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1.0 INTRODUCTION

Cedar Park lies in Williamson County, Texas, northwest of Austin along U.S. Highway 183
(Exhibit 1) in the headwaters of Brushy Creek. Four primary drainage ways extend through
Cedar Park: South Brushy Creek (including Buttercup Creek), Cluck Creek, Spanish Oak Creek,
and Blockhouse Creek. Four Natural Resource Conservation Service (NRCS, formerly the Soil
Conservation Service) in-line reservoirs lie in this area: NRCS No. 3, NRCS No. 4, NRCS No.
6, and NRCS No. 7. All of these systems ultimately discharge easterly into Brushy Creek
(Exhibit 2).

1.1 PURPOSE OF THIS REPORT

The purpose of this master plan report is to identify, and quantify current flood conditions along
primary waterways, and evaluate measures to reduce flooding. This report includes hydrologic
analyses to estimate flow rates, hydraulic analyses to determine water surface elevations, a
cursory environmental survey of the area, preliminary construction cost estimates, and
implementation plan. This report does not extensively include an evaluation of flooding in
localized areas due to site grading problems, poor lateral collection systems, etc. This report
does not include any detailed analyses or evaluations of the existing NRCS structures. The
regional watershed-based approach to this study is important in evaluating drainage and flooding
problems on a comprehensive level.

1.2  SPONSORS

Project sponsors include the City of Cedar Park and Texas Water Development Board. These

sponsors have contributed both financial and technical resources for development of this
drainage plan.

1.3 HISTORICAL FLOODING

Growth and development of the city and surrounding area have occurred at an accelerated pace
during the past ten years, compounding flooding problems. Cedar Park is one of the fastest
growing cities in the nation for a city of its size. From a population of 5,161 in 1990, Cedar Park
now includes an urbanized center of over 18,000 residents. It has been difficult for the city to
keep up with the planning necessary to fully address existing drainage problem areas, as well as
potential problem areas caused by new development. The current information available in
Williamson County’s Flood Insurance Study (FIS) reflects the development conditions of the
1980°s.  For the City to employ effective floodplain management in light of significant
development since the 1980’s, a comprehensive regional analysis of the watershed is necessary.

Not only has new development resulted in changes in flood conditions, but prior to the city’s
current development code, existing developments were built in areas that were, or are, in the
flood prone areas. Although the City of Cedar Park does not currently allow construction in the
100-year floodplain, there are many existing homes at risk of damage by high waters because of
their Jow elevations. Also, due to the fact that many low water crossings, culverts, and bridges
were built more than 20 years ago, these structures cannot adequately convey floodwaters to
current standards for an acceptable level of service.
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Routine complaints from residents throughout the City after storm events are typically in the
older parts of town, and can be primarily attributed the absence of local collection and
conveyance systems (e. g. storm sewers, roadside ditches, etc.) Areas along South Cougar
Avenue and upstream of Cedar Park Drive are indicative of these problems. Given the upland
topography in many of these areas, drainage patterns typically include sheet flow across
residential lots, with some conveyance provided in streets. Out of bank flooding also occurs in
the older parts of town adjacent to residences due to undersized natural drainage ways, which are
sometimes ill-defined, poorly maintained, clogged, etc., as are the outfall systems located along
Spanish Oak Creek and Cluck Creek. Another area that routinely experiences flooding problems
includes the subdivision located upstream from the southern tributary of the existing NRCS No.
6 reservoir. The existing reservoir outfall structure produces a flood stage that backs up through
the subdivision resulting in problems for low-lying properties.

1.4 SUMMARY AND CONCLUSIONS

The need to develop a drainage master plan arose through resident concern and the City’s
commitment to provide equitable and efficient levels of service. A watershed-based approach
enables the City and its residents to see known problem areas as part of a dynamic system, and
fundamentally recognizes the interdependencies of reaches within the watershed. This context is
critical in evaluating alternatives for flood hazard reduction.

New development is generally kept safe from flooding through the City’s adopted drainage
criteria and floodplain management ordinance, which also serve to protect upstream and
downstream properties from adverse impacts. However, in older, developed areas, reducing the
risk of flooding is often more difficult, given the constraints of land available for public
improvements and the relative expense of retrofitting drainage improvements. Other factors,
such as environmental sensitivity, also play a role in selecting the best option.

For each problem area identified in the study, several options (structural and non-structural) were
evaluated within the context of the watershed, and in each case, the ensuing recommendation
reflects the best allocation of resources to derive the highest public benefit.

For problem areas along Upper Spanish Oak Creek (refer to Section 4.1), channelization (open
and enclosed) is recommended as a solution. The estimated cost for these improvements would
range between $700,000 and $1,100,000 and would provide immediate 100-year level
protection.

Along Lower Spanish Oak Creek (refer to Section 4.2), an initial creek maintenance project and
the implementation of a maintenance program is recommended to provide flood protection to
approximately 10 structures, at an estimated cost of $150,000 to $200,000. Buyout of repetitive-
loss structures is also recommended for consideration and further study.

The problem areas along Upper Cluck Creek (refer to Section 4.3) are primarily the result of
wastewater crossings which reduce conveyance. Relocating these lines will both increase
conveyance in the channel and present opportunities for sanitary sewer line upgrades. The cost
for these improvements is estimated between $120,000 and $170,000.

2
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In the area near Cedar Park Drive (refer to Section 4.4), the recommended solution is to improve

the localized drainage system, and could be expected to cost between $30,000 and $50,000. This
solution offers some transferability in concept to other areas of the city.

Similarly, the area around South Cougar Avenue would benefit most from localized drainage
improvements and some minor culvert upgrades. The cost of these improvements ranges in
estimate between $40,000 and $70,000.

Finally, to address backwater flooding at NRCS Reservoir No. 6, floodproofing is recommended
for each residential structure. The estimated cost for these measures would likely range from
$5,000 to $10,000 per structure. However, in some instances, acquisition may be a more cost-
effective solution, and further study is recommended to determine the site-specific feasibility,
accounting for repetitive-loss history.

3
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2.0 HYDROLOGIC ANALYSIS
2.1 METHOD OF ANALYSIS

The HEC-1 computer program developed by the Hydrologic Engineering Center of the U. S,
Army Corps of Engineers (USACE) is used in this analysis to estimate peak flow rates for the
10-year, 25-year, 50-year, and 100-year frequency storm events. This section describes the input
parameters used in this study and summarizes the results of the hydrologic analysis. HEC-1
model output is included in Appendix B.

2.2 PRECIPITATION

The design storms used in this analysis include a balanced rainfall distribution with a 3-hour
duration as specified by the City’s drainage criteria. A 24-hour duration design storm was
considered; however, the 3-hour design storm typically produced the same or higher peak flow
rates. Therefore, the 3-hour design storm is used to produce more conservative design peak flow
rates, and to provide consistency with adopted local drainage criteria. The precipitation depths
for each design storm presented in Table 1 are taken from The City of Austin Drainage Criteria
Manual, Chapter 2 Table 2-10.

Table 1 Precipitation Depths

Storm Recurrance Interval
Duration | 10-Year 25-Year 50-Year 100-Year
5-min 0.034 0.044 0.052 0.061

15-min 0.038 0.050 0.058 0.068
60-min 0.092 0.117 0.135 0.154
2-hrs 0.100 0.127 0.146 0.167
3-hrs 0.033 0.043 0.051 0.059

2.2.1 Drainage Area

The watersheds included in this study are delineated using LIDAR topographic information
provided by the City of Cedar Park. Each watershed is subdivided into sub-areas as defined by
critical points of interest along the waterways. Exhibit 2 illustrates watershed delineations and
subareas.

2.2.2 Infiltration Losses

The U.S. Department of Agriculture Natural Resource Conservation Service (NRCS, formerly
the Soil Conservation Service) has developed a rainfall runoff index, the runoff curve number
(CN), which takes into account such factors as soil characteristics, land use/land condition, and
antecedent soil moisture to derive a generalized rainfall runoff relationship for a given area. A
description of these components and the equation for calculating runoff depth from rainfall are
provided below.

4
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The NRCS classifies soils into four hydrologic soil groups: A, B, C and D. These soil groups
indicate the runoff potential of a soil, ranging from a low runoff potential (group A) to a high
runoff potential (group D). Using ESRI’s ArcVIEW software and the Soil Survey Geographic
(SSURGO) database, a composite curve number was calculated for each sub-area in the
watersheds.

The NRCS provides runoff curve numbers for three Antecedent Moisture Conditions (AMCQ): 1,
II and III. AMC 1 represents dry soil conditions and AMC III represents saturated soil
conditions. AMC II, which represents average soil moisture conditions, is assumed for this
analysis. Runoff curve numbers vary from 0 to 100, with the smaller values representing lower
runoff potential and the larger values representing higher runoff potential. CN values between
76 and 81 were calculated for the soil types within the study area. Impervious cover values are
entered separately from CN values into HEC-1 model. It is assumed that 100% runoff is
generated from impervious areas, while runoff from pervious areas is estimated using the
selected CN value and the following equations:

Q = (P-02xSy*/(P +0.8xS) Equation 1
and

CN= 1000/(10+8) Equation 2
where:
= depth of runoff (in),
depth of precipitation (in),

potential maximum retention after runoff begins, and
N = runoff curve number.

QwuTo
l

Land use conditions for existing conditions were determined using aerial photographs, and future
land use conditions are based on zoning maps provided by the City of Cedar Park. Impervious
cover values assigned to each land use are shown below in Table 2.

Table 2: Land Use Categories and Impervious Cover Values

Category Impervious Cover %
Residential 40
Multifamily 65
Comerciad,

General Office 80
Transportation 05

2.2.3 Unit Hydrograph Method

A rainfall/runoff transformation is required to convert rainfall excess (total rainfall minus
infiltration losses) into runoff from a particular subarea. The NRCS unit hydrograph option in
HEC-1 is used in this analysis to generate runoff hydrographs for each defined subarea within
the watersheds.

5
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The dimensionless unit hydrograph developed by the NRCS (Figure 4) was developed by Victor
Mockus and presented in Naticnal Engineering Handbook. Section 4. Hydrology, published by
the U. S. Natural Resource Conservation Service. The dimensionless unit hydrograph has its
ordinate values expressed in a dimensionless ratio q/qp and its abscissa values as t/Tp. This unit
hydrograph has a point of inflection approximately 1.7 times the time to peak (Tp), and the time-
to-peak 0.2 of the time-of-base (Tb) (NRCS, 1985).

1.0

0.8

q/qp (cfs)
] <o fann)
) = [=2%
\ -
7~ ~

&

\¥_
2 3 4 5
t/Tp (hours)

<@
—

Figure 4 NRCS Unit Graph

Input data for this method consists of a single parameter, Tpsc, which is equal to the time (hours)
between the center of mass of rainfall excess and the peak of the unit hydrograph. (NRCS, 1985)
The time to peak of the hydrograph is computed using the following equation:

TPEAK = At/2 + TLAG Equation 3
where:

Teeax = time to peak of the unitgraph (hrs)
At = computation interval / duration of unit excess (hrs)

Tiaa = watershed lag (hrs)

The peak flow rate of the unitgraph is computed using the following equation:

qp = 484A/Teeax Equation 4
where:
qp = peak flow rate of the unitgraph (cfs/in)
A = watershed area (sq mi)

6
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2.2.4 Time of Concentration and Lag Time Computation

The NRCS method assumes that the lag time of a watershed is 60% of the watershed’s time of
concentration. The time of concentration is the time for runoff to travel from the hydraulically
most distant point of the watershed to a point of interest within the watershed (NRCS, 1985). It
may be estimated by calculating and summing the travel time for each sub-reach defined by the
flow type: sheet flow, shallow concentrated flow, roadway, storm sewers and channelized flow.
The methods prescribed in the NRCS’ Technical Release 55 (TRS55) are used to determine the
time of concentrations for each flow segment in this analysis. The watershed parameter
worksheet used to calculate time of concentration and lag time for each subarea is presented in
Appendix B. A detailed discussion of the methods used to estimate travel times for each typical
flow segment is presented below.

¢ Sheet Flow (< 300 feet)

Sheet flow is flow over plane surfaces, and usually occurs in the headwater of streams. With
sheet flow, the friction value (Manning’s n) is an effective roughness coefficient that includes the
effect of raindrop impact, drag over the plane surface, obstacles such as litter, crop ridges, and
rocks, and erosion and transportation of sediment. These n values are for very shallow flow
depths of about 0.1 foot or so. For undeveloped areas, sheet flow lengths may be as long as 300
feet; however, for ultimate development conditions assumptions, the sheet flow distance is
reduced by approximately half in order to represent a more efficient drainage system, commonly
associated with new development. For sheet flow less than 300 feet, travel time is computed as

follows:
Tt = (0.007 x (nxL)*®) /7 (P,% x ™4 Equation 5

where

Tt = travel time (hr),

n = Manning’s roughness coefficient,

L = flow length (ft),

P = Z2-year, 24-hour rainfall (in), and

] = slope of hydraulic grade line (land slope, ft/f).

o Shallow Concentrated Flow

After a maximum of 300 feet, it is assumed that sheet flow becomes “shallow concentrated
flow.” The average velocity for this flow can be determined from the following figure (Figure 5)
in which average velocity is a function of watercourse slope and type of channel.

7
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Figure 5 Average Velocities for Estimating Travel Time in Shallow Concentrated Flow Segments

After determining the average velocity, the following equation is used to compute travel time:

Tt = L/(3600 xV) Equation 6
Where;
Tt = travel time (hr),
L = flow length (ft),
A% = average velocity (ft/s), and
3600 = conversion factor from seconds to hours.

e Open Channel Flow

Open channels are assumed to begin where surveyed cross section information has been
obtained, where channels are visible on aerial photographs, or where blue lines (indicating
streams) appear on United States Geological Survey (USGS) quadrangle sheets. Manning’s
equation or water surface profile information can be used to estimate average flow velocity,

Average flow velocity is usually determined for bank-full elevation. Both open channel and
closed conduit systems can be included.

