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INTRODUCTION

This report presents the result of our drainage study for the Bailey Canyon Basin located in Washoe
County and Storey County, Nevada. The primary purpose of this study is to perform a detailed
hydrologic study to estimate the basin discharge for 100yr / 24hr storm event. The study includes a
hydraulic analysis of Bailey Creek adjacent to State Route 341 (Geiger Grade). This anaiysis, which
was performed by Stantec Consulting, attached in Appendix |.

SITE DESCRIPTION

Bailey Canyon is a headwater basin which is approximately 15.18 sq.miles in size and lies between
latitude 39°18" and 39°24' and longitude 119°39' and 119°44’. The basin is located south of Geiger
Grade and northwest of Virginia City (Refer to Figures 1 & 2). The basin vegetation consists of pinyon,
juniper and pine trees over a ground cover of liiter, grass, and brush. Bailey Canyon Creek is an

ephemeral stream that generally consists of cobbles and boulders with vertical drops and meanders.

HYDROLOGIC METHODS

The basin was modeled using the Corps of Engineers HEC-HMS computerﬂpfégr_arhwand_ the SCS
= CurveNumber Methed.- For-lag time, the USBR lag equation and Upland method were used. The -
* . rainfall depths. and. storm_distribution. was obtained/developed from the NOAA Atlas 14. - For the -

evaluation of the model, several other methodologies were utilized including the Green & Ampt Loss
Method, a USGS regression equation {(NFF), and the USGS Frequency Analysis program (PEAKFQ).
Hydraulic calculations for Bailey Creek were performed with the Corps of Engineers HEC-RAS

program.

PREVIOUS STUDIES

1. The Flood Insurance Study for Washoe County by FEMA (FEMA, 1990) estimated a 100yr /
24hr peak flow at the mouth of Bailey Canyon Creek as 1,120 cfs using a regional regression

analysis.
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Nimbus Engineers performed hydrology study for Cottonwood Creek Estates in February 1995
(Nimbus, 1995a). This study utitized the SCS method and USBR lag equation to obtain a
100yr peak flow of 3673 cfs (Appendix G).

3. The Southeast Truckee Meadows Flood Control Master Plan by Nimbus Engineers in
September 1995 (Nimbus, 1995b} calculated the 100yr peak flow as 2158 cfs. This model

used the SCS Upland method for time of concentration / lag time determination.

. BN -
[

L
N

In August 1999, Stantec Consulting prepared a Master Drainage Report for Geiger Grade / Toll
Road Improvements. Using a 100yr discharge value of 3673 cfs (Nimbus, 1995a) they

estimated that approximately 680 cfs would overtop Geiger Grade to the south. This was

assuming the Geiger Grade improvements in the interim condition, which is more or less the

pre-developed condition.

5. The Master Drainage Report for Curti Ranch Two Development (CFA, 2003a) established

flows for the Curti Ranch on the north side of Geiger Grade.

6. The Hydrology & Hydraulics Report for Curti Ranch 2 -Unit 5§ (CFA, 2003b) analyzed thet
Chandier Ditch flow split on the north side of Geiger Grade. :

. _ 77 In"2004, Odyssey Engineering prepared an Addendum to Hydrology & Hydraulics Report for
| EECuERanch 2‘which modified the Master Dralnage Report (CFA 2003a). _Ajdwersxon wa‘g'—— :
s e ‘; s construetea‘upstream of Mira Loma Road—whlcrrdlverted some additional ﬂovrto the*Gmger Fa )

" Channel.

FIELD RECONNAISSANCE AND CONDITION SURVEY

A detail basin condition survey along the major watercourse and upper elevations was conducted over
three days to verify channel roughness and vegetative cover. The vegetation in the basin typically
consists of pinyon, juniper and pine trees over a ground cover of litter, grass, and brush (Figure 3,
Refer Appendix A for additional photos). Besides a relatively small amount of development in the lower
elevations, the basin is undeveloped and for the most part appears to be in good condition. The
primary channels generally consist of cobbles and boulders with drops and meanders (Figure 4).

Extensive future development of this basin seems to be doubtful due to its steep slopes.
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Channel

MODEL INPUT AND PARAMETERS

Basin Mapping. As shown in Figure 2, a 1:24,000 scale USGS quad was utilized for the delineation of
the watershed. From this mapping, total basin area of 15.18 sq. mi. and a longest watercourse length
of 7.7 miles were calculated. The basin slopes range from 3% at the lower elevations to 60% at higher

elevations. The basin was split into 4 approximately homogeneous subbasins: A, B,C&D.

Precipitation Depths and Distribution. Point values of the 100-year/24-hour precipitation depths from
the NOAA 14 Atlas were plotted over the basin. Isohyetal contours were then interpreted from the

point values on the basin map (Figure 2). This resulted in an average precipitation depth for the basin

of 4.10 inches for the 100-year/24-hour event.

A site-specific storm distribution for Bailey Canyon was developed based on the NOAA Atlas 14
precipitation frequency estimates (Table B.1 and Figure B.1, Appendix B). The new distribution was
developed since the SCS Type Il and |A curves were based on out-dated NOAA Atlas 2 precipitation
values. For comparison, the NOAA 14 design storm is plotted with the SCS Type IA and Il synthetic
curves in Figure 5. As shown, the design storm lies between the two SCS curves, which appear to be

reasonable since the site is near the geographical boundary between the Type 1A and i zones.

Bailey Canyon
Drainage Study
Page 3



120 | i [ 1
—e— NOAADesign Storm —a— SCS Type || —4—SCS TYPE IA

100

80

60

40

Cumulative Precipitation (%)

” r":"?”‘j’
e % l
& ,.J"'

0.0 5.0 10.0 15.0 20.0 25.0
Duration (hrs)

Figure 5. Hyetograph Comparison (24 hours)

Lag Time. For lag time, the USBR lag time equation and upland method were used (Appendix B).
WRC (Washoe County Drainage Design Manual) adjusted the USBR lag equation for the Washoe
County area. Based on a channel roughness coefficient of 0.06, the lag times for subbasins A, B & C

were calculated as 1.71, 0.54, and 0.59 hours respectively.

SCS Curve Number. The most sensitive parameter in the SCS methodology is the Curve Number

(CN), which is a parameter based on soil permeability and vegetative cover (Refer sensitivity analysis
on pages 9 & 10). Soil types were plotted in the basin, with most of the soil falling into the D category
for all subbasins except subbasin D (Figure 2 and Table B.4, Appendix B). The CNs for subbasins A,
B, C & D were calculated as 74.7, 75.4, 80, and 61.8, respectively. The weighted average for the

entire basin is 74.2.

Basin D, which is developed to a certain extent, was assumed to have 30% impervious area. This

corresponds to the Washoe County Land use designation of Medium Density Suburban (3 lots/acre).

Bailey Canyon
Drainage Study
Page 4



HYDROLOGIC MODEL RESULTS

Bailey Canyon SCS Model Results. A HEC-HMS model with SCS method was configured with the
parameters identified above, which resulted in a 100-year/ 24-hour peak discharge of 2908 cfs (Figure

6).

Junction Element "J3 at Toll Road" Results for Run "Bailey 4B/30M/5C Composite”
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Figure 6. Hydrograph for 100 Yr/24 hr Storm Event using the SCS Method

Composite SCS Model. A composite SCS model was developed to estimate the 100 year flows in the
Geiger Channel on the north side of Geiger Grade (Refer to Figures 7 & 8). The composite model
utilized NOAA 14 rainfall values with model parameters from previous reports (e.g., Odyssey, 2004 &

CFA, 2003a) for basin 1A, 1B and Curt 18.

Bailey Canyon
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Due to inadequate channel and culvert capacities at Toll Road, Stantec determined that approximately
352 cfs of Bailey Canyon flow diverts north across Geiger Grade: + 93 cfs in the Chandler Ditch culvert
and + 259 cfs as sheetflow over Geiger Grade (Appendix |). Of the 352 cfs, 22 cfs was calculated to
flow north in the Chandler Ditch (CFA, 2003b), while the rest of the split flow (330 cfs) discharges to the
Geiger Channel where it combines with flow from basins 1A and 1B. Geiger Channel flows
southwesterly to Curti Ranch Spreader 1, where flow from Curti Area 18 is added. The composite

100yr / 24hr flow at Curti Spreader #1 was estimated as 336c¢fs.
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Figure 7. Composite 100yr / 24hr Peak Flow Summary using SCS Method
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Figure 8. Hydrograph Summary using SCS Method

HYDROLOGIC MODEL EVALUATION

The reasonableness of the SCS model was evaluated by comparison with other methodologies. The

model was first compared to results obtained by using the Green & Ampt Loss Method.

Green & Ampt Parameters. As suggested by the US Army Corps of Engineers HEC-HMS Technical
Reference Manual (March 2000), initial loss was estimated as 0.68 inches using SCS initial abstraction
(Appendix C). The soil parameters for each soil type were obtained from the Maricopa County, Arizona

Drainage Design Manual. The weighted averages of hydraulic conductivity, wetting front suction, and

Bailey Canyon
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average volumetric soil moisture deficit were estimated (Refer Table C.1 through C.4, Appendix C).
The USBR lag time equation and upland method were used with a SCS transform.

Bailey Canyon Green & Ampt Model Results. For the Green and Ampt Loss method, the 100-year/24-

hour peak discharge was estimated as 2968 cfs (Figure 9).

Junction Element "J3 at Toll Road" Results for Run "Bailey 4B/30M/3C Composite”
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Figure 9. Hydrograph for 100 Yr- 24 hr Storm Event using Green & Ampt Loss Method
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SCS Method and Green & Ampt Loss Method Comparison. For Bailey Canyon, there was good

agreement in the peaks between the SCS and Green & Ampt methodologies (Figure 10). The Green &
Ampt method peak of 2968 cfs is only 2% greater than the SCS peak of 2908 cfs. However, the
hydrographs differ significantly in shape and volume. The SCS volume is almost two times the Green

& Ampt volume.
——8CS — Green&Ampt
3000
Peak (Green&Ampt) = 2968 cfs
Volume (Green & Ampt) = 626 ac-ft
2500
Peak (SCS) = 2908 cfs
Volume (SCS) = 1355 ac-ft
2 2000
5,
b
2
£ 1500 \
o
o]
: \
L 1000
| \
500 \ |
0 T T —E T - T

Time (hr)

Figure 10. Comparison of Hydrographs for SCS Method and Green & Ampt Loss Method

Sensitivity Analysis. A sensitivity analysis was performed with the CN and fag time parameters in order

to identify the parameters the model is most sensitive to. While holding one parameter constant at the
estimated value, the other parameter was varied plus and minus 5%. As shown in the figure 11 and
12, the model is much more sensitive to curve number, where a 5% change in the curve number yields

a flow change of 18%.
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Frequency analysis. Using the USGS peak flow data for Bailey Canyon, a frequency analysis was

performed and resulted in flow of 2152 cfs (Appendix D). However, since there was only 4 years of

recorded peak data, these results are not very reliable.

USGS Regression Equation (NFF Program). A USGS regression equation analysis was performed for
Bailey Canyon resulting in a 100-year peak discharge of 2040 cfs (Appendix E). The regression

equations in the NFF program were developed based on regional watershed and climatic

characteristics.

Bryant Creek Comparison. Bryant Creek basin, a gaged basin, which has similar soils type, ground

cover and basin orientation was used to evaluate the reasonableness of the Bailey Canyon curve
number. Since the basin is gaged with several years of peak flow data, a frequency analysis can be
performed with improved reliability. Bryant Creek basin is approximately 31.5 sq.miles in size and lies
south of Gardnerville, NV. The 100-year peak flow for Bryant Creek using the USGS frequency
analysis program, PEAKFQ, was estimated as 4146 cfs (Appendix F). An SCS model was then
calibrated by varying the curve number until the peak flow of 4146 cfs was obtained. The resultant

calibrated curve number of 61.6 is much less than the weighted average of 74.2 for the Bailey Canyon

Bailey Canyon
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December 2005 Storm Observations. On December 30 and 31, 2005, the Reno and Carson City areas
experienced a significant storm/runoff event. Flooding was observed in many locations including the
South Reno area, Bailey Canyon Creek was observed flooding over Toll Road and areas downstream
(Reference photographs, Figures G.24 to G.31, Appendix G).

While the flows were contained within the banks upstream of Toll Road, the flooding appeared to be
caused by inadequate culvert capacity under Toll Road. Downstream of Toll Road, the stormwaters
sheetflooded the properties south of Geiger Grade.

A portion of the flow reached the roadside ditch along the south side of Geiger Grade, where it caused
shallow flooding of the south lane of Geiger Grade. Two locaticns of flooding onto Geiger Grade were
observed which appeared to be due to insufficient capacity of driveway culverts. Flooding over Geiger

Grade was not observed. However, the Chandler and Crane ditch culvert crossings were running full.

There are three NOAA rainfall gages in the Reno area: Reno-Tahoe Airport, South Reno at Wolf Run
Golf Course, and Carson City (Ref. Figure G.1 Appendix G). Data was obtained from NOAA and
Western-Regional Climatic Genter for the primary storm over a 28-hour period (Figure G.2, G4, and_

G.6; Apbéndix‘G).: 24-hour cumulative amounts were estimated for the Rena ‘Airport, South Reno, and

. Carson gages as 2.32", 3.86", and 5.40", respectively (Figure G.3, G.5, and G.7, Appendix-G).

A simple comparison to NOAA 14 frequency precipitation depths indicates that the storm exceeded the
200-year storm at the South Reno Gage (Table G.2, Appendix G). However, the exceedence at Reno
Airport and Carson City were 50 year and 1000 year, respectively.

In addition to the NOAA gages, Washae County maintains several gages in the Truckee Meadows (Ref
Figure G.1, Appendix G}. The gages in South Reno indicate that the storm was more intense in the
central and western portion of the Valley. The eastern gage in Bailey Canyon recorded a cumulative
24 br rainfall of 3.07" which is approximately a 16 year storm event based on NOAA 14 data {Figures
G.8 & G.9 & Table G 4).

Bailey Canyon
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A review of radar images from NOAA NEXRAD during the storm period was conducted. The
composite reflectivity, which indicates storm intensity, showed that the storm intensity over Bailey
Canyon was equal to or greater than the intensity at the South Reno gage (Figure G.18 to G.23,
Appendix G). This would suggest that the cumulafive rainfall in Bailey Canyon may have been around
4 inches. However, this is not supported by the Bailey Canyon gage data.

Evaluation Summary. Table 1 is a summary of 100 year peak flows estimated previously and per this

study using different models and methodology. As shown, the values range from 1,120 cfs to 3673 cfs.

Table 1. Summary of 100 Year Peak Flow Values

Studies Peak Flow (cfs)

1 | Flood Insurance Study (FIS)} for Washoe County (FEMA, 1990) 1,120

2 | Cottonwood Creek Estates Study (Nimbus, 1995a) 3,673

3 | Southeast Truckee Meadows Flood Control Master Plan {(Nimbus, 1995b) 2,158

4 | SCS Method (CFA, 2006) 2,908

5 | Green and Ampt Loss Method (CFA, 2006) 2,968

6 | Frequency Analysis (CFA,2008) 2|

_ 7 | USGS Regression Equation (CFA, 2008) . . - 2040 |
HYDRAULIC ANALYSIS

The flood flow hydraulics for Bailey Canyon channel at Toll Road was reanalyzed by Stantec
Consulting using updated topography and peak flows. They used HEC-RAS to develop the water
surface profiles and split-flows over Geiger Grade (Appendix I).

As shown in their results, the modeled 100yr / 24hr flow of 2908 cfs resulted in a split flow over Geiger
Grade of 259 cfs. With a Chandler Ditch culvert flow of 93 cfs, the total flow to the north side of Geiger
Grade is estimated at 352 cfs.

Bailey Canyon
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DISCUSSION AND RECOMMONDATIONS

Discussion. This study has shown that peak flow prediction may vary significantly depending on the

methodology and model parameters.

In February of 1995, the Cottonwood Creek Estates Study (Nimbus, 1995a) established the currently
recognized flow of 3673 cfs. This study, using the SCS methodology, ufilized lower resolution
topography which resulled in a larger basin delineation and shorter watercourse length. For the lag
time, the USBR equation adjusted for Las Vegas was used. Since then, a more appropriate equation
has been developed for Washoe County (Washoe County, 1996). Rainfall was based on an SCS Type
[ storm and the older NOAA atlas 2.

The Southeast Truckee Meadows Flood Control Master Plan {Nimbus 1995b) estimated a peak flow of
2158 cfs in September of 1995. The Master Plan used the SCS upland method for lag time, which may
not be appropriate for the size of the basin. The rainfall was also based on an SCS Type i sform and
the NOAA Atlas 2.

The FIS study (FEMA, 1990) and USGS regression equations (CFA, 2006) are regional in scale and do
.~ not take into account particular basin characteristics. As such, they should only be.used as a ballpark - -

estimate. They do, however, support a reduction in the current recognized flow of 3673 ¢fs.

The frequency analysis of Bailey Canyon gage date (CFA, 20086) is based on only 4 peak flows and is
not a reliable estimate of the 100 year flow. However, the flow of 2152 cfs does not indicate that the
flow should be set higher than modeled flows.

The SCS method (CFA, 2006) and the Green & Ampt (CFA, 2006} method are in agreement within the
magnitude of error inherent in concepiual models. The SCS flow of 2908 cfs is just 2% less than the
Green & Ampt flow of 2968 cfs. These models were based on the best information available including
a NOAA Atlas 14 storm distribution, topography, USBR Lag equation adjusted for the region, upland
method, and a thorough field survey.

Bailey Canyon
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To judge the reasonableness of the curve number selected for Bailey Canyon, a similar gaged
watershed (Bryant Creek) was modeled. Compared to a Bryant Creek calibrated curve number of
61.6, the Bailey Canyon average curve number of 74.2 appears to be very reasonable.

The December 30 and 31 precipitation records indicate that a storm in the magnitude of 200 years
occurred in South Reno.  The NEXRAD radar images in Appendix G indicate that the storm was at
least as intense over Bailey Canyon as it was at the South Reno gage. However, this is not supported
by the rainfall gage in the Bailey Canyon.

Recommendations. The model results for the SCS provides a good peak flow estimate for the basin.

It is supported by other hydrologic method results. In light of these considerations, a 100yr / 24hr peak
flow of 2908 cfs for Bailey Canyon is recommended. This will result in an estimated split-flow across
Geiger Grade of 352 cfs and a resultant flow of 336 cfs at the Curti Ranch Spreader #1.
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APPENDIX A
FIELD RECONNAISSANCE AND CONDITION SURVEY FOR BAILEY
CANYON
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PHOTOGRAPHS OF BAILEY CANYON FIELD CONDITION SURVEY, 2005

Figure A.3. Terrain at upper elevations of Bailey

Figure A.5. Terrain at upper elevations of Bailey Figure A.6. Terrain at lower elevation slopes
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Figure A.16. Bailey Creek in subb
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APPENDIX B
SCS METHOD ANALYSIS FOR BAILEY CANYON
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Table B.1, Cumulative Precipitation for 100 yr — 24 hr Storm Event (NOAA 14 Data)

Design Storm Hyetograph Calculation

Inc, Re- Cumul,

Duration | Duration | Precip* Depth Rank | Ordered { Cumulative | Cumulative | w/P= Cumul*.98
min {hr) {inches) | (inches) (inches) (inches) % 4.1 DAR
0 0.0 0.00 0.00 0 0 0.000 0.000
30 0.5 0.95 0.95 1.00 0.02 0.02 0.66 0.027 0.027
60 1.0 1.10 0.15 2.00 0.02 0.04 1.32 0.054 0.053
a0 1.5 117 0.07 3.00 0.02 0.08 1.98 0.081 0.080
120 2.0 1.23 0.07 4.Q00 .03 0.09 2.97 0.122 0,119
150 2.5 1.30 0.06 5.00 0.03 012 3.96 0.162 0.159
180 3.0 1.38 0.06 6.00 0.03 0.15 4.95 0.203 0.199
210 3.5 1.42 0.06 7.00 0.03 0.18 5.94 0.244 0.239
240 4.0 1.48 0.06 8.00 0.03 0.1 6.93 0.284 0.278
270 4.5 1.54 006 9.00 0.04 0.25 8.25 0.338 0.332
300 5.0 1.60 0.06 | 10.00 0.04 0.29 9.57 0.392 0.385
330 55 1.66 0.06 | 11.00 0.04 0.33 10.89 0.447 0.438
360 6.0 1.71 006 | 12.00 0.04 0.37 12.21 0.501 0.491
390 6.5 1.77 0.06 | 13.00 0.04 0.41 13.53 0.555 0.544
420 7.0 1.82 0.05 | 14.00 0.05 0.46 15.18 0.622 0.610
450 7.5 1.88 0.05 | 15.00 0.05 Q.51 16.83 0.690 0.676
480 8.0 1.93 005 | 16.00 0.05 0.56 18.48 0.758 0.743
510 85 1.98 0.05 | 17.00 0.05 0.61 20.13 0.825 0.809
549 9.0 2.03 005 | 18.00 0.06 0.67 2211 0.907 0.888
570 95 2.08 005 | 19.00 0.08 0.73 24.09 0.988 0,968
600 10.0 213 005 | 20.00 0.06 0.79 26.07 1.069 1.048
630 10.5 2.18 0.05 | 21.00 0.06 .85 28.05 1.150 1127
660 11.0 2.22 0.05 | 22.00 0.06 0.91 30.03 1.231 1.207
680 1.5 2.27 004 | 23.00 0.07 0.98 32.34 1.326 1300
720 12.0 2.3 0.04 | 2400 0.95 1.93 63.70 2,612 2 5589
750 12.5 2.35 0.04 | 25.00 0.15 2.08 68.65 2.815 2,758
780 13.0 2.39 0.04 | 26.00 0.07 2.15 70.86 2.809 2.851
810 135 2.43 004 | 2700 0.06 2.21 72.94 2.980 2.931
840 14.0 247 004 | 28.00 0.06 2.27 74.92 3.072 3.010
870 145 2.51 0.04 | 29.00 0.06 2.33 76.90 3.153 3.090
900 15.0 2.55 0.04 | 3000 0.06 2.39 78.88 3.234 3.169
230 15.5 2.58 0.04 | 31.00 0.05 244 80.53 3.302 3.236
960 16.0 2.62 0.03 | 32.00 0.05 2.49 82.18 3.369 3.302
990 16.5 265 0.03 | 33.00 0.05 2.54 83.83 3.437 3.368
1020 17.0 2.69 0.03 | 34.00 0.05 259 85.48 3.505 3.435
1050 17.5 272 0.03 | 35.00 0.05 2.64 87.13 3572 3.501
1080 18.0 275 003 | 36.00 0.04 2.68 88.45 3626 3.554
1110 185 278 0.03 | 37.00 0.04 272 88.77 3.681 3.607
1140 19.0 2.81 003 | 38.00 0.04 2.76 91.09 3735 3.660
1170 195 2.83 003 | 39.00 004 2.80 92 .41 3.789 3.713
1200 20.0 2.86 0.03 | 40.00 0.03 2.83 93.40 3.829 3.753
1230 205 2.89 003 | 41.00 0.03 2.86 94,38 3.870 3.793
1260 21.0 2.91 0.02 | 42,00 0.03 2.89 85.38 3911 3.832
1290 215 293 0.02 | 43.00 0.03 292 96.37 3.951 3.872
1320 22.0 295 0.02 | 44.00 0.03 2.85 97.36 3.992 3.912
1350 22.5 2.98 0.02 | 45.00 0.02 297 98.02 4.019 3.938
1380 23.0 3.00 0.02 | 46.00 0.02 ! 2.99 98.68 4.046 3.965
1410 23.5 3.01 0.02 | 47.00 0.02 3.0 99.34 4,073 399
1440 24.0 3.03 0.02 | 48.00 0.02 3.03 100.00 4.100 4,018
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Figure B.1 Bailey Canyon Precipitation / Frequency Curve (NOAA 14 Data}

Lag Time (TLAG) Calculation

Where

TLAG =221 Kn (LLc/S05)033

Kx = Roughness factor for the basin channels

L = Length of longest watercourse (miles)

Lc = Length of longest watercourse measured upstream to a point apposite the centroid
of the basin (miles)

S = Representative (average) slope of the longest watercourse (ft/mile}

This equation is based on the United States Bureau of Reclamation’s (USBR's} analysis of the above

parameters for several drainage basins in the Southwest desert, Great basin, and Colorado Plateau are
(U.S. Department of Interior, 1989). Since the Soil Conversion Services (SCS) and the USBR define lag
differently, this equation was developed by modifying the USBR’s S-graph lag equation to correspond to

the SCS's definition of the dimensionless unit hydrograph lag equation.
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Table B.2. Summary of Lag Time Calculations for Subbasins A, B& C
Using USBR Equation for Washoe County

I Teas= 221, (LLJS"5** hours jl
Basin A
Lift) H,{ft) H,{ft) H={H,-H;) {ft) I=(LoHy*S
17016 5320 4720 B0 90617.1899
18256 6120 5320 800 87209.42¢8
5395 6860 6120 740 14567.0400
40667 192393.6597
S§= 0.04467893 ft'ft
5= 235.9047 ft/mile
L.= 22824 f{t 4.3227 mile
L= 40667 ft 77021 mile
K. = 0.06
Trag= 1.712 hours
Tiac= 103 min
Basin B
L{ft) H{ft) Hofft)  He(HeH ) IS(LH)°S
1280 6460 6200 260 2840.0650
4066 6200 5320 880 8739.9656
6417 5320 4720 600 20985.6504
11763 32565.6811
S= 0.130471563 ft/it
8= 688.8899 {tUmile
L= 5346 ft 1.0125 mile
= 11763 ft 2.2278 mile
K,= 0.055
Tiag= 0.541 hours
Tiag= 32 min
Basin C
L(ft) Hy(ft) Haft)  H=(HH ()  I=S(LH)™S
2397 8560 6000 560 4959,1591
2855 6000 5680 320 8527.7445
2097 5680 5140 540 4132.3849
2259 5140 4900 240 6930.5663
2885 4900 4740 160 12250.6388
12493 36800.4936
S5= 0.115246088 ft/ft
8= 608.4993 ft'/mile
L= 6020 ft 1.1402 mile
L= 12493 #t 2.3661 mile
K.= 0.055
TLAG= 0.586 hours
TLAG= as min

Bailey Canyon
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Table B.3. Summary of Lag Time Calculations for Subbasins D
Using Upland Method

SHEET FLOW: 1

Time of Concetration(Tc) = 0.007(nL)>*(P,"*s"*}

Surface Description Range

Manning's Roughness n 0.13
Flow Length (ft) L 300
2yr-24hr Rainfall (inch) Py 1.4
Land Slope (ft/ft) s 0.045
Travel Time (hr) T, 0.383
SHALLOW CONCENTRATED FLOW: 2

Time of Concetration{T_) = L/{{3600V/)

Surface Description

Earthen and paved surfaces

Flow Length {ft) L 5658
Watercourse Slope (ft/ft) s 0.035
|Average Velocity (ft/s) ) 3.7
Travel Time (hr) Te 0.425

Travel Time(Ty) = L/3600V

Trapezoidal Channel

Cross Sectional Area (ft9) a 128
Wetted Perimeter Py, 41.54
Hydraulic Radius (ft} (a/P,,} r 3.08
Channel Slope s 0.015
Manning's Roughness n 0.040
Velocity (ft/s) (1.49 r**s"n) v 0.66
Flow Length (ff) L 3555
Travel Time {hr) Te 0.084

i Total Time of Concentration (Tc) = 0.892 hours

I Lag Time (T,,;) = 0.535 hours

|| Lag Time (Ty,;) = 32 mins

Bailey Canyon
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Table B.4. Summary of Weighted CN Calculations for Subbasins

Basin A 360081630 SF 8266.34 AC 12.9162 SM
Soil Name Area (SF) Hydro. Group | Area (AC) Cn C, xArea
251 2109026 C 48.42 67 3243.91
251 409874 C 941 67 630.43
482 2478083 8 56.89 485 2816.06
893 286513 C&D 6.58 71.25 468.81
893 24153101 C&D 554.48 71.25 39506.62
1410 4028341 B,C,&D 92.48 64 5918.59
1410 1980262 B,C.&D 45.46 64 2909.48
1410 1736498 8,C, &D 39.86 64 2551.33
1410 198829 B,C.&D 4.56 64 292.13
1410 367997 B.C.,&D 8.45 64 540.68
1520 322333006 7399.75 79.5 558680.94
Sum: 8266.34 617558.97
Ave.C = 74.71
Basin B 16322126 SF 374.70 AC 0.5855 SM
Soil Name Area (SF) Hydro. Group | Area (AC) C. C,xArea
251 202787 C 4,66 67 311.91
1520 16119339 D 370.05 75.5 27938.71
Sum: 374.70 28250.82
Ave.C = 75.39
Basin C 22874325 SF 52512 AC 0.8205 SM
Soil Name Area (SF) Hydro. Group | Area (AC) C. C,xArea
1520 22874325 D 525.12 80 42009.78
Sum: 525.12 42009.78
Ave. C,= §0.00
Basin D 25367266 SF 582.35 AC 0.9099 SM
Soil Name Area (SF) Hydro. Group | Area {AC) C, C.xArea
110 77494 D 1.78 70 124.53
171 1610467 D 36.97 70 2587.99
251 12554294 C 288.21 63 18157.04
360 160511 B 3.68 51 187.93
482 4018282 B 92.25 51 4704.60
880 242698 C 557 63 351.01
930 521187 D 11.96 70 837.54
971 1266612 B 29.05 51 1481.78
971 805460 B 18.49 51 943.03
1520 4111261 D 94.38 70 6606.71
Sum: 582.35 35982.15
Ave.C. = 61.79

Weighted Average CN for Subbasing A, B, C,& D = 74.2
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Table B.5.1. Curve No. for Arid and Semiarid Rangelands (SCS TR-53)

Table 2-#d.—HRunaff curve numbert for arid and semiarid rangelands!

Cuarve numbers for
Cover desoription hydrologic il group—
Hydrologic

Cover upe candEtion® AY B ¢ 1]
Herbaoeous—mixture of grass, weeds, and Foar 80 & L%
lpu-growing brush. with heush the Fair i | 1] 89
mitar ¢lemane Good 62 4 85
Cak-aspen—mouttain brush mixtare of oak brush, Foor 85 4 ™
aspen, meuntin sahogany, bivter brush, maple, Fair L] 57 63
and other brush. Gooid 30 41 1
Pryonjuniper—pinyan, Juniper, of bogh; - Pour 35 83 >
v At G ™ Fai iy 13 80

¥953 understery. ot AFBa it — - _ﬁ 48 o 67 5 AT
Sagobrush with grass undesstory. Poor f? 80 85
ShBagin O = Fur 2 ﬂ; 10
W Je Gaod T T i

' ErprEN)us

Desert shrub—major planta nclude saltbush, Paor 6 i 85 2
greasewood. erqosatabush, blackbrush, bursage. Fair £+ e’ &1 86
palo verde. mesquite, and cactus. Good 19 88 w ]

cAverage ranad contnica, nd [, = 3,25 Fer e i hurud reyions, use wble 2-2¢,

s <KV greumt eouor (llceer, grass. arel brusa uvénturrl

Fors o e 10 prouesd cuner,
{owul. 3 % grouml cuver.

CN 50:‘,
'Curve numiers fur roul A bave tevn devekagrd undy fur desert shrab. chlw!as-c Ea (i,fm?
& L b
guh-gﬂg-ﬂ A. #?-5- é?q 76!5
Sup-Begina__B ,

Sub-Basin ¢ s M 86

Sub. Basa D &1 &2 TO
Gmr C kit = Fhoae
Gy @

Used -« 5‘Cm H Sou?

Qub.Rata A cn for Sout

va‘o g,¢&> =

24

(210-VE-TR-35, Second Ed., June 1986)
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Table B.5.2. Curve No. for Urhan Areas (SCS, TR-55)

Feovr SUBBASIN P LaMD vse 5 MEDIVI
PESITY SBUBVEBAN & 2 LoT:/RRE ¥ 30/ (MPERVIOUS

o
Table 2-2a —Runsff curve pumbera for urtap-dreas!

Qurve pumbers for
Cover descriplion hydrologic sl group—

Average percent
Caver type and hydralogic condition mpervio areal ¥ 3 8 c o

Fully dewloped urbon oreas (oepetation established)

Open ;uee Owwns, parks, golf courses, cemeteries.
ac
Poor condition (grass cover < 50%} .. cuienenoa,
Fair condition (grass cover S0% to T ...,
Goed condition (gress cover > 15%) .iciuuriiireaa
Impertious aress:
Paved pariing bots, roafs, drivenwys, éte.
(axeluding right-od-waYh . vovenr i
Streqts and roads:
Paved: curbs and storm sewars {exchuding
7118 2 TR PP
Paved; open ditches Gncludieg right-ofwayk .......
Gravel tinduding rightofesy) .. ....o...vau,
Dirt Gecluding sight-afway) ... reverriranen-.-
Wegtern desort urban areax
Natural desert landscaping fpervious areis only¥.. 85
Artificial dewsrt bundecaglng mpervious weed
barrier, desert shrob with I- w0 2-inch sand
or gravel mubch and basln barders} .ocoaviinnne.- 9%
Urben districts:

2828
EXR®

242
2ad

8
®
2
R

98
a2

L1)

g /J&as
3 BERRE
2
2 @288

Regidential districis by average lot sice:
118 mere or best [eown housesd. ... ...l

85
=
(3
HOE - - S h\tg .................... ‘- =<8
rre PP R 30 57
25
20
2

figydRie 28 %
Beargk B 8.

Devwloping wrbae argas

Newly graded aress (pervious areas only,

no vogetstion)* .. ..., Neasemamntaaaos PRTSINN il
Jdie Jands (CIN's are determined using cover Lypes

simiker W those in table 23\

)}

-
€

VAverage rusolf ensdithn, sad §, » 125 wsed 4 deveiop the o i ) s are
#The average perant fmporvious sred thown s [ 't Oehatr acsumptions are as Rllowy: iepery -
are direetly connected o cha srsbeun, inparvios et buve o CN of S, ad prervious xress #re congidered equivalant to open
spuse in good Mydralegie eomdition, LN's fur athor combinatioos of tondBlioms feay be computad vsing figore 23 or 24

ICN's thown wre equivalent 16 Lwse of pasture. ie CH'S fay b computed for sther ronsbinttions of opin space corer Lrpe.
“Careposite CNs lor huwrs] desert bungbesaping i by compated nsieg [gures 23 dr 2-f busad oo the imperviom wrey perotslags

= 881 3wl the pinvious ares CN. Thit gervious area CNs g1 datird eqoividest to desart shrud in hwdralagic sondition.
Waenpeite CNF4 10 Uae [or the design of temperery miusoras duning and comtruetion shogld be computed uxing Agare £-9 or 24,
bused an Lhe degres of devddopment limperdeus areu percentagel and the CN's for the peedy graded perviogs doeus

{210-V1-TR-55, Second Ed., Jure 1986) 26
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Table B.6. HEC-HMS Results using SCS Method for Composite Basins

Projecl: Bailey-SCS  Simulation Run: Bailey 4B/30M/5C Composite

Sfartof Run:  01May2006, 00:00 Basin Model: Bailey 4B Composite
End of Run: 02May2006, 12:00 Meteorologic Model: NOAA 14 UNIT
Execution Time: 29Jun2006, 13:25:46 Control Specifications: Controt 5 min

Volume Unils: AC-FT
Hydrologic Drainage Area | Peak Disdmrg*Time of Peak Volume
Element MI2) {CFS) (AC-FT)
1A & 18 0.0714 22,26 01May2008, 12:25 [4.61
Bailey Creek 0.0000 255561 01May2006, 13:40 1121047
CURT 18 0.0113 8.18 01May2006, 1205 |1.00
Chandfer Ditch 0.0000 22.00 01May2006, 13:30  {11.62
Chandler Spiit Flov 15.2309 329.92 01May2006, 13:40 1130.27
| Geiger Channe! _{15.3023 335.00 01May2006, 13:45 | 134.89
Gelger Split Flow | 15.2309 351.92 0tMay2006, 13:40 | 141.85
J1 13.5010 2773.5¢ 01May2006, 1340 [ 1213.62
J2 14.3210 2861.50 01May2006, 13.40 | 1291.48
J3 at Toll Road 15.2309 2007.53 01May2006, 1340 (1352.35
J4 15.3023 335.29 01May2006, 13:40 | 134.86
J5 15.3136 33567 01May2004, 13.45 |135.89
Reach-1 13.5010 2772.23 01May2006, 13:40 (1213.70
Reach-2 10.86200 383.47 01May2008, 1226 [77.78
Reach-3 14.3210 2859.60 01May2006, 13.45 [ 1291.53
Spfeader 1 15.3136 3567 Q1May2008, 13:45 [ 135.89
Subbasint A 12.9180 272591 01May2006, 13:40 [ 1167.95
Subbasin B 0.5850 237.09 01May2006, 1225 [45.74
Subbasin C 0.8200 328.31 01May2006, 122§ | 77.79
Subbasin O 0.909% 281.04 01May2006, 1220 |[60.83
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Table B.7. Summary of Bailey Canyon (4-Subbasins) Parameters

Show Elements:

Subbasin

{A&1B
CURT 18
Subbasin A
Subbasin B
Subbasin C
Subbasin O

Show Elements:

Subbasin

1A &1B
CURT 18
Subbasin &
Subbasin B
Subbasin C
Subbasin D

ZiSubbasin Area [Bailey 4...

Initial Abstraction

Area
(W12)

0.0714
0.0113
12916
0585
0.82
05039

()

Curve Mumber

Shovy Elements:

Subbasin

1A &1E
CURT 12
Subbasin 4
Subbasin B
Subbasin C
Subbasin D

gﬁ.'Curve Number Loss [Balley 4B Componte]

Impervious
(%)

77 0o
88 0.0
747 8.0
7538 0o
80 Q.0
B61.3 30

#2Muskingum Cunge Channel Routing [Bailey 4B Composite]

e Vawigsn | She | Dianeler
. (FIFT) ! N
m 00 Topezod
1735 o8 0.04 Trepezoi
1650, o 04 Tiwge
5263, T 0.4 Trapezoid

£#SCS Transform[Bailey 4

Lag Time

()

36
13.2
103
3235
K
32






APPENDIX C
GREEN & AMPT LOSS METHOD ANALYSIS FOR BAILEY CANYON

Bailey Canyon
Drainage Study



Table C.1. Weighted Green & Ampt Loss Rate Parameter Values for Subbasin A

, Soll Infiltration Parameters
N : Lo | volumetrl N . . ;
Soil Type | Soll Textura| . - Soll. . JA=(Total Area} x). ™" < Wetting Front |  Hydrdullc.
' o ‘Percentage|(Soll Parcentage)| (i o o | 8%A. | Suction Head | wxA, | Conductivity K| KxA,
%M00) | (acresy - | Holsture @(in) {Enme) '
R | Defigit e :

251 - Cassiro gravelly sandy.loam (Total Area = §7.83 acres). .

Cassiro__| Sandy Loam | 1.00 | 57.83 [ 0300 | 17.35 4.30 [ 248567 | 0 40 | 23.13

482 - Holbrogk cobbly.loamy.sand (Total Area = 145.72 acres) . . .
Holbrook JloamySand|  1.00 | 56.89 [ 0325 | 1840 2.40 | 13854 | 1.20 [ e827

893 - Indiano-Duco-Cagle association (Total Area = 561.06 acfes) -

Indiano | Sandy Loam 0.42 235.65 0 300 70.69 430 1013 27 040 94 26
Duco Sandy Loam 0.36 20%.98 0.300 60.59 4.30 868.52 0.40 80 79
Cagle Clay Loam 0.22 23.43 0.200 24.89 8.20 1012.15 0.04 4.04

1410 - Burnborough-Tieino-Gabica association (Total Area = 190.82:acres)

Bumborough Loam 042 80.14 0.300 24.04 3.50 280 51 0.25 20 04
Ticine Sandy Loam 0.36 68.70 0.300 20.61 4 30 295 39 040 27.48
Gabica Sandy Loam 0.22 41.98 0,300 1259 4.30 180 52 040 16.79

1520 - Duco-Smailcone-Cagle association (Votal Area = 8355.91-acres) - :

Duco Sandy Loam 047 3477.88 0.300 1043.35 4.30 14954.89 Q40 1391.15
Smallcone | Sandy Loam 0.36 2663 91 (.300 798 17 430 11454 81 0.40 1085.56
Cagle Clay Loam 0.17 1257.96 0 200 251.59 8 20 10315.25 004 50.32 |
{sum) k= 8266.35 2343.19 40760.52 2842.73
[ Avg.8= 0283 | Avg.w(n= 493 |Avg.K{ivhj= 034 |
Uncertainties- Exact sofl classification for type #360 (Pds) are not avalable
Loamy Sand / Sand parameters were used for soil type #350's porosity, wetting front suction, and hydraulic conductivity
Source: Green and Ampt infiliralion parameters were obtained from Drairage Design Manual for Maricopa Counly, Arizona,

4th Edition, (Flood Control Distnct of Maricopa County and City of Phoenwx, Novernber 2003, Drafl)



Table C.2. Weighted Green & Ampt Loss Rate Parameter Values for Subbasin B

. Soll Infittration Parameters
- b _ Volumetrf ’ . o
Soll Type | Soli Texture|' - Solt  jA=(Total Araa)x)- = '™l - | Welting Front) . | Hydraulle . | . .
b Percentage |{Soll Percentage) -] OXA, | SuctlonHead | pwxA, .| Conductivity K | KxA,
’ (%/100) {acres) | Molsture] w(in) : ) '
1 -Deficit @ : ’ RS
251 - Cassiro gravelly sandy loam (Total Area = 284.23 acres) - _
Cassiro | Sandy Loam 100 | 466 1 o300 | 140 | 4.30 | 2004 | 0.40 | 138
1520 - Duco-Smallcone-Cagle agsociation (Total Area = 8355:91 acres) '
Duco Sandy Loam 0.47 173 92 0.300 52 18 4.30 747.87 0.40 69.57
Smallcone | Sandy Loam 0.38 133 22 0.300 39.97 4.30 572.84 0.40 53.29
Cagle Clay Loamn Q.17 62.91 0.200 12 58 8.20 515.85 0G4 2.52
{sum) E= a1 106.12 1856.60 127.24
[ Avg.8= 0283 || Avg.y(inj= 495 || Avg.K{inhrj= 034 |
Uncertainties: Exact soil classificalion lor type #360 (Pits) are not available.
Loamy Sand / Sand paramelers were used for soll type #360's porosity, welling front suction, and hydraulic conductivity.
Source’ Green and Ampt infillration parameters were obtained from Drainage Design Manual for Maricopa County, Anzona,

4th Edition, (Fleod Control District of Maricapa Counly and City of Phoenr, November 2003, Drafi)



Table C.3. Weighted Green & Ampt Loss Rate Parameter Values for Subbasin C

* Soll Infiltration Parametars -
Soll Type : |- Soll Texture |- Soli  AS(Total Area)-x V"‘:";::'f' - Wetting Front ' Hydrault¢ .
: © . [Percentage|(Soil Percentagé) -, ... | FXA, |'SucttonHead| wxA, | Conductivity K | KxA,
{%/100) {acres) .| Molstura T g - (in/hr)
iy Deficit®, - B 1
1520 - Duco-Smallcone-Cagle association (Total Area = 8355.91 acies) i - I
Duco Sandy Loam 0.47 246.81 0300 74.04 430 1061.27 0.40 9872
Smallcone | Sandy Loam 0.36 189 04 0300 56.71 4.30 812.89 040 75.62
Cagie Clay Loam 0.17 89 27 0200 17.85 8.20 732.02 Q.04 3.57
(sum}) Z= 525.12 148.61 2606.17 177.91
" avg.0= 0.283 || Avg.giny= 486 I Avo.Kinthrl= 034 |
Uncertainties:  Exact soil classification for type #360 (Pits) ara not available.
Loarry Sand f Sand parameters were used for soill type #360's porosity, wetting front suclion, and hydrauhc conductmily
Source: Green and Ampt infiltration parameters were abtained from Drainage Design Manual for Maricopa County, Anzona,

4th Edition, (Flood Control District of Mancopa County and City of Phoenix, November 2003, Drafl)



Table C.4. Weighted Green & Ampt Loss Rate Parameter Values for Subasin D

4th Edition, (Flood Controf District of Mancopa County and City of Phoenix, November 2003, Crafl)

. . " <1 " SollInfittratlon Rarameters ' .
8ol Type | 8 ;- -fAsTotal Areg) x| YHETNEN | wotting Frone | Aydraulic . |
R | (80l Parcentage o - | 9xA. | SuctionHead: Conduictivity K. K x'A,
o - B DI YA T i gln). |, (inte): - -
S U i S AT im ]
110 - Jowec Variant sandyloam [ToatArea=178acres)” =~ . i VR L, .

