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HYDROLOGIC REPORT FOR C.A.P. OVERCHUTES
AGUA FRIA FLOODPLAIN DELINEATION STUDY
MARICOPA COUNTY, ARIZONA

SCOPE OF WORK

The hydrologic study presented in this report is a part of the scope of work
performed by AGK Engineers, Inc. for the Flood Control District of Maricopa
County under Contract FCD 90-09. The project under this contract consists of
topographic mapping and floodplain/floodway delineation for Caterpillar Tank and
Twin Buttes Washes, located just a mile west of the Agua Fria River, as shown in

Figure 1.
The purpose of this hydrologic study is to evaluate and determine the following:"

« The 100-year peak discharges for various locations within the watershed

« The effect of ponding immediately upstream of the C.A.P. Canal
WATERSHED DESCRIPTION

Caterpillar Tank and Twin Buttes Washes, tributaries to the Agua Fria River, are
situated approximately 3 miles west of Lake Pleasant Road, as shown in Figure 1.
The size of the watershed is approximately 12.2 square miles, of which 3.4 square
miles for Caterpillar Tank Wash and 8.8 square miles for Twin Buttes Wash. