange. The existing drains all outfall to a small
tributary of Little Cypress Bayou that crosses beneath Simmons Drive. See Exhibit
il1.20 entitled "North Simmons Drive Watershed" for a plan view of the existing system.
Sub-drainage areas were delineated using existing inlet locations, flow arrows, and
contour maps. Each sub-area was measured and input into HYDRADAL as acres. A
C-factor of 0.5 was used to reflect the residential development in the sub-watershed.
The initial Time of Concentration used was 10 minutes.

The second step of the analysis was to run the completed hydraulic model using
different year storm frequencies that correspond to different rainfalf intensities. The
storm frequencies evaluated were the 5-year, 2-year, and 1-year events. Starting
water surface elevations were also determined and input for each year storm
frequency. The starting water surface for the North Simmons area is the
corresponding water surface in the Sabine River at the mouth of Little Cypress Bayou.
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After running HYDRADAL, the resulting water surface profile for each evaluation was
then compared to the existing street surface elevations to determine if flooding would
occur. If flooding conditions existed for the 5-year storm then the 2-year storm was
analyzed. Similarly, if flooding conditions existed for the 2-year storm then the 1-year
storm was analyzed. The conclusions and recommendations of the analysis are
presented in the following sections entitled "Concdlusions" and "Recommendations."”
The outputs from HYDRADAL are included in the Appendix.

In addition to the existing storm drains, ancther cause of potential flooding was also
analyzed. It was found that some flooding can be due to backwater conditions that
occur along Little Cypress Bayou. A backwater condition occurs whenever the Sabine
River rises high enough to cause Little Cypress Bayou to back up and flow through the
two existing box culverts beneath Simmons Drive. The two existing box culverts run
beneath Simmons Drive and outfall into Little Cypress Bayou. The first culvert is
located between N. Farragut Ave. and North Street and measures 7' x 7. The second
culvert is located just north of Hickory St. and measures 3' X 3. To alleviate the
backwater condition in this area, it is recommended that sluice and flap gates be
installed at the two existing box culvert locations. The installation of sluice and flap
gates will allow water to flow in one direction only, out toward Little Cypress Bayou and
not in from it. The flap gate works automatically and the sluice gate operates manually
to provide positive closure in case the flap gate ever jams in the open position.
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