Jowec | Sandyleam [ 1.00 | 178 [ o300 [ 053 | 4.30 [ 785 | 0.40 [ om
171 - Indian Creek graveliy'sandy loam (Total Area = 54.97 acres) i T o ’
Indian Creek| SandyLoam | 1.00 | 36.97 [ 0300 T 1100 | 4.30 [ 158.97 | 0.40 | 1478
251 - Cassiro gravelly sandy foam (Total:Area = 294.23acres) ‘ A S .

Cassio__| SandylLoam | 1.00 | 288.21 T o300 | 8648 | 4,30 | 123930 0.40 [ 11528

|360 - Pits (Totai Area =3.68) - =" == =", L L . IR Lo
nfa_ | n/a [ 100 ] 368 [ o030 T 110 [ 2.40 | 883 | 1.20 | 442
482 - Helbrook cobbly loamy. sand. (Total Aréa’=-145.72 acres) . - G .
Holbrook | Loamy Sand 1.00 | 92.25 | o325 ] 2008 ] 2.40 | 22140} 1.20 [ 11070
880~ Zephan-Rock Outcrop-Smiallcone complex (Total Area'= 33,26 acres) o 3
Zephan Sandy Loam 0.55 3.06 0.300 0.92 4.20 13.17 0.40 1.23
Smallcone | Sandy Loam 0.45 251 0.300 0.75 4,30 10.78 Q.40 1.00
930 - Old Camp stony sandy.loam (Tofil Area =-19.50 acres} - . Lt s
OidCamp | SandyLoam | 1.00 | 11.86 | o300 T 3359 | 4,30 [ 5143 | 0.40 I 478
971 - Aladshi sandy joam:(Total Arga =44.62 acres) . . . E ]

Aladshi | Sandyloam | {.00 | 47.54 I o300 [ 1426 | 4.30 | 204.42 | 0.40 [ 18.02
1520 ~Dico-Smallcone-Cagle agsocidtion (Total Area = 8355.917acres), I

Duco Sandy Loam Q47 44 .36 0.300 13.31 4 30 190 74 Q44 17.74

Smallcone | Sandy Loam 0.36 33.98 0.300 10 19 4,30 146.10 0.40 13.59

Cagle Clay Loam 0.17 16 04 0 200 3.21 g 20 131.57 0.04 0.64

(sum) I= 582,34 175.40 2384.37 303.50
[ Avg.e= 0301 | Avg.ytty= 409 [ Avg. ®K(nbr)= o052 |
Uncertainties:  Exact soil classification for type #3860 (Pits) are not avarable.
Loamy Sand / Sand parameters were used for soil type #360's porosiy, wetting front suction, and hydraufic conductivity,
Source: Green and Ampl infiltration parameters were obtained from Dramage Design Manual for Mancopa County, Arizona,



[ |

Drainage Désign Manual for Maricopa County

Hydrology: Rainfali Losses

may not be correct. Incorrect results could cause serious consequences for ﬂoqd control plan-

ning and design. Therefore, it is recommended that, for watersheds consisting of relatively small

subareas of sand, the Green and Ampt parameter values for loamy sand be used for the sand
portion of the watershed. If the area contains a large portion of sand, then either the Green and
Ampt method should be used with the parameter values for Ioafny sand or the IL+ULR method
should be used with the appropriately determined values for the parameters.

Table 4.1

GREEN AND AMPT LOSS RATE PARANMETER VALUES an BARE GROUND

Soil Texture XKSAT

PSIF DTHETA!
Classification inchesthour  inches Dry Nommal Saturated

(1) - (2) (3) 4 (5) {6}
locamy sand & sand 1.20 2.4 0.35 0.30 0
sandy loam 0.40 43 0.35 0.25 0
loam -0.25 35 0.35 0.25 0
silty loam - 0.15 6.6 0.40 0.25 0
silt 0.10 7.5 0.35 0.15 0
sandy clay loam 0.06 86 0.25 0.15 0
clay loam . 0.04 8.2 0.25 0.15 G
silty clay loam 0.04 10.8 0.30 0.15 ]
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 115 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

Notes:
1. Selaction of DTHETA

il

Dry
Normal
Saturated

]

. Imigated agricultural land,

4-10

Nonirrigated 1ands, such as desert and rangeland;
irigated lawn, turf, and permanent pasture;

November 2003 (Draft)



Initial Loss Calculation used for Green & Ampt Loss Model:

According to the Hydrologic Modeling System HEC-HMS Technical Reference Manual (US Army Corps
of Engineers, March 2000), initial loss (or initial abstraction) for the Green & Ampt Loss Model may be
estimated using similar methods as other loss models. Therefore, the initial abstraction concept
derived from the Soil Conservation Service (SCS) Curve Number Loss Model, which is based on
antecedent moisture and soil cover characteristics, can be used to estimate the initial loss for the

Green and Ampt model.

SCS Cuive Number uses the following equation to estimate the initial loss, la, which was developed
from an empirical relationship shared with the potential maximum retention, S, derived from analysis of
many small watersheds:

la=0.2*S
Also, the potential maximum retention, 8, and watershed characteristics are related through the curve
number, CN, with the following equation:

$=[1000-(10*CN)] / CN (US system)
Therefore, the initial loss equation can be summarized as:

12 = 0.2%([1000-(10*CN})] / CN)

Summary of Initial Loss (l.)

Basin CN la (in)

A 74.74 0.68

B 75.39 0.65

C 80.00 0.50

D 81.79 1.24
Sources:

o US Army Corps of Engineers, March 2000, Hydrologic Modeling System HEC-HMS
Technical Reference Manual, pp 40-42.

Bailey Canyon
Drainage Study



Project : Bailey-Green and Ampt  Simulation Run : Balley 4B/30MSC Composite  Junction: J3 et Toll Road

Start of Run:  01kay2006, 00:00 Basin Model : Bailey 4B Composite
End of Run : 02May2006, 12:00 Metecrologic Mode!:  NOAA 14 UNIT
Execution Time : 26Jun2006, 14:35:22 Control Specifications : Cordral 5 min

Volume Units ; - #IN %3 ACFT
Computed Results

Peak Outfloww : 2968.41 (CFS) DatefTime of Peak Outflowy ; 01May2006, 13:35
Total Outflowy : 625.94 (AC-FT)

Figure C.1. HEC-HMS Results using Green & Ampt Loss Method

Bailey Canyon
Drainage Study






APPENDIX D
FREQUENCY ANALYSIS FOR BAILEY CANYON BASIN

Bailey Canyon
Drainage Study



USGS Surface Water for USA: Peak Streamflow

1
Data Category:
I Water Resources Surface Water

] Peak Streamflow for the Nation
USGS 10349493 Bailey Canyon at Toll Rd nr Steamboat, NV

Available data for this site Site home page

Page 1 of 1

Geographic Area:
United States

Quiput formats

Washoe County, Nevada Table

Hydrologic Unit Code 16050102 Graph

Latitude 39°22'31", Longitude 119°42'51" NAD27

Drainage area 12.7 square miles Tab-separated file

Gage datum 4,830. feet above sea level NGVD29 |WATSTORE formatted file

|Rese|ect output format |

USGS 18349493 Bailey Canyon at Toll Rd nr Steanboat, HV

768 ‘ &

Hes

4Q8

Jeo

208

Streanflom, in cubic feet per second

148

1986 1988 19490 1992 1894 1996 19986

Download a presentation-quality graph

2008

Questions about data Water Webserver Team

=

Top

Feedback on this website NWISWeb Support Team Explanation_of terms

Surface Water for USA: Peak Streamflow
http://waterdata.usgs.gov/nwis/peak?

Retrieved on 2006-04-07 15:41:13 EDT
Department of the Interior, U.S. Geological Survey

Privacy Statement || Disclaimer || Accessibility || FOIA
1.87 I 87 nadwwQ1

httn://nwis. waterdata.nses.ecov/nwis/neak/?qite nn=103149491

47M0NA



INPUT SKEW AND PROBABILITY TO FIND LP3 DEVIATE, K

Note: It appears that this is a close estimate to the table (see table comparison)

MY (AT s DI ST
1-P : I-p 7 2 3 :

G 6,6 P <05 l+di+d” +d;t :

, fF= [--21n(P)]2 :

s o CotCuaCy i

P> 0.5 e 1+dt+d,t2 +d,t ;

Enter G (Use 0.000001 for §
Skew, G =|-0.891600

Cy = 25168517 d, = 1.432788
C,=0.802853 d, = 0.189269
C,- 0.010328 ds = 0.001308
Probability, P Zip tless tgreater  Deviate, K
| 0.0100 I 2.3268 3.0349 0.14178 1.676 Result

Enter P



STATISTICS AND FREQUENCY CURVE COORDINATES
Bailey Canyon {Gage) Basin, Nevada

Annual Max Sorted Weibult Annual Max
Year Peak Flow Year |Peak Flow Plot F Peak Flow
(cfs) (cfs) Y=logX Y? Y Rank | P=m/n+1 (cfs)
X X m x160 X
1986 930 1986 930 2.96848 | 8.81189]26.15795 1 100.0 930
1995 350 1996 700 2.84510 | 8.09458 | 23.02988 2 200.0 700
1996 700 1995 350 2.54407 | 6.47228 | 16.46593 3 300.0 350
2000 130 2000 130 211394 | 446876 | 9.44670 4 400.0 130
SUM= 10.4716 27.8475 75.1005
MEAN: Ym= sumY/n = 26179
STD. DEVIATION: S = ((sumY>-(sumYy/nin-1))°° = 0.3803
SKEW COEFF: G = ((n**sumY*)-(3*n*sumY sumY?)+2*(sumYyy(n*(n-1)*(n-2)*s% = 0.8916

FREQUENCY CURVE COORDINATES: LOG-PEARSON TYPE Il

log X =Ym + KS
Pk. Flow
Return Exceedance DevateK logX X
Period (Tr} Probability (%) (Table) (cfs)
100.0 1.000 1.6760 3.2553 1800
AREA ADJUSTMENT:

WITHG = -0.8916
(unweighted)

Peak flow for Bailey Canyon = {1800/12.7)*15.18 =2152 cfs







APPENDIX E
USGS REGRESSION ANALYSIS FOR BAILEY CANYON

Bailey Canyon
Drainage Study



TR BN N .

National Flood Frequency Program

Version 3.0

Based on Water-Resources Investigations Report 02-4168

Equations from database C:\Program Files\NFFANFF files\NFFv3.2 2004-12-14.mdb
Updated by kries 9/22/2004 at 4:03:24 PM fixed decimal place in constant

Equations for Nevada developed using English units

Site: Bailey Canyon, Nevada

User: Mathy

Date: Friday, January 13, 2006 11:33 AM

Rural Estimate: Bailey-Gage
Basin Drainage Area: 15.2 mi2

I Region

Region: Eastern_Sierras_Region 5
Drainage Area=15.2 mi2

Mean Basin_Elevation = 6160 fi
Latitude_of Site = 39.4 decimal degrees
Crippen & Bue Region 16

Flood Peak Discharges, in cubic feet per second

Recurrence Peak, Standard Equivalent
Estimate Interval, yrs cfs Error, %  Years
Bailey-Gage 2 75.8 140 0.2
5 244 100 0.7
10 466 84 1.7
25 923 87 2.6
50 1420 91 33
100 _2040 95 3.8
500 4590

Maximum: 86700 (for C&B region 16)

Bailey Canyon
Drainage Study






APPENDIX F
SCS METHOD ANALYSIS FOR BRYANT CREEK

Bailey Canyon
Drainage Study
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_ USGS Surface Water for USA: Peak Streamflow

1
- - i
g N 1

:
Ig Water Resources

J Peak Streamflow for the Nation
USGS 10308800 BRYANT C NR GARDNERVILLE, NV

li Available data for this site Site home page

Page ! of |

Data Category: Geographic Area:
Surface Water - United States -

Output formats

Douglas County, Nevada Eable

_....Hw

Hydrologic Unit Code 16050201

Latitude 38°47'38", Longitude 119°40'18" NAD27 IG—@m

Drainage area 31.5 square miles |Tab-separated file

Gage datum 5,445.91 feet above sea level NGVD29 MATSTORE formatted file

Reselect output format

USGS 183688600 BRYANT C NR GARDNERVILLE, NV

[L

1400
1260
1088 | A
800
600
488
A

208 A

A 2 &M& A
N A A A o

Streanflow, in cubic feet per second

&
AN

&A@.&

1964 1978 1976 1982 1988

Download a presentation-quality graph

1994 2008 2886

Juestions about data Water Webserver Team
Feedback on this website  NWISWeb Support Team
surface Water for USA: Peak Streamflow
1ttp://waterdata.usgs.gov/nwis/peak?

Retrieved on 2006-04-07 15:42:16 EDT
Jepartment of the Interior, U.S, Geological Survey

>rivacy Statement || Disclaimer || Accessibility || FOIA
1.86 1.87 nadww01

I,ltto://nwis.waterdata.ugg.q.anv/nuﬁq/npal(/?qifp na=1N1NLLNN

Top
Explanation of terms



U. S. GEOLOGICAL SURVEY
ANNUAL PEAK FLOW FREQUENCY ANALYSTS
Following Bulletin 17-B Guidelines

Program peakfq
(Version 4.1, february, 2002)

--- PROCESSING DATE/TIME —--
2005 pEC 21 09:52:32
--- PROCESSING OPTIONS —--

Plot option = Nane
Basin char output = None
Print option = Yes
Debug print = No
Input peaks Tisting = Long

Input peaks format

U. 5. GEOLOGICAL SURVEY
ANNUAL PEAK FLOW FREQUENCY ANALYSIS
Following Bulletin 17-B Guidelines

Program peakfq
(Version 4.1, fFebruary, 2002)

WATSTORE peak file

station - 10308800 BRYANT C NR GARDNERVILLE, NV

2005 DEC 21 09:52:32

INPUT DATA SUMMARY
Number of peaks in record = 26
Peaks not used in analysis_ = 0
Systematic peaks in analysis = 26
Historic ﬁgaks in analysis = 0
Years of historic record = 0
Generalized skew = 0.153
Standard error of generalized skew = 0.550
skew option_ =  WEIGHTED
Gage base Q15chqrge ) = 0.0
User supplied high outlier threshold =  --
User supplied low outlier criterion = --
Plotting position parameter = 0.00
FawkELEE®  NOTICE -~ Preliminary machine computations. FEEE AL LG
krukkzxk®  yUser responsible for assessment and interpretation. *%#x#ikix
WCF134T-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0
WCF195I-NO LOW OUTLIERS WERE DETECTED BELOW CRITERION. 2.9
WCF1631~NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE. 2765.5
Station - 10308800 BRYANT C NR GARDNERVILLE, NV
2005 DEC 21 09:52:32
ANNUAL FREQUENCY CURVE PARAMETERS -- LOG-PEARSON TYPE III
FLOOD BASE LOGARITHMIC
page 1



EXCEEDANCE STANDARD
DISCHARGE PROBABILITY MEAN DEVIATION SKEW
SYSTEMATIC RECORD 0.0 1.0000 1.9517 0.5955 0.399
BULL.17B ESTIMATE 0.0  1.0000 1.9517 0.5955 0.293

ANNUAL FREQUENCY CURVE -- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

ANNUAL '"EXPECTED 95-PCT CONFIDENCE LIMITS
EXCEEDANCE BULL.17B SYSTEMATIC PROBABYLITY' FOR BULL. 17B ESTIMATES
PROBABILITY ESTIMATE RECORD ESTIMATE LOWER UPPER

0.9950 3.8 4.4 2.9 1.3 7.8
0.9900 5.0 5.5 - 4.0 1.8 9.8
0.9500 10.6 11.1 9.5 4.7 18.8
0.9000 16.2 16.5 i5.1 7.9 27.3
0.8000 27.8 27.7 26.8 15.2 44.5
0.5000 83.7 81.7 83.7 52.9 131..4
0.2000 277.1 274.2 290.2 173.4 503.8
0.1000 538.5 544.3 591.9 316.6 1125.0
0.0400 1127.0 1179.0 1347.0 602.3 2818.0
0.0200 %g§¥'g 1986.8_ 23 1gi§;6 gZ;S.O
3226, [;%gé:ﬁl 0 3 3.%
0.0050 4458.0 5095.0 i 1925.0 16150.0
0.0020 7563.0 9017.0 14260.0 2988.0 31810.0
0.6667 47.1 ( 1.50-year flood )
0.4292 106.5 ( 2.33-year flood )

Station - 10308800 BRYANT C NR GARDNERVILLE, NV
, 2005 DEC 21 09:52:32

INPUT DATA LISTING

WATER YEAR DISCHARGE CODES WATER YEAR DISCHARGE CODES
1961 8.0 1978 19.9
1962 58.0 1979 78.0
1963 975.0 1980 442.0
1964 24.0 1995 1060.0
1965 99.0 1936 236.0
1966 25.0 1997 1360.0
1967 278.0 1998 356.0
1968 28.0 1999 103.0
1969 176.0 2000 40.0
1970 106.0 2001 22.0
1971 103.0 2002 15.0
1972 100.0 2003 25.0
1973 70.0 2004 70.0

Explanation of peak discharge qualification codes

PEAKFQ WATSTORE

CODE CODE DEFINITION
D 3 pam failure, non-recurrent flow anomaly
G 8 Discharge greater than stated value
X 3+8 Both of the above
L 4 Discharge less than stated value
K 6 OR C Known effect of regulation or urbanization
H 7 Historic peak
Page 2



station - 10308800 BRYANT C NR GARDNERVILLE, NV
2005 DEC 21 09:52:32

EMPIRICAL FREQUENCY CURVES -- WEIBULL PLOTTING POSITIONS

WATER

"BULL.17B
YEAR DISCHARGE RECORD ESTIMATE -
1997 1360.0 0.0370 0.0370
1995 1060.0 0.0741 0.0741
1963 975.0 0.1111 0.1111
1980 442.0 0.1481 0.1481
1998 356.0 0.1852 0.1852
1967 278.0 0.2222 0.2222
1996 236.0 0.2593 0.2593
1969 176.0 0.2963 0.2963
1970 106.0 0.3333 0.3333
1971 103.0 0.3704 0.3704
1999 103.0 0.4074 0.4074
1972 100.0 0.4444 0.4444
1965 99.0 0.4815 0.4815
1979 78.0 0.5185 0.5185
1973 70.0 0.5556 0.5556
2004 70.0 0.5926 0.5926
1962 58.0 0.6296 0.6296
2000 40.0 0.6667 0.6667
1968 28.0 0.7037 0.7037
1966 25.0 0.7407 0.7407

RANKED

SYSTEMATIC

Page 3



Project: Bailey Canyon RunName: Run134 Subbasin : iEryant[E.B"Hain]' v

Start of Run: 17Aug05 0000 BasinModel:  Bryant[(6.5" Rain)

End of Run: 18Aug05 1200 Met. Model : MNOAA-30 Bryant-6.6"

Execution Time : 11Jan06 1446 Contral Specs:  Control-30 Min
Volume Units - '~ Inches ¢ Acre-Feet

. Computed Results - - - - . — ... .

" Peak Discharge : 41427  (cfs] Date/Time of Peak Discharge: 17 Aug 05 1530

. Tatal Precipitation:  6.49 i) Total Direct Runoff ; 4021 (ac-ft]
Tatal Loss 409 {in] Total Baseflow : 0.0 (ac-ft)
+ Total Excess: 239 fin) Total Discharge : 4020.7 [ac-f]

Figure F.2. Bryant Creek Results with mean rainfall (6.62") (CN = 61.6, Lag = 1.916 hrs)

Bailey Canyon
Drainage Study






APPENDIX G
DECEMBER 2005 STORM OBSERVATIONS
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12/31/06 - 00.00 am

Rainfall {inch/hr)

Time {date/hr)
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12/31/05 - 02.55 pm

Figure G.2. Incremental Rainfall Data for Gage at Reno-Tahoe Airport (12/30/05-12/31/05).
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Figure G.3. Cumulative Rainfall Data for Gage at Reno-Tahoe Airport (12/30/05-12/31/05).

Table G.1. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Reno-Tahoe Airport.

Pr euplt'ltmn Fr equencv Estimates (inches)
ARI* {5 10 115 {30 60 120 3 [ 6 .12 24 48 | 4 ©7 ‘10 /20
W@em)jmmmgm min imin  hr [ hr ke hr ke iday day 'day [day
2 011 016 920 (027 033 045 0.53 0?3 092 111 '133 {156 181 202 239
"5 7014 022 027 D36 045 038 067 090 116 143 172 202 235 262 (309

710 017 026 D33 044 055 068 076 1102 134 163 202 240 279 309 362
"2'5' "[0"23"3347 043 057 071 083 080 (118 157 203 246 293 340 374 433

100 033 050 D6l [0%3 102 109 114 j141 1927260 1318 (380 442 481 54
200 039 ‘0.59';0'.—7'3’ 059 122 124 139 {152 /4 292 357 4 496 537 599
| 580 56'49”075 093 I 25 155 156 161 165 /32 334 411 493 574 614 676
| 1000 |c|53 ‘039 u 10 |149 ,184 18 190 i1.9 249 367 *455 ;5.47" 637 675 1733

]
R 041 051 69 D85 095 100 130 ‘175 231 282 335 3389 426 487
i
|
|

Cumulative 24 hr Rainfall = 2. 32” Approx1mately 250" year storm event

30 |48 60
{day ,day Jday -

269 [3.20 371
1345411 475
404 480 550 .
@83[571 6.46
5.43'6.40 17.16

1605 17.09 783 .

6671778 18.47 |
7.50 [8.70 931 |
213939989 1

Bailey Canyon
Drainage Study
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Figure G.4. incremental Rainfall Data for Gage at South Reno (Wolf Run Golf Course) (12/30/05-

12/31/05).
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For 24 hrs, Cum. Rainfall = 3.87"
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12/31/05).

| FPrecipitation Frequeney Estimates (inches)y
ARI* 5 10 15 ‘30 60 120! 3 '6 ;12 24 48 4 ' 7 .10
(years) min min min 'min min min ! hr " hr [k hr . hr day day day
2 012 018 022 020 037 049 059 084 'lI0 142 172 210 246 277

5§ 016 024 030 041 051 064 075 105 140 182 222 273 323 3865
10 020 030 D38 '051 062 076 087 121 164 215 262 325 387 435
25 D26 040 049 066 082 095 104 141 194 261 321 400 ‘475 533

!

!

{780 032 048 060 [D21 100 110 |L.17 156 [2.18 298 368 462 543 6.0
{100 039 059 073 098 122 128 [133 172 242 337 417 527 625 692
| 208 D47 071 032 ‘119 147 149 |1.55 187 266 378 470 597 706 778
' 500 060 091 113 152 188 191 196 1208 295 435 345 698 822 896
43 481 605 780 947 991

{1000 072 1.10 136 1133 227 220 233 235

_Cl-n‘_l_lﬁiati_ve 24 hr Rainfall = 3.86”, Approximately a 215 year storm event

20

day
347
455
539

653

7.4l
833
926

Figure G.5. Cumulative Rainfall Data for Gage at South Reno (Wolf Run Golf Course} (12/30/05-

Table G.2. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at South Reno {(Wolf Run
Golf Course).

30 (45 ‘60 !
day ' day day .
A02 491 564
535 642 736
632 [7.55 860
765 19067 10191
£68 10221137
274 (113912511
1082 [12.55 13 61 |

1055 12.30 [14.11 11504
11.55 134511529 1606

Bailey Canyon
Drainage Study
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Figure G.6. Incremental Rainfall Data for Gage at Carson City (12/30/05-12/31/05).
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Figure G.7. Cumulative Rainfall Data for Gage at Carson City (12/30/05-12/31/05).

Table G.3. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Carson City.

Precipitation Frequency Estimates

ARI* | 5 10 {15 (30 '60 1201 3 6 -i 12 24 |48
(vears) |min ,min 'min min min ‘min hr ke (b hr I
2 012 D19 023 032 039 053 064 091 122 167 207
5 17 125 032 D4z D53 068 D8l 114 1356 1213 267
10 021 032 039 053 j066 081 094 131 182 250 315
"25 028 042 052 p70 1086 101 .13 155 [217 BOL 334
S50 034 0.51 063 085 106 ;118 128 173 [244 (343 439
100 041 062 077 104 {120 138 (145 191 [272 386 498
200 030 076 094 126 157 163 170 201 [300 431 560
500 1064 097 121 162 201 205 210 1239 [338 453 647
1000 077 117 ;145 196 [242 246 250 1263 [3s5A543 7.8

{inches)
4 |7
"day | day
253 |297
329 339
392 463
480 1568
i5.52 |6.53
629 a3
712 1839
828 973

100 20 30 45 .60
day day day iday "day
336 426 499 600 702
440 555 649 780 9.1
523 653 764 9.15 1061
637 787 9.19 10941253
728 ‘229 1038 ,1229 1393
823 996 116113661531
922 11.03 12851503 1665
11059 '12.49 1453 116.84 11835 -

923 {1083 11,68 '13.62 15.83 18.23 19.60

Cumuiative 24 hr Rainfall = 5.40”, Approximately a 1000 year storm event
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Figure G.8. Incremental Rainfall Data for Gage at Bailey Creek (12/30/05-12/31/05).
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Figure G.9. Cumulative Rainfal! Data for Gage at Bailey Creek (12/30/05-12/31/05).

Table G.4. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Bailey Creek.

[ Pr E‘(‘llllt"ll’mll Fr equencv Estimates {inches)
ARI* 5 {10 15 (30 60 120/ 3 6 12124:4334‘7|m
(yem)mmmmmmmmnunmmhrllrhrlhr‘hrldaylday|
| 2 014 021 026 035 843 057 070 101 139 181 229 285 1337 !3.31
| 5 018 028 035 '0.47 058 073 087 (125 176 232 296 {371 441 498

| 10 1023 034 043 057 071 P87 101 144 205 273 351 442 525 591

| 25 'gu.z'g u45 055 075 '092 ,103 120 168 244/[331 438 543 645 17
| 100 043 65 0E [109 |135 145 154 204 |
| 200 052 079 097 131 ,162 169 179 224 /
[500 D66 1100 124 |167 207 214 223 249
| 1000 079 121 149 201 249 236 264 27

Cumulative 24 hr Rainfall = 3.07”, Approximately a 16 year storm event

120
I lh}’
490
636
[7.49
901

' 30
| day
5.84
7.58

292

45 60'
day ! dar
703 [834
11 1078

10,68 12 54

10.73 12,79 11481

377 1490 624 742 824 [10.19 1121311439 1643
425 536 7.2 [845 933 [11.42 133561601 18.12
34 ‘476 626 [B04 [9.54 1046 1265 15021765 1973
74 547 725 935 111101203 1434 1699 1984 [21.77
405 603 804 1042 1236 {1328 |15.65 .18.51 21 52 3.8
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Figure G.10. Incremental Rainfall Data for Gage at Steamboat at Rhodes (12/30/05-12/31/05).
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Figure G.11. Cumulative Rainfall Data for Gage at Steamboat at Rhodes (12/30/05-12/31/05).

Table G.5. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Steamboat at Rhodes.

TARI* ' 5
(years) | min

2 012

5 D16
10 020
T25 017
| 50 033
(100 040

Precipitation Frequency Estimates (inches)

ilnils;‘snian 20 3 . 6
lmin {min ‘min min min hr

018 022 030 037 049 059 082

025 030 D4l 051 064 076 104
031 038 051 063 077 088 121
041 050 063 084 096 106 142

030 61 083 107 {02 120 135
74 55 %

060 D75 101 125 431 137 175

[200 48
| 500 562

073 091 122 151 155 160 193
094 117 157 {195 197 202 217

|12 |24 48
| hr ' hr i hr
lios 134 161
139 172 206

63 90 28

1194 244 294
219 278 1335

4
 day

17 |10 |20
 day

30

day 'day |day |day |day |

197 230 257 310 3.55

2.54
300
366

419

T a76

351 424 536

258 1334 402
353 1395 472
430 1479 567
492 1546 640
557 1615 715
625 1686 (789
721 783 390

Cumulative 24 hr Rainfall = 3.62”, Approximately a 234 year storm event
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R4l 9353

926 10,40
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1001 12121220
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Figure G.12. Incremental Rainfall Data for Gage at Thomas Creek at Timberline (12/30/05-12/31/05).
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Figure G.13. Cumulative Rainfall Data for Gage at Thomas Creek at Timberline (12/30/05-12/31/05).

Table G.6. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Thomas Creek at
Timberline.

i ‘ Precipitation Frequency Estimates (inches)

{ARI* | 5 10 ;15 130 i60 [120' 3 |6 |12 |24 48 {4 .7 .10 20 30 45§tin§
(years)| min imin min ;min imin min hr [hr |he | Jo |day day 'day day day day [day .

| 2 014 022 027 036 045 06D 073 108 |130 215 274 366 144l 507 668 818 1001 1156
"5 020 030 037 {050 061 078 083 137 193 279 360 487 |595 634 895 1095[1335 1542
716 024 037 046 062 076 093 109 159 227 331 432 520 [722 827 (1073 '13.1 1590 1823,
| 25 032 049 060 081 101 117 131 {187 1273 406 535 736 1904 {1029 1320 16.10 |19.37 2189

{507 1039 1060 074 [100 124 136 149 ‘208 308 467 621 859 110541193 1515 18.46 2206 2463
100 048 073 031 [iZZ [151 139 68 230 347532 713 993 112181368 '17.22 2094[2485 2739 |
| 200 038 085 1.0 |49 [184 [191 ‘200 [232 377 %601 812 {1138 1394 1554 1937 2352 [27.71 3014,
| s00 076 15 143 192 [238 f244 253 &2 /A2 700 9.56 1350|1648 18.18 2238 27.10 [31.64 3350
11000 052 140 173 [233 1288 1295 1304 30¢/l471 1780 1075 1528 |18.59 2032 ‘2477 '29.94 3474 36 '56E

Cumulative 24 hr Rainfall = 4.89”, Approximately a 51 year storm event
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Figure G.14. Incremental Rainfall Data for Gage at Whites Creek at Timberline {12/30/05-12/31/05).
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Figure G.15. Cumulative Rainfall Data for Gage at Whites Creek at Timberline (12/30/05-12/31/05).

