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SECTION 1: INTRODUCTION AND SUMMARY OF CONCLUSIONS

1. INTRODUCTION AND SUMMARY OF CONCLUSIONS

1.1 Purpose of This Report

This report describes the results of hydrologic and hydraulic analyses completed in an effort to
identify existing flood hazards in the Hurricane Creek watershed in Lufkin, Texas and to
develop a plan for mitigating those flood hazards.

1.2 Report Preview

Section 1 (this section) provides a brief overview of the report, including a description of the
Hurricane Creek watershed and a summary of conclusions regarding the flood hazard analysis.
Section 2 describes the methods and data used in hydrologic analyses of the Hurricane Creek
watershed and provides a summary of the results obtained. Section 3 presents a summary of
hydraulic analyses of Hurricane Creek and four tributary streams. Included in Section 3 are
tabulations of computed water surface elevations for each of the studied streams. Section 4
describes the development of a plan for completing short-term drainage improvements and the
results of an analysis of those improvements. Finally, Section 5 describes an analysis of the
effects of long-term development and of the effectiveness of proposed future drainage
improvements and policies.

1.3 Description of the Hurricane Creek Watershed

The watershed of Hurricane Creek covers a total area of approximately 12.17 square miles
(7,790 acres). As indicated on Exhibit 1.1, the Hurricane Creek watershed covers much of the
central portion of the City of Lufkin. The watershed is partially urbanized, especially in the
upper portions. The study area is characterized by unimproved drainage channels and open
ditch secondary drainage systems, although a few improved channels and underground storm
sewer drainage systems do exist.

From its confluence with Hurricane Creek southwest of Lufkin, Hurricane Creek extends to the
north and east, passing through the central portion of the city before reaching its upstream
terminus upstream of Paul Avenue. Including Paul Avenue, a total of 16 roads and railroads
cross the channel of Hurricane Creek. The existing channel of Hurricane Creek is for the most
part unimproved. The channel side slopes are steep in many areas, and there is evidence of
erosion in some reaches. The banks and bottom of the channel are vegetated with brush and
small trees in many areas.

A total of seven major Hurricane Creek tributaries drain areas within the incorporated limits of
the City of Lufkin. Five tributaries empty into Hurricane Creek from the east, while two
approach from the west. Each of these tributaries drains incorporated areas of Lufkin.
Beginning with the northernmost tributary, which will be referred to as Tributary #1 and
proceeding southward, the approximate areas drained by the seven tributaries are 893 acres,
546 acres, 840 acres, 498 acres, 823 acres, 395 acres, and 1,523 acres. The seven Hurricane
Creek tributaries are crossed by a total of 41 roads and railroads. The existing channels of the
tributaries are for the most part unimproved. The channels are relatively small and are
moderately to heavily vegetated with brush and small trees.

The City of Lufkin is a participant in the National Flood Insurance Program. The Flood
Insurance Study for the City of Lufkin included Hurricane Creek and portions of Tributary #1,
Tributary #3, Tributary #5, and Tributary #7. According to Flood Insurance Rate Maps for the
City of Lufkin dated June 1, 1982 and June 3, 1988, Hurricane Creek flood plain widths are as
great as 1,000 feet. Detailed studies on tributaries 1, 3, 5, and 7 indicate that significant
overbank flooding will occur on all of these streams in a 100-year storm event. Exhibits 1.2
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SECTION 1: INTRODUCTION AND SUMMARY OF CONCLUSIONS

and 1.3 illustrate the flood plain boundaries from the effective Flood Insurance Rate Maps for
the City of Lufkin.

1.4 Objectives of the Analyses Described in this Report

The major objectives of the analyses described in this report are as follows:

1.

to develop a HEC-1 computer model of the Hurricane Creek watershed for the purpose of
computing existing conditions runoff hydrographs and peak flow rates at strategic locations
within the watershed,;

to develop HEC-RAS models of Hurricane Creek and its seven main tributaries to reflect
recent field-surveyed channel cross-section data;

to use the HEC-1 and HEC-RAS models to compute existing conditions peak flow rates and
flood profiles for 5-year, 10-year, 25-year, 50-year, 100-year, and 500-year storm events;

to develop existing conditions flood plain boundary maps for the watershed;

to develop a long-range drainage plan that accommodates future development without
exacerbating existing flooding problems and provides relief from existing drainage problems;

to develop a plan for implementing short-term drainage (interim) improvements to address
the most critical existing flooding problems in the watershed;

to develop interim conditions floodway data for Hurricane Creek and tributaries;

to develop interim conditions flood plain and floodway maps for Hurricane Creek and
tributaries.

1.5 Summary of Conclusions

The primary conclusions reached as a result of the Hurricane Creek study are as follows.

Dodson & Associates, Inc. Document No. 98/051

Existing conditions flood plains are fairly extensive, covering low-lying areas along
Hurricane Creek and its tributaries.

Under current conditions, overbank flooding will occur in many areas for even a 5-year
storm event.

Existing wetlands and the lack of adequate rights-of-way along many of the streams in the
Hurricane Creek watershed will make channelization projects difficult to permit and
expensive to implement.

Regional detention appears to be the best alternative to widespread channelization.

On-site detention will be necessary in some portions of the watershed in which there are no
appropriate regional detention sites.

Future development in the Hurricane Creek can be accommodated through a combination
of regional detention, on-site detention, and limited channelization.

The proposed combination of detention and channelization will provide relief from existing
flooding problems, but will not eliminate the potential for flooding during severe storm
events.



SECTION 2: HYDROLOGIC ANALYSIS OF THE HURRICANE CREEK WATERSHED

2. EXISTING CONDITIONS HYDROLOGIC ANALYSIS

2.1 Method of Analysis

Hydrologic analyses of the Hurricane Creek watershed are completed using the HEC-1
computer program developed by the Hydrologic Engineering Center of the U.S. Army Corps of
Engineers. The HEC-1 program provides the means for computing, routing, and combining
runoff hydrographs from multiple sub-areas within a watershed. For the purposes of applying
the HEC-1 program to the Hurricane Creek study, the watershed has been subdivided into 33
sub-areas as indicated on Exhibit 2.1.

Rainfall data used for 10-year, 50-year, and 100-year storm events are developed using depth-
duration-frequency data published by the National Weather Service. The HEC-1 program
automatically distributes rainfall over a specified storm duration using a set of rainfall depths
which correspond to a given storm frequency.

Infiltration losses for pervious areas are calculated using the SCS Curve Number method. This
method relates the amount of infiltration to the soil structure and to the type and condition of
vegetal cover. Infiltration for impervious areas is assumed by the HEC-1 program to be zero.
The overall percent impervious cover for each sub-watershed is computed by estimating the
total area covered by impervious materials (streets, parking lots, rooftops, etc.) and dividing by
the drainage area.

Hydrographs are relationships between the rate of storm runoff (volume per unit of time,
usually cubic feet per second) versus the elapsed time from the beginning of rainfall. In the
HEC-1 program, a hydrograph is computed by first establishing a unit hydrograph, which is
defined as the response of a watershed to a volume of runoff equivalent to 1 inch of depth over
the watershed, then multiplying the ordinates of that unit hydrograph by the actual equivalent
depth of storm water runoff. The Clark unit hydrograph method is used for computing runoff

hydrographs. Clark unit hydrograph parameters are computed using a methodology developed
specifically for this study.

The Modified Puls method is used to route hydrographs from point to point within the
watershed. Storage-discharge data for the Modified Puls method are developed using HEC-RAS
computer models of Hurricane Creek and its major tributaries.

2.2 Rainfall Data Development and Utilization

Table 2-1 presents rainfall depth-duration-frequency data developed through statistical
analyses of recorded rainfall data and published in two publications: U.S. Weather Bureau
Technical Paper No. 40 (Rainfall Frequency Atlas of the United States for Durations from 30
Minutes to 24 Hours and Return Periods from 1 to 100 Years) and National Weather Service
Hydrometeorological Report No. 35 (Five- to 60-Minute Precipitation Frequency for the Eastern
and Central United States). This information represents rainfall data which may be used to
generate design storm events for drainage analyses and design studies. As indicated in the
table, the 100-year, 24-hour rainfall depth for Lufkin is about 11.5 inches.
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SECTION 2: HYDROLOGIC ANALYSIS OF THE HURRICANE CREEK WATERSHED

Storm Rainfall Depth in Inches for Given Storm Duration

Event 5-Minute 15-Minute | 60-Minute 2-Hour 3-Hour 6-Hour 12-Hour 24-Hour
2 year 0.54 1.16 2.18 2.67 2.94 3.48 4.15 4.75
S-year 0.61 1.33 2.65 3.45 3.82 4.54 5.50 6.43
10-year 0.66 1.46 2.99 3.98 4.41 5.39 6.55 7.73
25-year 0.75 1.65 3.48 4.55 5.12 6.33 7.69 9.07
50-year 0.81 1.81 3.87 5.09 5.67 7.05 8.70 10.20
100-year 0.88 1.96 4.25 5.67 6.34 8.00 9.77 11.48

In fiood studies of the type completed for the Hurricane Creek watershed, hypothetical rainfall
data are used in conjunction with the HEC-1 program. Rainfall depths are entered by the user
to define the relationship between rainfall depth, storm duration, and frequency. The temporal
distribution of the rainfall is developed internally by the HEC-1 program using built-in
capabilities. The HEC-1 rainfall distribution is “balanced” in that it places the most intense
rainfall at the center of the storm duration with decreasing rainfall amounts to either side of
the period of maximum intensity. The depth of the rainfall occurring before and after the
period of maximum intensity is approximately equal. A 24-hour storm duration is used for all
analyses of the Hurricane Creek watershed.

2.3 Soils Data and Selection of SCS Curve Numbers

Information presented in the Soil Survey of Angelina County, Texas indicates that soils within

the incorporated boundaries of Lufkin consist of fine sandy loams at slopes of O to 15 percent.
The major soils present within the Hurricane Creek include those named in Table 2. Exhibit

2.2 illustrates the areal extents of the various soils.

The Curve Number method developed by the U.S. Soil Conservation Service for estimating
infiltration losses us used for this study. The Curve Number method involves the classification
of soils into one of four hydrologic soil groups. These groups, designated A, B, C, and D,
provide a means of indexing soils in terms of infiltration capacity. Soils belonging to hydrologic
soil group A have the highest infiltration capacity, while those belonging to group D have the
lowest infiltration capacity. As indicated in Table 2-2, each of the four hydrologic soil groups
are represented in Lufkin.
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SECTION 2: HYDROLOGIC ANALYSIS OF THE HURRICANE CREEK WATERSHED

Soil Symbol | Soil Name Soil Description HSG
AaB Alazan Alazan very fine sandy loam, 0-4 percent slopes B
Ab Alazan Alazan-Besner complex, mounded B
AcB Alazan Alazan-Urban land complex, 0-4 percent slopes B
FfA Fuller Fuller fine sandy loam, O to 1 percent slopes D
F{B Fuller Fuller fine sandy loam, 1-4 percent slopes D
FuB Fuller Fuller-Urban land complex, 1-4 percent slopes D
HeB Herty Herty very fine sandy loam, 1-5 percent slopes D
HuB Herty Herty-Urban land complex, 1-5 percent slopes D
KcB Keltys Keltys fine sandy loam, 1-5 percent slopes B
KdB Keltys Keltys-Urban land complex, 1-5 percent slopes B
Ks Koury Koury-Urban land complex, occasionally flooded C
KuB Kurth Kurth fine sandy loam, 0-4 percent slopes C
KwB Kurth Kurth-Urban land c omplex, 0-4 percent slopes C
Mp Mollville Mollville-Besner complex, gently undulating D
MsB Moswell Moswell loam, 1-5 percent slopes D
MsD Moswell Moswell loam, 5-15 percent slopes D
Mx Moten Moten-Multy complex, gently undulating C/B
Po Pophers Pophers silty clay loam, frequently flooded C
RoB Rosenwall Rosenwall fine sandy loam, 1-5 percent slopes D
RoD Rosenwall Rosenwall fine sandy loam, 5-15 percent slopes D
SbB Sacul Sacul-Urban land complex, 1-5 percent slopes C

SCS curve numbers reflect the relative ability of water to infiltrate into soils. The maximum

curve number is 100. A curve number of 100 indicates that no infiltration can take place. The

lower the curve number, the greater the infiltration capacity. Curve numbers are related to the
soil type and structure, which are accounted for by assigning soils to one of the four hydrologic
soil groups just described, and to the type and condition of vegetal cover. The following table
gives curve numbers for a few typical conditions.

Hydrologic Soil Group

Land Use Description A B C D
Pasture or Range Land: good condition 39 61 74 80
Wood or Forest Land: good cover 25 55 70 77
Lawns & Parks: good condition, grass on 75% or more of area 49 69 79 84
Meadow: good condition 30 58 71 78

Curve numbers for pasture or range land in good condition are averaged with those for wood or
forest land with good cover to obtain values for use in the Hurricane Creek watershed. This is
done to reflect the mixture of wooded and grassed areas found throughout the watershed. The
curve numbers used for hydrologic soil groups A, B, C, and D are 32, 58, 72, and 79,
respectively. Tables 2-4 and 2-5 present the weighted curve number tabulations for each of
the major sub-watersheds in the Hurricane Creek watershed. These curve numbers are used
in HEC-1 models of the Hurricane Creek watersheds for the major sub-watersheds listed in
Table 4A and for any smaller subdivisions of those sub-watersheds. For example, sub-
watershed HCT1 is divided into two smaller sub-areas, and a curve number of 73 is used for
both of those sub-areas. Table 2-6 lists each of the sub-areas created for existing conditions
HEC-1 modeling and the curve number used for each sub-area.
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SECTION 2: HYDROLOGIC ANALYSIS OF THE HURRICANE CREEK WATERSHED

Area Belonging to Each Hydrologic Soil Group (acres)
Hydrologic Soil Group CN HC1 HCT1 HC2 HCT2 HC3 HCT3 HC4 HCT4 HC5
A 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 58 374.6 | 171.6 14.9 208.1 33.2 288.3 12.0 229.1 0.0
C 72 259.9 | 208.1 99.1 20.6 24.5 180.4 44.0 1909 | 171.7
D 79 625.0 | 506.3 | 290.4 | 318.6 70.4 363.8 28.2 77.8 138.0
Weighted Curve Number 71 73 77 71 72 70 72 67 75

Area Belonging to Each Hydrologic Soil Group (acres)

Hydrologic Soil Group CN HCT5 HC6 HCT6 HC7 HCT7 | —oom | e | e | coee
A 32 0.0 0.0 0.0 0.0 00 | e b e e | aeeee

B 58 249.6 9.2 174.1 37.3 360.7 | o= | e | omeem |

C 72 50.9 54.1 88.4 120.3 21.3 | coeem | em ] an ]l

D 79 517.1 14.6 135.4 | 20.1 952.2 | —eeee | e | |

Weighted Curve Number 72 72 68 70 E T P T R
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SECTION 2: HYDROLOGIC ANALYSIS OF THE HURRICANE CREEK WATERSHED

Major Sub-Watershed Sub-Area SCS Curve Number
HC1 HCIA 71
HCIB 71
HCT1 HCT1A 73
HCT1B1 73
HCT1B2 73
HCTI1BS3 73
HCT1B4 73
HCTI1BS 73
HC2 HC2 77
HCT2 HCT2A 71
HCT2B 71
HC3 CEDR3 72
HCT3 HCT3A 70
HCT3B 70
HC4 HC4 72
HCT4 HCT4A 67
HCT4B 67
HC5 HCS5 75
HCTS HCT5A 72
HCT5B 72
HCTS5C 72
HCT5D 72
HCTSE 72
HC6 HC6 72
HCT6 HCT6A 68
HCT6B 68
HC7 HC7 ' 70
HCT7 HCT7A 73
HCT7B 73
HCT7C 73
HCT7D 73
HCT7E 73
HCT7F 73

2.4 Land Use Data & Impervious Cover Calculations

Existing land uses for the Hurricane Creek watershed have been divided into a number of
categories. Recent aerial photographs have been used to determine the area of existing
development which falls into each of those categories, each of which has a different average
percentage of impervious cover. Exhibit 2.3 illustrates the distribution of existing development
over the watershed. Tables of hydrologic parameters included in Appendix A to this report
provide details regarding the breakdown of land uses within each sub-area and the computed
impervious cover for each sub-area.
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2.5 Times of Concentration & Storage Coefficients for the Clark Method

The Clark unit hydrograph method requires that the user specify a time of concentration and a
storage coefficient for each sub-area in the HEC-1 model of the Hurricane Creek watershed.
The time of concentration is set equal to the time required for storm runoff to travel from the
most hydraulically remote point in the sub-area to the outlet point. The storage coefficient is a
relative measure of the amount of storage in the sub-area. Typically, the flatter the slopes in a
particular watershed, the greater the surface and depression storage, and the greater the value
of the storage coefficient. As slopes increase, the storage coefficient typically decreases.
Because this inverse relationship is similar to the relationship between time of concentration
and slope, the storage coefficient is frequently computed as follows:

R=KxTC

where R is the storage coefficient, TC is the time of concentration, and K is a multiplier. The
value of K typically ranges from 2.0 for relatively steep slopes to 3.0 for flatter slopes. For all
sub-areas in the Hurricane Creek watershed, K is set equal to 2.0.

The time of concentration for each sub-area in the Hurricane Creek watershed is computed by
dividing the distance over which storm runoff must travel by the flow velocity. Because flow
velocities vary with flow conditions, the longest watercourse in each sub-area is divided into
four segments: overland flow, shallow concentrated flow, paved or gully flow, and channel flow.
Overland flow represents sheet flow at very shallow depths, and is limited in this study to no
more than 300 feet of distance at the upstream end of each watercourse. Shallow concentrated
flow takes over as storm runoff collects in shallow rills and swales, and flow depths increase to
a few inches. Paved or gully flow reflects flow in curb-and-gutter streets, concrete-lined swales,
and small gullies. Finally, channel flow represents the flow of flood waters through relatively
large gullies and creeks illustrated on U.S. Geologic Survey 7.5-minute quadrangle maps using
blue lines.

Velocities for overland flow, shallow concentrated flow, and paved or gully flow are estimated
using the SCS Uplands Method, which relates flow condition and slope to flow velocity. Exhibit
2.4 illustrates the relationships between flow velocity and slope developed for the Uplands
Method. For channel flow, an average velocity of 3.0 feet per second is used for all sub-areas.

Detailed time of concentration calculations for each sub-area included in the Hurricane Creek
HEC-1 model may be found in Appendix A to this report.

2.6 Summary of Hydrologic Parameters for Hurricane Creek Sub-Areas

Table 2-7 provides a summary of the hydrologic modeling data used to represent the thirty-
three {33) sub-areas included in the Hurricane Creek HEC-1 computer model.
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Drainage SCS Curve Impervious Time of Storage
Sub-Area Area Number Cover Concentration Coefficient
(acres) (%) (hours) (hours)

HCI1A 302 71 40.5 0.83 1.65
HCI1B 965 71 41.6 1.52 3.04
HCT1A 206 73 16.3 0.52 1.04
HCT1B1 78 73 31.0 0.31 0.62
HCT1B2 157 73 3.8 0.49 0.99
HCT1B3 44 73 17.5 0.29 0.59
HCT1B4 39 73 29.5 0.28 0.56
HCT1BS 369 73 32.2 0.92 1.85
HC2 403 77 23.6 1.10 2.20
HCT2A 234 71 28.7 0.49 0.99
HCT2B 312 71 21.7 0.76 1.52
HC3 131 72 47.9 0.54 1.07
HCT3A 321 70 49.7 1.49 2.99
HCT3B 519 70 22.6 1.02 2.04
HC4 86 72 12.3 0.31 0.62
HCT4A 126 67 16.1 0.33 0.66
HCT4B 372 67 11.6 0.81 1.61
HCS5 308 75 11.2 0.82 1.63
HCTSA 139 72 2.4 0.39 0.78
HCT5B 172 72 5.0 0.61 1.21
HCTSC 155 72 3.4 0.65 1.31
HCTSD 223 72 6.2 0.77 1.55
HCTSE 134 72 22.3 0.58 1.16
HC6 78 72 1.3 0.40 0.80
HCT6A 110 68 29.1 0.32 0.64
HCT6B 285 68 4.4 1.07 2.14
HC7 180 70 3.5 0.77 1.54
HCT7A 118 73 10.2 0.45 0.89
HCT7B 335 73 24.4 0.82 1.65
HCT7C 203 73 17.7 0.38 0.75
HCT7D 114 73 27.4 0.28 0.56
HCT7E 415 73 20.2 0.92 1.84
HCT7F 158 73 5.3 0.60 1.20

2.7 Storage Routing Data for Hurricane Creek and Tributaries

Exhibit 2.1 illustrates the extents of the routing reaches for which storage-discharge are
defined for this study. Tables 2-8 and 2-9 present a summary of the storage routing data
developed for each routing reach. Routing volumes are computed using special multi-profile
HEC-RAS models of Hurricane Creek and Tributaries 1 through 7. The number of routing
steps used for each reach is determined by using HEC-RAS results to compute the average
travel time through the reach and dividing the average travel time by the HEC-1 computation

interval of 15 minutes (0.25 hour).
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Reach #1: Limit of Study to Tributary #1

Flow Rate (cfs) 0] 234f 351 468| 585| 702
Volume (ac-ft) 0 28 37 47 57 71
Reach #2: Tributary #1 to Tributary #2

Flow Rate (cfs) 0] 1260{ 1889| 2519; 3149| 3779
Volume (ac-ft) 0 102 163 225| 294 359
Reach #3: Tributary #2 to Tributary #3

Flow Rate (cfs) O} 1651} 2476| 3302| 4127| 4952
Volume (ac-ft) 0 78 128 190f 243} 289
Reach #4: Tributary #3 to Tributary #4

Flow Rate (cfs) Of 1994| 2992 3989 4986| 5983
Volume (ac-ft) 0 59 90 114 136 157
Reach #5: Tributary #4 to Tributary #5

Flow Rate (cfs) O] 2162| 3244] 4325 5406| 6487
Volume (ac-ft) 0 181 313 432 539 630
Reach #6: Tributary #5 to Tributary #6

Flow Rate (cfs) 0| 2320 3479| 4639| 5799 6959
Volume (ac-ft) 0 36 51 64 77 90
Reach #7: Tributary #6 to Tributary #7

Flow Rate (cfs) 0| 2458| 3686| 4915| 6144| 7373
Volume (ac-ft) 0 367 596 773 979 1165
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Tributary #1: Whippoorwill to North Branch

Flow Rate (cfs) 0] 202 303f 404f 505] 606
Volume (ac-ft) 0 6 9 13 16 20
Tributary #1: North Branch to Mouth

Flow Rate (cfs) 0] 505 757 1010 1262| 1514
Volume (ac-ft) 0 42 70 113 140 166
Tributary #2: Chestnut to Mouth

Flow Rate (cfs) 0 240 360 480 600 720
Volume (ac-ft) 0 16 25 35 46 56
Tributary #3: Park Lane to Mouth

Flow Rate (cfs) 0 172 258 344 430 516
Volume (ac-ft) 0 20 27 34 43 54
Tributary #4: Limit of Study to Mouth

Flow Rate (cfs) 0 144 216 288| 360 432
Volume (ac-ft) 0 15 24 33 41 51
Tributary #5 (North Branch): Limit of Study to US 59

Flow Rate (cfs) 0 148| 222 296 370 444
Volume (ac-ft) 0 7 10 15 22 27
Tributary #5 (South Branch): Limit of Study to US 59

Flow Rate (cfs) 0 124 186 248 310f 372
Volume (ac-ft) 0 S 8 11 14 16
Tributary #5: US 59 to Mouth

Flow Rate (cfs) | 0| 485 727 970| 1212| 1454
Volume (ac-ft) 0 14 26 42 57 71
Tributary #6: Loop 287 to Mouth

Flow Rate (cfs) 0 136 204| 272 340| 408
Volume (ac-ft) 0 46 62 75 85 96
Tributary #7 (North Branch): Limit of Study to FM 324

Flow Rate (cfs) 0 124 186 248 310 372 465
Volume (ac-ft) 0 9 13 22 29 38 53
Tributary #7 (South Branch): Lake A to FM 324

Flow Rate (cfs) 0} 326| 489 652 815 978 1223
Volume (ac-ft) 0 40 58 80 102 127 171
Tributary #7: FM 324 to Mouth

Flow Rate (cfs) 0] 750; 1125/ 1500 1875 2250} 2813
Volume (ac-ft) 0 81 114 144 171 195 229
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2.8 Summary of HEC-1 Results
Table 2-10 provides a summary of computed 5-year, 10-year, 25-year, 50-year, and 100-year

peak flow rates at a number of strategic points in the Hurricane Creek watershed. Exhibit 2.1
illustrates the locations of the computation points described in the table.
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cation 5-Year | 10-Year|25-Year|50-Year| 100-Year
Hurricane Creek at Limit of Study 289 367 449 514 585
Hurricane Creek Above Tributary #1 804 1069 1320 1513 1736
Tributary #1 at Whippoorwill 239 309 384 444 507
Tributary #1 Above North Branch 300 389 474 541 618
Tributary #1 Below North Branch 582 756 943 1084 1233
Tributary #1 at Mouth 765 952 1145 1256 1397
Hurricane Creek Below Tributary #1 1559 2022 2464 2769 3127
Hurricane Creek Above Tributary #2 1666 2152 2642 2979 3372
Tributary #2 at Chestnut (SH 58) 289 368 455 523 596
Tributary #2 at Mouth 480 616 757 866 989
Hurricane Creek Below Tributary #2 1944 2504 3079 3481 3946
Hurricane Creek Above Tributary #3 1927 2475 3004 3415 3911
Tributary #3 at Park Lane 215 271 330 377 430
Tributary #3 at Mouth 451 612 774 891 1031
Hurricane Creek Below Tributary #3 2335 2995 3628 4126 4752
Hurricane Creek Above Tributary #4 2316 2980 3629 4131 4756
Tributary #4 at Limit of Study 160 211 269 314 361
Tributary #4 at Mouth 340 459 575 668 777
Hurricane Creek Below Tributary #4 2482 3198 3908 4452 5148
Hurricane Creek Above Tributary #5 2471 3180 3930 4493 5205
Tributary #5 North Branch at Limit of Study 163 217 273 318 367
Tributary #5 North Branch at US 59 284 386 488 556 630
Tributary #5 South Branch at Limit of Study 135 182 229 268 310
Tributary #5 South Branch at US 59 291 387 486 568 658
Tributary #5 at US 59 575 770 962 1114 1281
Tributary #5 at Mouth 641 837 1015 1163 1339
Hurricane Creek Below Tributary #5 2665 3434 4264 4891 5748
Hurricane Creek Above Tributary #6 2674 3444 4279 4913 S769
Tributary #6 at Loop 287 164 209 260 300 342
Tributary #6 at Mouth 165 230 297 352 415
Hurricane Creek Below Tributary #6 2815 3633 4523 5209 6124
Hurricane Creek Above Tributary #7 2782 3580 4498 5170 6032
Tributary #7 North Branch at Limit of Study 142 185 232 268 307
Tributary #7 North Branch at FM 324 391 512 634 722 812
Tributary #7 South Branch at Limit of Study 276 355 443 511 582
Tributary #7 South Branch at Lake A 479 611 755 868 985
Tributary #7 South Branch Below Lake A 340 479 616 712 627
Tributary #7 South Branch at FM 324 492 677 876 1001 1150
Tributary #7 at FM 324 812 1095 1404 1618 1857
Tributary #7 at Mouth 833 1140 1466 1707 1973
Hurricane Creek Below Tributary #7 3133 4028 5132 5882 6805

2.9 Comparison of FIS and Updated Peak Flow Rates

Table 2-11 provides a comparison of results from the Flood Insurance Study for Lufkin, Texas
and the update study completed by Dodson & Associates, Inc. The comparison of computed
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100-year peak flow rates indicates that updated peak flow rates are greater than Flood

Insurance Study values at most locations, although updated flows are less than FIS values at a
few locations.

ood Insurance Study pdate Study
Location Drainage 100-Year Drainage 100-Year
Area Peak Flow Area Peak Flow
(sq. mi.) (cfs) (sq. mi.) (cfs)
Hurricane Creek Above Tributary #1 2.0 2350 1.98 1736
Hurricane Creek Above Tributary #2 4.0 3150 4.01 3372
Hurricane Creek Above Tributary #3 5.1 3270 5.07 3911
Hurricane Creek Above Tributary #5 7.7 4120 7.77 5205
Hurricane Creek Below Tributary #5 9.0 4440 9.06 5748
Tributary #1 At Mouth 1.5 1760 1.40 1397
Tributary #3 At Mouth 1.3 1360 1.31 1031
Tributary #5 At Mouth 1.3 1240 1.28 1339
Tributary #7 At Mouth 2.1 1690 2.10 1973
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3. EXISTING CONDITIONS HYDRAULIC ANALYSES

3.1 Method of Analysis

The HEC-RAS computer program developed at the U.S. Army Corps of Engineers Hydrologic
Engineering Center is used for all hydraulic analyses of Hurricane Creek and its tributaries.
The HEC-RAS program uses Manning’s Equation to compute water surface profiles given cross-
section data, roughness coefficients, and flow rates. In addition, the program has a number of
special capabilities related to the analysis of culverts and bridges at roadway crossings.

3.2 Hydraulic Conditions Along Hurricane Creek and Tributaries

3.2.1 Hurricane Creek

From its headwaters upstream of Paul Avenue, Hurricane Creek flows southward through the
central and southern portions of Lufkin before reaching its confluence with Hurricane Creek.
Between Paul Avenue and the Hurricane Creek confluence, there are sixteen (16) roadway
crossings of Hurricane Creek. Table 3-1 provides brief descriptions of the existing roadway
structures along the creek, beginning with the most downstream structure (FM 324) and
ending with the most upstream (Groesbeck].

Number Name of Roadway Description of Structure
HC-1 FM 324 Concrete Bridge
HC-2 Southern Pacific RR Timber Trestle
HC-3 FM 819 Concrete Bridge
HC-4 Loop 287 Four 10’ x 10’ Box Culverts
HC-5 U.S. 59 (1t Street) Concrete Bridge
HC-6 Tulane Street Three 10’ x 9’ Box Culverts
HC-7 South 31 Street Three 10’ x 9’ Box Culverts
HC-8 Denman Ave. (US 69) Two 15.5’x 9’ Box Culverts
HC-9 Chestnut Village Concrete Bridge
HC-10 Chestnut Village Concrete Bridge
HC-11 Timberland Drive Four 7’ x 7’ Box Culverts
HC-12 Lufkin Avenue Two 12’ x 6.5’ Box Culverts
HC-13 Albertson’s Driveway Two 10’ x 6’ Box Culverts
HC-14 Railroad Timber Trestle
HC-15 Groesbeck Avenue Two 96” x 60” Corrugated Steel Pipe Arches

The channel of Hurricane Creek is for the most part unimproved, and is characterized by steep
side slopes and brushy banks.

3.2.2 Hurricane Creek Tributary #1

Hurricane Creek Tributary #1 flows westward from its headwaters near Loop 287, eventually
emptying into Hurricane Creek just downstream (west) of Tulane Street and east of Business
59. Table 3-2 provides brief descriptions of the existing roadway structures along Hurricane
Creek Tributary #1.
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Number Name of Roadway Description of Structure
T1-1 Tulane Street Two 10’ x 9’ Box Culverts
T1-2 South 3rd Street Two 84-Inch Railroad Tank Cars
T1-3 Chestnut Drive Four 5’ x 5’ Box Culverts
T1-4 Denman Ave. (US 69) Three 6’ x 4’ Box Culverts
T1-5 Jones Street Two 5’ x 5" and One 7’ x 4’ Box Culvert
T1-6 Hunters Creek Drive Timber Bridge
T1-7 Howard Avenue Two 60-Inch Corrugated Steel Pipe Culverts
T1-8 Whippoorwill Drive Two 36-Inch Corrugated Steel Pipe Culverts

Tributary #1 is a relatively small stream which, like Hurricane Creek, has brushy banks and
steep side slopes.

3.2.3 Hurricane Creek Tributary #2

Tributary #2 rises near the intersection of Denman Avenue and Loop 287 in the eastern portion
of the Hurricane Creek watershed. It flows westward, passing under Loop 287 and the Lufkin
Mall before emptying into Hurricane Creek just to the east of Business 59. Table 3-3 provides
brief descriptions of the existing roadway structures along Hurricane Creek Tributary #2.

Number ame of Roadway escription of Structure
T2-1 Loop 287 Two 8 x 7’ Box Culverts
T2-2 Tulane Street Two 8’ x 7’ Box Culverts
T2-3 Chestnut Drive Two 6’ x 4’ Box Culverts

Tributary #2 is for the most part unimproved, although the lower portion of the channel has
been enclosed in concrete box culverts which pass under Loop 287 and the Lufkin Mall.

3.2.4 Hurricane Creek Tributary #3

Tributary #3 empties into Hurricane Creek from the north at a point located a short distance
north of Loop 287. From its confluence with Hurricane Creek, the tributary extends to the
north toward its headwaters, which are located north of Frank Avenue and west of 1st Street.

Table 3-4 provides brief descriptions of the existing roadway structures along Hurricane Creek
Tributary #3.

Number Name of Roadway Description of Structure
T3-1 Mott Street One 54-Inch and One 72-Inch Concrete Pipe Culvert
T3-2 Carroll Avenue One 11°x 7.5’ Corrugated Steel Pipe Arch
T3-3 Tom Temple Drive Three 9’ x 6’ Box Culverts
T3-4 White Oak Drive One 11’ x 8 Corrugated Steel Pipe Arch
T3-5 Park Lane One 9’ x 6’ Corrugated Steel Pipe Arch

Tributary #3 is an unimproved channel which passes through heavily urbanized areas in the
central and southwestern portions of the City of Lufkin.

3.2.5 Hurricane Creek Tributary #4

Table 3-5 provides brief descriptions of the existing roadway structures along Hurricane Creek
Tributary #4, which empties into Hurricane Creek south of Loop 287 and west of Highway 59.
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ame of Roadway
Scenic Acres Concrete Bridge
US 59 Three 6’ x 4’ Box Culverts
Tulane Street Two 54-Inch Concrete Pipe Culverts

3.2.6 Hurricane Tributary #5

Table 3-6 provides brief descriptions of the existing roadway structures along Hurricane Creek
Tributary #5, which empties into Hurricane Creek from the east at a point upstream of
Highway 819, south of Loop 287, and west of Highway 59. Immediately upstream (east) of U.S.
Highway 59, Tributary #5 splits into two branches, designated for the purposes of this study as
the North Branch and the South Branch.

Number Name of Roadway Description of Structure
North Branch
TSN-1 Daniel McCall Dr. Concrete Bridge
TSN-2 US 59 Two 7’ x 7’ Box Culverts
TSN-3 Driveway Three 84-Inch Corrugated Steel Pipe Culverts
TSN-5 Brentwood Drive One 7’ x 5’ Box Culvert
South Branch
T53-1 | Brentwood Drive | One 7’ x 5’ Box Culvert

3.2.7 Hurricane Tributary #6

Table 3-7 provides brief descriptions of the existing roadway structures along Hurricane Creek
Tributary #6, which empties into Hurricane Creek south of Loop 287 and west of Highway 59.

TAB O/ TURI TRIBUTARY

Number Name of Roadway Description of Structure
T6-1 Rail Spur Two 84” x 54” Corrugated Steel Pipe Arches
T6-2 Southpark Drive Two 48-Inch PVC Pipe Culverts
T6-3 Driveway Steel Bridge
T6-4 FM 819 One 8'x 4’ Box Culvert
T6-5 Dam One 72-Inch Corrugated Steel Pipe Culvert
T6-6 Sandyland Drive Two 36-Inch Corrugated Steel Pipe Culverts
T6-7 Loop 287 One 4’ x 3’ Box Culvert

3.2.8 Hurricane Tributary #7

Table 3-8 provides brief descriptions of the existing roadway structures along Hurricane Creek
Tributary #7, which empties into Hurricane Creek south of Loop 287 and west of Highway 59.
Tributary #7 splits into north and south branches just downstream (west) of Daniel McCall
Drive.
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Number Name of Roadway Description of Structure
North Branch
T7N-1 Daniel McCall Dr. Concrete Bridge
T7N-2 Driveway One 96-Inch Railroad Tank Car
T7N-3 FM 819 One 8’ x 4’ and One One 4’ x 4’ Box Culvert
T7N-4 US 59 Two 7’ x 4’ Box Culverts
T7N-5 Champions Drive Two 60-Inch Concrete Pipe Culverts
South Branch
T7S-1 Daniel McCall Dr. Concrete Bridge
T7S-2 US 59 One 10’ x 10’ Box Culvert
T75-3 FM 819 One 102-Inch Railroad Tank Car
T75-4 Champions Drive Three 36-Inch Concrete Pipe Culverts
T7S-5 Crown Colony Three 36-Inch Concrete Pipe Culverts

3.3 HEC-RAS Models Used in This Analysis

A total of twenty-four (24) HEC-RAS models are used in this analysis. Eight (8) are multi-profile
(10-year, 50-year, 100-year, and 500-year) models representing Hurricane Creek and each of
the seven tributaries. Eight are floodway models for the same streams. The remaining eight
are storage-discharge models used to compute data for Modified Puls streamflow routing in the
HEC-1 model of the Hurricane Creek watershed.

3.4 Development of HEC-RAS Modeling Data

3.4.1 Cross-Section Coordinates

The HEC-RAS data used for all analyses described in this report is based on field survey data
provided by Everett Griffith Jr. & Associates, Inc. (EGA). Field-surveyed cross-sections
obtained by EGA typically includes the channel plus overbank data for a distance of 200 to 300
feet on either side of the channel. Where necessary, field survey data has been supplemented
with data from aerial topographic maps developed by United Aerial Mapping, Inc.

3.4.2 Manning Roughness Coefficients

Manning roughness coefficients for channels and flood plains are established for each studied
stream in the Hurricane Creek watershed by comparing hydraulic conditions with those
existing along Cedar Creek and its tributaries. Roughness coefficients for Cedar Creek and its
tributaries were computed in a 1997 study using the following equation:

n=(n,+n;+ns+mns+ng ms
where: n = the computed roughness coefficient;
ny, = base roughness coefficient, a function of the channel material;
n; = factor to account for the degree of irregularity;
n, = factor to account for variations in the channel cross-section (=0.00 for flood plains);
n3 = factor to account for the effects of obstructions;
n4 = factor to account for the effects of vegetation,;
ms = factor to account for the degree of meander in the channel (=1.00 for flood plains).

The range of roughness coefficients computed for Cedar Creek and its tributaries ranged from
0.06 to 0.09 for channels and from 0.14 to 0.19 for overbank areas. In the Hurricane Creek
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watershed, base roughness coefficients of 0.08 and 0.17 were adopted for channels and
overbank areas, respectively. These values were adjusted upward or downward depending
upon conditions encountered in the field. The range of roughness coefficients established for
each studied stream in the Hurricane Creek watershed is summarized in Table 3-9.

Stream Channel Coefficient Overbank Coefficients
Hurricane Creek 0.06-0.08 0.10-0.18
Tributary #1 0.07-0.08 0.11-0.17
Tributary #2 0.03*-0.08 0.06*-0.17
Tributary #3 0.08 0.18
Tributary #4 0.08 0.18
Tributary #5 0.08 0.12*-0.18
Tributary #6 0.06*-0.07 0.06-0.16
Tributary #7 0.06%-0.09 0.10*-0.18

*Used at a limited number of cross-sections.

3.4.3 Flow Rates

Flow rates used in the HEC-RAS models of Hurricane Creek and tributaries 1 through 7 are
determined using the results of HEC-1 analyses for 10-year, 50-year, and 100-year storm
events. Flow rates for the 500-year storm are determined by plotting 10-year and 100-year
values on log-probability paper and extrapolating.

3.4.4 Bridge and Culvert Modeling Data

Bridge and culvert modeling data are developed from the field survey data provided by Everett
Griffith Jr. & Associates, Inc. and field observations made by representatives of Dodson &
Associates, Inc. The Special Bridge and Special Culvert methods are used to represent most of
the bridge and culvert structures. Roughness coefficients, minor loss coefficients, roadway
elevation profiles, and other data are entered as necessary to provide a complete hydraulic
definition for each structure.

3.5 Summary of HEC-RAS Modeling Results

3.5.1 Hurricane Creek

Table 3-10 provides a summary of computed water surface elevations for Hurricane Creek.
Elevations are given at the upstream side of each of the roadways which cross Hurricane
Creek. Minimum top of road elevations are provided in the table for comparison. Computed
water surface elevations shown in bold italicized print are those which exceed the minimum top
of road elevation. As shown in the table, the results of the existing conditions hydraulic
analysis indicate that a flood of 10-year to 25-year magnitude causes flooding at a number of
roadway crossings. Exhibit 3.1 illustrates computed flood profiles for existing conditions along
Hurricane Creek.
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HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section {Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
FM 324 4196.5 | 230.02 | 226.86 | 227.80 | 229.19 | 229.22 | 230.77
Southern Pacific RR 4311.5 | 227.88 | 227.52 | 228.66 | 229.90 | 230.12 | 231.11
FM 819 10346.5 | 235.50 | 233.58 | 234.80 | 235.65 | 235.94 | 236.44
Loop 287 17102.5 | 249.00 | 247.38 | 248.39 | 249.17 | 249.58 | 249.93
U.S. 59 (1Ist Street) 20690.5 | 258.00 | 253.65 | 255.00 | 256.16 | 257.13 | 257.32
Tulane Street 26932.5 | 266.70 | 265.31 | 266.24 | 267.04 | 267.40 | 267.71
South 37 Street 28288.5 | 269.30 | 266.42 | 267.58 | 268.57 | 269.18 | 269.52
Denman Ave. (US 69) 30231.5 | 276.50 | 269.94 | 270.90 | 271.70 | 272.30 | 272.92
Chestnut Village 30933.5 | 276.38 | 273.97 | 275.04 | 276.11 | 276.69 | 277.04
Chestnut Village 31423.5 | 276.04 | 274.69 | 275.79 | 276.76 | 277.19 | 277.47
Timberland Drive 32043.5 | 282.20 | 276.61 | 277.61 | 278.51 279.06 | 279.62
Lufkin Avenue 33000.5 | 284.00 | 279.83 | 280.55 | 281.10 | 281.72 | 282.37
Albertson’s Driveway 33383.5 | 284.20 | 281.92 | 282.55 | 283.18 | 283.75 | 284.34
Railroad 33545.5 | 286.70 | 282.58 | 283.24 | 283.87 | 284.40 | 285.06
Groesbeck Avenue 34193.5 | 287.37 286.66 | 287.53 | 287.83 | 287.94 | 288.05

3.5.2 Hurricane Creek Tributary #1

Table 3-11 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #1. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that even a 5-year storm event causes roadway overtopping at a
number of locations. Exhibit 3.2 illustrates computed flood profiles for existing conditions
along Tributary #1.

HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Tulane Street 99.5 264.09 | 260.52 | 261.68 | 262.94 | 263.65 | 264.42
South 31 Street 1125.5 | 269.35 | 267.20 | 269.13 | 269.80 | 269.93 | 270.01
Chesnut Drive 5339.5 | 281.07 | 279.77 | 281.01 | 281.46 | 281.64 | 281.77
Denman Ave. (US 69) 6086.5 | 283.45 | 283.84 | 284.21 | 284.45 | 284.56 | 284.65
Jones Street 7379.5 | 285.97 | 287.96 | 288.50 | 288.88 | 289.13 | 289.36
Hunters Creek Drive 8471.5 291.14 | 292.56 | 292.77 | 292.98 | 293.14 | 293.32
Howard Avenue 0488.5 | 298.40 | 298.75 | 299.19 | 299.38 | 299.47 | 299.53
Whippoorwill Drive 10962.5 | 303.96 | 304.72 | 304.87 | 304.98 | 305.04 | 305.12

3.5.3 Hurricane Creek Tributary #2

Table 3-12 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #2. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
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minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping occurs only during a 100-year storm
event. Exhibit 3.3 illustrates computed flood profiles for existing conditions along Tributary #2.

HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Loop 287 500.5 260.17 | 254.10 | 255.73 | 257.43 | 258.83 | 260.36
Tulane Street 15255 | 261.98 | 258.97 | 259.89 | 260.71 | 261.53 | 262.44
Chestnut Drive 7700.5 | 294.03 | 288.15 | 289.73 | 291.09 | 292.21 | 293.49

3.5.4 Hurricane Creek Tributary #3

Table 3-13 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #3. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping is limited in the upper reaches of the
stream but will be relatively frequent in the lower portion of the Tributary #3 watershed.
Exhibit 3.4 illustrates computed flood profiles for existing conditions along Tributary #3.

[B ;
HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Mott Street 669.5 249,20 | 248.27 | 250.36 | 250.85 | 251.21 | 251.55
Carroll Avenue 5698.5 | 260.86 | 259.17 | 260.75 | 261.53 | 261.68 | 261.82
Tom Temple Drive 7333.5 | 266.52 | 263.84 | 264.72 | 265.41 265.86 | 266.31
White Oak Drive 9033.5 | 272.86 | 269.21 270.02 | 270.84 | 271.53 | 272.37
Park lane 9811.5 | 275.50 | 272.49 | 273.45 | 274.50 | 275.38 | 275.73

3.5.5 Hurricane Creek Tributary #4

Table 3-14 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #4. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping will be especially frequent at Tulane

Street. Exhibit 3.5 illustrates computed flood profiles for existing conditions along Tributary
#4.
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HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Scenic Acres 2296.5 | 252.00 | 250.17 | 250.88 | 251.30 | 251.58 | 251.87
US 59 3357.5 | 259.59 | 256.27 | 257.36 | 258.36 | 259.16 | 259.98
Tulane Street 4205.5 | 261.69 | 262.24 | 262.46 | 262.78 | 263.07 | 263.31

3.5.6 Hurricane Creek Tributary #5

Table 3-15 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #5. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping will be limited under anything less severe
than 25-year to 50-year storm conditions. Exhibit 3.6 illustrates computed flood profiles for
existing conditions along Tributary #5.

Min. ;i‘op

HEC-RAS Computed Water Surface Elevation
Cross- | of Road

Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year |100-Year
North Branch

Daniel McCall Drive 2420.5 | 245.24 | 242.63 | 243.41 | 244.34 | 244.46 | 244.48
US 59 3222.5 | 249.86 | 244.37 | 245.97 | 246.67 | 248.86 | 250.12
Driveway 3797.5 | 250.70 | 246.97 | 248.09 | 249.42 | 250.49 | 251.18
Brentwood Drive 4884.5 | 255.85 | 254.62 | 255.49 | 255.99 | 256.08 | 256.19
South Branch

Brentwood Drive | 1730.5 | 255.30 | 254.69 | 255.71 | 256.02 | 256.16 | 256.27

3.5.7 Hurricane Creek Tributary #6

Table 3-16 provides a summary of computed water surface elevations for Hurricane Creek

Tributary #6.

Elevations are given at the upstream side of each of the roadways which cross

the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping will be common even under 5-year storm
conditions. Exhibit 3.7 illustrates computed flood profiles for existing conditions along

Tributary #6.
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HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Railroad Spur 808.5 235.40 | 230.73 | 231.21 | 231.66 | 232.08 | 232.62
Southpark Drive 1227.5 | 234.80 | 234.96 | 235.37 | 235.59 | 235.69 | 235.85
Driveway 2580.5 | 237.97 | 237.28 | 238.12 | 238.71 | 239.08 | 239.41
FM 819 5165.5 | 250.28 | 249.49 | 250.34 | 250.66 | 250.78 | 251.72
Dam 5442.5 | 254.30 | 256.22 | 256.32 | 256.40 | 256.48 | 256.53
Sandyland Drive 7213.5 | 255.72 | 256.52 | 256.70 | 256.88 | 257.02 | 257.15
Loop 287 8149.5 | 263.68 | 263.93 | 264.10 | 264.23 | 264.31 | 264.38

3.5.8 Hurricane Creek Tributary #7

Table 3-17 provides a summary of computed water surface elevations for Hurricane Creek
Tributary #6. Elevations are given at the upstream side of each of the roadways which cross
the tributary. Minimum top of road elevations are provided in the table for comparison.
Computed water surface elevations shown in bold italicized print are those which exceed the
minimum top of road elevation. As shown in the table, the results of the existing conditions
hydraulic analysis indicate that roadway overtopping will be fairly common for even a 5-year
storm event. Exhibit 3.8 illustrates computed flood profiles for existing conditions along
Tributary #7.

HEC—RAS a;ter urfacé El/ekfatlon

Min. Top

Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
North Branch
Daniel McCall Drive 239.5 238.56 | 234.95 | 235.76 | 236.32 | 236.65 | 236.95
Driveway 564.5 234.90 | 235.33 | 236.12 | 236.71 | 237.08 | 237.43
FM 819 2382.5 | 245.09 | 243.72 | 244.72 | 245.58 | 245.77 | 245.92
US 59 2735.5 | 253.99 | 246.26 | 246.95 | 247.24 | 248.26 | 249.34

South Branch
Daniel McCall Drive 5262.5 239.73 236.06 236.75 237.39 237.75 238.34

UsS 59 8866.5 | 253.26 | 244.95 | 246.12 | 247.24 | 247.94 | 248.74
FM 819 10564.5 | 253.64 | 254.03 | 254.41 | 254.66 | 254.80 | 254.92
Champions Drive 10815.5 | 253.51 | 254.70 | 254.94 | 255.13 | 255.26 | 255.40
Crown Colony 11763.5 | 257.13 | 258.25 | 258.56 | 258.81 | 258.96 | 259.09

3.6 Comparison of FIS and Updated Flood Levels

Table 3-18 provides a comparision of FIS and updated 100-year flood levels for Hurricane Creek
and Tributaries 1, 3, 5, and 7. As indicated in the table, updated flood levels are similar to or
somewhat greater than FIS values at most locations. However, a few updated flood levels are
lower than FIS values.
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FIS Updated
Location Flood Level | Flood Level

(feet) (feet)
HURRICANE CREEK
Upstream of Loop 287 249.9 249.93
Upstream of US 59 253.2 257.32
Upstream of Tulane Street 266.5 267.71
Upstream of South 31 Street 270.2 269.52
Upstream of Denman Avenue 274.0 272.92
Upstream of Timberland Drive 281.4 279.62
Upstream of Lufkin Avenue 285.2 282.37
TRIBUTARY #1 (“North Tributary”)
Upstream of Tulane Street 266.0 264.42
Upstream of South 31 Street 267.3 270.01
Upstream of Chestnut Street 282.0 281.77
Upstream of Denman Avenue 285.2 284.65
Upstream of Jones Street 290.3 289.36
TRIBUTARY #3 (“Hurricane Creek West Branch”)
Upstream of Mott Road 251.0 251.55
Upstream of Carroll Drive 264.5 261.82
Upstream of Tom Temple Drive 265.5 266.31
TRIBUTARY #5 (“Hurricane Creek East Tributary (E)”)
Upstream of Daniel McCall Drive 244.2 244.48
Upstream of US 59 248.9 250.12
TRIBUTARY #7 North (“Hurricane Creek East Tributary (S)”)
Upstream of Daniel McCall Drive 236.6 236.95
Upstream of FM 819 (College Drive) 246.1 245.92
Upstream of US 59 254.5 249.34
4.
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4. FUTURE CONDITIONS ANALYSIS

4.1 Purpose of the Ultimate Conditions Analysis

The purpose of the future conditions HEC-1 analysis described in this section of the report is to
assess the effectiveness of regional detention facilities and other flood mitigation measures
recommended for the Hurricane Creek watershed.

4.2 Goals of the Long-Term Drainage Improvement Plan

Major goals of the long-term drainage improvement plan for the Hurricane Creek watershed
include the following.

¢ Prevent future increases in peak flow rates along Hurricane Creek and tributaries, thereby
preventing future increases in the potential for flooding.

¢ Wherever possible, reduce the potential for flooding along Hurricane Creek and tributaries
by reducing flow rates, replacing inadequate cross-drainage structures, or improving
existing waterways.

¢ Make the plan as cost-effective as possible. Minimize capital improvement costs and long-
term maintenance costs.

e Create parks and green spaces wherever possible and where the creation of such areas is
consistent with the other goals of the plan.

e Make it possible for future development to occur without undue financial burdens on
industrial, commercial, or residential developers.

e Develop a plan that can be implemented in manageable pieces or segments.

¢ Avoid impacts on environmentally and culturally sensitive areas whenever possible. When
this is not possible, mitigate impacts to the greatest extent possible under constraints of
cost and time.

¢+ Reduce the frequency of flooding as well as the severity of flooding during major floods.
Strive for a 5-year to 10-year level of protection with respect to significant overbank
flooding.

¢ Eliminate structural flooding (homes and businesses) for a 25-year to 100-year storm event.

¢« To the greatest extent possible, limit the boundaries and base flood elevations (BFEs) of the
interim and ultimate 100-year flood plains to the boundaries and BFE’s shown on currently
effective Flood Insurance Rate Maps (FIRMs) for the City of Lufkin.

4.3 Planning Constraints

A number of planning constraints have been identified in the process of developing a drainage
plan for the Hurricane Creek watershed. These constraints include the following.

¢ Soils in the area are sandy, and channel side slopes do not hold up well. Erosion will likely
be a problem.

¢ Maintenance of improved channels will likely be expensive due to soil conditions. Side
slopes should be no steeper than 4:1 wherever possible.

e Existing development in the watershed is extensive. Large detention sites will be difficult to
locate and acquire.
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e Land values will likely be higher in this watershed than they are in the Cedar Creek
watershed.

¢ A recreational amenity known as the Azalea Trail has been developed along Hurricane
Creek between Grace Dunn Richardson Park and the Kiwanis Park. Improvements in this
area may disturb the asphalt trail and electric lighting currently in place along the Azalea
Trail.

e The upper portion of the watershed is almost entirely developed, making it difficult to
obtain right-of-way along existing streams. In many areas along Hurricane Creek and its
tributaries, existing buildings (including homes) and other structures are so close to the
stream that obtaining sufficient right-of-way would involve the purchase of the buildings
and structures.

e The City of Lufkin’s wastewater treatment plant is located immediately north of Hurricane
Creek and west of Highway 324, a short distance downstream of the Tributary #7
confluence. The plant could be affected by any residual increases in peak flow rates and
flood levels in this area.

o Lufkin Mall and Angelina Mall are located immediately north of Loop 287 and south of
Hurricane Creek. The creek channel was realigned to allow construction of the malls.
Tributary 2 passes underneath Lufkin Mall via an enclosed system. Care must be taken to
avoid increases in flood levels in this area, as both malls are affected by the existing flood
plain of Hurricane Creek.

e Plans for the future Interstate Highway 69 may affect planning in the area if the route
follows U.S. Highway 59 as anticipated.

¢ The Crown Colony development in the southeastern portion of the watershed is very
extensive and has been substantially built out. Modifications to existing drainage systems
within Crown Colony may be difficult if not impossible.

¢ The topography along Hurricane Creek itself does not lend itself to the development of
detention facilities without major excavation. Topography along tributaries is better suited.

e Hurricane Creek and several tributaries cross either Loop 287 or U.S. Highway 59.
Coordination with TxDOT will be necessary if improvements to existing crossing structures
are required.

e Substantial areas in the lower portion of the Hurricane Creek watershed are outside the
incorporated boundaries of the City of Lufkin. The City may not have complete control over
developments, drainage improvements, etc. in these areas.

e Observations made during field visits indicate that there are significant wetlands along
Hurricane Creek and its tributaries, especially in the areas where channel and overland
slopes are relatively flat.

4.4 Cultural Resources and Wetlands Investigations

In order to identify significant natural and historical features in the Hurricane Creek
watershed, cultural resources and wetlands investigations were completed. The cultural
resources review was completed by Prewitt & Associates, Inc. of Austin, Texas. A copy of the
report prepared by Prewitt & Associates, Inc. in connection with the Hurricane Creek flood
planning study is attached as Appendix B to this report. The results of the cultural resources
investigation indicate that the potential for damage to cultural sites in connection with the
implementation of a drainage improvement plan in the Hurricane Creek watershed is minimal.

Wetlands investigations for the Hurricane Creek watershed were carried out by Wetland
Technologies Corporation of Sugar Land, Texas. The results of the wetlands investigations
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indicate that there are significant wetlands along Hurricane Creek and its tributaries. Even in
areas where wetlands may not be found, Hurricane Creek and its tributaries are considered to
be “waters of the United States” and are subject to regulation by the U.S. Army Corps of
Engineers. A copy of the report prepared by Wetland Technologies Corporation is attached as
Appendix C to this report.

4.5 General Approach to Drainage Planning

Prior to the development of a drainage plan for the Hurricane Creek watershed, a number of
general principles were developed to guide the planning effort. To the greatest possible extent,
these principles have been adhered to in the development of the drainage improvement plan
described in this section of the report. The planning principles are described in the following
paragraphs.

s Avoid channelization on a large scale because of the difficulty and expense involved in
obtaining right-of-way, the likelihood that channels would be difficult to maintain due to
soil conditions in the area, the probable damage to existing wetlands, and the difficulty and
expense associated with the procurement of the necessary permits.

e Focus on regional detention as the best overall solution for the Hurricane Creek watershed.

e To the greatest extent possible, create detention storage solely through the construction of
dams across natural stream channels. Where necessary, supplement this natural storage
through excavation within the boundaries of regional detention facilities.

e Include limited channelization in areas where flooding problems are especially significant
and where there is sufficient room for an adequate right-of-way.

o To the greatest degree possible, minimize environmental impacts associated with
channelization projects.

o Replace only those cross-drainage structures whose hydraulic capacity is substantially
inconsistent with the capacities of upstream and downstream structures or whose physical
condition is poor.

¢ Include on-site detention only in areas where regional detention sites are not available or
where downstream flooding conditions cannot be relieved through channelization.

* Focus drainage planning activities on areas within the incorporated boundaries of the City
of Lufkin and areas in which existing drainage problems are significant. Do not attempt to
significantly reduce flood plain widths or flood elevations in undeveloped areas.

¢« To the greatest extent possible, make the plan hydraulically, economically, environmentally,
and politically feasible.

4.6 Description of Proposed Long-Term Drainage Improvements

A total of ten (10) potential sites for regional detention facilities have been identified in the
Hurricane Creek watershed. Exhibit 4.1 illustrates the location of each of these sites. Of these
sites, nine (9) are recommended for inclusion in the regional drainage plan. Basin #2 is not
included in the plan due to the existence of high-quality wetlands on the proposed detention
site. Basin #7 (Grace Dunn Richardson Park) is included as a potential detention site because
the property comprising the detention site is already owned by the City of Lufkin and because
the site is strategically located at the confluence of Hurricane Creek and Tributary #3.
However, no specific plans for Basin #7 have been developed in connection with this study due
to the likelihood of extensive wetlands within the boundaries of the site. It is recommended
that the City of Lufkin explore the possibility of acquiring additional land adjacent to the
existing park for the purpose of preserving existing wetlands and mitigation wetlands impacts
related to proposed drainage improvements. Exhibit 4.1 illustrates the boundaries of the area
suggested for acquisition. Basin #6, proposed to be located on Tributary #2, may have to be
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reconfigured somewhat to take into account an existing detention facility at the Lowe’s store on
Loop 287 at Chestnut Drive. Alternatively, the Lowe’s detention facility may be incorporated
into the proposed regional basin. Exhibits 4.2 through 4.11 provide more detailed views of the
ten potential detention sites identified in the Hurricane Creek watershed.

In addition to regional detention, limited channelization and the construction of two overflow
relief channels are included in the future conditions drainage plan. Channelization called for
along Hurricane Creek is divided into four segments: from Chestnut to Denman, from Denman
to South Third Street, from Tulane to U.S. 59, and from U.S. 59 to Loop 287. Channelization is
also called for on Tributary #4 from Regional Detention Basin #8 to U.S. Highway 59, on
Tributary #5 (North) from Basin #9 to U.S. 59, and on Tributary #5 (South) from Basin #10 to
U.S. 59. The two overflow relief channels are proposed: one for Hurricane Creek between
Tulane Street and U.S. 59 and one for Tributary #3 between Carroll Avenue and Regional
Detention Basin #7. The extents of each of these channel improvement projects are indicated
on Exhibit 4.1. Exhibits 4.12 through 4.18 provide some details on each of the stream
segments in which channelization has been recommended as a flood mitigation measure.

Additional channel excavation projects originally included in the Hurricane Creek drainage plan
were eliminated due to concerns involving existing wetlands and to problems related to the
acquisition of necessary rights-of-way. These projects included improvements to Tributary #1
downstream of Denman Avenue, Tributary #2 downstream of Chestnut Avenue, Tributary #3
downstream of Tom Temple Drive, Tributary #4 downstream of U.S. 59, Tributary #5
downstream of U.S. 59, Tributary #6 downstream of FM 819, and Tributary 7 downstream of
U.S. 59. All channelization and regional detention projects included in the original draft
drainage plan were reviewed by Wetland Technologies Corporation. A representative of WTC
traveled to Lufkin and visited the locations that would be affected by the various channel
improvement projects and detention facilities. Comments on most of the various improvement
projects and detention facilities were summarized in a supplement to the original wetlands
report prepared by WTC. A copy of the supplemental report is attached as Appendix D.

Roadway culvert replacements are recommended at the Whippoorwill and South Third Street
crossings of Tributary #1 and at the Tulane Street crossing of Tributary #4. The suggested
minimum culvert installations are two (2) 54-inch reinforced concrete pipes at Whippoorwill,
two (2) 10’ x 7’ box culverts at South Third Street, and three (3) 5’ x 4’ box culverts or four (4)
54-inch reinforced concrete pipes at Tulane Street. The City of Lufkin has already made plans
to replace the South Third Street and Tulane Street culverts.

The final component in the drainage plan is a recommendation that on-site detention be
required for new development in Hurricane Creek sub-watersheds HC1A, HC1B, HCTI1A,
HCT1B1, HCT3A, HCT3B, HCT6A, HCT6B, HCT7A, and HCT7C. On-site detention is
recommended because suitable regional detention sites are not available in these areas, there
are significant flooding problems downstream of each of the areas, and existing wetlands make
channelization difficult, if not unfeasible, in downstream areas.

4.7 Sub-Areas Used in the Ultimate Conditions HEC-1 Analysis

For the ultimate conditions HEC-1 analysis of the Hurricane Creek watershed, a separate sub-
area has been established to represent the area draining to each of the ten potential regional
detention sites. This is done to allow for an accurate accounting of storm runoff entering each
of the regional detention facilities. A total of forty (40) sub-areas are included in the future
conditions HEC-1 model of the Hurricane Creek watershed. Exhibit 4.19 illustrates the
boundaries of each of the forty sub-areas included in the model.

4.8 SCS Curve Numbers

As indicated in Section 2 of this report, weighted SCS curve numbers have been determined for
nine major sub-areas within the Hurricane Creek watershed. Where a major sub-area has
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been subdivided to create additional sub-watersheds, the curve number determined for the
major sub-area is used for each of the smaller sub-areas. Future conditions curve numbers
are identical to those used in the existing conditions analysis of the Hurricane Creek
watershed.

4.9 Land Use Data & Impervious Cover Calculations

Existing land uses for the Hurricane Creek watershed have been divided into a number of
categories. Recent aerial photographs have been used to determine the area of existing
development which falls into those categories, each of which has a different average percentage
of impervious cover. Assumptions regarding future development patterns have been
established using information from the City of Lufkin Comprehensive Plan prepared in 1987 by
Bucher Willis Ratliff. Exhibit 4.20 is a copy of the Future Conditions Land Use Map published
in the City of Lufkin Comprehensive Plan. For each sub-area included in the future conditions
HEC-1 analysis, the area of future development has been determined, and the expected average
impervious cover associated with that development has been estimated. Land use breakdowns
and impervious cover data for future conditions sub-areas are included in Appendix B to this
report.

4.10 Future Conditions Times of Concentration & Storage Coefficients

The Clark unit hydrograph method requires that the user specify a time of concentration and a
storage coefficient for each sub-area in the HEC-1 model of the Hurricane Creek watershed.
The time of concentration is set equal to the time required for storm runoff to travel from the
most hydraulically remote point in the sub-area to the outlet point. The storage coefficient is a
relative measure of the amount of storage in the sub-area. Typically, the flatter the slopes in a
particular watershed, the greater the surface and depression storage, and the greater the value
of the storage coefficient. As slopes increase, the storage coefficient typically decreases.
Because this inverse relationship is similar to the relationship between time of concentration
and slope, the storage coefficient is frequently computed as follows:

R=KxTC

where R is the storage coefficient, TC is the time of concentration, and K is a multiplier. The
value of K typically ranges from 2.0 for relatively steep slopes to 3.0 for flatter slopes. For all
sub-areas in the Hurricane Creek watershed, K is set equal to 2.0.

The time of concentration for each sub-area in the Hurricane Creek watershed is computed by
dividing the distance over which storm runoff must travel by the flow velocity. Because flow
velocities vary with flow conditions, the longest watercourse in each sub-area is divided into
four segments: overland flow, shallow concentrated flow, paved or gully flow, and channel flow.
Overland flow represents sheet flow at very shallow depths, and is limited in this study to no
more than 300 feet of distance at the upstream end of each watercourse. Shallow concentrated
flow takes over as storm runoff collects in shallow rills and swales, and flow depths increase to
a few inches. Paved or gully flow reflects flow in curb-and-gutter streets, concrete-lined swales,
and small gullies. Finally, channel flow represents the flow of flood waters through relatively
large gullies and creeks illustrated on U.S. Geologic Survey 7.5-minute quadrangle maps using
blue lines.

For existing conditions analyses of the Hurricane Creek watershed, velocities for overland flow,
shallow concentrated flow, and paved or gully flow are estimated using the SCS Uplands
Method, which relates flow condition and slope to flow velocity. For channel flow, an average
flow velocity of 3.0 feet per second is used. For ultimate development conditions, the SCS
Uplands Method is again used, but the condition assumed to apply to each segment in the
watercourse is altered to reflect higher future flow velocities. The changes made are as follows.

1. For ultimate conditions overland flow, Uplands Method curves representing short grass
pasture (or lawns) and paved areas are used for all sub-areas. For existing and interim
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conditions, curves representing woodland areas and short grass pasture were used. The
switch from woodland/pasture to pasture/paved represents assumed changes in the
watershed associated with development.

2. For ultimate conditions shallow concentrated flow, the Uplands Method curve representing
paved areas was used. For existing and interim conditions shallow concentrated flow, the
curve representing a grassed waterway was used.

3. For existing and interim conditions conditions flow in gullies, the Uplands Method curve for
paved areas and small gullies was used to estimate flow velocities. For ultimate conditions,
the Uplands Method velocities are increased by 2/3 (66%) to reflect assumed improvements
to or clean-outs of small gullies and ravines.

Most major channels are assumed to remain in their existing condition. For the unimproved
channels, the average future conditions flow velocity is assumed to remain at 3.0 feet per
second. For those channel segments where improvements are proposed, the channel velocity is
assumed to increase from 3.0 feet per second to 4.0 or 5.0 feet per second, depending on the
type and extent of the improvement. For sub-areas with on-site detention requirements,
existing conditions times of concentrations and storage coefficients are used with some
adjustments to account for channel improvements. The impervious cover of all sub-areas is
adjusted to account for future development. Detailed time of concentration calculations for
each sub-area included in the ultimate conditions Hurricane Creek HEC-1 model are provided
in Appendix B to this report.

4.11 Summary of Future Conditions Hydrologic Parameters

Table 4-1 provides a summary of the hydrologic modeling data used to represent the forty (40)
sub-areas included in the Hurricane Creek HEC-1 computer model for conditions of ultimate
watershed development. Data shown in italicized print indicate sub-areas for which on-site
detention is recommended.
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SCS Curve

Drainage Impervious Time of Storage
Sub-Area Area Number Cover Concentration Coefficient
(acres) (%) (hours) (hours)

HCIA 302 71 40.5 0.83 1.65
HCI1B 965 71 48.5 1.38 2.76
HCTI1A 206 73 57.7 0.52 1.04
HCT1Bl1 78 73 41.9 0.31 0.62
HCT1B2 157 73 30.6 0.31 0.61
HCT1B3 44 73 30.0 0.27 0.54
HCT1B4 39 73 30.0 0.26 0.51
HCT1BS 339 73 45.2 0.57 1.13
HCT1B6 30 73 76.4 0.27 0.54
HC2A 209 77 38.2 0.51 1.01
HC2B 194 77 52.4 0.39 0.79
HCT2A1 184 71 45.3 0.29 0.57
HCT2A2 50 71 52.4 0.20 0.39
HCT2B1 128 71 55.6 0.26 0.53
HCT2B2 184 71 57.1 0.44 0.88
HC3 131 72 71.3 0.36 0.72
HCT3A 321 70 53.2 1.49 2.99
HCT3B 519 70 27.9 0.95 1.90
HC4 86 72 70.1 0.30 0.60
HCT4A 126 67 21.1 0.22 0.43
HCT4B1 157 67 28.6 0.22 0.44
HCT4B2 215 67 49.7 0.58 1.16
HCS 308 75 70.1 0.64 1.28
HCT5A 139 72 27.9 0.31 0.63
HCT5B1 105 72 29.1 0.31 0.61
HCTSB2 68 72 30.4 0.24 0.49
HCTSC 155 72 26.6 0.47 0.93
HCT5D1 117 72 28.3 0.36 0.73
HCT5D2 107 72 35.0 0.31 0.62
HCTSE 134 72 67.1 0.45 0.91
HC6 78 72 79.8 0.27 0.54
HCT6A 110 68 53.2 0.32 0.64
HCT6B 285 68 69.9 1.07 2.14
HC7 180 70 77.3 0.57 1.14
HCT7A 118 73 28.7 0.45 0.89
HCT7B 335 73 36.8 0.74 1.48
HCT7C 203 73 30.0 0.38 0.75
HCT7D 114 73 30.0 0.21 0.43
HCT7E 415 73 43.3 0.75 1.50
HCT7F 158 73 62.1 0.53 1.05

4.12 Streamflow Routing Data

Because most of the major streams in the Hurricane Creek watershed are assumed to remain
basically unchanged, the streamflow routing data used in the ultimate conditions analysis is in
most cases identical to that used in the existing and interim conditions analyses. However,
there are some reaches in which channelization is called for, or where an existing cross-

Dodson & Associates, Inc. Document No. 98/051

31




SECTION 4: FUTURE CONDITIONS ANALYSIS

drainage structure is proposed to be replaced. Tables 4-2 and 4-3 summarize the future
conditions routing data used for Hurricane Creek and its tributaries.

Flow Rate (cfs) 0] 234| 351 468 585| 702
Volume (ac-ft) 0 28 37 47 57 71
Reach #2: Tributary #1 to Tributary #2

Flow Rate (cfs) 0| 1260] 1889| 2519| 3149| 3779
Volume (ac-ft) 0 83 125 186 252 319
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Tributary #1: Whippoorwill to North Branch

Flow Rate (cfs) 0 202 303 404 505 606
Volume (ac-ft) 0 6 9 13 16 20
Tributary #1: North Branch to Basin #3

Flow Rate (cfs) 0] 505| 757 1010 1262| 1514
Volume (ac-ft) 0 17 32 46 358 69

Tributary #1: Basin #3 to Mouth

Flow Rate (cfs) 0 505 757 1010| 1262| 1514
Volume (ac-ft) 0 8 11 16 30 41
Tributary #2: Chestnut to Basin #6

Flow Rate (cfs) 0 240 360 480 600 720
Volume (ac-ft) 0 2.1 3.3 5.4 8.2 11.0
Tributary #2: Basin #6 to Mouth

Flow Rate (cfs) 0] 240 360 480 600 720
Volume (ac-ft) 0 11 16 22 28 34
Tributary #3: Park Lane to Mouth

Flow Rate (cfs) 0 172 258 344 430 516
Volume (ac-ft) 0 20 28 35 44 54
Tributary #4: Basin #8 to Mouth

Flow Rate (cfs) 0 144 216 288 360 432
Volume (ac-ft) 0 7 10 13 16 20
Tributary #5 (North Branch): Basin #9 to US 59

Flow Rate (cfs) 0 148 222 296 370 444
Volume (ac-ft) 0 S 8 13 20 23
Tributary #5 (South Branch): Basin #10 to US 59

Flow Rate (cfs) 0 124 186 248 310 372
Volume (ac-ft) 0 3.7 5.1 6.7 9.0 11.7
Tributary #5: US 59 to Mouth

Flow Rate (cfs) 0 485 727 970 1212 1454
Volume (ac-ft) 0 14 26 42 57 71

4.13 HEC-1 Analysis of Regional Detention Facilities

Each of the detention facilities included in the Hurricane Creek drainage plan is represented
using a modified Puls storage routing step. Elevation vs. storage volume data for each basin
are entered on SE and SV records. Low-level and weir outlet data are entered on SL and SS
records, respectively. The low-level outlet option of the HEC-1 program computes discharges
using the standard orifice equation:

Q = CA(2gH)"*
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where: Q = low-level outlet discharge rate (cfs)
C = an orifice flow coefficient
A = the cross-sectional area of the orifice opening (square feet)
g = the acceleration of gravity (32.2 ft/sec?)

H = the difference between the basin water surface elevation and the elevation at the
centroid of the orifice (feet).

The weir option of the program computes discharges using the standard weir equation:
Q = CLH!S
where: Q = weir discharge rate (cfs)
L = weir crest length (feet)

H = the difference between the basin water surface elevation and the weir crest
elevation (feet).

Tables 4-4 through 4-7 provide a summary of the HEC-1 routing data used to simulate each of
the regional detention facilities.

Basin #3

With 11 Acre-Feet of Excavation

With 100 Acre-Feet of Exca

vation,

ie! 1 orage Dal
Elevation (feet) Storage (acre-feet) Elevation (feet) Storage (acre-feet)
300 0.0 264 0.0
302 0.1 266 0.4
304 0.5 268 11
306 1.7 270
308 6 272
310 19 274
312 41 276
314 70 | ===

316

Orifice Area (ft?)

107

¥
Orifice Area (ft?)

Centroid Elevation (ft)

301.25

Centroid Elevation (ft)

Orifice Coefficient

Orifice Coefficient

Crest Elevation (feet) 312.0 Crest Elevation (feet) 271.0
Crest Length (feet) 15 Crest Length (feet) 80
Weir Coefficient 2.6 Weir Coefficient 2.6
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With 44 Acre-Feet of Excavation

VSMtorage (acre-feet)

Elevation (feét)

Elevation (feéf)

Storage y(acre—feet)

262 0.0 290 0.0
264 2.2 292 2.8
266 10 294 8.9
268 30 296 18.6
270 86 298 32.0
272 122 300 51.0
—————————— 302 78.3

Orifice Area (ft2)

304

» Low-Level Outlet Data
Orifice Area (ft?)

114.8

Centroid Elevation (ft) 262.0

Centroid Elevation (ft)

291 5

Qr' 'ce quff' ie

268.0

Crest Elevation (feet)” |

1 OI‘IflCCCOCfflC' nt

'Crest Elevation (feet) ‘

3000

Crest Length (feet) 40 Crest Length (feet) 30
Weir Coefficient 2.6 Weir Coefficient 2.6
__TABLE 4-6: HEC-1 ROUTING DATA FOR REGIONAL DETENTION FACILITIES |

Basin #6
Wlth 48 Acre-Feet o Excavatlon)

Basin #8

(No Storage Excavatwng ’ _

_ Elevation vs. Storage Data

Elevatlon (feet) Storage (acre-feet)

Elevation (feet)

_ Elevation vs. Storage Data |

Storage (acre-feet)

266 0.0 272 0.0
268 0.2 274 1.2
270 1.1 276 4.4
272 3.1 278 11.0
274 14 280 21.6
276 38 282 36.4
278 62 284 57.1
280 87 286 86.5
282 111 288 1294

- ow“Level Qutlet Dat
Orlflce Area (ft?)

Or1flce Area (&ftz)y

Centroid Elevation (ft)

Centroid Elevation (ft)

Oriﬁce Coefficient ’

Orlyflce Coefﬁc1ent

Crest Elevatlon (feet)

Crest Elevation (feet) T 284.0
Crest Length (feet) 50 Crest Length (feet) 50
Weir Coefficient 2.6 Weir Coefficient 2.6
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Basin #9

Elevaﬁoﬁ (feet) -

No Storage Excavation

Strage (acre-feet

Elevatlofi (feet) —

Basin #10
'No Storage Excavatio

B “S/t'orége’ (écre‘feet) '

“Tow Level Outlet Data___

254 0.0 260 0.0
256 0.2 262 0.4
258 0.9 264 2.0
260 2.2 266 5.9
262 4.9 268 12.7
264 9.8 270 23.5
266 17.8 272 39.6
268 30.0 274 62.5
270 46.5 276 93.0
272 67.3 278 131.7
274 92.8 280 178.8

_ Low-Level Outlet Dat

Orifice Area (ft2) 9.6 Orifice Area (ft?3) .
Centroid Elevation (ft) 255.75 Centroid Elevation (ft) 261.5
Orifice Coefficient 0.6 Orifice Coefficient
 Weirbata - .
Crest Elevation (feet) 270.0 Crest Elevation (feet) 273.0
Crest Length (feet) 50 Crest Length (feet) 20
Weir Coefficient 2.6 Weir Coefficient 2.6

4.14 Regional Detention Routing Results

Table 4-8 provides a summary of computed routing results for each of the detention facilities
included in the ultimate conditions HEC-1 model.

. 1 : SUMMARY OF COMPUTED DETENTION ROUTING RESULTS

Parameter Basin Basin Basin Basin Basin Basin Basin Basin
#1 #3 #4 #5 #6 #8 #9 #10

10-Year Storm Event
Peak Inflow (cfs) 337 1074 370 427 524 632 506 463
Peak Discharge (cfs) 73 776 109 91 127 175 163 114
Maximum Elevation (feet) 310.75 | 272.96 | 268.36 | 298.67 | 277.28 | 282.30 | 268.28 | 272.67
100-Year Storm Event
Peak Inflow (cfs) 531 1587 572 661 773 1031 803 743
Peak Discharge (cfs) 106 1362 222 176 354 336 332 271
Maximum Elevation (feet) 312.76 | 274.11 | 269.15 | 300.94 | 278.50 | 285.02 | 271.10 | 274.98

4.15 Comparison of Existing and Future Conditions HEC-1 Results

Tables 4-9 and 4-10 provide a summary of computed 10-year and 100-year peak flow rates at a
number of strategic points in the Hurricane Creek watershed. Exhibit 4.19 illustrates the
locations of the computation points described in the table. As indicated in the tables, the
recommended regional detention facilities and on-site detention policy keep future conditions
peak flow rates at or below existing conditions levels at nearly all locations along Hurricane
Creek and its tributaries. Increases in peak flow rates above existing conditions values occur
at only a few isolated locations. Of the increases in peak flow rates, the only ones of real
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concern are those occurring on Tributary #6 and Tributary #7. These increases occur in spite
of the recommendation for on-site detention in sub-areas HCT6A, HCT6B, HCT7A, and HCT7C.
These results indicate that careful regulation of future development in the watersheds of
Tributary #6 and Tributary #7 will be necessary.

It is important to note that the implementation of the recommended regional detention plan will
not eliminate flooding in Lufkin. It will, however, achieve the following goals.

¢ [t will allow for full development of the Hurricane Creek watershed without worsening
flooding problems.

¢ It will provide some reductions in existing flood levels along Hurricane Creek and its
tributaries.

¢ ]t will allow future development without an on-site detention requirement for much of the
watershed.

e Impacts on existing wetlands are minimized to the greatest extent possible.

e It will provide additional park space and recreational areas for the City of Lufkin.
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Future

xisting
Location 10-Year 10-Year

Hurricane Creek at Limit of Study 367 367
Hurricane Creek Above Tributary #1 1069 1144
Tributary #1 at Whippoorwill 309 368
Tributary #1 Above North Branch 389 445
Tributary #1 Below North Branch 756 672
Tributary #1 at Mouth 952 777
Hurricane Creek Below Tributary #1 2022 1891
Hurricane Creek Above Tributary #2 2152 2000
Tributary #2 at Chestnut (SH 58) 368 212
Tributary #2 at Mouth 616 430
Hurricane Creek Below Tributary #2 2504 2200
Hurricane Creek Above Tributary #3 2475 2187
Tributary #3 at Park Lane 271 276
Tributary #3 at Mouth 612 618
Hurricane Creek Below Tributary #3 2995 2742
Hurricane Creek Above Tributary #4 2980 2721
Tributary #4 at Limit of Study 211 276
Tributary #4 at Mouth 459 448
Hurricane Creek Below Tributary #4 3198 2980
Hurricane Creek Above Tributary #5 3180 2966
Tributary #5 North Branch at Limit of Study 217 285
Tributary #5 North Branch at US 59 386 270
Tributary #5 South Branch at Limit of Study 182 253
Tributary #5 South Branch at US 59 387 301
Tributary #5 at US 59 770 S71
Tributary #5 at Mouth 837 748
Hurricane Creek Below Tributary #5 3434 3299
Hurricane Creek Above Tributary #6 3444 3312
Tributary #6 at Loop 287 209 239
Tributary #6 at Mouth 230 348
Hurricane Creek Below Tributary #6 3633 3546
Hurricane Creek Above Tributary #7 3580 3503
Tributary #7 North Branch at Limit of Study 185 201
Tributary #7 North Branch at FM 324 512 568
Tributary #7 South Branch at Limit of Study 355 376
Tributary #7 South Branch at Lake A 611 666
Tributary #7 South Branch Below Lake A 479 515
Tributary #7 South Branch at FM 324 677 733
Tributary #7 at FM 324 1095 1229
Tributary #7 at Mouth 1140 1288
Hurricane Creek Below Tributary #7 4028 4042
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Existing Future
Location 100-Year 100-Year

Hurricane Creek at Limit of Study 585 585
Hurricane Creek Above Tributary #1 1736 1851
Tributary #1 at Whippoorwill 507 561
Tributary #1 Above North Branch 618 678
Tributary #1 Below North Branch 1233 994
Tributary #1 at Mouth 1397 1280
Hurricane Creek Below Tributary #1 3127 3072
Hurricane Creek Above Tributary #2 3372 3271
Tributary #2 at Chestnut (SH 58) 596 299
Tributary #2 at Mouth 989 624
Hurricane Creek Below Tributary #2 3946 3741
Hurricane Creek Above Tributary #3 3911 3752
Tributary #3 at Park Lane 430 435
Tributary #3 at Mouth 1031 1048
Hurricane Creek Below Tributary #3 4752 4666
Hurricane Creek Above Tributary #4 4756 4666
Tributary #4 at Limit of Study 361 455
Tributary #4 at Mouth 777 667
Hurricane Creek Below Tributary #4 5148 5066
Hurricane Creek Above Tributary #5 5205 5090
Tributary #5 North Branch at Limit of Study 367 456
Tributary #5 North Branch at US 59 630 387
Tributary #5 South Branch at Limit of Study 310 408
Tributary #5 South Branch at US 59 658 450
Tributary #5 at US 59 1281 837
Tributary #5 at Mouth 1339 1051
Hurricane Creek Below Tributary #5 5748 5680
Hurricane Creek Above Tributary #6 5769 5696
Tributary #6 at Loop 287 342 369
Tributary #6 at Mouth 415 535
Hurricane Creek Below Tributary #6 6124 6100
Hurricane Creek Above Tributary #7 6032 5969
Tributary #7 North Branch at Limit of Study 307 321
Tributary #7 North Branch at FM 324 812 881
Tributary #7 South Branch at Limit of Study 582 601
Tributary #7 South Branch at Lake A 985 1053
Tributary #7 South Branch Below Lake A 815 849
Tributary #7 South Branch at FM 324 1150 1206
Tributary #7 at FM 324 1857 1977
Tributary #7 at Mouth 1973 2135
Hurricane Creek Below Tributary #7 6805 6712

4.16 Comparison of Existing and Future Conditions Flood Levels

4.16.1 Discussion of Future Conditions HEC-RAS Analysis

For future conditions analyses, existing conditions HEC-RAS models are revised to reflect
channelization, structure replacements, relief channels, regional detention facilities, and future
conditions flow rates. The resulting HEC-RAS models are used to compute future conditions
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flood levels along Hurricane Creek and all tributaries. The following sections describe the
results of a comparison of existing and future conditions HEC-RAS analyses.

4.16.2 Future Conditions HEC-RAS Results for Hurricane Creek

Table 4-11 provides a comparison between 10-year and 100-year flood levels computed for
existing and future conditions. As indicated, 10-year flood levels along Hurricane Creek are
reduced by as much as 2.27 feet with the proposed drainage plan in place. The maximum
reduction in 100-year flood levels is 1.84 foot. Exhibit 4.22 illustrates computed interim
conditions stream profiles for Hurricane Creek.

HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change | 100-Year|100-Year| Change
FM 324 4196.5 | 227.80 | 227.81 +0.01 230.77 | 230.50 -0.27
Southern Pacific RR 4311.5 | 228.66 | 228.66 0.00 231.11 | 230.91 -0.20
FM 819 10346.5 | 234.80 | 234.60 -0.20 236.44 | 236.39 -0.05
Loop 287 17102.5 | 248.39 | 247.96 -0.43 249.93 | 249.86 -0.07
U.S. 59 (1st Street) 20690.5 | 255.00 | 252.73 -2.27 257.32 | 255.48 -1.84
Tulane Street 26932.5 | 266.24 | 264.54 -1.70 267.71 | 266.85 -0.86
South 3rd Street 28288.5 | 267.58 | 266.96 -0.62 269.52 | 269.45 -0.07
Denman Ave. (US 69) | 30231.5| 270.90 | 269.54 -1.36 27292 | 271.72 -1.20
Chestnut Village 30933.5 | 275.04 | 273.65 -1.39 277.04 | 275.54 -1.50
Chestnut Village 31423.5 | 275.79 | 274.61 -1.18 277.47 | 276.65 -0.82
Timberland Drive 32043.5 | 277.61 | 276.00 -1.61 279.62 | 278.05 -1.57
Lufkin Avenue 33000.5 | 280.55 | 280.62 +0.07 | 282.37 | 282.29 -0.08
Albertson’s Driveway 33383.5 | 282.55 | 282.62 +0.07 | 284.34 | 284.37 +0.03
Railroad 33545.5 | 283.24 | 283.30 +0.06 | 285.06 | 285.11 +0.05
Groesbeck Avenue 34193.5 | 287.53 | 287.54 +0.01 288.05 | 288.05 0.00

4.16.3 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #1

Table 4-12 provides a comparison between Hurricane Creek Tributary #1 existing and future
conditions 10-year and 100-year flood levels. As indicated, 10-year flood levels along Tributary
#1 are reduced by as much as 3.59 feet with the proposed drainage improvements in place.
The maximum reduction in 100-year flood levels is 0.81 feet. A few small increases in flood
levels are noted in areas where future flow rates are slightly higher than existing conditions
values. Exhibit 4.23 illustrates computed future conditions stream profiles for Tributary #1.
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HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change | 100-Year| 100-Year| Change
Tulane Street 99.5 261.68 | 260.59 -1.09 264.42 | 263.81 -0.61
South 31 Street 1125.5 | 269.13 | 265.54 -3.59 270.01 | 269.20 -0.81
Chestnut Drive 5339.5 | 281.01 | 281.13 +0.12 | 281.77 | 281.76 -0.01
Denman Ave. (US 69) 6086.5 | 284.21 | 284.17 -0.04 284.65 | 284.59 -0.06
Jones Street 7379.5 | 288.50 | 288.35 -0.15 289.36 | 289.07 -0.29
Hunters Creek Drive 8471.5 | 292,77 | 292.88 +0.11 293.32 | 293.38 +0.06
Howard Avenue 9488.5 | 299.19 | 299.34 +0.15 | 299.53 | 299.54 +0.01
Whippoorwill Drive 10962.5 | 304.87 | 304.67 -0.20 305.12 | 305.34 +0.22

4.16.4 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #2

Table 4-13 provides a comparison between Hurricane Creek Tributary #2 existing and future
conditions 10-year and 100-year flood levels. As indicated, 10-year flood levels along Tributary
#2 downstream of Basin #6 are reduced by as much as 2.28 feet with the proposed regional
detention facilities in place. The maximum reduction in 100-year flood levels is 4.73 feet.
Exhibit 4.24 illustrates computed future conditions stream profiles for Tributary #2.

RISON OF EXISTING & FUTC
ALONG TRIBUTARY #2

FLOOD LEVELS

[HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change | 100-Year | 100-Year| Change
Loop 287 500.5 255.73 | 253.45 -2.28 260.36 | 255.63 -4.73
Tulane Street 1525.5 | 259.89 | 257.93 -1.96 262.44 | 259.71 -2.73
Chestnut Drive 7700.5 | 289.73 | 288.32 -1.41 293.49 | 289.50 -3.99

4.16.5 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #3

Table 4-14 provides a comparison between Hurricane Creek Tributary #3 existing and future
conditions 10-year and 100-year flood levels. As indicated, 10-year flood levels along Tributary
#3 are increased by as much as 0.09 foot with the proposed bypass channel in place. The
maximum reduction in 100-year flood levels is 0.08 foot. These increases occur upstream of
the proposed relief channel and are caused by slight increases in future conditions peak flow
rates over corresponding existing conditions values. These increases in peak flow rates are
caused by future increases in impervious cover. In the future conditions HEC-1 models of the
Hurricane Creek watershed, these increases in peak flow rates occur even though existing
conditions TC and R values are used to reflect the recommended on-site detention policy for
this watershed. Exhibit 4.25 illustrates computed future conditions stream profiles for
Tributary #3.
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Computed Water Surface Elevations

HEC-RAS
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change | 100-Year| 100-Year| Change
Mott Street 669.5 250.36 | 250.40 +0.04 | 251.55 | 251.58 +0.03
Carroll Avenue 5698.5 | 260.75 | 260.62 -0.13 261.82 | 261.82 +0.00
Tom Temple Drive 7333.5 | 264.72 | 264.77 +0.05 | 266.31 | 266.35 +0.04
White Oak Drive 9033.5 | 270.02 | 270.08 +0.06 | 272.37 | 272.45 +0.08
Park Lane 9811.5 | 273.45 | 273.54 +0.09 | 275.73 | 275.75 +0.02

4.16.6 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #4

Table 4-15 provides a comparison between 10-year and 100-year flood levels computed for
existing and future conditions on Tributary #4. As indicated, 10-year flood levels along
Tributary #4 downstream of the proposed detention basin are reduced by as much as 2.91 feet.
The maximum reduction in 100-year flood levels is 2.30 feet. Exhibit 4.26 illustrates

computed future conditions stream profiles for Tributary #4.

HEC RAS

Computed Water Surface Flevatlons
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change |100-Year|100-Year| Change
Scenic Acres 2296.5 | 250.88 | 250.64 -0.24 251.87 | 251.46 -0.41
US 59 3357.5 | 257.36 | 256.60 -0.76 259.98 | 258.60 -1.38
Tulane Street 4205.5 | 262.46 | 259.55 -2.91 263.31 | 261.01 -2.30

4.16.7 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #5

Table 4-16 provides a comparison between 10-year and 100-year flood levels computed for
existing and future conditions on the north and south branches of Tributary #5. As indicated,
10-year flood levels along Tributary #5 downstream of the proposed detention basins are
reduced by as much as 2.35 feet. The maximum reduction in 100-year flood levels is 3.26 feet.
Both of these reductions occur on the north branch of Tributary #5. Exhibits 4.27a and 4.27b
illustrate computed future conditions stream profiles for Tributary #5.
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HEC-RAS Computed Water Surface Elevations

Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change |100-Year|100-Year| Change

North Branch

Daniel McCall Drive 2420.5 | 243.41 | 242.79 -0.62 244.48 | 244.27 -0.21

US 59 3222.5 | 245.97 | 244.48 | -1.49 | 250.12 | 246.86 | -3.26
Driveway 3797.5 | 248.09 | 245.74 | -2.35 | 251.18 | 247.94 | -3.24
Brentwood Drive 4884.5 | 255.49 | 254.06 -1.43 256.19 | 255.95 -0.24
South Branch

Brentwood Drive | 1730.5 | 255.71 | 253.90 | -1.81 [ 256.27 | 256.11 | -0.18

4.16.8 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #6

Table 4-17 provides a comparison between 10-year and 100-year flood levels for existing and
future conditions along Tributary #6. As indicated, 10-year flood levels along Tributary #6 are
unchanged. This result is based on the recommendation that a strict on-site detention policy
be adopted for the watershed of Tributary #6 and that peak flow rates will remain unchanged.
Exhibit 4.28 illustrates computed future conditions stream profiles for Tributary #6.

ABLE 4-17' COMPARISON 'OF EXISTING & FUTURE FLOOD LEVELS

_ALONG TRIBUTARY 46 .
HEC RAS Computed Water Surface Elevatlons
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change |100-Year|100-Year| Change
Railroad Spur 808.5 231.21 | 231.21 0.00 232.62 | 232.62 0.00
Southpark Drive 1227.5 | 235.37 | 235.37 0.00 235.85 | 235.85 0.00
Driveway 2580.5 | 238.12 | 238.12 0.00 239.41 | 239.41 0.00
FM 819 5165.5 | 250.34 | 250.34 0.00 251.72 | 251.72 0.00
Dam 5442.5 | 256.32 | 256.32 0.00 256.53 | 256.53 0.00
Sandyland Drive 7213.5 | 256.70 | 256.70 0.00 257.15 | 257.15 0.00
Loop 287 8149.5 | 264.10 | 264.10 0.00 264.38 | 264.38 0.00

4.16.9 Future Conditions HEC-RAS Results for Hurricane Creek Tributary #7

Table 4-18 provides a comparison between 10-year and 100-year flood levels computed for
existing and future conditions on the north and south branches of Tributary #7. As indicated,
10-year flood levels along Tributary #7 are increased by as much as 0.66 foot. The maximum
increase in 100-year flood levels is 0.76 foot. These results are based on the recommendation
that an on-site detention policy be implemented for new development in sub-areas HCT7A and
HCT7C. Other areas, mainly within or adjacent to the boundaries of the Crown Colony
development, are assumed to develop without detention. On-site detention may be necessary
for additional areas in the Tributary #7 watershed if these increases in flood levels will cause
flooding of existing structures. Exhibit 4.29a and 4.29b illustrate computed future conditions
stream profiles for the north and south branches of Tributary #7.
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HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Future Existing | Future
Location Section | 10-Year | 10-Year | Change | 100-Year | 100-Year| Change
North Branch
Daniel McCall Drive 239.5 235.76 | 236.04 +0.28 | 236.95 | 237.16 +0.21
Driveway 564.5 236.12 | 236.40 +0.28 | 237.43 | 237.68 +0.25
FM 819 2382.5 | 244.72 | 245.38 +0.66 | 245.92 | 246.01 +0.09
US 59 2735.5 | 247.21 | 246.82 -0.39* | 249.65 | 250.38 +0.73

South Branch
Daniel McCall Drive 5262.5 236.75 236.99 +0.24 238.34 | 238.52 +0.18

US 59 8866.5 | 246.12 | 246.43 +0.31 248.74 | 249.02 +0.28
FM 819 10564.5 | 254.41 254.49 +0.08 | 254.92 | 254.96 +0.04
Champions Drive 10815.5 | 254.94 | 255.00 +0.06 255.40 | 255.46 +0.06
Crown Colony 11763.5 | 258.56 | 258.63 +0.07 | 259.09 | 259.14 +0.05

* This computed reduction in 10-year flood level is due to differences in the culvert flow solution
criteria used by HEC-RAS for existing and future conditions. In reality, the future conditions flood
level upstream of US 59 will be somewhat higher than the existing conditions value.

4.17 Preliminary Cost Estimates for Drainage Improvements

Preliminary estimates of construction costs for regional detention facilities and channelization
projects are included in Appendix G to this report. Cost estimates for detention basins include
the following cost items:

¢ land acquisition;

e excavation, haul and compaction for dam construction,
e principal discharge structure;

s emergency spillway;

e storage excavation and haul;

e engineering and surveying;

e 15% contingency.

Cost estimates for channelization projects include the following items:
e right-of-way acquisition;

e excavation and haul for channel excavation;

e slope stabilization;

e engineering and surveying;

e 15% contingency.

Culvert replacement costs are estimated separately. Potential costs associated with wetlands
mitigation requirements are not included in the cost estimates due to uncertainties regarding
the actual extent and quality of wetlands that may be impacted by individual improvement
projects. Table 4-11 provides a summary of the estimated construction costs associated with
each of the major components of the recommended drainage plan for the Hurricane Creek
watershed.
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Drainage Plan Component Estimated Construction
Cost

Regional Detention Basin #1 $887,600
Regional Detention Basin #3 $2,609,000
Regional Detention Basin #4 $1,184,100
Regional Detention Basin #5 $845,700
Regional Detention Basin #6 $1,181,400
Regional Detention Basin #8 $1,051,300
Regional Detention Basin #9 $812,100
Regional Detention Basin #10 $821,300
Hurricane Creek Improvements, Loop 287 to U.S 59 $716,000
Hurricane Creek Improvements, U.S. 59 to Tulane $834,300
Hurricane Creek Improvements, South Third to Denman $311,900
Hurricane Creek Improvements, Denman to Chestnut $170,000
Tributary #3 Relief Channel $342,300
Tributary #4 Channel Improvements $327,600
Tributary #5 (North) Channel Improvements $344,500
Tributary #5 (South) Channel Improvements $363,200
Tributary #1 Culverts at Whippoorwill $24,000
Tributary #1 Culverts at South Third Street $63,000
Tributary #4 Culverts at Tulane Street $40,000

Dodson & Associates, Inc. Document No. 98/051 45



SECTION 5: INTERIM CONDITIONS ANALYSIS

S. INTERIM CONDITIONS ANALYSIS

5.1 Purpose of Interim Conditions Analysis

The purpose of the interim conditions analysis described in this section of the report is to
assess the effectiveness of near-term drainage improvements recommended for the Hurricane
Creek watershed.

5.2 Description of Proposed Near-Term Drainage Improvements

The near-term drainage improvements recommended for the Hurricane Creek watershed
consist of three (3) regional detention facilities. These three facilities have been selected from a
total of 10 potential regional detention sites identified in the Hurricane Creek watershed. As
indicated on Exhibit 5.1, one of these facilities (Basin #1) is located on the north branch of
Tributary #1 immediately upstream of the Englewood Subdivision, an area that has suffered
significant flooding problems in the past. The second facility (Basin #4) is located on a small
tributary that empties into Hurricane Creek a short distance upstream of the Lufkin and
Angelina Malls. The third detention facility included in the interim drainage improvement plan
(Basin #8) is located on Hurricane Creek Tributary #4 upstream of Tulane Street. The location,
size, and shape of each of these basins are illustrated on Exhibits 4.2, 4.5, and 4.9,
respectively.

For interim conditions, detention storage in all three of the detention facilities included in the
interim drainage plan is assumed to be created solely through the construction of a dam. Only
natural storage is included. No excavation is called for in either facility for interim conditions,
with the exception of the earth required to construct the dam.

In addition to the construction of the three regional detention facilities, it is recommended that
the existing cross-drainage structures at the Whippoorwill Drive and South Third Street
crossings of Tributary #1 and the Tulane Street crossing of Tributary #4 be replaced. The
minimum recommended culvert installation at Whippoorwill is two (2) 54-inch reinforced
concrete pipes. The minimum culvert installation at South Third Street is two (2) 10’ x 7’ box
culverts. The minimum culvert installation at Tulane Street is three (3) 5’ x 4’ box culverts or
four (4) 54-inch reinforced concrete pipes.

5.3 Preliminary Construction Cost Estimates for Interim Detention

Preliminary estimates of construction costs for Basin #1, Basin #4, and Basin #8 and for the
recommended culvert replacements are included in Appendix H to this report. These estimates
include the following cost items:

¢ land acquisition;

¢ excavation, haul and compaction for dam construction,;
e principal discharge structure;

e emergency spillway;

e surveying and engineering;

e 15% contingency.

Culvert replacement costs are estimated separately. Potential costs associated with wetlands
mitigation requirements are not included in the cost estimates due to uncertainties regarding
the actual extent and quality of wetlands that may be impacted by individual improvement
projects.
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The estimated cost for Basin #1 is $887,600. For Basin #4, the estimated cost is $714,700. For
Basin #8, the estimated cost is $1,051,300. The estimated costs of the Whippoorwill, South
Third Street, and Tulane Street culvert replacements are $24,000, $63,000, and $40,000,
respectively.

5.4 HEC-1 Analysis of Near-Term Drainage Improvements

The existing conditions HEC-1 model of the Hurricane Creek watershed described in Section 2
of this report is used as the basis for the interim conditions analysis. For the purposes of the
interim conditions analysis, the existing conditions models are modified through the
introduction of storage routing data for each of the two proposed detention basins, the creation
of additional sub-areas as needed to accurately reflect the area draining into each detention
facility, and adjustments to streamflow routing data to account for structure replacements and
detention facility construction. No other changes are made to the existing conditions HEC-1
model.

Each detention facility is represented using a modified Puls storage routing step. Elevation vs.
storage volume data based on natural ground contours within each basin are entered along
with low-level and weir outlet data on SL and SS records, respectively. The low-level outlet
option of the HEC-1 program computes discharges using the standard orifice equation:

Q = CA(2gH)%®
where: Q = low-level outlet discharge rate (cfs)
C = an orifice flow coefficient
A = the cross-sectional area of the orifice opening (square feet)
g = the acceleration of gravity (32.2 ft/sec?)

H = the difference between the basin water surface elevation and the elevation at the
centroid of the orifice (feet).

The weir option of the program computes discharges using the standard weir equation:
Q = CLH!S
where: Q = weir discharge rate (cfs)
L = weir crest length (feet)

H = the difference between the basin water surface elevation and the weir crest
elevation (feet).

Table 5-1 provides a summary of the HEC-1 routing data used to simulate each of the
detention facilities.
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Basin on Tributary #1 (Basin #1 Baswin on Smdll Tributa 'Basin #4

Elevation (feet) Storage (acre-feet) Elevation (feet) Storage (acre-feet)

300 0.0 262 0.0

302 0.1 264 2.2

304 0.5 266 8.2

306 1.7 268 20.4

308 5.7 270 42.7

310 14.8 272 78.1

312 O e

314 58.1

316 95.6

Orifice Area (ft2) 4.9 Orifice Area (ft?) 7.1
Centroid Elevation (ft) 301.25 Centroid Elevation (ft) 262.0
Orifice Coefficient 0.6 Orifice Coefficient 0.6

Crest Elevation (feet) | 312.0 Crest Elevation (feet] | 268.0
Crest Length (feet) 15 Crest Length (feet) 40
Weir Coefficient 2.6 Weir Coefficient 2.6

ABLE 5-2: HEC-1 ROUTING DATA FOR INTERIM DETENTION FACILITIES

Basin on Tributary #4 (Basin #8 )
Storag

Elevation (feéf) Storage (acre-feet) Elevation (feet)' Storagé (acre-feet)

272 oo = 0 =
274 12
276 44 T =0
278 1.0
280 216 [
282 6.4 |
284 s7.0 | o
286 8.5 |
288 1204 |

290 186.9

Orifice Area (ft2) 126 Orifice Area (ft?)
Centroid Elevation (ft) 274.0 Centroid Elevation (ft) | = -----
= o — —

Crest Elevation (feet) 284.0 Crest Ele{lafibﬁ'\,(fé/et)\\ '
Crest Length (feet) 50 Crest Length (feet}) | = --—--
Weir Coefficient 2.6 Weir Coefficient | = -----

5.5 Summary of Interim Conditions HEC-1 Results

Tables 5-3 and 5-4 provide a comparison of computed existing and interim conditions 10-year
and 100-year peak flow rates at a number of strategic points in the Hurricane Creek watershed.
Exhibit 5.1 illustrates the locations of the computation points described in the tables.
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Existing Interim
Location 10-Year 10-Year
Hurricane Creek at Limit of Study 367 367
Hurricane Creek Above Tributary #1 1069 1069
Tributary #1 at Whippoorwill 309 309
Tributary #1 Above North Branch 389 389
Tributary #1 Below North Branch 756 600
Tributary #1 at Mouth 952 875
Hurricane Creek Below Tributary #1 2022 1929
Hurricane Creek Above Tributary #2 2152 2020
Tributary #2 at Chestnut (SH 58) 368 368
Tributary #2 at Mouth 616 616
Hurricane Creek Below Tributary #2 2504 2380
Hurricane Creek Above Tributary #3 2475 2356
Tributary #3 at Park Lane 271 271
Tributary #3 at Mouth 612 612
Hurricane Creek Below Tributary #3 2995 2880
Hurricane Creek Above Tributary #4 2980 2866
Tributary #4 at Limit of Study 211 211
Tributary #4 at Mouth 459 343
Hurricane Creek Below Tributary #4 3198 3113
Hurricane Creek Above Tributary #5 3180 3094
Tributary #5 North Branch at Limit of Study 217 217
Tributary #5 North Branch at US 59 386 3386
Tributary #5 South Branch at Limit of Study 182 182
Tributary #5 South Branch at US 59 387 387
Tributary #5 at US 59 770 770
Tributary #5 at Mouth 837 837
Hurricane Creek Below Tributary #5 3434 3343
Hurricane Creek Above Tributary #6 3444 3351
Tributary #6 at Loop 287 209 209
Tributary #6 at Mouth 230 230
Hurricane Creek Below Tributary #6 3633 3539
Hurricane Creek Above Tributary #7 3580 3492
Tributary #7 North Branch at Limit of Study 185 185
Tributary #7 North Branch at FM 324 512 512
Tributary #7 South Branch at Limit of Study 355 355
Tributary #7 South Branch at Lake A 611 611
Tributary #7 South Branch Below Lake A 479 479
Tributary #7 South Branch at FM 324 677 677
Tributary #7 at FM 324 1095 1095
Tributary #7 at Mouth 1140 1140
Hurricane Creek Below Tributary #7 4028 3951
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Existing Interim
Location 100-Year 100-Year

Hurricane Creek at Limit of Study 585 585
Hurricane Creek Above Tributary #1 1736 1736
Tributary #1 at Whippoorwill 507 507
Tributary #1 Above North Branch 618 618
Tributary #1 Below North Branch 1233 931
Tributary #1 at Mouth 1397 1310
Hurricane Creek Below Tributary #1 3127 3046
Hurricane Creek Above Tributary #2 3372 3239
Tributary #2 at Chestnut (SH 58) 596 596
Tributary #2 at Mouth 989 989
Hurricane Creek Below Tributary #2 3946 3838
Hurricane Creek Above Tributary #3 3911 3792
Tributary #3 at Park Lane 430 430
Tributary #3 at Mouth 1031 1031
Hurricane Creek Below Tributary #3 4752 4652
Hurricane Creek Above Tributary #4 4756 4655
Tributary #4 at Limit of Study 361 361
Tributary #4 at Mouth 777 523
Hurricane Creek Below Tributary #4 5148 5044
Hurricane Creek Above Tributary #5 5205 5080
Tributary #5 North Branch at Limit of Study 367 367
Tributary #5 North Branch at US 59 630 630
Tributary #5 South Branch at Limit of Study 310 310
Tributary #5 South Branch at US 59 658 658
Tributary #5 at US 59 1281 1281
Tributary #5 at Mouth 1339 1339
Hurricane Creek Below Tributary #5 5748 5586
Hurricane Creek Above Tributary #6 5769 5613
Tributary #6 at Loop 287 342 342
Tributary #6 at Mouth 415 415
Hurricane Creek Below Tributary #6 6124 5949
Hurricane Creek Above Tributary #7 6032 5860
Tributary #7 North Branch at Limit of Study 307 307
Tributary #7 North Branch at FM 324 812 812
Tributary #7 South Branch at Limit of Study 582 582
Tributary #7 South Branch at Lake A 985 985
Tributary #7 South Branch Below Lake A 815 815
Tributary #7 South Branch at FM 324 1150 1150
Tributary #7 at FM 324 1857 1857
Tributary #7 at Mouth 1973 1973
Hurricane Creek Below Tributary #7 6805 6618

Table 5-5 provides a summary of computed routing results for each of the three detention
facilities included in the interim conditions HEC-1 model.
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Parameter Basin Basin

#1 #3 #4 #5 #6 #8 #9 #10
10-Year Storm Event
Peak Inflow (cfs) 228 | ----- e 470 | eemem | oo
Peak Discharge (cfs) 72 | -e--- 134 | -eeee | meee- 165 | -s=e- | -see-
Maximum Elevation (feet) 310.63 | ----- 268.58 |  --mmm | —eem- 281.37 | —mem | eee-
100-Year Storm Event
Peak Inflow (cfs) 383 | ae--- 2 e 818 | ---m- | ame--
Peak Discharge (cfs) 112 | ----- 288 | meeee | mmee- 266 | ----- | ---e-
Maximum Elevation (feet) 312.87 | ----- 269.51 | ----- | --ee- 284.64 | ----- | oo

5.6 Summary of Interim Conditions HEC-RAS Modeling Results

5.6.1 Discussion of Interim Conditions HEC-RAS Analysis

Because the proposed interim conditions drainage improvements will affect only Hurricane
Creek, Tributary #1, and Tributary #4, only those streams are analyzed for interim conditions.
HEC-RAS models used in the interim conditions analysis are identical to those used in the
existing conditions analysis for these three streams, except that flow rates are modified to
reflect the presence of the proposed regional drainage basins and proposed cross-drainage
structure replacements are assumed to be in place.

5.6.2 Interim Conditions HEC-RAS Results for Hurricane Creek

Table 5-6 provides a summary of computed interim conditions water surface elevations for
Hurricane Creek. Elevations are given at the upstream side of each of the roadways which
cross Hurricane Creek. Minimum top of road elevations are provided in the table for
comparison. Computed water surface elevations shown in bold italicized print are those which
exceed the minimum top of road elevation. Exhibit 5.2 illustrates computed interim conditions
stream profiles for Hurricane Creek.
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HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
FM 324 4196.5 | 230.02 226.83 | 227.72 | 228.77 | 229.04 | 230.42
Southern Pacific RR 4311.5 | 227.88 | 227.42 | 228.57 | 229.58 | 229.94 | 230.84
FM 819 10346.5 | 235.50 | 233.52 | 234.69 | 235.53 | 235.83 | 236.36
Loop 287 17102.5 | 249.00 | 247.22 | 248.20 | 249.06 | 249.49 | 249.87
U.S. 59 (1st Street) 20690.5 | 258.00 | 253.37 | 254.72 | 255.82 | 257.09 | 257.25
Tulane Street 26932.5 | 266.70 | 265.16 | 266.08 | 266.87 | 267.31 | 267.66
South 3t Street 28288.5 | 269.30 | 266.32 | 267.48 | 268.48 | 269.13 | 269.51
Denman Ave. (US 69) 30231.5| 276.50 | 269.94 | 270.89 | 271.69 | 272.29 | 272.92
Chestnut Village 30933.5 | 276.38 | 273.97 | 275.04 | 276.11 | 276.69 | 277.04
Chestnut Village 31423.5| 276.04 | 274.69 | 275.79 | 276.76 | 277.19 | 277.47
Timberland Drive 32043.5 | 282.20 | 276.61 277.61 278.51 279.06 | 279.62
Lufkin Avenue 33000.5 | 284.00 | 279.83 | 280.55 | 281.10 | 281.72 | 282.37
Albertson’s Driveway 33383.5 | 284.20 | 281.92 | 282.55 | 283.18 | 283.75 | 284.34
Railroad 33545.5 | 286.70 | 282.58 | 283.24 | 283.87 284.40 | 285.06
Groesbeck Avenue 34193.5 | 287.37 286.66 | 287.53 | 287.83 | 287.94 | 288.05

Table 5-7 provides a comparison between 10-year and 100-year flood levels computed for
existing and interim conditions. As indicated, 10-year flood levels along Hurricane Creek are
reduced by as much as 0.28 foot with the proposed regional detention facilities in place. The
maximum reduction in 100-year flood levels is 0.27 foot.

HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Interim Existing | Interim

Location Section | 10-Year | 10-Year | Change | 100-Year|100-Year| Change
FM 324 4196.5 | 227.80 | 227.72 -0.08 230.77 | 230.42 -0.25
Southern Pacific RR 4311.5 | 228.66 | 228.57 -0.09 231.11 | 230.84 -0.27
FM 819 10346.5 | 234.80 | 234.69 -0.11 236.44 | 236.36 -0.08
Loop 287 17102.5 | 248.39 | 248.20 -0.19 249.93 | 249.87 -0.06
U.S. 59 (1st Street) 20690.5 | 255.00 | 254.72 -0.28 257.32 | 257.25 -0.07
Tulane Street 26932.5 | 266.24 | 266.08 -0.16 267.71 | 267.66 -0.05
South 34 Street 28288.5 | 267.58 | 267.48 -0.10 269.52 | 269.51 -0.01
Denman Ave. (US 69) | 30231.5| 270.90 | 270.89 -0.01 272,92 | 272.92 0.00
Chestnut Village 30933.5 | 275.04 | 275.04 0.00 277.04 | 277.04 0.00
Chestnut Village 31423.5 | 275.79 | 275.79 0.00 277.47 | 277.47 0.00
Timberland Drive 32043.5 | 277.61 | 277.61 0.00 279.62 | 279.62 0.00
Lufkin Avenue 33000.5 | 280.55 | 280.55 0.00 282.37 | 282.37 0.00
Albertson’s Driveway 33383.5 | 282.55 | 282.55 0.00 284.34 | 284.34 0.00
Railroad 33545.5 | 283.24 | 283.24 0.00 285.06 | 285.06 0.00
Groesbeck Avenue 34193.5 | 287.53 | 287.53 0.00 288.05 | 288.05 0.00
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5.6.3 Interim Conditions HEC-RAS Results for Hurricane Creek Tributary #1

Table 5-8 provides a summary of computed interim conditions water surface elevations for
Hurricane Creek Tributary #1. Elevations are given at the upstream side of each of the
roadways which cross the tributary. Minimum top of road elevations are provided in the table
for comparison. Computed water surface elevations shown in bold italicized print are those
which exceed the minimum top of road elevation. Exhibit 5.3 illustrates computed interim
conditions stream profiles for Tributary #1.

HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Tulane Street 99.5 264.09 | 260.06 | 261.20 | 262.20 | 263.01 263.98
South 34 Street 1125.5 | 269.35 | 264.86 | 265.97 | 267.03 | 267.93 | 268.99
Chestnut Drive 5339.5 | 281.07 | 279.17 | 280.06 | 281.05 | 281.34 | 281.52
Denman Ave. (US 69) 6086.5 | 283.45 | 283.45 | 283.93 | 284.20 | 284.35 | 284.47
Jones Street 7379.5 | 285.97 | 287.50 | 288.10 | 288.45 | 288.67 | 288.89
Hunters Creek Drive 8471.5 291.14 | 292.57 | 292.75 | 292.95 | 293.11 | 293.28
Howard Avenue 9488.5 | 298.40 | 298.75 | 299.19 | 299.38 | 299.47 | 299.51
Whippoorwill Drive 10962.5 | 303.96 | 304.02 | 304.48 | 304.72 | 304.87 | 305.04

Table 5-9 provides a comparison between 10-year and 100-year flood levels computed for
existing and interim conditions. As indicated, 10-year flood levels along Tributary #1 are
reduced by as much as 3.16 feet with the proposed regional detention facility in place upstream
of Lotus Lane. The maximum reduction in 100-year flood levels is 1.02 feet.

BUTA]
HEC-RAS Computed Water Surface Elevations
Cross- | Existing | Interim Existing | Interim
Location Section | 10-Year | 10-Year | Change |100-Year|100-Year| Change
Tulane Street 99.5 261.68 | 261.20 -0.48 264.42 | 263.98 -0.44
South 3rd Street 1125.5 | 269.13 | 265.97 -3.16 270.01 | 268.99 -1.02
Chesnut Drive 5339.5 | 281.01 | 280.06 -0.95 281.77 | 281.52 -0.25
Denman Ave. (US 69) 6086.5 | 284.21 | 283.93 -0.28 284.65 | 284.47 -0.18
Jones Street 7379.5 | 288.50 | 288.10 -0.40 289.36 | 288.89 -0.47
Hunters Creek Drive 8471.5 | 292.77 | 292.75 -0.02 293.32 | 293.28 -0.04
Howard Avenue 9488.5 | 299.19 | 299.19 0.00 299.53 | 299.51 -0.02
Whippoorwill Drive 10962.5 | 304.87 | 304.48 -0.39 305.12 | 305.04 -0.08

5.6.4 Interim Conditions HEC-RAS Results for Hurricane Creek Tributary #4

Table 5-10 provides a summary of computed interim conditions water surface elevations for
Hurricane Creek Tributary #4. Elevations are given at the upstream side of each of the
roadways which cross the tributary. Minimum top of road elevations are provided in the table
for comparison. Computed water surface elevations shown in bold italicized print are those
which exceed the minimum top of road elevation. Exhibit 5.4 illustrates computed interim
conditions stream profiles for Tributary #4.
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HEC-RAS| Min. Top Computed Water Surface Elevation
Cross- | of Road
Location Section |Elevation| 5-Year | 10-Year | 25-Year | 50-Year | 100-Year
Scenic Acres 2296.5 | 252.00 | 249.44 | 250.00 | 250.49 250.73 | 251.02
US 59 3357.5 | 259.59 | 255.38 | 255.95 | 256.43 256.79 | 257.50
Tulane Street 4205.5 | 261.69 | 261.30 | 261.79 | 262.05 | 262.16 | 262.41

Table 5-11 provides a comparison between 10-year and 100-year flood levels computed for
existing and interim conditions. As indicated, 10-year flood levels along Tributary #4
downstream of the proposed detention basin are reduced by as much as 1.41 feet. The

Flood levels upstream of the basin

maximum reduction in 100-year flood levels is 2.48 feet.

remain unchanged for interim conditions.

TABLE 5 11 COMPARISON OF EXISTING & [NTERIM FLOOD LEVELS
ALONG TRIBUTARY #4
HEC RAS Computed Watcr “Surface Flevatlonq
Cross- | Existing | Interim Existing | Interim
Location Section | 10-Year | 10-Year | Change | 100-Year|100-Year| Change
Scenic Acres 2296.5 | 250.88 | 250.00 -0.88 251.87 | 251.02 -0.85
US 59 3357.5 | 257.36 | 255.95 -1.41 259.98 | 257.50 -2.48
Tulane Street 4205.5 | 262.46 | 261.79 -0.67 263.31 | 262.41 -0.90

5.7 Interim Conditions Floodway Computations

Interim conditions floodway data have been computed for Hurricane Creek and all studied
tributaries. Floodway method 4, which establishes floodway encroachments based on an equal
loss of flow conveyance on each side of the stream channel, is used for preliminary floodway
computations. Floodway Method 1, which relies on the modeler to input floodway
encroachments, is used for final floodway computations on Hurricane Creek and all tributary
streams. Method 1 floodway encroachments are based on Method 4 results, with adjustments
made where appropriate to avoid oscillations in floodway widths, provide consistency in
floodway data at roadway crossings, etc. Surcharge values are kept at or below 1.00 foot at all
cross-sections.

5.8 Interim Conditions Flood Plain & Floodway Mapping

Flood plain and floodway boundaries for interim conditions are illustrated on Exhibit 5.5. Also
illustrated on this exhibit are interim conditions base flood elevations, which are indicated with
a “tick” mark across the channel and a number signifying the computed 100-year flood level.

In the lower reaches of the tributary streams, the computed base flood levels are lower than the
backwater from Hurricane Creek. In these areas, the backwater elevation from Hurricane
Creek is used to establish flood plain boundaries.
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CALCULATION OF Tc USING VELOCITY METHOD

HURRICANE CREEK WATERSHED
LUFKIN, TEXAS

EXISTING WATERSHED CONDITIONS

December 30, 1998

Parameter Values for Given Sub-Area Number

Parameter Units HC1A HC1B HCT1A T1B1 TiB2 T1B3 T1B4 T1BS5
Drainage Area
Area ac 302 965 206 78 157 44 39 369
Area sm .472 1.508 .322 .122 . 245 .069 .061 .577
Impervious Cover
Land Use (%)
Ind./Comm. 80% ac 98.5 345.7 21.5 18.5 .0 .0 .0 68.4
Multi-Family 70% ac .0 3.7 .0 .0 2.2 .0 .0 10.2
Highway 60% ac 5.9 .0 13.1 .0 .0 .0 .0 .0
Community 40% ac .0 8.7 .0 .0 .0 .0 .0 .0
S-F (Typical) 30% ac 68.6 318.3 28.2 30.8 14.8 25.8 38.6 175.7
S-F (Light) 15% ac 128.5 154.9 1.2 .0 .0 .0 .0 5.4
Vacant/Parks 0% ac .0 134.2 142.3 28.2 140.3 18.4 .6 98.4
Total ac 301.5 965.5 206.3 0% 0% 0% 0 0%
77.5 157.3 44.2 39.2 358.1
Imperv. Area ac 122.2 401.4 33.7
Imperv. Cover % 40.5 41.6 16.3 24.0 6.0 7.7 11.6 115.4
31.0 3.8 17.5 29.5 32.2
Overland Curve: C B B
Distance ft 300 300 300 C B C C c
Slope % 1.8 2.5 2.5 300 300 300 300 300
Velocity ft/s 1.0 .8 .8 2.5 4.0 4.5 5.0 2.0
Travel Time min 5.00 6.25 6.25 1.1 1.0 1.6 1.6 1.0
4.55 5.00 3.13 3.13 5.00
Shallow Concentrated Curve: F F F
Distance ft 300 400 700 F F F F F
Slope % 1.8 2.5 2.2 1000 300 700 0 0
Velocity ft/s 2.0 2.4 2.3 4.0 2.9 1.8 .0 .0
Travel Time min 2.50 2.78 5.07 3.1 2.6 2.1 .0 .0
5.38 1.82 5.56 .00 .00
Paved or Gully Curve: G G G
Distance t 4800 5700 2280 G G G G
Slope % .9 1.2 .9 300 3000 0 800 2500
Velocity ft/s 1.9 2.2 1.9 1.0 1.2 .0 3.3 2.0
Travel Time min 42.11 43.18 20.00 2.0 2.2 .0 3.6 2.8
2.0 2.2 .0 3.6 2.8
Storm Sewer 2.50 22.73 00 3.70 14.88
Distance ft 0 0 0
Slope % .0 .0 .0
Velocity ft/s .0 .0 .0 0 0 0 0 0
Travel Time min .00 .00 .00 .0 .0 .0 .0 .0
.00 00 .00 .00 00
Drainage Channel
Distance ft 0 7000 0
Velocity ft/s .0 3.0 .0 1100 0 1600 1800 6400
Travel Time min .00 38.89 00 3.0 .0 3.0 3.0 3.0
6.11 .00 8.89 10.00 35.56
TC (minutes) 49.61 91.10 31.32
TC (hours) .83 1.52 .52 18.53 29.65 17.57 16.83 55.44
R =2 x TC (hours) 1.65 3.04 1.04 .31 .49 .29 .28 .92
R = 3 x TC (hours) 2.48 4.55 1.57 .62 .99 .59 .56 1.85



CALCULATION OF Tc USING VELOCITY METHOD

HURRICANE CREEK WATERSHED
LUFKIN, TEXAS

EXISTING WATERSHED CONDITIONS

December 30,

1998

Parameter Values for Given Sub-Area Number

Parameter Units HC2 HCT2A HCT2B HC3 HCT3A HCT3B HC4 HCT4LA HCT4B
Drainage Area
Area ac 403 234 312 131 321 519 86 126 372
Area sm .630 .366 .488 .205 .502 .811 .134 .197 .581
Impervious Cover
Land Use I1(%)
Ind./Comm. 80% ac 73.5 37.5 66.4 65.6 141.5 17.6 7.9 3.1 32.3
Multi-Family 70% ac .0 .0 .0 .0 .0 .0 .0 .0 .0
Highway 60% ac .0 12.0 21.7 13.0 .0 .0 3.8 .0 4.5
Community 40% ac .0 .0 .0 .0 13.4 4.3 .0 .0 .0
S-F (Typical) 30% ac 114.2 99.7 4.2 .0 126.5 270.7 .0 16.9 9.1
S-F (Light) 15% ac 18.9 .0 2.8 6.5 21.0 134.6 11.6 84.9 78.1
Vacant/Parks 0% ac 199.3 84.9 216.8 42.9 18.9 981.5 60.9 21.2 247.9
Total ac 405.9 234.1 311.9 128.0 321.3 518.7 84.2 126.1 371.9
Imperv. Area ac 95.9 67.1 67.8 61.3 159.7 117.2 10.3 20.3 43.0
Imperv. Cover % 23.6 28.7 21.7 47.9 49.7 22.6 12.3 16.1 11.6
Overland Curve: C B B c c cC @ B B
Distance ft 300 300 200 300 300 300 300 300 300
Slope % 3.6 1.3 2.5 1.8 7 1.3 1.3 5.0 3.0
Velocity ft/s 1.3 .6 .8 1.0 .6 .8 .8 1.1 .9
Travel Time min 3.85 8.33 4.17 5.00 8.33 6.25 6.25 4.55 5.56
Shallow Concentrated Curve: F F F F F F F F F
Distance ft 600 200 200 300 0 300 400 200 300
Slope % 1.8 5.6 2.5 1.8 .0 1.3 5.3 5.0 6.7
Velocity ft/s 2.0 3.5 2.4 2.0 .0 1.7 3.4 3.3 3.9
Travel Time min 5.00 .95 1.39 2.50 .00 2.94 1.96 1.01 1.28
Paved or Gully Curve G G G G G G G G G
Distance ft 5470 2270 2200 1120 7800 2100 0 1800 1200
Slope % 1.1 2.2 2.3 .6 .6 1.4 .0 1.6 2.0
Velocity ft/s 2.1 3.0 3.0 1.6 1.6 2.4 .0 2.5 2.8
Travel Time min 43.41 12.61 12.22 11.67 81.25 14.58 .00 12.67 7.14
Storm Sewer
Distance ft 0 0 0 0 0 0 0 0 0
Slope % .0 .0 .0 .0 .0 .0 .0 .0 .0
Velocity ft/s .0 .0 .0 .0 .0 .0 .0 .0 .0
Travel Time min .00 .00 .00 .00 .00 .00 .00 .00 .00
Drainage Channel
Distance ft 2500 1400 5000 2350 0 6710 1850 300 6200
Velocity ft/s 3.0 3.0 3.0 3.0 .0 3.0 3.0 3.0 3.0
Travel Time min 13.8% 7.78 27.78 13.06 00 37.28 10.28 1.67 34.44
TC (minutes) 66.15 29.67 45.56 32.22 89.58 61.05 18.49 19.89 48.42
TC (hours) 1.10 .49 .76 .54 1.49 1.02 .31 .33 .81
R =2 x TC (hours) 2.20 .99 1.52 1.07 2.95% 2.04 .62 .66 1.61
R = 3 x TC (hours) 3.31 1.48 2.28 1.61 4.48 3.05 .92 .99 2.42



CALCULATION OF Tc USING VELOCITY METHOD
HURRICANE CREEK WATERSHED
LUFKIN, TEXAS

December 30,

EXISTING WATERSHED CONDITIONS
1998

Parameter Values for Given Sub-Area Number

Parameter Units HC5 HCT5A HCTS5B HCTS5C HCTSD HCTS5E HC6 HCT6A HCT6RB
Drainage Area
Area ac 308 139 172 155 223 134 78 110 285
Area sm .481 .217 .269 .242 .348 .209 122 172 .445
Impervious Cover
Land Use I(%)
Ind./Comm. 80% ac 30.0 .0 1.2 .0 .5 10.2 .0 24.3 7.3
Multi-Family 70% ac .0 .0 5.6 .0 .2 19.4 .5 .0 .0
Highway 60% ac 6.1 .0 L1 .0 .1 11.3 .0 12.2 .1
Community 40% ac .0 .0 .0 .0 .6 1.0 .0 .0 .0
S-F (Typical) 30%  ac .4 .2 .8 .0 .6 .0 .0 5.9 .0
S-F (Light) 15% ac 45.1 .6 23.2 35.0 .2 6.4 .0 23.5 44.3
Vacant/Parks 0% ac 227.5 117.8 141.5 119.9 1 85.5 .5 44.1 233.3
Total ac 309.1 138.6 172.4 154.9 3 133.8 .0 110.0 285.0
Imperv. Area ac 34.5 .3 8.7 5.3 .9 29.9 .1 32.1 12.
Imperv. Cover % 11.2 -4 5.0 3.4 .20 22.3 .3 29.1 4.4
Overland Curve: B B B B B B B B C
Distance ft 300 300 300 300 300 300 300 300 300
Slope % 4.0 .3 4.0 5 2.5 4.5 .0 2.0 1.3
Velocity ft/s 1.0 .9 1.0 .4 .8 1.1 .1 .7 8
Travel Time min 00 .56 5.00 12.50 6.25 4.55 .55 7.14 6.25
Shallow Concentrated Curve: F F F F F F F F F
Distance ft 400 400 200 500 1100 600 200 400 1800
Slope % 5.0 .0 5.0 5 .7 3.3 .0 2.0 1.6
Velocity ft/s 3.3 .0 3.4 1.1 .5 2.7 .3 2.1 1.9
Travel Time min 02 .22 98 7.58 .33 3.70 .01 3.17 15.79
Paved or Gully Curve: G G G G G G G G G
Distance ft 3320 1100 1800 2740 2300 2000 1990 1420 0
Slope % 1.8 .7 2.5 1.8 1.3 1.5 1.2 1.8 .0
Velocity ft/s 2.7 .3 3.2 2.7 2.3 2.5 2.2 2.7 .0
Travel Time min 20.49 56 9.90 16.91 16.67 13.33 15.08 8.77 .00
Storm Sewer
Distance ft 0 0 0 0 0 0 0 0 0
Slope % .0 .0 .0 .0 .0 .0 .0 .0 .0
Velocity ft/s .0 .0 .0 .0 .0 .0 .0 .0 .0
Travel Time min .00 .00 .00 .00 .00 .00 .00 .00 .00
Drainage Channel
Distance ft 3850 1800 3700 400 2900 2400 630 0 7600
Velocity ft/s 3.0 3.0 3.0 3.0 3.0 3.0 3.0 .0 3.0
Travel Time min 39 .00, 20.56 2.22 16.11 13.33 .50 .00 42.22
TC (minutes) .90 .33 36.43 39.21 .36 34.92 .13 19.08 64.26
TC (hours) .82 .39 .61 .65 .77 .58 .40 .32 1.07
R =2 x TC (hours) 1.63 .78 1.21 1.31 .55 1.16 .80 .64 2.1
R = 3 x TC (hours) .45 .17 1.82 1.96 .32 1.75 .21 .95 3.21



CALCULATION OF Tc USING VELOCITY METHOD
HURRICANE CREEK WATERSHED
LUFKIN, TEXAS

EXISTING WATERSHED CONDITIONS
December 30, 1998

Parameter Values for Given Sub-Area Number

Parametexr Units HC7 HCT7A HCT7B HCT7C HCT7D HCT7E HCT7F

Drainage Area
Area ac 180 118 335 203 114 415 158
Area sm .281 .184 .523 .317 .178 .648 .247

Impervious Cover

Land Use I(%)
Ind./Comm. 80% ac 3.3 .0 12.0 .0 .0 38.2 .1
Multi-Family 70% ac .8 .0 6.4 .0 .0 .0 .0
Highway 60% ac .0 .0 6.9 .0 .0 5.4 .2
Community 40% ac 6.1 .0 23.3 .0 .0 .0 5.5
S-F (Typical) 30% ac .0 34.9 158.1 120.3 103.8 154.0 .0
S-F (Light) 15% ac 3.4 10.4 45.0 .0 .0 25.9 40.2
Vacant/Parks 0% ac 164.2 72.9 83.6 83.1 9.8 191.6 112.4
Total ac 177.8 118.2 335.3 203.4 113.6 415.1 158.4
Imperv. Area ac 6.2 12.0 81.7 36.1 31.1 83.9 8.4
Imperv. Cover % 3.5 10.2 24.4 17.7 27.4 20.2 5.3
Overland Curve: B B B B C c c
Distance ft 300 200 300 300 300 200 300
Slope % 3.3 2.5 3.0 2.5 2.5 3.0 2.9
Velocity ft/s .9 .8 .9 .8 1.1 1.2 1.2
Travel Time min 5.56 4.17 ©5.56 6.25 4.55 2.78 4.17
Shallow Concentrated Curve: F F F F F F F
Distance ft 200 200 500 200 900 200 1000
Slope % 3.3 2.5 4.0 4.0 2.5 3.0 2.2
Velocity ft/s 2.7 2.4 3.0 3.0 2.4 2.6 2.2
Travel Time min 1.23 1.39 2.78 1.11 6.25 1.28 7.58
Paved or Gully Curve: G G G’ G G G G
Distance ft 3410 1500 1300 1900 1000 3800 1000
Slope % 1.3 1.6 2.3 1.9 2.0 1.6 2.0
Velocity ft/s 2.3 2.6 3.0 2.8 2.8 2.6 2.8
Travel Time min 24.71 9.62 7.22 11.31 5.95 24.36 5.95
Storm Sewer
Distance fr 0 0 0] 0 0 0 0
Slope % .0 .0 .0 .0 .0 .0 .0
Velocity ft/s .0 .0 .0 .0 .0 .0 .0
Travel Time min .00 .00 .00 .00 .00 .00 .00
Drainage Channel
Distance ft 2640 2100 6100 700 0 4800 3300
Velocity ft/s 3.0 3.0 3.0 3.0 .0 3.0 3.0
Travel Time min 14.67 11.67 33.89 3.89 .00 26.67 18.33
TC (minutes) 46.17 26.84 49.44 22.56 16.75 55.09 36.03
TC (hours) .77 .45 .82 .38 .28 .92 .60
R =2 x TC (hours) 1.54 .89 1.65 .75 .56 1.84 1.20
R = 3 x TC (hours) 2.31 1.34 2.47 1.13 .84 2.75 1.80
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Introduction: This project consists of a files search and reconnaissance field survey to iden-
tify known cultural resources within the Hurricane and Mill Creek watersheds and to assess
the potential for as-yet-unrecorded resources. These two watersheds are within and adjacent to
the City of Lufkin in Angelina County, Texas. The larger of the two, Hurricane Creek, arises
within the central and eastern parts of the city and flows southward to join Cedar Creek south-
southwest of town. Cedar Creek is a tributary to Jack Creek, which flows into the Neches
River. The part of the Mill Creek watershed under consideration here encompasses scveral
generally north-flowing tributaries in the north-central part of the city, with Mill Creek itself
being an eastward- and northeastward-flowing tributary of the Angelina River.

This work was done in March—April 1998 by Prewitt and Associates, Inc., for Dodson and
Associates, Inc., of Houston, Texas, as part of a planning study concerning future drainage
improvements along these streams. The study was done for the City of Lufkin, with partial
funding by the Texas Water Development Board. Because of the funding sources, the cultural
resources work was done under Texas Antiquities Committee Archeology Permit No. 1971
from the Texas Historical Commission. The overall goal of the cultural resources effort was to
provide information on known and potential sites so that areas sensitive in terms of cultural
resources can be identified. This will serve as baseline data for the future development of
plans for specific drainage improvement projects.

Setting: The mainstem of Hurricane Creek heads in the middle of town near the intersection
of Chestnut and Dozier Streets (Figure 1). From there, it flows south along the east side of
U.S. Highway 59 to Lufkin Mall where it crosses U.S. Highway 59 and flows southwestward
behind Angelina Mall to Loop 287. Three tributaries join the mainstem along this stretch.
Tributaries 1 and 2 are westward-flowing streams that join at Kiwanis Park and Lufkin Mall,
respectively. Tributary 3 flows to the south and joins just north of Loop 287. Much of this part
of the watershed is urbanized, with substantial commercial development along U.S. Highway
59 and Loop 287 and residential development mostly along the upper parts of Tributaries 1
and 3. Relatively undeveloped are the mainstem between Denman Avenue and Lufkin Mall
and between Angelina Mall and Grace-Dunn Richardson Park (although this stretch flows
through Kiwanis Park and is the route of the Azalea Trail connecting the two parks),
Tributary 1 between Chestnut Street and Kiwanis Park, Tributary 2 between Chestnut Street
and Tulane Road south of Loop 287, and Tributary 3 in and just north of Grace-Du