Manning’s equation is

V o= 149x?xg%/n Equation 7

where

\Y% = average velocity (ft/sec),

r = hydraulic radius (ft) and is equal to a/py,

a = cross sectional flow area (ftz),

Pw = wetted perimeter (ft),

S = slope of the hydraulic grade line (channel slope, fi/ft), and

n = Manning’s roughness coefficient for open channel flow.
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After determining the average velocity, equation 6 is used to compute travel time.

2.3 HYDROGRAPH ROUTING

The Muskingum-Cunge method of stream flow routing is used in this analysis to modify
hydrographs to reflect the effects of translation and attenuation within a channel reach. The
required input for this method includes: channel length, channel slope, Manning’s roughness
coefficient, channel bottom width, and a representative channel side slope. Pond and reservoir
routing is performed using the modified Puls methed.

Relatively small detention ponds specifically constructed for development projects are not
included in the hydrologic model. The effects of these detention ponds on the timing of the peak
is accounted for in the lag time computation.

2.4 COMPUTED PEAK FLOW RATES

The following sections include a summary of computed peak flow rates for each system.
Complete rainfall (depth and distribution) and peak flow rate information was not available for
calibration in this study. USGS regional regression equations were used to evaluate the HEC-1
models. Computed flows are within the confidence limits calculated from the regression
equations.

2.4.1 South Brushy Creek (Including Cluck Creek and Buttercup Creek)
Tables 2 and 3 include a summary of computed peak flow rates for South Brushy Creek

(including Cluck Creek and Buttercup Creek) for existing and ultimate development conditions,
respectively.

9
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Table 3 South Brushy Creek Computed Peak flow Rates (Existing Conditions)

Drainage
HEC-1 Area Computed Peak Flow Rates (cfs)
Node (sq mi) 10-Year  25-Year 50-Year  100-Year |FlowLocation
CLUCK CREEK
Cl 0.860 1,027 1,335 1,566 1,801 |Cedar Park Drive
T1 CON 2.210 2,379 3,112 3,661 4,219 |U/S of Confl. w Trib No. 1
Cluck Creek Tributary No. 1
C3 0.700 1,206 1,555 1,814 2,075 |Cluck Creek Road
CC CON 1.050 1,102 1,458 1,733 2,012 |U/S of Confl. w Cluck Creek
US 183 3.260 3,368 4,433 5,232 6,053 |Total Flow U/S of US 183
S BRSH 4.120 3,823 5,073 6,024 6,993 (U/S of Confl. w South Brushy
BUTTERCUP CREEK
BC1 1.550 1,937 2,551 3,011 3,477 |U/S of Confl w Unnamed Trib.
CCRD 2.120 2,670 3,521 4,159 4,807 |Cluck Creek Road
NRCS 6 4.380 4,853 6,359 7,482 8,621
NRCS 6 5.960 6,665 8,721 10,249 11,802 |Total Flow U/S of NRCS 6
NRCS 6 5.960 64 67 68 70 {Total FlowD/S of NRCS 6
SOUTH BRUSHY CREEK
CC CON 6.550 635 832 974 1,118 |U/S of Confl w Cluck Creek
SBRSH 10.670 4,435 5,880 6,972 8,095 |D/S of Confl w/ Cluck Creek
BCRdA 12.600 5,462 7,403 8,895 10,435 |near U/S from Brushy Crk Rd
NRCS 7 16.180 7,493 10,146 12,186 14,268 |Total Flow 11/S of NRCS 6
INRCS 7 16,180 21 35 48 67 |Total FlowD/S of NRCS 6

NOTE: Computed peak flow rates are based on theoretical design storms and do not necessarily represent the results of a statistically based
storm frequency analysis.
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Table 4 South Brushy Creek Computed Peak flow Rates (Ultimate Conditions)

Drainage
HEC-1 Area Computed Peak Flow Rates (cfs)
Node {(sq mi) 10-Year  25-Year  50-Year 100-Year |Flow Location
CLUCK CREEK
Cl 0.860 1,132 1,442 1,672 1,905 [Cedar Park Drive
T1 CON 2210 2,337 3,275 3,820 4,374 {U/S of Contl. w Trib Ne. 1
Cluck Creek Tributary No. 1
C3 0.700 1,248 1,59 1,853 2,113 | Cluck Creek Road
CC CON 1.050 1,181 1,537 1,812 2,092 |U/3 of Confl. w Cluck Creek
US 183 3.260 3,592 4,661 5,465 6,283 |Total Flow U/S of US 183
S BRSH 4.120 3,986 5212 6,134 7,077 (U/S of Confl. w South Brushy
BUTTERCUP CREEK
BCl1 1.550 2,177 2,795 3,251 3,715 |U/S of Contl w Unnamed Trib.
CCRD 2.120 2,944 3,797 4,429 5,072 |Cluck Creek Road
INRCS 6 4.380 5,467 6,975 8,100 9,235
INRCS 6 5.960 7,439 9,498 11,028 12,581 |Total Flow U/S of NRCS 6
INRCS 6 5.960 65 68 69 157 {Total Flow D/S of NRCS 6
SOUTH BRUSHY CREEK
CC CON 6.550 825 1,660 1,234 1,406 |U/S of Confl w Cluck Creek
SBRSH 10.670 4,619 6,049 7,124 8,229 |I¥S of Contl w/ Cluck Creek
BCRd 12.600 6,059 7,881 9,307 10,792 |near U/S from Brushy Crk Rd
INRCS 7 16,180 8,965 11,749 13,884 16,061 [Total Flow U/S of NRCS 6
NRCS 7 16.180 28 46 65 88 |Total Flow D/S of NRCS 6

NOTE: Computed peak flow rates are based on theoretical design storms and do not necessarily represent the results of a statistically based

storm frequency analysis.

2.4.2 Spanish Oak Creek

Tables 4 and 5 includes a summary of computed peak flow rates for Spanish Oak Creek for
existing and ultimate development conditions, respectively.

Table S Spanish Oak Creek Computed Peak flow Rates (Existing Conditions)

Drainage
HEC-1 Area Computed Peak Flow Rates (cfs)
Node (sq i) 10-Year  25-Year  50-Year  100-Year |Flow Location
SPANISH OAK CREEK
SP1 0.150 152 210 254 299 |Carriage Hills Pond Outflow
CENTRD 0.540 756 993 1,174 1,358 {Century Road
US 183 0.540 616 812 1,001 1,182 |Total Flow /S of US 183
RR 0.790 957 1,218 1,426 1,699 {Total Flow U/S of Railroad
FM 1431 1270 1,856 2,338 2,706 3,079 | Total Flow U/S of FM 1431
FM 1431 1.380 2,040 2,569 2,971 3,380 | Total Flow D/S of FM1431
SOCRK 1.460 2,166 2,727 3,156 3,594 |U/S of Confl on Spaonish Qak
SOCRK 2.580 3,563 4,707 5,534 6,334 |Total Flow at Confl Spanish Oak
NRCS 4 3570 4,597 6,038 7,091 8,114
NRCS 4 5610 6,799 9,004 10,641 12,283 [Total Flow U/S of NRCS 4
NRCS 4 5610 13 20 28 37 | Total flow D/S of NRCS 4

NOTE: Computed peak flow rates are based on theoretical design storms and do not necessarily represent the results of a statisticaily based

storm frequency analysis.

11
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Table 6 Spanish Oak Creek Computed Peak flow Rates (Ultimate Conditions)

Drainage
HEC-1 Area Computed Peak Flow Rates (cfs)
Node (sq mi) 10-Year  25-Year  50-Year  100-Year |Flow Location
SPANISH OAK CREEK
SP1 0.150 154 212 257 302 |Carriage Hills Pond Outflow
CENTRD 0.540 824 1,062 1,242 1,424 |Century Road
US 183 0.540 674 871 1,079 1,245 |Total Flow U/S of US 183
RR 0.790 1,040 1,302 1,515 1,800 |Total Flow U/S of Railrcad
FM 1431 1.270 2,005 2,501 2,884 3,266 |Total Flow U/S of FM 1431
FM 1431 1.380 2,229 2,774 3,192 3,610 |Total Flow D/S of FM1431
SOCRK 1.460 2,366 2,960 3,405 3,853 {U/S of Confl on Spaonish Oak
SOCRK 2.580 3,648 4,814 5,691 6,526 [Total Flow at Confl Spanish Oak
NRCS 4 3.570 4,962 6,451 7,593 8,715
NRCS 4 5610 7,486 9,652 11,354 13,103 |Total Flow 1S of NRCS 4
NRCS 4 5610 15 23 33 42 [Total flow DV/S of NRCS 4

NOTE: Computed peak flow rates are based on theoretical design storms and do not necessarily represent the results of a statistically based
storm frequency analysis.

2.4.3 Blockhouse Creek

Tables 6 and 7 includes a summary of computed peak flow rates for Blockhouse Creek for
existing and ultimate development conditions, respectively.

Table 7 Blockhouse Creek Computed Peak flow Rates (Existing Conditions)

Drainage

HEC-1 Area Computed Peak Flow Rates (cfs)
Node (sq mi) 10-Year  25-Year  50-Year  100-Year |Flow Location
BLOCKHOUSE CREEK
BH1 0.465 764 986 1,153 1,318 [West New Hope Road
US 183 2712 3,643 4,736 5,552 6,382 |Total Flow at US 183
CONFLY 4.158 5,322 6,945 8,145 9,360 [Total flow at confluence 1
CONFL 6.205 7,704 10,046 11,784 13,563 |Total flow at confluence 2

SCS3 7.809 9,326 12,238 14,411 16,632 |U/Sof SCS 3

NOTE: Computed peak flow rates are based on theoretical design storms and do not necessarily represent the results of a statistically based
storm frequency analysis.

Table 8 Blockhouse Creek Computed Peak flow Rates (Ultimate Conditions)

Dramage

HEC-1 Area Computed Peak Flow Rates (cfs)
Node (sq mi) 10-Year  25-Year  50-Year  100-Year |Flow Location
BLOCKHOUSE CREEK
BHI 0.465 829 1,050 1,213 1,379 |West New Hope Road
US 183 2712 3,964 5,067 5,874 6,695 |Total Flowat US 183
CONFLY 4,158 5,866 7,496 8,703 9,934 |Total flow at confluence 1
CONFL 6.205 8,576 10,986 12,754 14,567 |Total flow at confluence 2

SCs3 7.809 10,257 13,219 15,417 17,660 |U/S of SCS 3

NOTE: Computed peak flow rates are based on theoretical desigh storms and do not necessarily represent the results of a sratisticaily based
storm frequency analysis.
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3.0 HYDRAULIC ANALYSIS
3.1 METHOD OF ANALYSIS

Version 3.0 of the HEC-RAS computer program developed by the Hydrologic Engineering
Center (HEC) of the US Army Corps of Engineers is used in this analysis to compute water
surface elevations along the existing channel reach. Water surface elevations are computed for
the 10-year, 25year, 50-year, and 100-year frequency storm events. HEC-RAS model output is
included in Appendix C. The following sections describe the primary model input parameters
and the results of the analysis.

3.1.1 Starting Condition

The starting conditions (downstream boundary condition) are based on the rating curves of the
NRCS reservoirs for South Brushy Creek (including Buttercup Creek), Spanish Oak Creek and
Blockhouse Creek. The starting condition for Cluck Creek is normal depth.

3.1.2 Peak Flow Rates

The computed peak flow rates presented in the previous section are used in this analysis to
compute the 10-year, 25-year, 50-year and 100-year water surface elevations along the creek.

3.1.3 Channel Geometry

Channel cross-section data used in the hydraulic model is taken from light detection and ranging
(LIDAR) survey information collected by Sanborn Colorado, L.L.C. in 2001. The survey
network is referenced to the NAD 83 (1993) horizontal datum, and NAVDS8 vertical datum.
Accuracy of the LIDAR data meets American Society for Photogrammetry & Remote Sensing
(ASPRS) Class 1 standards for large scale maps which includes a 2’ contour interval.

3.1.4 Mannings Roughness Coefficients

For open channel flow, the HEC-RAS computer program computes water surface elevations for
each cross-section based on the energy equation and the standard step method. Typically,
Manning’s equation is used by the program to estimate head losses from one cross-section to the
next, and is dependent on a roughness coefficient input. Channel roughness coefficients
typically range from approximately 0.035 to 0.040 for grass lined channels, may increase to
about 0.06 to 0.10 for poorly maintained channels with high weeds, brush and trees.

3.2 COMPUTED WATER SURFACE ELEVATIONS

Computed water surface elevations for the 10-year, 25-year, 50-year and 100-year frequency
storm events are included in the HEC-RAS output included in Appendlx C along with water
surface profiles. The resulting 100-year floodplain is included in Exhibits 3a through 3e
presented in Appendix A. For comparison, Exhibits 3a through 3e also include published FEMA
base flood (100-year frequency) elevations taken from the effective Flood Insurance Rate Maps
(FIRM) and mapped using the 2001 LIDAR survey data.

13
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The model results indicated the following conveyance system deficiencies:

Along Spanish Qak Creek from Skyview Drive to Bagdad Road; and Cluck Creek from upstream
of Cedar Park Drive to Post Oak Circle. Spanish Oak Creek is general characterized by an ill-
defined channel cross-section that does not contain flood flows. Furthermore, significant head
losses are computed through culvert and bridge structures at FM 1431, the Southern Pacific
Railroad and US Highway 183. Concrete obstructions containing sanitary sewer crossings in
Cluck Creek between Cedar Park Drive and Post Oak Circle result in a significant reduction in
the channel’s conveyance capacity.

14
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4.0 PROPOSED IMPROVEMENTS

Since 1992, the City of Cedar Park has maintained very effective land development regulations,
which includes a comprehensive floodplain management policy that has effectively managed
new development and floodplains within the city limits since 1992. However, many
developments constructed prior to 1992 were situated in flood-prone areas. Most of the flooding
problems identified in this study are associated with older developments.

Specific recommendations to address the problems in six (6) flood prone areas have been
identified as a result of this study, based on input from City of Cedar Park staff and local
knowledge from residents. The proposed improvements include four (4) primary strategies: 1)
Channel clearing and maintenance; 2) Channel improvements; 3) Storm sewer improvements;
and, 4) Culvert upgrades.

The following sections describe these recommendations by area, and Exhibit 4 illustrates the
limits of the proposed improvements. The acquisition of right of way and easements for the
construction of these improvements will be required in most of these areas. Furthermore, these
estimates are intended to provide an order of magnitude of the associated construction cost for
planning purposes only. Detailed field survey and detail design of each solution will be required
to more specifically identify the limits of improvements, estimate quantities and better estimate
actual construction cost.

While the results of the analysis indicate that significant floodplain, culvert and bridge
restrictions exist between FM 1431 and US Highway 183 along Spanish Qak Creek, this area,
which includes Cedar Park’s proposed Downtown District, is being developed under the City’s
current development drainage criteria. The criteria requires the effective management of this
floodplain and flood prone area to ensure no adverse hydrologic or hydraulic impact to upstream
or downstream property owners, and ensure that development in the area is outside the limits of
the 100-year floodplain. Therefore, no recommendations for this area included in this master
plan.

4.1 UPPER SPANISH OAK CREEK

Upper Spanish Oak Creek is almost 100% urbanized, and includes small single family lots and a
poorly defined conveyance way. These 2
photographs show the existing channel looking
downstream at Century Lane.

Development in this area existed prior to the
implementation of effective regulations, which
has resulted in the placement of homes and
structures directly in the path of stormwater
runcff. Necessary structural improvements to
this area will be extremely difficult due to
confined space and very limited right-of-way or
easements. Alternative solutions for this area are
limited to improvements of conveyance systems

Spanish Oak Creek: Looking Downstream From Century Lane

5
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to provide an adequate outfall to adjacent
collection systems. A detention solution for
regulating stormwater runoff was considered;
however, because of the associated outfall system
requirements and effectiveness of that solution, it
was not selected. The only large, undeveloped
tract in this area is located to the north of Spanish
Oak Creek in drainage area SP2 (shown in Exhibit
2). However, given its location in the headwaters,
any detention that could be obtained would prove
inconsequential, considering the small size of the
contributing area. Furthermore, a proposed pond
with adequate storage depth (> 6.0 feet) would still require the construction of an outfall system
downstream. In order to effectively and efficiently reduce flooding in this area, and provide an

outfall drainage system from adjacent properties, an channelized (open and enclosed) system is
recommended.

Spanish Oak Creek: Looking Downstream at Century Lane

Proposed upper Spanish Oak Creek improvements extend an approximate total of 2,000 linear
feet from Bagdad Road to the upstream end of the Walmart detention pond (currently under
construction), located just downstream from Century Lane. The proposed improvements begin
downstream from Bagdad Road, and includes an open channel design (6 bottom width, 3:1 side
slopes, flow depth of approximately 4.5 feet) which extends approximately 800 feet along rear
property lines to just upstream of Doris Lane. At that point the system is conveyed
approximately 450 linear feet in an enclosed 10° X 7’ (width by height) reinforced concrete box
culvert (RCB) adjacent to the residential lots that front Doris Lane. From that point it is again
conveyed in an open channel! system (see previous description) along the back of residential lots
and an existing vacant lot located to the back of the residential lots that front Century Lane. The
length is approximately 350 linear feet. The downstream end of the improvement includes
another enclosed system (10’ X 7° RCB) that extends from the back of the residential lots that
front Century Lane on the west to the headwaters of the Walmart detention pond. The estimated
construction cost of these improvements, including easement acquisition, ranges from $700,000
to $1,100,000, and provide a 100-year level of protection to adjacent properties,

42 LOWER SPANISH OAK CREEK

Spanish Oak Estates lies downstream of FM 1431
along Spanish Oak Creek. This low-lying area
includes large single family lots (ranchettes) and
regularly  experiences  overbank  flooding.
Proposed improvements to lower Spanish Oak
Creek extend approximately 35,000 linear feet
downstream of FM 1431 through the Spanish Oak
Estates subdivision to downstream of Skyview

Drive.

Spanish Qak Creek: Skyview Drive Looking Upstream
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Due to the sensitivity of this area to environmental constraints and regulations, and a low benefit
to cost ratio for structural alternatives, the recommended improvements to this area include the
clearing of heavy brushy and debris, and the implementation of a2 maintenance program in order
to improve conveyance of flood waters. These photographs show the heavy undergrowth at
Skyview Drive, typical through this reach. Buyouts of insurable structures that experience
repeated flooding should also be considered. The estimated cost for initial clearing assuming a
width of 50 to 100 feet along the creek centerline, including easement acquisition, is $150,000 to
$200,000. This improvement would reduce the 100-year floodplain elevations by approximately
I'to 1.5 feet. Thirty structures currently lie within the limits of the computed 100-year floodplain
(ultimate), and the proposed improvements would remove 10 of these structures.

An alternative solution that was considered, but
is not recommended, includes the construction
of an open channel through this reach.
However, due to environmental value of this
riparian stream reach, the destruction would
require a significant environmental mitigation
effort. Furthermore, only a limited number of
property owners (approximately 15), many of
whom currently lie outside the city limits,
would benefit from this very costly
construction project.

. Spanish Qak Creek: Skyview Drive Looking Downstream
An upstream detention alternative is not

feasible because of the limited amount of area available for such a facility. Most of the
watershed is developed, and the large undeveloped tracts located upstream from FM 1431 and
downstream of the railroad are currently being developed as part of the City’s new downtown
project and are not available for this alternative.

4.3 VUPPER CLUCK CREEK

Conveyance in upper Cluck Creek is significantly
restricted by the existence of dam crossing
structures located within the creek that encase
wastewater lines. These wastewater lines appear
to connect dual 6-inch lines extending the length of
the creek. The purpose of the connections is
unknown, but is presumably necessary to provide
overflow relief of the wastewater system from one
side to the other. The removal of these structures
is the most logical first step in relieving existing
floed problems and providing an improved level of
protection. A diversion of flood waters in either

Cluck Creek: Looking Upstream from Prize Oak Drive at Watewater

open or closed conduits is not feasible because of Crossing

urban conflicts and the linear dimension of the water course. A detention sclution for regulating
stormwater runoff was not considered because it could not be strategically located upstream from
the site to sufficiently regulate flow rates through this reach.

7
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Necessary improvements in upper Cluck Creek extend from downstream of Post Oak Circle
through Prize Oak Drive to Cedar Park Drive. Improvements to this channel reach include the
demolition of the 5 existing 6-inch wastewater crossings encased in concrete, and the placement
of a new wastewater line in the bank of the creek to provide necessary capacity. A hydraulic
analysis of the wastewater system will be required in order to develop a specific design solution
for the realignment/re-routing of these systems. This recommendation will provide a 10 to 25
year level of protection to adjacent residents. Preliminary construction cost estimates of the
realignment/re-routing of the system in this area range from $120,000 to $170,000. It is assumed
the majority of this work will occur with in the existing channel and established R.O. W.

4.4 CEDAR PARK DRIVE (UNNAMED TRIBUTARY TO CLUCK CREEK)

This general area has long been a problem for the
residents of Cedar Park who routinely experience
nuisance flooding. Older development areas, such
as this, were constructed prior to current
development requirements with essentially no
provisions for drainage infrastructure (e. g. storm
sewer, roadside ditches, bypass outfall channels or
easement provisions for future upstream
developments, detention ponds, etc). These
developments are normally located in the
headwaters of watersheds and don’t DFCBSS&[’?Iy Cedar Park Drive Low-Watlelar.Cossm. I:-ooing. We (Flow is Fr-om
experience flood damages typically associated with Right1o La

primary drainage ways. As a result, these structures are not subject to significant damage, posing
health and safety risks. However, flood events in this area regularly produce inundation of
driveways, lawns and streets that pose an inconvenience to home owners. Inconveniences
include erosion, post storm debris deposits, temporary access restrictions, etc.

‘,,. :"}
e

et

Improvements in these areas are intended to provide relief from nuisance flooding and bring the
neighborhood’s drainage infrastructure up to an acceptable level of services. They are not
intended to protect properties from significant flood events (i.e. 5-year and greater). The
recommended improvements include the construction of roadside collector ditches (v-shape with
depths ranging from 1 foot to 2 feet) along the up-slope side (north) of Hall Street and Wooten
Street that will collect and convey stormwater runoff to a central location that will then convey
runoff in an open v-shape channel (approximately 2 feet to 4 feet) extending toward the south to
near upstream of Cedar Park Drive. The improvement will also include culvert crossings at Hall
Street and Wooten Street. The total estimated construction cost ranges from $30,000 to $50,000.
The results of this project would benefit the City by providing an infrastructure template to be
used in other parts of the City, and address citizen input.

18
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4.5 SOUTH COUGAR AVENUE
(UNNAMED TRIBUTARY TO SOUTH
BRUSHY)

Sheet flow collects in very shallow inadequate
roadside ditches that extend along Cougar
Avenue and Brushy Creek. Existing culverts in
Cougar Avenue and Brushy Creek include a 24-
inch and 30-inch diameter pipe, respectively.
Both structures provide very poor conveyance |
due to the collection of silt and debris. Laoking Nartherly Along Caugar Avenue (Upstream)

Similarly, improvements in these areas are intended to provide relief from nuisance flooding and
bring the neighborhood’s drainage infrastructure up to an acceptable level of service. They are
not intended to protect properties from
significant flood events (i.e. S-year and greater).
Recommended local drainage improvements to
this area include improvements to the roadside
ditches extending along Cougar Avenue and
South Brushy Creek Road. The improvements
include a v-shaped ditch ranging in depth from 2
feet to 4 feet and culvert crossings of Cougar
Avenue (2 - 36” reinforced concrete pipe (RCP))
and South Brushy Creek Road (2 - 36” RCP).
The improvements will also include the
replacement of 8 to 10 driveway culverts. The Looking Westerly Along Brushy Creek Road (Upstream)
total estimated construction cost ranges from $40,000 to $70,000.

4.6 RIVIERA AT NRCS RESERVOIR NO. 6

Flood proofing of residences or buyouts of
insurable structures that experience repeated
flooding should be the primary consideration in
this area. Structures located in low-lying areas will
continue to be subject to flooding due to the
backwater effects of NRCS reservoir No. 6.
Currently 9 properties lie within this 100-year
backwater floodplain. Flood proofing measures
for residential structures can vary from $5,000 to
10,000 in cost whereas buyout cost could average
$100,000 per home.

Looking Downstream at Riviera Drive Toward NRCS No. 6

Due to the fact that this is a backwater condition from NRCS reservoir No. 6, channel
improvements would not be effective. Also, the City of Cedar Park does not control the NRCS
Dam No. 6, and improvements to such a large structure would not be allowed.
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3.0 IMPLEMENTATION PLAN
5.1 REGULATORY COMPLIANCE

Prior to commencement of construction, it will be necessary to submit the project and
appropriate permit applications to regulatory agencies. A detailed review and acquisition of the
necessary permits for the construction of these project(s) exceeds the scope of this contract.
However, a partial list and brief discussion of permits is included in the following subsections.
This following list of agencies and corresponding permit activities is intended to be general in
nature, and is not intended to represent a definitive list of required permit acquisitions and
agency coordination.

5.1.1 Federal Emergency Management Agency (FEMA)

The National Flood Insurance Act of 1968 was enacted by Title XIII of the Housing and Urban
Development Act of 1968 (Public Law 90-448, August 1, 1968) to provide previously
unavailable flood insurance protection to property owners in flood prone areas. The Federal
Emergency Management Agency (FEMA) administers the National Flood Insurance Program
(NFIP), however, if a local community elects to participate in the NFIP, the local government is
primarily responsible for enforcement. Participating communities are typically covered by flood
insurance studies (FIS) which define water surface profiles and floodplain boundaries through
their communities.

All streams included in this hydraulic analysis are studied streams in the current Williamson
County FIS dated July 1990, revised January 3, 1997. The effective Flood Insurance Rate Maps
(FIRM) is dated September 27, 1991. Although various letters of map revision (LOMR) have
been issued by FEMA throughout Cedar Park, floodplain elevations on original maps have not
been revised.

The recommended drainage improvement projects summarized in this report are intended to
reduce floodplain limits. However, if changes to the current effective FEMA floodplain
elevations are desirable based on the results of this study, or from the proposed improvements, a
request for a LOMR from FEMA will be required.

5.1.2 U.S. Army Corps of Engineers (USACOE)

Pursuant to Section 404 of the Clean Water Act and the Rules and Regulations promulgated
thereunder by the United States Environmental Protection Agency (EPA) and the United States
Army Corps of Engineers (USACE), the filling or excavation of waters of the United States,
including wetlands, with dredged or fill material, requires the issuance of a permit from the
USACE (33 CFR Parts 320-330). For purposes of administering the Section 404 permit
program, the USACE defines wetlands as follows:

Those areas that are inundated or saturated by surface or groundwater at a
Jrequency and duration sufficient to support, and that under normal
circumstances do support, a prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include swamps, marshes, bogs
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and similar areas. (33 CFR 328.3)

The Corps of Engineers Wetlands Delineation Manual (Technical Report Y-87-1), issued by the
USACE, in 1987, states that wetlands must possess three essential characteristics. These
characteristics include, under normal circumstances: 1) the presence of hydrophytic (water-
loving) vegetation, 2) hydric soils, and 3) wetland hydrology. If all three of these criteria are
present on a particular property in areas larger than one-third acre in size, then a permit (general
permit or nationwide permit) must be issued by the USACE in order to fill all or a portion of
those areas.

Section 404 (b)(1) guidelines (40 CFR Part 230), established by the U. S. Environmental
Protection Agency, constitute the substantive environmental criteria used in the evaluating
activities regulated under Section 404 of the Clear Water Act. The purpose of these guidelines is
to restore and maintain the chemical physical and biological integrity of waters of the United
states through the control of discharge of dredged or fill material.

All property owners within the United States and its territories must adhere to the provisions of
the Clean Water Act. If any contemplated activity might impact waters of the United States,
including adjacent or isolated wetlands a permit application must be made. If jurisdictional
wetlands are found to exist, then any activity which would involve filling, excavating, or
dredging these wetlands would require the issuance of a permit.

5.1.3 U. S. Environmental Protection Agency (EPA)

The Federal Clean Water Act of 1972 established several programs designed to protect and
enhance the quality of the Nation’s surface water. One of these programs, the National Pollutant
Discharge Elimination Systems (NPDES) regulates construction activities disturbing more than
five (5) acres of land. Any proposed project that involves clearing, grading, or excavating will
be covered under the NPDES Storm Water Permit for Construction Activities as long as the
project complies with the Storm Water Pollution Prevention Plan (SWPPP) and all other
conditions associated with the NPDES storm water construction permit.

In addition, a Notice of Intent (NOI) must be filed with the U. S. Environmental Protection
Agency at least 48 hours in advance of construction activities. Changes to the timing of the
notification should be tracked to ensure that construction delays do not result from inadequate
advance notification.

3.1.4 U. S. Fish and Wildlife Service (USFWS)

The U. 8. Fish and Wildlife Service (USFWS), in the Department of the Interior, and the
National Marine Fisheries Service (NMFS), in the Department of Commerce, share
responsibility for administration of the Endangered Species Act (ESA). Generally the USFWS is
responsible for terrestrial and freshwater species and migratory birds, while the NMFS deals with
those species occurring in marine environments and anadromous fish.

I
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Section 9 of the ESA prohibits take of federally listed endangered or threatened species without
appropriate authorization. Take is defined in the ESA, in part as “killing, harming, or
harassment” of a federally listed species, while incidental take is take that is “incidental to, and
not the purpose of, otherwise lawful activities”.

Section 10 of the ESA provides a means for non-Federal projects resulting in take of listed
species to be permitted subject to carefully prescribed conditions. Application for an incidental
take permit is subject to a number of requirements, including preparation of a Habitat
Conservation Plan by the applicant. In processing an incidental take permit application, the
USFWS must comply with appropriate environmental laws, including the National
Environmental Policy Act. Review of the application under Section 7 of the ESA is also
required to ensure that permit issuance is not likely to jeopardize listed species. Section 10

issuance criteria require the USFWS to issue and incidental take permit if, after opportunity for
public comment, it finds that:

1. the taking will be incidental;
the applicant will, to the maximum extent practicable, minimizing and
mitigate the impacts of the taking;

3. the applicant will ensure that adequate funding and means to deal with
unforeseen circumstances will be provided;

4. the taking will not appreciably reduce the likelihood of the survival and
recovery of the species in the wild; and

5. the applicant will ensure that other measures that the USFWS may require as
being necessary or appropriate will be provided.

The U. S. Fish and Wildlife Service should be contacted to determine the potential
occurrence of and consequent impacts to any federal threatened and endangered species.
In addition, the Corps of Engineers will require USFWS review of the project to ensure
the project is in compliance with the Endangered Species Act prior to the issuance of a
Section 404 permit.

3.1.5 Texas Commission on Environmental Quality (TCEQ)

The Texas Commission on Environmental Quality (TCEQ) has regulatory authority over: dam
safety, the Edwards Aquifer, water rights, Texas Pollutant Discharge Elimination System and
Section 404(b)(1) guidelines for specification of disposal sites for dredged or fill material. The
following sections briefly describe these regulations.

¢ Edwards Aquifer Rules

The Edwards Rules (30 TAC Chapter 213) regulate activities having the potential for polluting
the Edwards Aquifer and associated surface waters. The goals of the rules are the protection of
existing and potential uses of groundwater and the maintenance of Texas Surface Water Quality
Standards. The activities addressed are those that pose a threat to water quality in the recharge
and transition zones. The rules apply in the Edwards Aquifer recharge, transition, and
contributing zones. The limits of this project(s) lie within the Edwards Aquifer contributing
zone, and will require compliance with the Edwards Rules published June 1, 1999.

5
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Construction of any regulated activity will require the submission of an application to, and the
approval of the TNRCC. Each application is required to include the following:

1. Name of the development;

2. A narrative description of the location of the project;

3. A technical report (includes information prepared for NPDES SWPPP,
description of permanent BMP’s, measured to control stream bank erosion,
method of wastewater disposal from the site, measures that will be used to
contain any spill of static hydrocarbons or hazardous substances such as on a
roadway or from a pipeline or temporary aboveground storage tank and
indicate placement of permanent aboveground storage tank facilities
(§213.24)); and

4. Any additional information needed by the executive director for plan
approval.

¢ Texas Pollutant Discharge Elimination System (TPDES)

On September 14, 1998, the U.S. Environmental Protection Agency (EPA) authorized Texas to
implement its Texas Pollutant Discharge Elimination System (TPDES) program. TPDES is the
state program to carry out the National Pollutant Discharge Elimination System (NPDES), a
federal regulatory program to control discharges of pollutants to surface waters of the United
States. The Texas Natural Resource Conservation Commission (TNRCC) will regulate the
program. However, under terms of NPDES authorization, the EPA will retain administration of
all EPA-issued storm water general permits until the existing permits expire. The expiration date
for existing construction permits is July 7, 2003.

e Section 401 Water Quality Certification

Any activity requiring authorization under Section 404 of the Clean Water Act will also require a
Section 401 water quality certification from the TNRCC. In Texas, these regulations are
administered by the TNRCC.

o Texas Historical Commission

The Division of Antiquities Protection of the Texas Historical Commission coordinates the
program by identifying and protecting important archeological and historic sites that may be
threatened by public construction projects. This department coordinates the nomination of
numerous sites as State Archeological Landmarks or for listing in the National Register of
Historic Places. Designation is often sought by interested parties as the most effective way to
protect archeological sites threatened by new development or vandalism. Applicable rules are
found in the Texas Administrative Code, Title 13-Cultural Resources, Part II-Texas Historical
Commission, Chapters 24-28.
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The Corps of Engineers will require that the State Historical Preservation Officer (SHPO) review

the project to ensure the project is in compliance with the National Historic Act prior to issuance
of a Section 404 permit.

3.2 ENVIRONMENTAL INVENTORY

The environmental issues of this report have been developed by reference to existing information
in published reports, maps, aerial photography, unpublished documents and communications
from government agencies, individuals, and private organizations. These issues have been
summarized to provide a general review level area studied. Generally, this discussion presents a
cursory, screening level perspective on the environmental issues that may affect the study area.

Important species may be considered the local dominant (most abundant) species, species having
some economic or recreational importance, those exhibiting disproportionate habitat impacts
(habitat formers) as well as species listed, or proposed for listing, by either the State of Texas or
the federal government (protected species) or Texas Organization for Endangered Species
(TOES). There are numerous unlisted species which are still of concern (due to their rarity,
restricted distribution direct exploitation, or habitat vulnerability), yet have not been included in
the following discussions. Typically, the level of detail required to obtain the distribution and
life history of these species, so as to produce a substantive evaluation, would be beyond the
scope of this screening level survey,

5.2.1 Wetlands Inventory

Based on the information provided on the U. S. Fish and Wildlife Service (USFWS) Inventory
Maps dated 1992 (based on 7 %2 minute USGS Quadrangle, Lake Travis, Texas), the study area
includes all four creeks studied. The following table provides a breakdown of the wetland
designations presented on the inventory map.
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Table 9 Wetlands Inventory
Identified Feature | Symboal System Subsystem Class Subclass Water Regime | Special Modifiers
Spanish Oak Creek [POWEHh  |Palustrine |n/a Open Watet/ na Permanently  |dikedimpounded
Unknown Bottom Flooded
PFO1A Palustrine |n/a Forested Broad-Leaved |Temporarily in/a
Deciduous Flooded
FFOlAh  |Palustrine |n/a Forested Bread-Leaved |Temporanly  |diked/impounded
Deciduous Flooded
L1IOWHh |Lacustrine |Limnetic Open Water/ n/a Permanently  |diked/impounded
Unknown Bottom Flooded
Blockhouse Creek | FFO1A Palustrine |n/a Forested Broad-Leaved |Temporarily |n/a
Deciducus Flooded
FFOlAh  |Palustrine |n/a Forested Broad-Leaved |Temporarily  |diked/impounded
Deciduous Flooded
LIOWHh |Lacustrine |Limnetic Open Water/ na Permanently  |diked/impounded
Unknown Bottom Flooded
POWHh  |Palustrine |n/a Open Water/ na Permanently  |diked/impounded
Unknown Bottom Flooded
POWHh  |Palustrine |n/a Open Water/ wa Permanently  |diked/impounded
Cluck Creek Unknown Bottom Flooded
PFO1A Palustrine  |r/a Forested Broad-Leaved |Temporarily in/a
Deciduous Flooded
South Brushy Creeck |POWHh  [Palustrine |n/a Open Water/ n/a Permanently | diked/impounded
(including Buttercup Unknown Bottom Flooded
Creek)
PEM1AR
LIOWHh |Lacustrine |Limmetic Open Water/ na Permanently  |diked/impounded
Unknown Bottom Flooded
PFO1A Palustrine  |n/a Forested Broad-Leaved |Temporarily |n/a
Deciduous Flooded
R4SBC Riverine Seasonally na
Intermuttent | Strearmnbed n/a Flooded

3.2.2 Wildlife Habitat

Important species known to occur in Williamson County, and which may have habitat within the
study area are listed in Table 12. This is a comprehensive list of species and their preferred
habitats that have the potential to be present; however, it is not based on a detailed habitat

assessment of the area.
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Table 10 Important Species Having Habitat or Known to Occur

Listing Entity
Potential Qceurrence
Common Name Scientific Name Summary of Habitat Preference USFWS1 TPWD1L TOES23 In County
American Peregrine Falcon Falco peregrinus anam Open counuy; cliffs E E Nestmg/Migrant.
Arctic Peregrine Falcon Falco peregrinus wodrius Open country; eliffs T T Nesting/Migrant
Black-capped Vireo Vireo atricapillug Semi-open broad.] d shrubland E E T Nesting/Migrant
Blanco Blind Salamander Euryeea robusta Troglebitic; Stream bed of the Blanco River T T Resident
Blaneo River Springs Salamander Eurycea pterophila Subaquatic; Springs and caves of the Blanco River Resident
Blue Sucker Cycleptus elongatus Chennels and flowing pools with exposed bedrock T WL Resident
Bracted Twistflower Streplanthus bracteatus Endemic; Shallow clay soils over limestone; rocky slopes E Resident
Cagle's Map Turtle CGraptemys caglei Waters of the Guadelupe River Basin c c Resident
Canyon Mock-Orange Phitadelphus ernestii Edwards Plateau wL Resident
Cascade Cavemy Salamander Eurycea latitans Endemic; Subaguatic; Springs and caves T T Resident
Colonial & cave dwelling; hibernates in limestone caves of
Cave Myoeis Bar Myotis velifer Edwards Plateau Resident
Comal Blind Salamander Eurycen ridentifera Endenic: Semi-troglobitic; Springs and waters of caves T T Revident
Comal Springs Dryopid Beetle Stygoparnus comalensis Cling 1o objects in streame; adults fly especially at night E Revident
Comal Springs Riffle Beetle Heterelmis comalensis Comal and Sen Marcos Springs E Renident
Comal Springs Salamander Furyceasp. § Endemic; Camnai Springs Resident
Dark Nosebum Tragia nigricans Desiduous woodlands, clay or clay loariw, mesic canyons WL Resident
Edwards Aquifer Diving Beetle Haideoporus texenus Habitat poorly known; known from artesian well Resident
Edwards Platean Spring Salamande Euryceasp. 7 Troglobitic; Edwarda Plateay Resident
Flint's Net-Spinning Caddisfly Cheumnatopsyche flinti “a apring” Resident
Fourttain Darter Etheostoma fonticela San Marces and Comal rivers, springr and spring-fed streams E E E Resident.
Golden-Checked Warbler Dendroica chrysaparia Woodlards with oaks and old juniper E E E Nesting/Migrant
Guadalupe Bass Micropteris treculi Streams of eastern Edwards Plateau WL Resident
Weedy fieids or cut over aress; bare ground for running and
Henslow's Sparrow Ammodramua henslowii walking Nesting/Migrant
Hill Country Wild-Marcury Atrgythamnia aphoroides Shallow to moderately deep clays; live cak wondlandt WL Resident
Horseshice Liptooth Polygyra hippocrepis Stesp, wooded hillsides of Land Park in New Braunfels Resident
Keeled Earless Lizard Holbrockia propinqua Coastal dunes, Basrier islands and sandy areas Resident
Lindheimer’s Tickseed Desmodium lindheimeri Pr flowern in mid. WL Resident
Peck’s Cave Amphipod Stygobromus pecki Underground in Edwards aguifer B Resident
Plaing Spotted Skunk Spilogale putoriuy interrupta Catholic, Wooded, brushy areas and taligrass prairies Resident
San Marcos Gambusia {extirpated) Gambusia geargei Endemic; upper San Marcos River E E E Resident
3an Marcos Saddle-case Caddisfly Protoptila area Swift; well-oxygenated warm water 1.2 m deep Resident
San Mercos Salamander Eurycea nana Headwaters of the $an Marcos River T T T Resident
Spot-tailed Earless Lizard Holbrookia lacerata Qak-junip diznds and prickly pear Resident
Texar Amorpha Amorpha roemeriana Resident
Treglobitie; Caverns elong 6 mile stretch of San Marcos
Texas Blind Selamander Eurycea rathbuni Springs Fault E E T Resident
Texan Garter Snake Thamnophis sirtalis annectens Varied, especially wet areas; bottomiands and pastures Resident
Texas Horned Lizard Phrynosoma cormumm Varied, sparsely vegetated uplanda T T Resident
Endemir; Limestone cliffs and boulders in mesic stream
Texay Mock-Orange Philadelphus texensiy bettorw and canyons WL Retident
Edwards Aquifer creek gravel bottoms, emergent vegetation,
Texat Salamander Eurycea nectenes underground & rock ledges Resident
Texas Wild-Rice Zizania texana Upper 2.5 km of the San Marcos River E E E Resident
Oak-juniper woodlands in mountain canyons; terraces along
Warnock's Coral Root Hexalectris warnockii creckbeds Residett
Whooping Crane Jrus americans Potential migrant E E E Migrmt
Arid, open country including deciduous or pine-osk
Zone-tailed Hawk Buteo albonolatus woodiand: nests in various habitats and sitey T T Nesting/Migrant

E =Endangered
T = Threatened

E/PT = Proposed Endangered or Threatened

C = Candidate Category, Substantial Information
WL = Conservation Watch List
Blank = Rare, but no regulatory listing status

1 Texas Parks and Wildlife Department. Unpublished 1999, September 1999, Data and map files of the Texas Biological and Conservation Data System maintained by TPWD
‘Wildlife Diversity Branch, Resource Protection Division, Austin, Texas.

2 Texas Crganization for Endangered Species (TOES). 1995. Endangered, threatened, and watch list of Texas vertebrates. TOES Publication 10, Austin, Texas. 22 pp.

3 Texas Crganization for Endangered Species (TOES). 1993. Endangered, threatened, and watch list of Texas plants. TOES Publication 9. Austin, Texas. 32 .

4 Texas Organization for Endangered Species (TOES). 1988. Invertebrates of Special Concern. TOES Publication 7. Austin, Texas. 17 PP
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5.3 CONSTRUCTION PHASING

Construction phasing should generally move from downstream to upstream. Since these projects
are not hydraulically connected, or dependant upon another for implementation, these projects
could be constructed in any sequence. Time required for the acquisition of right-of-way or
easements, and input from the public, and the availability of funds are more likely to influence
phasing of construction.
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6.0 REFERENCES
City of Austin, Texas

Drainage Criteria

Espey Consultants, Inc.
Cypress Creek Commercial Development Cedar Park, TX
Hydrologic Impact Analysis
November 2001

Espey Padden Consultants, Inc.
Windsor Crossing Development
Improvements to Spanish Oak Creek
February 2000

Espey Padden Consultants, Inc.
Wal Mart Store No. 2991 Cedar Park, Texas
Stormwater Detention Plan
October 2000

Federal Emergency Management Agency, Federal Insurance Administration
Flood Insurance Study, Williamson County, Texas and Incorporated Areas
September 1991

Longaro & Clark, Inc.
Quest FEMA Letter of Map Revision Report
January 10, 1998

Texas Department of Water Resources
Phase I Inspection Report
National Dam Safety Program
Upper Brushy Creek WS Site No. 6
Date of Inspection: Ausgust 12, 1980

Turner Collie & Braden, Inc.
Drainage Master Plan Revision for Silverado
August 6, 2001

US Army Corps of Engineers, Hydrologic Engineering Center (HEC)
Flood Frequency Analysis User’s Manual
May 1992
February 1995

US Army Corps of Engineers, Hydrologic Engineering Center (HEC)
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September 1990

8
Plactivei2000-43 Cdr Pri MDP\report\020607report n.doc % September 2002



Cedar Park Master Drainage Plan

US Army Corps of Engineers, Hydrologic Engineering Center (HEC)
HEC-RAS River Analysis System
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APPENDIX A - EXHIBITS

Exhibit 1 Site Location

Exhibit 2 Drainage Area

Exhibit 3 Floodplain Delineations

Exhibit 4 Problem Areas and Recommended Solutions
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Blockhouse Creek Existing Conditions Page 10f 8
COA - 100yr
6/6/2002

e R R R e R R e L L L T,

AR R A R L 2 T L T L R T v
. -

- FLCOD HYDPOGRAPH PACKAGE (HES-1) - e UJ.S. ARMY CORPS OF ENGINEERS *
¥ MAY 1991 - - HYDROLOGIC EWGINEERING TENTER M
- YERSION 1.0.1 * * 308 SECOND STREET -
e Lahey F7TL-EM/:Z vers i * CAVIS, CALIFCRNIA 3S616 i
v Dedson 4 Assaciatszs, * M (516} 531-1748 +
O PUN DATE  26/06/02 TIME  Z3:43:37 * * *
N

R R R T AN, R e R R A B N T T AU

1 %
“Z 4
X kit
AL X I
pawy ol LK

THIS TPOGRRM REFLACES ALL PPEVIOUS VERSIONE oF HEC-1 KNOWN AS WECI (JAN 73}, HEC1GS, HECLDB, AND HECLKW.

THE DEFINITIONS TF VARIABLES -RTIMP- ZND -RTIOP- HAVE CHANGED FROM THGSE USED WITH THE 1972-3TYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 218 SEF 21. THIS IS THE FORTRANTT VERSIOH
YEW OPTIONS: DAMBREAK JUTFLOW SUBMERGENTZ , SINGLE ZVERT DAMAGE CALCULATION, DSS:#RITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LO35 RATE:GREEN AND AaMPT INFILTRATION

HINEMATIC WAVE: NEW FINITE DIFFERENGCE ALGORITEM

Espey Consultants, Inc. Priaetver2000-+43 Cdr Pric MDPHEC N\ EYISBLIH.OH



Blockhouse Creek Existing Conditions

COA - 100vr
6/6/2002

LINE

[
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15
16
17

Espey Consuitants, Inc.

Page 2 0f §

AEC-1 INEUT FAGE 1
0 S [ 5
*DIAGRAM
D COCP STUDY oeiiivevnnann.. CEDAR PARK, TEXAS
D Existing Tonditicns i -..FEB 2002
iD BLOCYHOUSE TREEK........ «.. TILENAME: ZXISBLOCKHOUSE.IKL
0 PROJECT HOZDO0-42............. ESPEY CTONSULTANTZ, INC.
IiT 3 0D1FEBO2 060 700
I0 5
.
KK B8H1
¥o z1
* 3C2 Type © Ralnfall Fattern
=M 100 YEAR
in 2 71FER02 nono
Pl DI 9,061 .64 ).068 HG73 0.077 0.283 u.oge 0,298 N.108
PI 0..939 0.135 PRpE-Y S ).i81 . n.275 0.269 0.549 0.290 2.713
PI 0.442 9.216 .24 .19 1. LE7 0,144 0.u24 2.113 n.:102 0.9%4
?I 0,087 3,080 2.074 3,068 n.0el J.059
* 30 YEAR
* 05 D1FEBO2 2000
- b N.Ge2 0.05%% 0.358 2.082 1.267 0,072 0.077 G.085 0.054
0,104 G177 D.125 0,183 D192 0.244 0,329 0.494 N.910 0.648
*3.393 3.281 0.:16 .17 0.215 1,128 0.111 0.099 0.083 2.0B1
* o 9.07% 0.06% 0.085 9.061 0.057 .us4 0.051
* 28 YEAR
* S 21FEBO2 0go0
*4.000 .044 0,047 N.J8) 0,082 1,357 0.061 0,067 0.273 0.0B0
+ 0.089 0.101 Q.:17 H..38 0. L66 n.214 0.291 0.540 0.320 0,520
v 9.352 0.247 0.129 N..81 n.l27 .19 0,056 9.085 N.076 Q.069
* . 0B4 9.060 9.,95% 90.25L 0.043 1.G44 0,043
* 10 YEAR
* 5 0LFEBQ2 10400
* 0.200 0.034 D038 0,333 CLedl 1,084 0,047 0.981 0.087 D.083
R el ] 3 0,103 t.124 0,58 0,720 [FS:1 )
+o0.280 G, 0,121 0,130 0.06% J.088 3.054
*  9.050 a 0.340 Q.027
BA 4652
L3 D] 80 27
un 4743
KK usis:
¥ ROUTE THUR BHZ TO US 183
RD 5800 .005 -] TRAP M 3
KE BH2
3A 2.747
s 3 30 27
un 7056

Practive\2000-43 Car Pric MDP\HEC NEXTSBLEA OH 1



Blockhouse Creelc Existing Conditions

COA - 100yr
6/6/2002
LINE ID..
25 EH
26 KM
o7 HC
28 KK
9 KM
0 e
31 ie)
iz KK
33 BA
24 s
25 e}
:
36 829
37 BA
ig L5
9 D
40 KK
41 =M
iz M
42 HC
.
44 K
45 KM
46 KM
47 AD
:
48 KK
45 3A
30 it
Si uD
<2 YK
£3 ¥M
£4 iss
:
g KX
36 M
37 RD

Espey Consultants, Inc.

HEC-1

—
[
Lo
4.

us1al
COMBINE BHL AND BH2 AT US 182

CONFL
POUTE COMBINED HYDROGRAPHS THRU
aND BLOCKHOUSE TREEE TRIE 2
5960 .ul0 .08

BH2

.6901
1) &0

L7287

ra

2HL
L7561

0 20 7
.3763

CONFLY
CCMBINE 3 HYDROGRAPHS AT
AND 3LOCKHOUSE TRIB 2

CONFL
ROUTE COMBINED HYDROGRAEES THRU
AND BLOCKHOUSE CREEK TRIB :
2400 .013 UK

BHS

.047
Q a0 27

L3280

ZONFL
CCMBINE 2 HYDROGRATPHS

<

SC32
ROUTE COMBINED HYDROGRAPHEZ THRU
5500 .015 .05

ZOMFLUENCE OF BLGT

Page 3of 8

INPUT

BH2 TO TONFLUENCE OF BLOCKHOUSE CREEW

TRAP 1 5

HOUSE TREEK

3HS TO CONFLUENCE BLOCKHOUSE CREEK

TRAP 1 5

BHS TO SC3Z HO. 2

TRAP i 10

Priactives2(00-43 Cdr Prc A(DP\HEC NEXISBLIZR.OH !



Blockhouse Creek Existing Conditions Page 4 of 8
COA - 100yr

HEC-1 INPUT FAGE 3

LINE ..., oo oo, S deei, 5.nnn.. Gurernns LIPS IR J......10
L KK BHG
58 8A  1.504
60 g o g0 7
51 up 5975
52 KE 2
52 KM  COMBINE 2 HYDROGRAFHS AT ICE 0. 2
54 4c E

.
5% KK sce3
65 M ROUTE ALL HYDROGRAPHS THRU 505 2
57 ps L 3TOR -1
EE v 170 579 547 1195 1830 2153 2746 3481 2668 2861
K2 SV 406l 1268 4088 4Tl 4363 3201 478 572 5332 4319
D SE 876.7  880.2  883.5 $87.10 290.50 834.10  897.5 901 901.3  20Z.5
1 SE 9034 904.2 B05.00  505.3  A05.7 507.30 SO0B.40  909.2 01010 a1l
w2 5Q 9 2 3 10 17 31 56 24 1065
7 5@ 223 344F 5080 TI7Z 3121 14308 IB568 62327 34222 130730

.
7 2z

Espey Consultants, Inc, Prlacnves2000-43 Cir Pric MDPVHEC NEXISBLKH.OF |



Blockhouse Creek Existing Conditions

COA - 100yr
SCHEMATIC DIAGRAM OF STREAM HETWORK
IMPUT
LINE V) ROUTING {===>) DIVERSIYN SR PUMP SLOW
0. f.) CONNECTOR {<«-—p RBETURN OF DIVERTED OR ZUMPED FLOW
7 BH1
K
i
13 usigs
21 BH2
25 JE18Z..... ..l
°
28 CONFL
32 SH2
36 BH4
40 CONE LY . et i et e e e
v
v
114 TONFL
i8 BHS
<2 CONFL. ., iuvuurun.
7
v
55 032
ZB BHE
62 SCE3. . e
v
W
a5 §T82

(++4y

RUNOFE ALSO COMPUTED AT THIS LOCATION

Espey Consuitants, Inc.

Page S of 8

Practme\2000-43 Cdr Prik MDP'HEC ! EXISBLAH OH!



Blockhouse Creek Existing Conditions

COA - 100yr
6/6/2002

R R R R L iy A

+
v FLOOD HYDPOGRAPH PACKAGE (HEC-1)
> MAY 1951

A YERSION 1.9.1E

- Lahey FL~EM/ L2 sien 9.401

- Ood=on 5 Asscciatz=, Ing,

" RUN DATE 06/96/02 TIME

23:83:27

L

e R P

COCP 3TUDY ..
Bzisting fConditicons Analyeis....
BLOCKHOUSE CREEK
PROJECT HO2000-43

)
IERNT 5
ZPLOT a
QSCAL a.
iT HYDRCGPAPH TIME DATA
WMIN B
ICATE LFEB Z
ITTHE J0o00n
Q) TR
UDDATE IFEB =
IOTIME insT7
ICENT 19

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA
FRECIFITATICN DEPTH
LENGTH, ELEVATION
FLOW
STORAGE VOLUME
SURFACE AREA
TEMPERATURE

LR A s S o TR T T,

PR

-

7 KK *

v

BHLI *

-

R

IFRNT
IPLOT
QSCAL
IPNCH
out
ISAavVL
TEAV2
TIMINT

Espey Consultants, Inc.

p=

QUTPUT CONTPOL VARIABLES

FEB 2002

PRINT TOMTRCL
PLOT TONTROL
HYDROGFARH PLOT

SCALE

MINUTES Iif TUMPUTATICN INTEEVAL
STARTING DATE

STARTING TIME

HUMBER OF HYDROGRAPH - JRDINATES
ZHDING DATE

INDIUG TIME

CENTURY MARK

7.J% HOURE
34,35 HOUES

SQUARE MILES

INCHES

TEET

TUBIC FEET PER SECOND
ACRE-FEET

ACRES

DEGREES FAHRENHEIT™

vEd ok Ed

fhd v ww e

CUTPUT CONTPOL VARIABLES

EEe e wew L d Rk

FRINT ZONTROL

FLOT CONTROL

HYDRCGRAPH PLOT SCALE

FUNCH COMPUTED HYDROGRAPH

SAVE HYDROGRAPH N THIS UNIT
FIRST ZJRDINATE TUNCHED <R ZAVED
LAST ORDINATE PUNCHED R ZAVED
TEIME INTERVAL IN HOURS

........ CEDAR FARK,

FILENAME:
ESPEY TONSULTANTE,

FHE A EE LR d eww vwd wwa

Pagesof 8

B R e R RN eI

* J.S. ARMY TCORPS CF ENGIMEERS *
* HYDROLOGIC ZNGINEERING TEINTEIR M
* 608 3RCTCHC STREET -
v DAVIS, CALIFGRNIA 95615 M
- ($18) 2851-1748 .
- .

R Rl R o e AU

EXISRLOCKHOUSE, IH1

TEE kkt kdkd bk ok d i vt bk wew kb

Practiven2000-43 Cidr Prik MDP'HEC NEXISBLIIH OH I



Blockhouse Creek Existing Conditions
COA - 100yr
6/6/2002

Page 7 of 8

RUNOFF SUMMARY
FLOW TH CUBIC ET EER ZECOMD
TIME IN HOURS, AREA ¥ 3QUARE MILES

PEAK TIME OF AVERAGE FLOW FOPR MAXIMUM 2ERIOD BEEIN MAXIMUM TIME OF
OPERATION STATION FLOW TERK S-HOUR 24-H0UR 72-HOUR AREA ETAGE MRX STAGE
HYDROGRAPH AT EH1 1317.31 2.10 260, 5. 45, 2.485
ROUTED TO Ug1gs 1284.25 Z.40 50 5. 4% U.463
RYDROGRAFH AT BH2 ERRI 2.5 1287 114 216 z.247
2 TOMBINED AT 5183 BIE1.ET .38 1817, 160 2,71z
POUTED T2 CONETL 0206.51 J.En 1817, I6%. 2.7z
HYDROGRAPH AT 2hHZ 15324.70 2,40 38, N 56, .530
HYDROGRAPH AT BHL 1502.68 2.3% 473, 106, N 0.756
3 COMBINED AT COMFLY 9259.34 .50 21246, 352 390, 4.158
EOQUTED TO CONFL 5349.23 2.55% 23zs. 582. 259, 4.138
TYDROGRAFH AT 3HS 1216.23 2.50 1145, 236. 197 2.947
2 COMBINED AT CONFL 11663.190 2.30 2471, 368. 596. 5.205
ROUTED 70 5C52 23549.67 .60 2470, 364d. 95986. 53.205
HYDROGRAPH AT BHE 4002.53 2.25 297, 224, 154, 1.504
2 TOMBINED AT SCI2 16622.31 2,55 4367, lo92, FE0. 7.309
RCGUTED TO 5C32 25.37 5,50 6. = R 7.309 896,25 3,40

Espey Consultants, Inc. Prlactive\2000-43 Cdr Pric AMDPYHEC i \EXISBLKH .OH 1




Blockhouse Creek Existing Conditions
COA -100yr
6/6/2002

PageSof 8

= MUSEINGUM~TUNGE ROUTING

¥ OWITHOUT BAZE FLOW
INTEREDLATED TO

COMPUTATION INTERVAL

SUMMARY 0F HINEMATIC v

(ELGW IS DIRETT o

ISTAQ ELEMENT T PEAK TIME 70O OLUME

oT FERK TIME TC VOLUME
PEAK PEAK
(MIN) (CFs) iMIN) LI {MINY \CFg) (MIN}Y (IM
UZ183 MANE 2.00 123435 144 .00 3.9 3,00 284,35 144.00 5.1
CONTINUITY JUMMARY (AC-ET) - INFLOW=0.12?1E+03 ZuCESSad Q000E+00 CUTFLOW=0.1239S+03 BASIN STORAGE=).,7150E-02 PERCENT CRFCR= 9.1
CONFL  MANE 3.00 3384.31 120.90 .20 .00 $364.581 150.00 .20
CONTINUITY IUMMARY (AC-ET) - INFLOW=), T OUTTLOW=4. 7TE22E402 BASIN STOPAGI=0,5096E~02 FERCENT ERROR= DL
TOHFL  MANE 2.00 9240.22 152.00 5.20 1000 249,22 183,00 3.20

CONTINULTY ZUMMARY (AC-FT} - INFLOWad,1153E+04

F=0.0000E+00 CUTELCW=n. L1SIE+)4 BASIN STORAGE=),18C0E-92 PERCENT ERROR= 70

v
(9]
v
W

MANE 3.0 13549.87 186.00 .20 1,000 12549.87 156.00 .20

CONTINUITY ZUMMARY (AC-FT! - INFLOW=O.17Z1E+04 EXCESSan.000E+30 QUTFLOWsd, 1T21E+10 BASIN 3TORAGE=0.5864E-02 PERCENT ERROR= 0.0

*~* HORMAL END OF HEC-1 *++~

Espey Consultants, Inc, Prlactive\2000-43 Cdr Pric ADDP\HEC NEVISBLIZH.OH ]



Blockhouse Creek Ultimate Conditions
COA - 100yr

6/6/2002

AR VN

" .
N FLOOD HYDROGRAEH SACEAGE (HEC-1) ¥ . J.S. APMY CORPS <F ENGIMNEERS
* HMAY 1391 M i HYDROLOGIT EINGIMEERING CENTER
* YERSIOH 4.0, LE M * 509 SECOND STREET
* Lahey FT7L-EM/32 verzion 5.01 * * BAVIS, CALIFORNIA 35616
- Oodson 5 Associates, Inc. M (918) S51-1748
*  RUW DATE 06/06/02 TIME 18:52:59 * M
T o e A v ettt eyt

Espey Consuitants, Inc,

Page 10f 8

A R e L R R L L LT T LS

L

R el R

LERXY,

X x
L L LXERAXK

THIS PROGRAM REPLACES ALL PREVIQUES VERSIONS OF HEC-1 XNOWN AS HECL (JAN 73), HEC138, HECIDB, AND HECILKW.

THE DEFINITICNS ©F VARIABLES -RTIME~ AND -RTIOP- ZAVE CHANGED FTROM THOSE USED WITH THE 1973-3TVLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKE- ON BM-ARD WAS CHANGED WITH REVISIONS BATED 28 SEF 21. THIS IS THE EOKTRANT? VERSION
HEW SEPTIONS: DAMBREAK JUTFLOW SUBMERGENCE | UGLE ZVENT DAMAGE TALCULATION, D5S:WRITE STAGE EREQUENCY,

SSE:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT "NFLILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITEM

Placuve\2000-43 Cdr Pric MMDPYHEC 1\BL

FNH.OHI



Blockhouse Creek Ultimate Conditions

COA ~ 100yr
6/6/2002
HEC-1 IHPUT
LINE IDe...... lovenns. Zeveenns Ao, 4 S
+DIAGRAM
1 ID «OCE STUDY
2 D Froposed Conditicns Analysis....
2 o BLOCKHQUSE TREEK........,.......
4 ID PROJECT NO2Q00-43.............
5 T I D1FEBOZ 0000 T80
6 I0 5
? RE BH1
2 KQ o1
3 N 05 N1FEBOZ 0ano
10 KM 100 YEAR
11 PI b 0.061 2.064 0.068 2.072
iz 21 %.199 0.12% D154 0,131 0.219
3 PI 0.443 0,216 0.284 0.198 2.167
i4 I G.087 0.080 2.974 D.066 0,062
M 0 0,652 N.058 0.9058 0.0&2
* 0,108 0.177 D2.135 .59 2,152
* 0.398 0,281 0.416 9.178 2.146
0,075 0.069 G.J85 J.061 0.0567
* 25 YEAR
* b} .044 0,057 0.080 0.053
v 0.089 ¢.101 6.117 n.138 1.198
v 0.382 0,247 .189 0.151 n.127
h 0.360 0,083 0.us1 0.043
v
* D] 0.33¢ 0,028 0,028 J.041
v n.o7n n.,q7% n.932 0.108 W13
*2.,290 0.200 7,151 2.121 n.104
v 0.050 2.046 n.042 3.080 2.227
15 8A 4652
16 ] 0 30 42
7 uD L4742
v
13 KK  US133
i9 KM ROUTE THUR BH2TO US 183
2 RD 3500 .305 .05 TRAP
N
21 KK 3HZ
22 BA 2.247
23 Ls bl 40 a2
24 uD L7056
v
28 KK UsS183
B ¥M COMBINE BH1 AND 3H2 AT US 132
27 ic 2

Espey Consultants, Inc.

FEB 2002

3.277
L275
1,144
.33

087
-244

0.126

058

.057
L2148
.in9
046

S044
Li72
LU86
L0285

................ CEDAR PARK,

Page 2 of 8

PAGE 1

....... LTI - S F X

TEXAS

FILENAME: BLOCKHOUSE.IN1
ESPEY TOMSULTANTS, INC.

0.083 0.089 0.na9g n.108

0.269 2.5409 9.290 0.713

D.124 T.113 n.102 0.094
0.072 0.077 0.085% 0.394
0.329 0.494 0.510 0.548
D,111 0.099 .089 0.081
n.051
0.361 0.067 0.072 0.08¢
0,281 9.540 0.320 0.520
3,094 0.085 79.078 7.069
0.0tz
0,047 7.051 0.057 1.063
5,228 n.268 0.720 7.494
0.67% 1,266 0.05% 0.054
0.033

5

Praenve 2000-43 Cdr Pric MDP'HECI\ELKH.OH ]



Blockhouse Creek Ultimate Conditions

COA - 100yr

6/6/2002

o tu Lo L
W o £y

W e
LS I

=3

40
41
42

2

44
18
46
47

53
60
&l
62

Espey Consultants, Inc.

"BE3R

KK
BA

.8
s

FE
EA

=

‘up

FE

X
BA

gD

KK

¥4
ac

M
RD

KK
5A
n3

uD

HEC-1 INEUT FAGE

TONEL
ROUTE ZOMBINED HYDPROGRARHS THEU SH2Z TG CONFLUENCE OF BLOCKHOUSE CREEK
AND BLOCHHOUSE TREEK TRIB 2
3900 .210 .08 TRAP 1 3
BH3
L6903
b} 80 iz
L7237
BHY
L7581
2 30 i2
7820
CONFL

COMBINE 1 HYDROGRAFHS AT CONFLUENCE oF BLOCKHOUZE TREEK
AND BLOCKHOUSE TPREEK TRIB 2

CONFL

ROUTE COMBINED HYDROGRAFHS THRU BHS TO CONELUEHCE OF BLOCKHOUSE CREEK
AND BLOCKHCUSE CRPEEK TRIZ &

2400 2013 .05 TRAP 1 z

8HS
2.047
0 30 42
L1284
ONFL

COMBINE 2 HYDROGRAFHS AT TONFLUENCE OF 2LOCKHOUSET CREEK

AND BLOCKHOUSE CREEK TRIB 1
]
5CS3
ROUTE CCMBINED EYDROGRAPES THRU 3H5 TO SCS MO, 2
5500 L0135 .05 TRAP 1 10
BHE
1.604
9 80 iz
.5192

Page 3 of 8

Plactivei2000-43 Cer Prit MDP\HEC '\ BLIH.OH !



Blockhouse Creek Ultimate Conditions Page 4 of 8
COA - 100yr

6/6/2002
HEC-1 INPUT PAGE 3

LINE b4 PO Tevuunn. - B o, Seaial. I, Teeann. P .. 10
53 KK sCs?
4 KM COMBINE T HYDROGPATHS AT SC5 0.
65 HC z

.
6@ LSO ok
57 KM ROUTE ALL HYDAOGAAFHS THRU $0§ 5
58 25 1 STOR -1
59 v 370 579 347 1108 1610 2183 2746 2481 3668 2861
70 SV 4061 1268 1456 1714 4969 s201 5476 5722 6032 5313
71 SE 876.7  8B0.2  383.5 387.10 899.50 894,10  897.% 201 801.3 902,65
72 SE303.L 0 804.2 905.00  305.5 9057 207.50 308.40  909.2 510.1q 911
73 s b 1 3 5 10 17 31 56 244 1063
71 sg 2125 3448 5064 7172 8121 14308 38558 62227 94222 130730

N
75 2

Espey Consuitants, Inc. Pilactve 2000-43 Cdr Prik MDPHEC I\BLIH.OH




Blockhouse Creek Ultimate Conditions

PageSof 8
COA - 100yr
6/6/2002
SCHEMATIC DIAGRAM OF STREAM HETWORK
INPUT
LINE (V) ROUTING {---») DIVERSION QR PUMP Frow
HO. {.} CONNECTOR {¢---) RETURN GF DIVERTED OR PUMPED FLOW
7 BH1
.
i
18 Us1383
21 BH2
22 US1B3,...........
t
Vv
28 ZONFL
32 BH2
i6 BHE
40 CONE L e ittt e it innanna
A
A
44 CONFL
18 . 3HS
iz TONFL. ... .ua..
Vi
56 SC53
EE] . BHE
83 SC33. ...,
v
v
a6 5C33

(*+*+) AUNOFE ALSC COMPUTED AT THIS LOCATION

Espey Consultants, Inc, Prlactve\2000-43 Cdr Pri MDP\HEC I'\BLIH.OH I



Blockhouse Creek Ultimate Conditions Page 6 of 8
COA - 100yr
6/6/2002

R i I

R i R R PO N
-

509 SZCOND STREET

.
-
Lahey F77L-EM/32 wverzien 5.01 + DAVIS, CALIFORNIA 95516
.
+

Dodson & Associates, Inc.
v RUN DATE 06/06/02 TIME 18:52:59 M

R R

+

v
* FLOOD YYBROGRAPH PACHAGET (HEC-1) * J.5. ARMY TORPS OF ENGINEERS
v MAY 1991 > HYDROLGGIT ENGINEERING ZENTER
e VERSION ¢.0.1E >

o ov e o n

(916 551-1748

R R R R

TOCP STUDY i ieiiaan ... CLDAR FARK, TEYXAS
Propeged Conditicns Analysis.... 002
BLOCKHOUSE CREEK................ FILENAME: SLOCKHOUSE, IH1
PROJECT NC2000-43..,........... ESPEY CTONSULTANTS, INC.
8 10 QUTBUT ZONTPOL “/ARIAELES
IPRNT 5 PRINT CONTRCL
IPLOT 0 PLOT 7ZONTROL
QSCAL J.  HYDROGPRAFH FLOT SCALE
IT HYDROGRARK TIME DATA
UMIN I MINUTES IN COMBUTATION INTERVAL
IDATE LFEB I :ITARTING DATE
ITIME 0000 STARTING TIME
NQ 700 NUMBER JF HYDROGRAFH ORDINATES
HDDATE JFEE I ENDING DATE
HDTIME 1057 ENDING TIme
ICENT i CENTURY MARK

COMPUTATION INTERVAL 0.05% HOURS
TOTAL TIME BASE 34.3% HOURS

ZNGLIZH UNITS

DRAINAGE AREA SQUARE MILES
PRECIPITATION DEBTH INCHES

LENGTH, ELEVATION FEET

FLOW ZUBIC TEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

P EEE Ewe dd b Ak SEd rws tes FEE v d ke vk bee ate bva et dee cew TEE AEE hdkd v dd A Ed hdd ek S E v ew bkd kv b b d addh e

LA L F TS R e

. +
7 EK M BHL -
- .

LR T T ey

1 X0 QUTPUT CONTROL VARIABLES

[PRNT 5 PRINT CONTROL

IPLOT % PFLCT CONTROL

QECAL 0. HYDROGRAFH PLCT SCALE

IFNCH 7 PUHCH COMPUTED HYDPOGPRAPH

I0UT 21 EAVE HYDROGRAFH GN THIS UNIT

IZAVL L TIRST QRDINATE BUNCHED OR 3AVED
1sav2 700 LAST ORDINATE FUNCHED )R SAVED
TIMINT 0.050 TIME INTERVAL IN HOURs

Espey Consultants, Inc. Priactive\2000-43 Cdr 2rk MDPYHEC BLIH OH !




Blockhouse Creek Ultimate Conditions

COA - 100yr
6/6/2002

QFERPATION
HYDROGRAFH
AGUTED TO
AYDROGRAEH
2 TCOMBINED

ROUTED TO

HYDROGRAPH

HYDROGPAPH
2 COMBINED
ROUTED TO

HYDROGRAPH
2 COMBINED
POUTED TO

HYCROGRAFH
2 COMBINED

ROUTED TO

AT

ey
=

AT

5

AT

AT

AT

STATION

BH3

oHE

CONFL

CONFL

BHS

CONEL

Espey Consultants, Inc.

PEAK
TLOW

17660.07

TIME £ HOURS,

TIME OF
ZEAK

2.0

Y-S

Page 7 of 8
RUNOFF SUMMARY
FLOW IN TUBIC FEET PER SECOND
AREA IN SQUARE MILES
AVERAGE FLOW TOR MAXIMUM SERIOD BASIN MAXIMUM TIME OF
A-HOUPR, 28-ACUR TZ-HOUR AREA STAGE MAX ETAGE
278, 3] L8, 0.465
277, LR L] 9,465
1340, 335, 230 2.247
1613, 404, 278 a.712
1617, 404. 278 2,712
5§12, 103, 71. 0,890
451, 112 77 7.75%6
2480, 820, 126 4,158
24B0. 820 424 1..58
22X, 305. 2140. =.047
3701. 328, 635 6.20%
2701, G628 535 5.208
157 223, 164. 1.804
4657, 1165 00 7.808%
29. 29. 26, 7.309 897,07 6.20

Prractivei2000-43 Cdr Pric MDP\HEC Z\BLEH.OH 1



Blockhouse Creek Ultimate Conditions

COA - 100yr
6/6/2002

IZTAQ ELEMENT

US182 MANE

CONTINUITY SUMMARY (AC-FT) -

CONFL  MANE

CONTINUITY SUMMARY

30
o
1
Yy
-
2
|

CONTINUITY
CONTINUITY

(AC-FT) -

*+t NOPMAL END OF HEC-1 *v+

Espey Consultants, Inc,

DT

{MIM)

2.00

INFLOW=1).

2,00

INFLOW=0.

2.0

INFLOW=(}

.00

INFLOW=0.

SUMMARY OF HINEMATIC WAVE - MUS

INGUM-TUNGE ROUTING

VFLOW IS DIRECT RULIOFF WITHOUT BASE FLOW)

INTERFOLATED TO
TOMPUTATION INTERVAL

PEAK TIME 10 YOLUME oT PERK TIME TO
PEAK PEAK
(CFS}) (MIN) (IN) {(MIN) {CF3) (MIN)
1342.59% 141,00 £.54 .00 i242.59 141.00
1376E+02 EXCE38=0.0000E+30 SUTFLOW=0. 1274E+03 BASIN 5TORAGE=D.
3669.29 B30 5.54 .00 G869, 3% 150,00
3DZ1E+U2 EXCESS=),G00UE+00 JUTFLOWD . 3020E+03 BASIH ZTORAGE=).
9920,35 150.50 $.55 200 ¥%30.35 50.00
L230E+04 EXCESS=3.0000E+00 GUTFLCW=0). 1220E+04 BASIN STORAGE=0.
14553.54 152,00 5.95 2.00 14553.54 152,00
1835E+04 ZKCESS=0.0000E+00 QUTFLOW=0. 1835E+04 SASIN STCORAGE=D.

Prlactive2000-43 Cdr Pric MDPHEC 'BLEH.OH 1

7200E-D2 PERCENT

w
tae
S

5122E-02

FERCENT

5.28

L19B83E-02 PERCENT

5.55

8268E-02 PERCENT

Page 8 of 8
ERRCR= 0.1
ERFOR= 0.0
ERROR= 0.9
ERRCR= 0.0




Spanish OQak Creek Existing Conditions Page 1 of 12
COA - 100vr
6/6/2002

AR R e e R L L T T T R A P

. . v -
* TLOOD HYDROGRAPH PACKAGE (HEC-1) M + U.5. ABRMY CORPS OF ENGINEERS *
* HAY 1991 . - HYDPOLOGIC ENGINEERIMG CENTER v
M YERSICN 4.0.1E ¥ + 0% SECOND STREET “
N Lehey F77L-EM/32 varsgion 5.01 o + DAVIS, TALIFORNIA 9S616 *
* Doascn 4 Associates, Inc, - + [916) 55.-1748B +
¥ RUM DATE 96/06/02 TIME 1B:2%:24 * * *
*&&.i4t0*0‘0'0—0—*r+i—ti—tt#-v‘t"'t"h~'§‘b+btﬁ#ﬁ AR AR R R TR R B S A e

THIS PROGRAM REPLACES ALL PREVIGUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HECLGS, HECLDB, AND HECLKW.

THE DEFINITIONS OF YARIABLES -RTIMP- AND -2TIOR- HAVE CHAMGED FROM THOSE USED WITH THE 1972-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 1. THIS I& THE FORTRAN7TY VERSICN
VEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE SVENT DAMAGE TALCULATION, DSS:WRITE STAGE FREQUENCY,

CSS:READ TIME SERIES AT SESIRED mALCULATION IMTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: MEW FINITE DIFFERENCE ALGORITHM

Espey Consultants, Inc. Prlactive\2000-43 Cdr Pri MDP\HEC J\SPANISH.OH I



Spanish Oak Creek Existing Conditions Page 2 of 12
COA - 100yr

6/6/2002
HEC-L INRUT PRGE 1
LIVE ID....... loaiei. P S [P PP PR T - I Ay
*DIAGPAM
L D COCP OSTUDY ... TEDAR FARE, TEXAS
2 ib Existing Conditiens Anslysiz....FEB 2002
3 D SPANISH OAK CREEK.. . .......... FILENAME: 5PAMISH, IH1
4 ID PROJECT HOZONO-43.... ..... ..., ESPEY CONSULTANTS, INC.
v
3 IT 2 01FEBO2 3060 2000
8 0 3
.
7 KK SP1
8 “0 21
9 KM 100YR
i IN 5 01FEBOZ a00
11 BT 0 0,081 0.06d n.063 .0732 2.077 0.083 3.089 n.J98 0,108
el vl .199 .135 n..54 9.181 0,219 G.275 .369 N.549 D.3580 0.713
12 PI 0.443 }.218 4 0.15% 167 n.144 0,124 0.132 J.102 0.094
| rI 1.087 0,380 0,374 3,066 el 0,059
- SOYR
. U5 J1FEBO2 130010
M 1 0.052 0,056 .53 DB 0.167 0,272 0.377 0.085% n.co4
0,104 2.377 L) 0.155 0,152 0244 0.32% 0,454 0.910 U.6d8
* o 0.293 7.281 2.216 [ ] n.14% n.126 9.111 0.099 0.089 9.081
* 0.075 0.069 N.uA5 D.J61 130587 D.054 7,051
M 25YR
* 3 Q0lFEBOZ 0000
* 0.000 Q.244 0.380 9,082 0,357 .06  0.067 0.072 0.080
v 0.08% 0.101 n.138 9.168 n,21 .291 0.5490 0.820 D.520
v 0.282 n.247 0.is1 0,127 0,109 7.096 n.08% 0.076 0.069
* 0.064 0.060 0.051 0,548 0.046 0.042
- 10YR
* S D1FEBO2 0000
* (.o000 0.024 0.038 n.041 0.044 n.047 0.051 0.087 0.063
* o 0.070 n.o7% 0.082 0.124 0,172 0.21 n.2e8 9.72% 0.494
* o 0.290 9.200 0.151 n.100 .088 2.07%  0.066  0.0%9 0.954
* 05.050 J.048 0.042 DRVEY) 0.035 Q.0233
15 BA 1ig9
16 LE ] 20 46
17 uD 1618
.
18 (34 POND
i9 R4 ROUTE SP1 THRU CARRIAGE HILL FOND
20 PS 1 STOR -1
21 5V .00 D.16 0.72 L.75 3.01 4.42 1.68 7.13 16.23 13.59
2 sV 17.00 2¢0.00
3 g 387 998 399 1000 1001 1001.34 1002 1003 1004 loes
24 IE 1006 1006.3
25 SQ 0 ) 10 15 16 30 40 30 70 30
26 b4 110 120 180 240 200
27 SE 997 099.13 1009.36 1002.95 1002.27 1002.75 1003.02 1002,28 1003.73 1004.15
28 SE 1004.5 1004.7¢ 1005.76 1006.35 1007.48
‘

Espey Consuitants, Inc. Priactive | 2000-+3 Cdr Pric \IDPHEC ! \SPANISH.OH ]



Spanish Oak Creek Existing Conditions

COA - 100yr
6/6/2002

LINE 1D,
2 KK
30 D
i1 KR
iz BA
i3 Ls
24 uD
25 KX
2 BA
37 s
18 uo

-
29 KK
a0 M
i1 HC
2 KK
43 M
44 RS
45 3V
i6 N
47 KK
iB KM
49 RD

.
30 KK
<1 BA
5 Ls
up
4 KK
55 KM
S6 HC
&7 X
%8 M
Fo

Espey Consultants, Inc.

HEC-1 IHEUT

CENTPD

I200 -CLl1S .08 Terp 1

ipl

Safldl
] an ki

L4812

583

.1515
] 80 62

L2305

CENTRD
COMBINE 3P3 WITH EXISTING HYDROGRAPH
>

Us183
ROUTE TOMBINED HYDPOGRAPH THRU WALMART EOND
3 STOR -1
0 10 16 25 8
0 330 250 770 380 1100
RR

ROUTE POND OUTFLCW THRU SP4 TO RAILROAD TRACKS
sS00 -0180 -05 TRAP 130

SP4

.24698
bl 20 9

L2568

AR
“CMBINE TWO HYDROGRAFHS AT RAILROAD TPACKS

1421
RCUTE HYDROGPAPH THRU SPS T FM 1431
2700 -0143 .3 TRAP 0

100

Page 3 of 12

P:iactive\2000-+43 Cdr Pric MDP\HEC NSPANISH.OH



Spanish Oak Creek Existing Conditions

COA - 100yr

6/6/2002

LINE

S T S
WN O

]
L]
70

71
72
72
74

78
79
30

2t
3z
33
34

85
36
37

g8
39
90

¥R
BA
Ls

up

KK
BA
Ls
o

HEC-1 INEUT

5P9
.43926

L5234

S¥6
L0463
.4673

FM1831
TOMBINE 2 HYDROGRAPHS AT 1431
:

SE7

.1028
a 80 43

.4982

¥M1421
COMBINE 2 HYDROGRAPHS DOWNSTREAM OF FM1431
ol

SOCRK
ROUTE TOMBINED AYDROGAFE THRU P11
2100 L0071 .05 TRAP 0 25
SP1lA
.08586
n 30 21
L5254
SOCRK
ROUTE HYDROGRAPH SF11A THRU SPll TO SPANISH OAK CREEK
1500 -Q164 Q% TRAP 10 15
SOCARK

COMBINE HYDROGAAPHS AT SPANISH OAK CREEK CONF

Espey Consultants, Inc.

Page 4 of 12

Practive\2000-43 Cdr Pric MDPHECI\SPANISH OH 1



Spanish Qak Creek Existing Conditions Page 5 of 12

COA - 100yr
6/6/2002
HEC-1 IMNPUT PAGE ¢
LINE ID....u.s oo, S L T [ EE, ... ... E I 1o
XK 3P8
) BA 45354
92 LS 0 80 <4
24 up L4841
.
55 KX PEEND
96 M RQUTE SP8 THRU PARK FLACE POND
37 RS 1 STCR -1
93 SV [ L3093 L2741 L2502 L6760 1.568 2.1l6d 5.784 7.400 8.197
59 sV 11.13 13.40
won 50 0 22.7 87.1 122.3 1%9.2 284.0 346.4 420.9 §22.2 863.6
MO S 1879.5 2755.4
102 SE 237 a3g- 538 EI'Y 941 agz 942 944 244.% 945
103 ‘SE 945.5 246
ing KK QEND
108 P4 POUTE ZOND OQUTFLOW THRU 35po
108 RD 2000 .01 LG TRAP 1 10
07 K SPY
108 3A L0919
109 LS ) 8¢ 26
110 uD L4680
.
KK IPND
112 KM TOMBINE 2 HYDROGRAEHS
113 HC 2
iia KK SPLC
JO L) BA L1268
116 Ls 0 30 3
117 un L5838
.
118 KK QPND
113 Q1 ROUTE SP10 THRU QUEST DOND
120 RS 1 FLOW -1
121 SA 0 9.298 1.281 2,708 3.817 4.272 4,557 1.769 4.343 5.091
iz2 SA I.241
122 k3 0 2.7 4.0 6.0 7.1 3.0 8.3 39.¢ 28.2 106.73
124 3Q 335.35
128 SE 217 918 513 520 521 g2z 323 924 925 926
126 SE 227

Espey Consultants, Inc. PriacnverJ000-43 Cdr Pric MDP\HEC 1\ SPANISH.OH ]



Spanish Ouak Creek Existing Conditions

Page 6 of 12

COA - 100yr
6/6/2002
HEC-1 INEUT PAGE 5
LINE ID....... lo...... O L. |- JE [ A, T, [ L 190
127 KX 2BND
a8 ™ COMBINE 2 HYDRCGAAPHS AT QUEST P0OND QUTLET
128 He 2
.
20 EK I0OCRK
HEN M RCOUTE TOMBINED HYDRMIRAEH THEU =Pii To SBRNISH DARE TREER
1z 20 2960 Nslorys LE TRAE in 55
:
133 KK SP11
134 BA  .45111
135 L3 0 30 31
16 joia) L4151
;
137 KK SCCRK
128 EM TCOMBINE > HYDROGRAPHE TC 3PANISH JAK TREEK
12 HC 3
140 KK HRCS 4
141 KM ROUTE COMBINWED HYDROGRAPH THRU SP12 TO NRCS 4
142 RD 8200 L0112 LUs TRAP 10 3
.
143 KK SpIZ
144 3A  .990Z%
145 5 b} 20 27
146 un 2544
147 KK NRCS 4
148 KM COMBINE FLOWS INTO NRCC &
149 HC 2
.
150 KK SP13
151 BA  .480239
is LS bl 30 15
152 uD 3808
;
154 X SPi4
155 34 1.223L
155 i3 " 30 12
157 U L5624

Espey Consultants, Inc.

Practiver\2000-43 Cdr Pric MDP\HECI\SPANISH.OH }



Spanish Oak Creek Existing Conditions Page 7 of 12
COA - 100yr
6/6/2002

HEC-1 INPUT EAGE %

LINE U PO, S PP T Taean 8. ..., et 10
153 FEONRCS 4
159 ¥M  COMBINE I HYDROGRAPHS AT 4RCS 4
160 He 3

.
161 KK NRCE 4
162 XM POUTE ALL HYDROGRAPHS THRU MRCS 4
163 1 STCR ~1
164 z00 202 145 627 35 1122 1470 1687 1985 20g8
165 2196 2309 2428 2550 1668 2824 2989 Ii64 2349 1544
166 SE 338.2  341.2  884.2  347.1 350 353 @55.9  858.3 659,54  960.2
157 IE 361 86i.7  362.4 B83.10 5G2.90  364.%  365.3  666.3 B&7.2  £453.5
168 3 " 1 2 5 3 14 24 43 225 715
163 50 1407 ol 3207 1243 1361 $636 25197 41807 61443 52790
170 3Z

Espey Consultants, Inc, Priactive 200043 Cdr Pric MDPHEC \SPANISH.OH [



Spanish Oak Creek Existing Conditions Page 8 of 12

COA - 100yr
6/6/2002
SCHEMATIC DIAGRAM OF STREAM METWCERH
INeEOT
LINE () ROUTING {---2>) DIVERSION OR PUMF FLCW
HO. {.} TONNECTOR (¢---}) PRETURM OF DIVEERTED CR PUMFED FLOW
7 SPL
:
v
i8 POND
W
o
29 CENTRD
21 . se2
25 SP2
39 CENTRD. oo i i,
v
W
42 03182
Y
i
a7 RR
S0 . P4
54 RR. . eviiiannns
v
¥
57 14321
50 . E3:4)
4 SFE
o) FMLIA21. . i,
71 Ip7
75 FMIG21. .. viiueen..
Y
Y
78 SOCRK
a1 . SP11A
Vi
. K
EE] . SOCRK
28 SOCRK. e vivennnnns
a1 3PR
- ‘4)
95 . EPPND
“f
. 7
104 . LEME
07 . . P
i11 CEMD. ool
114 3PL0
Y
i1 ZEMD
127 . CEEDL oL,
Hcly] Etolart e

Espey Consultants, Inc. Practive\2000-43 Cdr Pric MDP\HEC \SPANISH.OH I



Spanish Oak Creek Existing Conditions

COA - 100vr
6/6/2002
133
137 SOCRK. ...l
Vi
hY
140 HRCS 4
142 spl2
147 [ otca: S
156 313
154
158 HNERCE i,'.........:...
v
i
il NRCZ &

P11

(¥**} QUNOFF ALSO COMPUTED AT THIS LOCATION

Espey Consultants, Inc.

Page 9 of 12
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Spanish Qak Creek Existing Conditions
COA - 100yr
6/6/2002

R R L U
FLOOD HYDROGRAEH EATHAGE (HEC-1) -
MAY 1991 -

VERSICN 41.0.lE M

Lahey F77L~EM/22 versicn $.01 *
Bod=on & Asscciatas, Inc. hd

RUN DRTE 06/06/02 TIME 18:2%:2¢ M
n

RARARERRE RS LS L R O T O e S e

coce sTUDY o i,
Existing Conditicns Analysis
SFANISH OAK CPEEK........
FPROJECT NOZ0O0-43

ZEDAR FARK, TEXAS
B 1002
FILENAME: IFANISH.IH1

............ ESPEY TOMSULTANTE, INC.

6 0 OUTPUT ~ONTROL VARIABLES

IBANT 3 PRINT TONTROL
IPLOT O PLOT TONTROL

QSCAL 0. HYDROGRAFH FLOT CSCALE

17T HYDROGRAPH TIME DATA
UMIN 3 MINUTES IN COMBUTATION INTERVAL
IDATE 1FEB 2 STARTING DATE
ITIME 0000 STARTING TIME
HQ 2000 NHUMBER OF HYDROGRAPH CRDINATES

HDDATE SFEB 2 ENDING DATE

WOTIME 0357 ENDING TIME

ICENT 1% CENTURY MARK

COMPUTATION INT
TOTAL TIME

ENMGLISH UNITS
DRAINAGE AREA
PRECIPITATICON DEPTH
LENGTH, ELEVATION
ELOW
STORAGE VOLUME
SURFACE AREA
TEMFERATURE

FEA b Ed v rd ok bk db ek hew dvd ek v btk bde b A

LRSS R R

+ +
T XK b SP1 +
+ -

R

ERVAL .05 HOURS
BASE 99.55 HOURS

SQUARE MILES

INCHES

FEET

CJBIC FIET FER SETCHD
ACRE-FEET

ACRES

DEGREES FAHRENHEIT

3 Xo CUTPUT CONTROL VARIABLES

IPRNT S PRINT CONTROL

IPLGT 9 PLOT CONTROL

QSCAL 5. ESYDROGRAPH PLOT SCALE

IPNCH 7 PUNCH TOMPUTED HYDROGRAPH

ouT 21 SAVE HYDROGRAFH ON THIZ UNIT

Isavl i FIRST ORDINATE PUNCHED OR SAVED
ISAV2 2000 LAST 2RDINATE PUNCHED OR SAVED
TIMINT 0.050 TIME INTERVAL IN HOURS

Espey Consuitants, Inc.

Priacnve\2000-43 Cdr Pric MDPHEC\SPANISH.OH ]
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Page 10 of 12

R
- U.%. ARMY TORPS OF EUGINEERS *
- HYBROLOGIC ENGINEERING TZHTER *
- 609 SECONR STREET *
* DAVIS, CALIFORNIA 925616 *
* (916) 251-1748 M
. .

-

L A e s e 22 A T

L B £ L




Spanish Ouak Creek Existing Conditions Page 11 of 12

COA - 100yr
6/6/2002
RUNGEE SUMMAR'T
FLOW [W 7TUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX TMUM TIME OF

QFERATION STATION FLow FERK S-HCUR Z4-4Cup 72-HOUR AREA STAGE MAX :IThGE
HYDROGRAPH AT <Pl AIN.27 1.78 90, 2. 8. n.149

ROUTED TO FOND 209,189 2,10 33, . 3. 0.149 1007.47 .10
ROUTED TO CENTED 258.48 2.2 33. 23. 8. 0.149

HYDPOGRAPH AT SEF2 473.58 2.10 134, 33 il D.241

HYDROGRAPH AT 523 647,51 1.80 ag. 25. 8. Q.1%92

3 COMBINED AT . CENTPD 1357.78 2,400 213, 3l. 27. n.542

ROUTED TO Usi83 1181.70 2.5 31z, 21. 27. 0.342

ROUTED TG RR 1181.72 .0 313, 3. 27. 0.342

HYDROGRAFH AT P4 603,48z 1.88 183, z9. 13, 0.247

2 COMBIWED AT RR 1689, 17 2,15 47, 120, 40, 5,783

ROUTED =2 15421 1684.30 2.3 479, 120. 40, 0,789

HYDROGRAPH AT 3PS 1301.24 2.15 282, 0. 23 0.439

J¥DROGRAEH AT SP6 151.92 2.05 12. g. I, 0.046

3 COMBINED AT ™Mlsd 3079.07 2.15 T73L. 198. 86. 1.278

HYDROGRAFH AT SP7 302.30 .10 B3, 16. S. 0.102

2 COMBINED AT FM1431 3380.00 2,15 384, 214 . Ti. 1.278

ROUTED TO SOCaK 3364.,00 .25 a44. 214, 71, 1.378

HYDROGRAFH AT SPlla 229.37 2,15 49, 12, 1. 0.088

ROQUTED TO SCCRE 2z2.32 2.2% 49, iz, i, n.086

2 CCMBINED AT SOLRK 35883.32 2.25% 303, 226, 75, 1.463

HYDROGRAPH AT SP8 1404.01 2.05 233, 71 24 0.45¢4

RCOUTED TO PPEND 14000158 2.10 234, 71 24 0.454 345.38 2.10
ROUTED TO 2PND 1295.:29 2.20 284. 71, 24 5.154

HYDROGRAFH AT SP9 268.86 2.10 33 13 4 9.092

2 COMBINED AT QPND 1658..6 2,35 223, 34. 28 0.548
_HYDROGRAPH AT 3plo 107.08 1.95 ., 18. 6. 0.321

RCUTEDR TO 2PND 114.22 2.80 42, 16. B 0,121 22%5.19 2.80
2 COMBINED AT 2PND 1702.:8 2.20 278. 100, HE 0.667

ECUTED 72 ZOCRK 1682.10 2,35 Eiei-I Loo. 4. 0,667

HYDROGRAFHR AT JP11 1378.89 2.05 34 . i 0.151

I COMBINED AT 3CCPK 33233.57 2,05 Lgia. 391. 131, 7.881

RQUTED TO WRCZ & 8323.37 2.45 PN 301, 121. 2.581

HYDROGRAPH AT Sp1z 18464.357 2.65 554. 139, da. n.290

< COMBIVED AT NRCS ¢ 811¢.03 .45 -078. 5Z9. 177, 1.571

AYDROGRAFH AT P13 1526.23 525 e 28 n.anz

HYDROGRAFH AT P 2772.28 2.20 B47. 162, EL 1.232

i COMBINED AT HRCS 4 12282.7% 2.3% 1149, 737, 166, 5.507

ZOUTED 70 ReCs 4 36.25 TLuB EX l8. 33. Z.507 ZET.32 T.a5

Espey Consultants, Inc. Plactive 200043 Cdr Pric MDP\HEC 1\SPANISH.OH I



Spanish Oak Creek Existing Conditions

COA - 100yr
6/6/2002
ISTAQ  SLEMENT
CENTRD MANE
CONTINUITY SUMMARY (AC-7T
ER MANE
CONTINUITY SUMMARY (AC-FT)
1831 MANE
CONTINUITY SUMMARY (AC-FT)
S0CRK  MANE
TONTINUITY SUMMARY (AC-FT:
SOCEK  MANE
CONTINUITY SUMMARY (AC-FT)
QPND  MANE
CONTINUITY SUMMARY (ZC-FT)
SOCRK  MANE
CONTINUITY SUMMARY (AC-ET)
WRCS & MANE
CONTINUITY SUMMARY (RC-TT)
+4+ NORMAL END OF HEG-1 +=+

Espey Consuitants, Inc,

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-~UNGE ROUTING

(FLOW 1D DIPECT RUNOFF WITHOUT BASE FLOW)
INTERFOLATED TO

SOMPUTATION INTERVAL

DT FEAK TIME 75 JOLUME GCT PEAK
PEAK
(MIN) {CFS) (MIM) (IR {MIIN {CFE
.00 294,38 Lz.ne 5,54 .00
INFLCW=), §477TE+02Z EZCESS=0, DONDE)N SUTFLOW=0.147RE+1Z BASIN
3.00 1181.72 .53 .00 1181.72
INFLOW=).1298E+032 EXCESS=3.0000E+00 OUTFLOW=(, 1298E+03 BASIN
.00 1684.30 144.00 5.66 .00 684,30
INFLOW=0.2380E+03 ZXCESS=0.0000E+)0 JUTFLOW=).2280E+03 BASIN
3.00 3364.00 135.00 5.78 2.00 2264.00
THFLOW=) . §246E+03 EXCESS=0.00060E+00 SUTFLOWa, 42458+02 BASIH
3.00 229.82 125,00 .29 .00 228,82
SHELOW=0.2817E+02 EXCTSS=0,0000E+00 QUTFLCW=0.2417E+02 BASIN
Z.00 1395.39 13z.00 5.32 3.00 1395.29
INFLOW=).1409E+03 EXCESS+0.0000E+00 OUTFLOW=0.1409E+03 BASTN
3.00 1685.10 141.00 3070 .00 1685.10
IHFLOW=) . 2026E+03 EXCESS=0.0000E+00 OUTFLCW=).2026E+03 BASIN

.00

INFLOW=D,

TTI6EH)I EXCESE=0.I000E+G0

145.30 .G

OUTFLCW=0,

L0 6322,37

TTERE+NI BASTIH

TIME 70
PEAK

128,00

STORAGE=).

144.00

STORAGE=D.

135.00

CTORAGE=1],

132.00

STORAGE=).

132.06

STORAGE=G.

141.00

STORAGE=Y.

147.%0

STORAGE=1)

YOLUME

[IN)

S.54

«Z691E-32 PERCENT

51593E-02 PERCENT

5.78

3243E-92 ZERCENT

5.29

1468E-02 PERCENT

5.32

Z124E-02 PERCENT

46ELE-ND2 PERCENT

w
L=
(=]

.7827E-02 PERCENT

Page 1

ERRCE=

ERROP=

ERROR=~

ERROR=

ERROR=

ERROR=

ERROR=

ERROP=

s

of 12

]

0.q

0.0
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