Table G.7. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Whites Creek at
Timberline.

i
e

Precipitation Frequency Estimates (inches) |

5 10 115 |

|30 160 120 3

"6 {12124 48 (4 |7 (10 20 30 45 {60

(years) imin min min '‘min min min b  hr {hr b  hr |day |day iday day day day day

P2
| 5
=

0.14 022 027 036 045 D60 0.74
020 1030 037 '050 D62 078 094
D24 037 p46 062 077 094 110
032 049 061 082 102 118 132

040 061 075 101 125 133 150

100 049 074 092 124 153 161 170

" 500
' 1000

058 0581 112 151 1187 194 ‘203 |
077 107 145 (195 [242 248 258

093 142 176 237 294 300 309

108 150 216 274 373 1449 515 678 832 10481175
137 194 281 361 1406 606 696 909 111413581568
160 227 1333 433 599 735 341 1090 13351618 1854
185 274 409 337 750 920 1046 1341 16.40 19.70 2226

211 310 470 623 %74 110741213 15.40 1880 22.43 2506

233 B47//537 717 101 11240 '1392 17.50 2133 125.26 [2785
256 B3¢/ 607 817 1160 [1419 1581 1970 2396 23.16 3065
286 VA7 707 962 1376 (1678 1849 2276 2761 321313434

314//477 729 1083 '15.58 |18.93 '20.68 '25.20 30.51 35.26 37.14

Cumulative 24 hr Rainfall = 5.16”, Approximately a 65 year storm event
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Figure G.16. Incremental Rainfall Data for Gage at Galena Creek at South Park (12/30/05-12/31/05).
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Figure G.17. Cumulative Rainfall Data for Gage at Galena Creek at South Park (12/30/05-12/31/05).

Table G.8. NOAA Atlas 14 Precipitation Frequency Estimates for Gage at Galena Creek at South
Park.

| ARI* | 5 im*ls'sniﬁd!lzu 3 6 12 24 |48 [ 4 |7 10 20 (30 (45 60
i(yeu*s)nﬁnlmin;nﬁnl

7 Precipitation Frequency Estimates {inches)

min imin min hr hr | hr hr | hr |day |day day  day ' dayuhy day

2 15 1023 028 038 047 063 078 'Ll6 162 242 1311 434 [546 629 836 10291253 1453

5 021 032 039 053 065 082 100 148 211 320 416 607 743 857 '11.31 1389 {1689 15.53
. 10 026 040 (049 066 082 099 118 ‘173 248 384 303 i?.sﬁ' .05 104011363 1670 [20.18 23.17
|25 035 053 065 088 109 125 142 205 300 76 630 925 1138 13,00 1636 (2060 [24.64 2792
| 50 043 065 081 108 134 147 162 230 341 552 737 (1082 [1331 1512 19.43 12370 [28.11 31.48
1100 052 080 099 1133 165 172 183 255 383635 853 [12.55[15.42 11739 22.16 i26.96 I31 69 3506
1200 064 098 121 1%‘3’”56&“‘2‘@’ 20 281 47/ 723 979 144411769 19.81 2502 30.37 [3536 3362 l
. 500 083 127 157 212 262 269 280 315 /A7 351 |11.63 1712 099 iézz’s’jig‘ﬁi 35.11 40.38 4332
;mnu {1 01 {154 91 |25? 319 =3zi‘ 33 341//534 |957 i13 18 1955 12373 2607 |3224 [38.89 14431 4687 |

Cumulatlve 24 hr Ramfall =6.23", Approxlmately a 75 year storm event
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Legend: (Categon) dBZ

Figure G.18. NEXRAD Composite Reflectivity on 12/30/05 at 4.00 pm

South Rena
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Figure G.19. NEXRAD Composite Reflectivity on 12/30/05 at 8.00 pm
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Legend: (Category) dBZ
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Figure G.21. NEXTRAD Composite Reflectivity on 12/31/05 at 4.00 am
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APPENDIX H
NIMBUS ENGINEERS' COTTONWOOD CREEK ESTATES STUDY
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Nimbus Cngineers
3710 Grant Dr., Suile D - Reno, NV 89509

Mail: P.O. Box 10220 - Reno, NV 89510
{702) 689-8630 « Fax {702) 682-8514

February 13, 1995

Ms. Kris Klein - aron s o ¢ SR
Engineering Department
Washoe County Public Works
1001 E. 9th Street

Reng, Nv 89520

RE: Cottonwood Creek Estates Hydrology

Dear Ms. Klein:

At your request, Nimbus Engineers has reevaluated the hydrology for the upper Bailey
Canyon Creek watershed. The total 24-hour rainfall depth was revised and an areal

‘reduction factor was used in accordance with the NOAA. The basin slope was

recalculated using the mean slope method {Hydrology Manual for Engineering Design
and Floodplain Management, Pima County Fiood Control District, 1979). The lag time
was computed using the lag equation developed by converting the U.S. Bureau of
Reclamation’s S-graph lag equation to a dimensionless unit hydrograph lag equation
(Hydrologic Criteria and Drainage Design Manual, Clark County Regional Flood Control
District, 1990). These changes generated a-new-100-year peak-flow-of-3673-cfs.

Nimbus feels this revised model adequately reflects the Bailey Canyon Creek
watershed. We have enclosed the revised HEC-1 model and supporting
documentation for your review.

Sincerely,
Nimbus Engineers

Q//L:L a /%@TW

Ann C. Pagni, E.I.T.
Atbaciea  Hec-t Cxlc

- ' — ot -f;l.—_—;,L_:) L_, =~
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

E
c 7

determined for the SCS Unit Hydrograph method based on the storm excess
precipilation applied 1o the unit hydrograph whose paramelers are
determined by TLAG. TLAG is defined and discussed in Section 606.3.

606.2 ASSUMPTIONS

The basic assumplions make when applying the SCS Unit Hydrograph method
- (and all other unit hydrograph methods) are as follows:

1. The effects of all physical characteristics of a given drainage
basin are reflected in the shape of the storm runoff hydrograph
for that basin.

2. Al a given point on a stream, discharge ordinales of dilferent
_ unilgraphs of the same unit time of rainfall excess are mutuaily
proportional 1o respective volumes. ) '

3. A hydrograph of storm discharge that would result from a series of
bursts ' of excess rain or from continuous excess fain of variable
intensity may be -constructed from a series ol overiapping
unitgraphs each resulting from a single increment of excess rain
of unit duration.

606.3 LAG TIME

Input data for the Soif Conservalion Service, SCS dimensienless unit
hydrograph method (SCS, 1985) consists of a single parameler, TLAG,
which is equal to the lag (n hours} between the center of mass of
rainfall excess and the peak of 1the unit hydrograph. For small
drainage basins (less than one square mile) in the Clark County area,
the fag time may be related to the lime of concentration, t_, by the
following empirical refationship:

. TLAG = 0.61, - 612)
Thet_is computed 2s presented in Section 602.
For larger drainage basins (grealer than one square mile), the lag tlime
{and 1} is generally governed mostly by lhe concentraled flow travel
lime, not the inilial overland flow lime. in addition, as ihe basin
gets increasingly larger, the average flow velocity (and associated
rravel lime) becomes more difficull 1o eslimate. Therelore, for ihese
basins, the foliowing lag equation is recommended for use in compuling
TLAG:
TLAG = 20K_(LL_i5° %" >’ (613)

where K_ = Manning's roughness {aclor for the basin channels

L = Length ol longes! walercourse (miles)

10/90 STORM RUNOFF . 616
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

L = Length along longest watercourse measured upsiream 103
point opposile the centroid of the basin (miles)

S = Representative {average) slope of the longest watercourse
{leet per mile)

This lag equation is based on the United Stales Bureau of Reclamations

_analysis “of the above parameters for several drainage basins in lhe

606.3.1

606.4

606.5

Southwest desert, Great Basin, and Colorado Plaleau area (USBR. 1989).
This equation was developed by convening the USBR's S-graph lag
equalion 1o a dimensioniess unit hydrograph lag equation.

In order la obtain comparable resulls between the calculation and
the TLAG calculation, it is recommended thal eiiher method be used as a
check of the other method for drainage areas around one square mile in
size. ’

ROUGHNESS FACTOR

The selection of a proper roughness factor for use in the lag time
calculation is highly subjective. Therefore, in order 10 obtain mere
consistent lag time and runoff analysis results, ihe roughness factor,
K . shall be determined using the factors presenied in Table 604.
These factors are based on roughness factor analysis by the USACE
(1982) and USBR (1289) as compared lo the lypical watershed channels
found in the Clark County area, The reader is referred 10 1lhese
documents for further discussion on selection of a proper roughness
factor.

For panially developed basins, the roughness factor should be

interpolated in relationship to the percent of each land use in 1he
basin.

UNIT STORM DURATION

‘The minimum unit duration, & 1, is dependent on the time of
concentration of a given basin. It the basin is large (.e. > one
square mile}, a larger unil duration may be wused. If the basin is
small {i.e. < one square mile) a smalier unit duration should be used.
The wunil duration, & t, should be < 25 T, where T_ is the
time-to-peak of the unit hydrograph. For the CCF\FPCD area the maximum
unit siorm duration should be 5 minutes unless conditions warrant
otherwise,

SUB-BASIN SIZING

The delermination of lhe peak rate of runoff al a given design point is
alfected by lhe discretization ol sub-basins in  the subject basin.
Typically, the more discrete ihe analysis of a given basin ({more

10/90

STORM RUNOFF

617
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LAG EQUATION ROUGHNESS FACTORS

WATERSHED CHARACTERISTICS

Urbanized Areas:
Water courses in the drainage area
consist of street, storm sewer, and
improved channels.

Natural Areas:
Water courses in the drainage area
are well defined, unimproved channels
or washes. Watershed has minimal
vegetation.

Natural Areas:
Water courses in the drainage area
are not well defined, and consist
of many small rills and braided
wash areas. Runoff from area
combines slowly into channels.
fncludes mountainous channels
with large boulders and flow
restrictions.

ROUGHNESS FACTOR, Kn

.015
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.050
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USACE, Los Angeles District, 1982 TABLE 604
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DETERMINATION OF MEAN SLOPE (S.)

To determine the mean slope (Sc) of the longest watercourse
within a watershed, the following equation should be used:

— 2
Sc [EE] (Ft./ft.) .

I
Where : _ '
Le = the length of the longest watercourse within
the watershed, in feet. -
1= [ry3]% + L,3]% + L3 ]¥ + ...l (feer).
Hy H2 H3
And.

Ly. Ly, L3, etc. = incremental changes in length (Lj)
along longest watercourse, in feat.

Hy., Hy, Hy, etc. incremental changes in height (H;)

along longest watercourse, in feet.

This equation is defined as a hypothetical uniform ‘slope for the
longest watercourse within a watershed which would give the same
travel time through the watershed as reach by reach calculation.

(An assumption is made in the derivation of the equation that the
roughness coefficient and hydraulic radius of the watercourse are

the same for all reaches of the watershed; that is, the watershed
is homogeneocus).

EXAMPLE:

The longest watercourse within a watershed has a length of 15,000
feet, and the following profile:

Incremental Change in Length (Lji) incremental Change in Height (Hj)

3,000 feet 300 feet
8,000 feet 200 feet
4,000 feet 40 feet

Determine the mean slope (S.).

First, "I" is computed:

1. 1.
I = |(30003]% + [(so00)3]" + {4000) 3|7
7300 200 40|  feet.
I = 100,083 feet.

(71)



s =[ 15,000 1.2 = .0225 ft./ft.
c 100,083

Note that if the slope for the watershed had been calculated
in the conventional manner, dividing the total length by the total
change in height, a value of .036 ft./ft. would have resulted,
leading to a shorter time of concentration and consequently higher
pedk rate of discharge than might actually occur. '

The number of "slope breaks", or incremental segments of
channel length, to be utilized in calculating the mean slope (sc)
depends to a great extent upon.the profile along the main channel
length (Lc). However, the maximum number of ‘segments generally
need not exceed four (4) unless the watershed under investigation
is unusually complex and contains numerous topographic variations.
Typically, new incremental segments should be initiated whenever a
significant change in the slope of the main channel length profile -~
becomes apparent. This can usually best be estimated with the use
of U.S.G.S. guad sheets and/or topographic maps.
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APPENDIX |
HYDRAULIC ANALYSIS

Bailey Canyon
Drainage Study
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Stantec Consulting Inc. N
6980 Sierra Center Parkway Suite 100 N
Reno NV 89511

Tel: (775) 850-0777 Fax: (775) 850-0787

stantec.com

June 30, 2006 \
Project No. 180100953

Mr. Patrick Fritchel, PE
CFA, INC.

1150 Corporate Blvd.
Reno, Nevada 89502

RE: Bailey Canyon Creek Split Flow Analysis — Results Summary (revised)
Dear Mr. Fritchel:

We are pleased to present the resuits of the hydraulic split flow analysis for Bailey Canyon Creek, located
in Washoe County, Nevada.

Introduction

Stantec analyzed a portion of Bailey Canyon Creek from approximately 1,150-feet upstream of the
intersection of Toll Road and Geiger Grade Road to approximately 815-feet downstream of the same
intersection. The creek is located southwest of Geiger Grade Road and runs roughly paraliel to this road.
See Figure 1.1 — Vicinity Map.

The original Bailey Canyon Creek hydraulic and split flow analysis was conducted by Stantec in August
1999. The model created for this analysis utilized an initial flow rate of 3,673 cfs at the upstream end.
CFA contracted Stantec to reevaluate the split flow analysis based upon a new hydrologic study
conducted by CFA in January 20086, entitled Drainage Study for Bailey Canyon Basin (CFA Study). The
flow rate determined by this study was 2,824 cfs for Bailey Canyon Creek at the location of interest.
During the hydraulic analysis, utilizing the new flow rate, it was determined that significant physical
changes to the channel had occurred since the original model was created in August 1999. Therefore,
CFA authorized Stantec to acquire new field survey in order to update the model with more accurate cross
section information and re-run the hydraulic model.

The CFA Study was revised and reissued June 30, 2006, indicating a different flow rate at the location of
interest equal to 2,908 cfs, which is also addressed in the hydraulic analyses.

Hydraulic Analyses

Stantec imported the original hydraulic HEC-2 model into HEC-RAS in order to facilitate the incorporation
of new survey data and the analysis of various flow rates. HEC-RAS was utilized to evaluate the original
flow rate of 3,673 cfs, as well as the flow rate of 2,824 cfs determined by the January 2006 CFA Study and
the flow rate of 2,908 cfs determined by the revised CFA Study issued June 30, 2006. In order to
determine the effects of recent physical changes to the channel, two models were created for each of
these flow rates for comparison purposes. One was based on the original 1999 cross section data. The
other was also based on the original 1999 cross section data, but incorporated new field survey acquired
by Stantec in March 2006 at select locations. The model resuits are summarized in Table .7 ~ Flow
Summary. Several other flow rates were also evaluated in order to determine the nature of split flows
across a range of flows. The model! results for these analyses are also summarized in Table .7 — Flow



Stantec

Mr. Patrick Fritchel
CFA, INC.

June 30, 2006
Page 2 of 2

Summary. The culvert flow beneath Geiger Grade Road shown in Table L.1 — Flow Summary occurs
approximately 220-feet northwest of the intersection of Toll Road and Geiger Grade Road via a 3.5-foot by
2.5-foot box culvert and 2.5-foot metal pipe. Althaugh the ariginal model utilized HEC-2, all results shown
in this table are based on HEC-RAS analyses. Therefore, the results may differ from a HEC-2 model
utilizing the same parameters, even though the HEC-RAS models were calculated in HEC-2 style (an
option available within HEC-RAS).

The change in initial flow rate from 3,673 cfs to 2,908 cfs resulted in a reduction of the amount of flow
overtopping Geiger Grade Road of approximately 52%, from 678 cfs to 326 cfs, based on the original
cross seclion data. Recent physical changes to the channel reflected a further reduction in flows
overfopping Geiger Grade Road, from 326 cfs to 259 cfs, or a reduction of approximately 21%, at the
initial flow rate of 2,908 cfs.

The following are attached: Affachment .1 — HEC-RAS Model Results (HEC-RAS model results for each
of the flow scenarios), Figure L1 — Vicinity Map, and Figure 1.2 — Hydraulic Work Map (cross section layout
with split flow locations/imagnitudes at the initial flow rate of 2,908 cfs).

Stantec appreciates the opportunity to be of service to you on this project. Should you have any
questions, or require additiona! information please do not hesitate to cail us at (775) 850-0777.

Sincerely,

STANTEC CONSULTING INC,

Dustin Waters, PE, CFM
Project Engineer, Water Resources
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HEC-RAS Plan Final {3673} Profile PF 1

" ~Flver Rdach |, RiverStg 1" Qoll- L MCHEN | "W, Svel Chnl - | Flow Aréa’t)-
— T I R T ) e (firs) {sq fy. *
13085 27 4583 72 0.000582 199 347 10
Lat Struct
1225 56 4583 75 4586 05 4586 47 0 009510 376 291 10 219.98 048
Lat Struct
Lat Struct
1180.10 4583 18 4585 44 4585 66 0 009528 343 328 51 250.11 046
Lat Sirucl
Lat Struct
1076 91 4552 08, 4584 99, 4585 22 D D05228 204 410 19 261.90 028
Lat Siruct
Lai Stnsct
Lal Struct
700 53, 4502.25 4584 45 4584 45 4584 83 0074237 493 14202 450.13 103
Lat Struct
694 68 4580 40 4581.85 4561 85 4582 26 0014585 513 135 51 168 68 101
T30 Lal Struct]
; 1861 541 44 4579 00 4580 75 4580 44 4580 67 0 009326 288 24123 261 69 043
Gelgar; Msin 48512 Lat Struct
Gelgar~ . *.|Male . lae5+ §18.17 457680, 4579 30 4579.30 4579 56 0017180 562 17176 306 89 D 81
Gelgér _«** [Main. 46402 Lat Struct
Gaiger, . [Main 4640 538 42 4574 66 4576 90 4576 90 4577 25 0 018362 5.32 138 28 162 30 082
Gelger- Maly 46302 ~ Lat Stucl
Gelger __ [faln 4630.1 Lat Struct
Gelger - .- [Man 4630 - 595 19 4574,60 4575 41 4575 41 457573 0010771 661 163 64 265 00 155
Aai Lat Steuct
591 96 4570 50 4573 01 4573 01 4573 38 0.018491 660 345 95 179 79, 095,
Lal Struct
55150 4565 20 4571 57 4571 51 4571 85 0017018 593 155 56 193 17 089
367300 4597 40 4605 B 4605 B6 4607 11 0 008708 1075 500 93 181 91 074
367300 4595.80 4503 25 4603 25 4604 75 0008082 1091 447 86 293 09 081
3673 00 4594 20 4601 03 4601 03 4602 64 0010324 1192 418 90 232 59 0838
367300 4592 50 4598 79 4508 79 4600 16 0010408 1153 469 76 160 42 0.87
3673 00 4589 73 4597 26 4597 26 4598 43 0008287 10 96 525 24 231 53 077
Lat Struct
3672 85 4588 03 4596 53 4596 53 4597 26 0.007592 820 728 65 51129 ¢70
Lat Struct
Lat Struct
3620 1 4566 78 4595 33 4595 33 4596 02 0006972 934 85165 496 60 067
Lat Struct
Lat Struet
3540 06 4584 10 4£593.33 4593 33 4594 09 0.006222 915 83375 479 10 063
Lal Struct]
Laf Steuct
3455 48 4582 20 459173 4591 73 4592 44 0 006465 908 514 23 453 50 064
Lat Struct
Lal Slud,
3162 31 4560 49 4589 62 4589 62 4590 28 0 006769 B g7 752 60 451 10 063
Lat Swuct
Lat Struct
2752 05 4582 36 4566 75 4587 18 0008293 718 605 78 346 66 070
Lat Strucl
2732 05 4584 35 4586 41 4586 41 4586 99 0 002487 697 483 52 41101 090
1426 79 4584 69, 4505 99 4585 99 4586 51 0003073 575 255 36, 41199 093
2017 11 4579 24 4584 47 4584 47 4584 94 0039714 659 109 60 682 28 087
Bailey Lower 469 2330 94 4577 60 4581 81 4581 81 4582,33 0013439 876 52531 510 43 089
Bailay Lower 468 2384 17 4576 20 4579 85 4580 14 0011645 ap1 666 25 57732 080
lEanféy Lower 457 2407 44 4574 30 4578 40 4578 25 457874 0013005 759 594 48 528 13 080
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HEC-RAS Plan Oid(2808) Profite PF 1

- River:| - Reach, | RivgiSta |, QTotals{MICHEL [ WSiEey, [~ Citw-5: | € 6! ElavEGSlape. | Vel CHim | Flow Area- | Top Wi, | cEfouds'# Chi
" L S D S Y T i R B3 R e ] sy Gafty | VRS
1192 94 4583 82 4586 30 4585 47 0,000459 346 363 59 443 26 0.40
Lat Struci
1161 81 4582 40 4585 84 4586 42 0.010991 an 262 53 190 50 050
Lat Steuct
1140 90 4582 50 4585 64 4585 80 0003844 250 416 18 239 02 FE
1 Lai Sirust
fGdger, - Lat Syt
Gelger 1025 62 4881.60 4894 83 4585 41 0010125 248 21825 210.56 037
Lat Struct
La1 Struct
Lal Senrct
738 66 4583 00 4584 39 4584 39 4584 80 0.011131 626 185 46 435 19 119
Lat Slruet
Lat Struct
552 77 4560.40 4561.79 4581 79 4582 19 0.012357 259 124.76 167 48 048
Lat Struct
Gedigh - 51225 457900 4580 64 4580 31 4580 74 0 009201 arz 211 50 261 30 042
Geigar 4651.2 Lal Struel
Géig - 4651 498 05 4576 BO 4570 23 4579 23 4579 46 0016309 530 152 31 303 38 078
3 Lat Struct
493.14 4574 66 4576 B2 4577 13 oo17117 994 12337 174 78 0.79
Lat Struct
452 57 4574 60 4575 33 4575 33 4575 62 0012029 6§33 142 81 265 00 15¢
Lat Struct,
49129 4570 50 4572 91 4572 91 457326 0 018520 530 127 64 169 86 093
Lat Struct
465 49 4569 20 4571.48 4571 a1 457174 0017018 567 138 58 188,83 088
2908 00 4597.40 4605 46/ 4605 46 4606 57 0007881 992 437 47 178 70 073
2908 00 4595 80 4602 74 4502 74 4604 09 0 008841 10 16 37132 265 04 079
2508 00 4504 20 4600.51 4600 51 4601 94 0 010052 1104 355 48 226 60 085
2608 00 4592 50 4590 38 4590 38 4599 57 0009748 10 59 405 40 154 15 083
2908 00 4591 80 4597 §5 4598 14 011308 1105 433 60 224 99 088
2906 00 4550 80, 4596 40 4596 40 4597 03 0007539 800, 530 56, 507 19 071
2908 00 4589 60 4534 90 459490 4505 53 0 013558 851 600 09 455.47 089
Lat Struct
2898 82 4588 40 4592 69 4592 59 4593 56 0014140 813 61172 464 59 050
Lat Struct
Lal Struct
2674 60 4587 30 4591 59 4591 59 4692 16 0.011610 893 6564 06 453 00 085
Lat Struct
Lal Struct
2711 64 4584 90 4589 29 4589 65 0 011456 766 657 15 454 00 [
Lat Strugt
Lat Struct
Balley " * 2471 93 4562 60 4587 19 4587 19 4587 83 0,020647 042 448 93 360 62| 103
Baiey ™ - Lal Struch
Bailey 2416 47 4584 35 4586 33 4586 33 4586 85 0002393 6 64 450 36 407 3 088
Batley” 1223 54 4584 72 4586 01 4586 01 4586 47 002998 557 233 17 422 09 092
Bailey 1601 83 4579 80 4584.60 4584 60 4585 00 0035497 657 362 11 695.10 083
Ballay 1938 93 4577 60 4581 66 4581 66 4562 15 0013139 839 452 89 452 72 087
Barey 1879 45 4576 20 4579 63 4579 97 0011602 6§48 57613 561 68 078
Balley Lower 457 1693 66 4574 20 4571823 4579 12 4578 57 0 013021 743 507 65 492 91 [:l]




HEC-RAS Plan Final{2008) Profile PF 1
;~Rivet . ;. Reach RiverSta SMnehEl | WS Eley, EG.Elev- | EG Siope | wvelchnl, | “Fiow Arsa..} Topwidth | Froode #.Chi -,
SR n NI ECTIN S CTNS R T -{Uh)” P BTN e
' Main 1177 39 4583 72 4586.16 4586.37 0 000569 3382 32673 416 87 0.45
*|Maln ' Lat Struct
Man 1104.21 4583 75 4535 98 4586 34 0 009044 367 278 42 218 22 0465
[ Lal Struct
Wi Lat Struct
1069 37 4583 19 4585.26 4585 56 Q009485 332 31121 249 37 046
Lat Slruct
Lat Strucl
981 60 4562 08 4564 92 4585 13 0005118 197 39228 261 90 027
Lat Struct
Lat Strucl
Lat Strugt
623.63 4582 25 4584 41 4564 41 4584 75 0 070734 467 13362 445 31 100
Lal Struct
518 71 4580.40 458178 4581 78 4582 17 0015681 498 124.35 167 42 102
“|Main Lat Siruct
- [Main 57598 4579 00 4580 70 4580 38 4560 80 0 009360 282 22578 26133 042
Main_ . Lat Strued
Galgér*: | [Maln - 557 47 4576 80 4579 27 4579 27 4579 51 0 016445 542 164 35 305 3§ 079
Gewer Maih Lat Struct
Gergdr- . |Maln 54193 4574 66 4576 85 4576 85 4577 18 0018311 517 129 22 177 77 082
Géger  [Maln Lat Struct
Geiger. " |Main - Lat Siruct
Geiger- ~ |Man 530 93 4574 60 4575 37 4575 37 4575 67 0011519 648 15213 265 00 158
Geger'  [Man Lal Struct
Geigar Maln 538 41 4570 50 4572 96 457206] 457332 0018402 643 126 62 174.19 0.94
Gélger * ' |Main. . Lat Struck
Geiger .~ |Maln 505 66 4569 20 457153 4571 4 4571 79 0016996 579 146 74 190 53 089
Baley - .. |Uppér 2908 00 4597 40 4605 46 4605 46 4606 57 0 007661 992 437,47 178 70 073
Batey= s fUppar 2908 00 4595 B0 4602 74 4602 T4 4604 09 000884 10 16 37132 265 G¢ 0.7¢
Wiy Upper. 2908 00 4594 20 4600 51 4600 51 4601 94 0 010052 1104 355 48 226 50 085
< |Gigper. 2908 00 4592 50 4598 28]  450ma8[  asme 57 0009748 1059 405 40 154 15 083
Sitbper 2508.00 4589 73 4596 70 4597 89 0 008791 10 62 41174 183 36 078
\pper , 2908 00 4588 03 4596 29 4596 20 4595 94 0 006862 7 50 608 94 456 89 0.66
Upper Lal Struct
Upper- 2906 38 4586 78 4595 03 2555 03 4595 72 0006814 892 702 61 404 52 0 66
UBper = Lat Siruct
" Jupper 2884 46 4584 10 4593 09 4503 09 4503 80 0005702 B53 717 86 468 06 060
_|Upper Lai Struct
+|Unper Lat $uct
3 L.I]inar‘- - 2871 54 4582 20, 4591 48 4591 46 4592 18 0 006436 as80 690 99, 444 44 Q63
MUpper . Lai Struct
Upper: - - Lat Stuct
| ipper 2745.19 4580 49 4589 40 4589 40 4590 10 G D0BARG B84 654 14 445 A2 053
Lippar .~ Lat Slruct
Uppar Lat Struct,
Upper~ - 243098 4582 36 4586 66 4587 04 0007445 669 576 52 M6 17 D66
| Unper - Lat Struct
‘[Upper 241998 4584.35 4586 32 4586.32 4585 86 0002453 870 446 90 406 93 0 69
Lower 1242 60 4584 69 4585 90 4585 90 4586 37 0003019 542 234 99 409 65 0 91|
- |Lower” 1647,03 4579 24 4584 32 4584 32 4564 76 0 041004 633 342 55 648 25 087
| Lower 1539 85 4577 60 4561 66 4581 66 4532 15 0013186 8.39 453 11 452 91 0487
Lower 1992 5T 4576 20 4578 69 4579 87 SO11571 548 577 50 562 21 078
Lower 2001 08 4574 30 4576,2¢ 4578 12 4578 57 0013016 743 50934 494 12 0 80
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HEC-RAS fan QOld (2824} Profile PF 1

River ~ | ‘Reach.-|- RN&‘Sm. | QTolal: | 'MinGhEl [TW.S Elev. | CriWS: | EG.Elgy |*E G: Stogie.o]. Vel Chl_| Flow Arca - TopWiihE] sEioude # CHl -
b B T N Y T i I T R e T it S
1177 28 4583 83 4585 28 4586 45 0900460 344 360.00 441 94 040
Lat Struct
1146 82 4582 40 4585 83 4586 40 0010936 3n 260 95 190 24 0 50
Lat Struct
1127 06 4582 50 4585 63 4585 78 0.003855 250 41305 238 84 [EY]
Lat Struct
Lat Siuct
1014 34 4581 60 4584 83 4585 39 0010019 246 277.33 210 48 037
Lat Struct
Lat Struct
Lat Siruct
729 07 4583 00 4584 28 4554 38 4584 79 0011205 527 182 48 434 43 120
Lat Strugt
Lat Syl
55175 4580 40 155178 4581 78 4567 19 0012543 261 124.%1 167 39 048
Lal Stnrct
512 50 4579 00 4550 62 4580 32 4580 72 0010071 282 20576 260 87 044
Lat Sirugt
498 98 4576 80 4579 25 4578 25 4579 46 0814225 501 160 03 504 65 073
Lat Struct
490 98 4574 66 4576 80 4576 80 4577 13 0015046 513 120 M 173 20 083
Lat Sinct
498 98 4574 60 4575 36 4575 35, 4575 63 0010302 507 150 19 2855 00 149
Lat Struct
498 98 4570 50 457292 4572 92 4573127 0018530 632 12905 170 55 094
Lat Strucl
47182 4569 20 457149 4571 42 457175 0017019 569 139 88 189 17 088
2624 00 4597 40 4605 43 4605 43 4606 51 0007677 977 Y 178 43 072
2624 00 4595 80 4602 67 45b2 67 4604 01 0008B17 1005 362 35 264 51 079
2524.00 4594 20 4600 45 4600 45 4601 B5 0 010041 1095 34778 226 23 [EH
Bailsy,. [ 2824 00 4592 50 4558 33 4508 33 4599 50 0009680 1048 397 74 153,39 083
Baley- 2824 00 4591 60 4597 11 4598 D9 0011105 10 91 426 19 221 51 087
[Ealigir 2824 00 4590 60 4596 37 4596 37 4596 99 0007519 793 615 57 505 39 071
Bailgy-~ . ¢ 2824 00 4589 60 4594 87 4584 57 4595 50 0013528 B 44 586 48 452 24 089
Bailey La1 Stuct
Bailey 2824 00 4586 40 4592 96 4592 86 4593 56 0014071 806 60109 462 B5 090
Bailey Lat Stnect
Baiay . Lat Struct,
Bailéy S - i - 2808 56 4587 30 4591 57 4591 57 4592 13 001522 886 654 77 453 00 085
Bailéy ™~ - lUpper - 4823°: - Lat Struer
Bailey ’ . |8R2d - Lat Struct
[Bailey 2658 47 4584 99 4589 27 4589 63 0011508 763 647 17 454 00 081
Balley Lat Stuct
Balley Lat Siruct
Btey 2429 60 4582 60 4587 18 4587 18 4587 81 0020430 934 444.79 369 05 103
Baltey - - Lat Struct
Bailley 2375 46 4584 35 4566 31 4586 31 4586 84 0 002454 666 441 22 406 268 089
Balley 1198 18 4584 72 4585 99 4585 99 4586 46 0003015 554 229 60 42134 [
Bailey 1554 98 4579 80 4584 62 4584 62 4584 08 0031878 523 369 44 698 20 079
Bailey 1889 71 4577 60 4581 65 4581 65 4567 13 0013070 831 444 99 445 98 087
Balley 1928 05 4576 20 4579 67 4579 04 0011602 644 564 08 550 89 078
Barley 1942 47 4574 30 45782t 4518 10 4578 54 0.013016 741 496 6T 484 93 080
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HEC-RAS Plan. Final {2824) Profile PF

i

River |3 sl iRweRSE. | QT | MnchEr ] -wS eev | cltws | .EG Eev | EG Sldpe |- Vel Chnl:] : Flowhrea | . TopWidth. | . Fronds #.GHL-
wiwes |7 -(che) A R Uy (A [ N R R S o
1148 76 45683 72 4586 13 4586 34 0.000566 378 322.10 416 12 045
Lal Steuct
1077 11 4563.75 4585 96 4586 31 0 008957 153 27531 217.79 046
Lat Struct
Lal Struct
1044 56 4583 19 4585 35 4585 54 0 009473 329 207 22 249 20 046
Lat Struel
Ly Lat Sirugt
960 10 4582 08 4584 91 4585 11 0 005071 195 3a8 58 261 90 0,27
i T Lai Struet
Lat Siruct|
Lat Struct
G606 B 4582 25 4584 39 4584.39 4584.73 0 072080 465 130 43 443 46 101
Lat Siruct]
Lal Struct!
591.11 4580 40 4581 76 4581 75 4582 14 0015849 4,89 120 84 167 02 101
" Ml Tl Lat Struct
[ 551 64 4579 00 4580 67 4580 35 4580 78/ 0009334 278 220 29 261 21 042
Gelger . [Mainv Lai Struct
Geiger Mali 53¢ 78 4576 80 4579 25 457g 25 4579 49 0016339 537 160 03 304.65 078
Geiger MR, Lat Struct
Geiger - Ml s 520 82 4574 66 4576 84 4576 83 4577 16 0 017535 508 136 435 176.36 a8t
Geiger Valfi © Lat Struet
Geiger 519 25 4574 60 4575 35 457535 4575 65 0011653 640 148 37 2656 00 158
Geiger Lat Struct
Galger 518 17 4570 50 14572 4 4572 94 4573 20 0018511 638 132 65 172 28 194
Gelger-_ - Lat Struc
Genger, 488 45 4565 20 4571 51 4571 44 457177 0017000 574 143 30 190 05 088
Badey~ 2824 00 4597 40 4605 43 4605 43 4806 51 0007677 977 431.37 178 43 072
Baley _: ] 2824 00 4595 B0 4602 67 4602 67 4604 01 0008817 10 08 362 25 264 54 079
Bailey. ! 2824 00 4594 20 4600 45 4600 45 4601 85 0 010041 1095 347 78 226 23 085
Batlléy. _ 2824 00 4592 50 4598 33 4593 33 4599 50 0 009680 10 46 397.74 153 39 083
Baley." = - 2824 00, 4589 73 4595 70 4597 82 0008218, 10 32 411 12 163 11 076
Haitey, ~  |Ubpecy s 20824 00 4588 03 4596 21 4596 21 4595 91 0007381 767 567 67 491 53 068
Bailey -~ |Uppger: Lat Struct
Baliey 2823 50 4586 78 4585 O 4505 00 4505 68 0006717 9.82 687 78 46432 065
Baitey, Lal Sluct
Bailey 2806 38 4584 10 4593 05 4593 05 4593 76 0 005661 8 47 70145 465 B4 0 60
Bailey Lat Stract
Baltéy - Lal Struct
BaTiei‘ 279464 4582 20 4591 45 4591 46 4592 15 0 0060490 853 694 03 444 52 061
Bailey Lal Struct
Balley Lat Struct
Balley - 2669 26 4580 49 4589 39 4589 39 4590 07 0006592 862 652 18 445 68 062
Salley Lat Struct ]
Bailey Lal $truct
Bailey 237075 4532 36 4586 64 4587 01 0007252 657 569 76 346 05 065
Bailey Lat Steuct
Bailey 2350 75 4564 35 4586 30 4586 30 4566 B 0002431 6852 439 44 406 08 088
Bailey 1201 99, 4584 69 4585 88 4585 88 4586 34 0003077 5 3g 228 56 408 91 092
Bailey 1598 43 4579 24 4584 32 4554 32 4584 75 0036920 617 341 44 647 67 085
Barley 1097 22 4577 60 4581 65 4581 65 4582 13 0013081 EED) 44630 447 10 087
Bailey 1936 69, 4576 20, 4579 67 4570 95 0011572 644 566.54 560 32 078
Bailey 1953 55 4574 30 4578 22] 451810 4578 55 0013018 741 499 04 486 66 080
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HEC-RAS Pian Final (2400) Profile PF 1

: Rwvér. |~ Reach vl -QiTolsl [ MIPEREL ), WS, Elev_[."Crit W S | EG-Elav -| EG.Siope | VelChnl ;] Flow Aréas] A ] - Froude # cni
- = I A N T S N e Y (sq AT .-
1042 41 4563 72 4586.03 4586.22| Q000554 362 304 52, ﬂ‘
Lat Strugt
o7655] 458375 4585 B9 4588 19] 0006600 127 26362 216,55 0.45
Lat Struct
Lat Struct —
- faign:s 95304] 458319 4585 29 458546] 0009203 37 294 06 248 64 045
47907 Lal Struct|
1 tat Struct
292 61 4582.08 4584 86 ases04] 0004934 108 376 30 26190 026
Lai Strugl
Lat Strued
Lat Struct
554 55 4582 25 4564 34 4584 34 4584 67 0074840 457 121 40 438 16 102
Lal Struct
Lat Slruct
554.85] 4580 40 458173] 4581730 458208]  eo0ifas3 481 115 35 166 40 102
Lal Swuct
- 52038 457900 458064 458033  458074] 0o00g93m3 275 21226 261.02 042
46512 | LatStucl
. |4651 - 520 36 4576 80 457925 4579 25 4570 48 0015429 522 160 18 304 87 078
4640.27 - Lat Siruet
540 - 52036] 457466 457682  as7egzl  457716]  oo019243 521 123,45 174 83 083
48302 -, | Lal Struet
4630: " N 520,36 4574.60 4575 37 4575 a7 4575 63 0010831 627 15161 265 00 153
: 520 36 4570 50 4572 94 4572 94 4573 30 0018537 639 132 95 172 45 094
La1 Steuct
490 44 4569.20 4571 51 4571 a4 457173 0017009 575 143 87 190 14 089
2400 0O 4597 a0 4605 13 4605 13 4506 17 Q007412 937 rg 41 176 04 07
2400 00 4595 80 4602 2B 4602 28 4603 59 0009212 974 305 30 260.32 0 80
240000 459420 4600 10]  as0010]  260142]  o0o10922 10 48 305 57 222 50 0B84
240000] 459250 459807 459807 4599 14] 0009295 990 357 76 14934 081
240000] 458973 4596 55 4597 47| 0006951 928 384 34 17190 069
2400 00 4568 03 4565 98 4595 98 4596 £9 0007657 7 50 456 66, 443 54 0 69,
240000] 458678 459461  asgpa@1| 459547  ocosary g 40 801 95 430 48 063
Lat Struct
240000 4584 10, 3592 87 4592 87 4593 55 8 005138 806 616 64 456 07 058
2400 00 4582 20 4591 23 4501 23 4581 95 0 008097 841 594 23 421 80 0561
Lat Sty
Laf Stuct
234915 4580 49 4589 30 4569 30 4589 91 0005791 804 612 52 442 B5 058
Lat Stract
Lal Struci
2105 34 4582.36 4586 57 A5B6 BB 0 006460 610 543 86 M269 Q61
Lal Struct
2085 34 4584,35 4586 22 4585 22 4586 71 4002466 537 405 89 402 26 a87
104292| 4584569 458580]  asesso|  458622] 0003039 508 209 14 406 68 090
1352.60 4579 24 4584 26 4584 26 4584 62 0 014400 5 64 312 14 632 16 Q79
1609 60 4577 60 4581 53 4581 53 4581 98 0012691 7a7 394 83 415 83 085
1643 79 4576 20 4579 54 4579 BO 0011609 617 491 88 A30 92 078
Bailey Lower 467 1643 73]  4574.30 as7807|  a57791] as7B40] 0013023 127 43135 434 46 q79
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HEC-RAS Plan. Final {2000} Profile PF 1

Rlver '} “‘Reach. | RiverSw | -QTota) ‘{:Min€RELT WiSiEky | citws, [ E&:Elov.] Flow Area |- Top Wl &<} Frojde's Chl |
e . Y SN RO i L D I OO 53 (s ) M SRS -
Geigal - - 4793 " 916 87 4583 72 4585.91 4586 DA 341 284 23 409 83 042
Galder. = <IMain 47922 Lat Strugt
857 84 4583 75 4585 80 4586 85 0008202, 318, 248 48 216 38 043
Lat Struet
841 27 4583.19 4585 19 4505.24 0.009393 306 27208 247 70 0.45
Lat Struct
\at Stuct
78379 4582 08 4584 78 4564 93 0.004703 177 355 33 261.90 026
Lat Strucl
Lat Struct
1ai Struct
460.49 4582 25 4584 27 4584 27 4584 57 0077922 437 107 44 429 87 103
Lat Stuct
Lal Struct
4432.10 4580.40 4581 63 4581 63 4581.94 0018380 448 98 B2 164.50 102
Lat Struct
422 72 457900 4580 55 4580 23 4580 63 0 009344 262 186 67 260 43 042
Lat Struct
41474 4576 BO 4579 18 4579 18 4579,39 0015007 496 137 47 295.65 075
Lat Struct
407 58 4574 68/ 4576 72 4576 72 4577.01 0.017854 474 106 65 165,95 079
Lat Struct
Geiger |Mmaln - - 4830 406.58 4574 60 4575 29 4575 29 4575 52 0010753 585 13233 264 61 149
[ Main 4620 406 58 4570 50 4572 80 4572 80 4573.12 0.015484 611 109 00 160 35 095
Gaiger Mdla- - - 46002 Lat Struct
Gelger, - [Mai 4600 392 44 4565 20 4571 40 4571 35 4571 64 0017008 542 122 99 184.76 087
’ 2000 00 4587 40 4604 62 4604 62 4605 81 ¢ pO7053 890 32317 17372 069
2000 60 4595.80 4601.72 4601.72 4603.10 0.011012 978 237 31 212 56 685
2000 00 4594 20 4599 73 4599 73 4500.96 0010131 995 263 06 219 48 083
2000 00 4592 50 4597 75 4597 75 4598 77 0 009326 946 310 49 145,61 080
2000 00 4589 73 4596 41 4597 13 0 605860 815 360 82 161 43 062
2000 00 4588 03 4595 46 4595 46 4596 33 0.011039 B14 30183 199 32 081
2000 00 4586.78 4594,61 4594 61 4595 24 0 005912 790 519 95 403 32 061
2000 00 4584 10 4592 63 4592 63 4593.32 0005109 772 512 08 4372 61 056
2000 00 4582 20 4591 08 459108 4591 72 0 005250 170 530 44 410 86 057
14821 L2t Struct
_la82 1982 33 4580 49 4589 14 4589 14 4589 71 0005248 758 539 B4 437 52 055
- 1481 2, Lat Struct
[F IR 1506 79 4562 36 4566 47 4586 73 0 0p5594 556 51744 330 02 057
C 498 .. Lat Strel
4794 " 1786 79 4584 35 4586 12 4586 12 4586 57 0 002356 605 366 24 397.75 086
{av93” : 869 93 4584.69 4585.70 4585 70 4586 08 0.00299% 472 186 26 404 04 ;]
470; 1104 49 4579 24 4584 12 4584 12 458448 0935319 550 254 16 577 06/ 07g
469, - 1373 78 4577 60 4501 42 4581 42 4581 B5 0012151 760 352 54 197 25 082
468 1354 15 4576 20 4579 41 4579 65 0 011496 587 426 41 484 92 076
Balley [Lower 467 1402 16 4574.30 4577 94 4577 82 4578 26 0013004 7 13] 7877 366 69 079
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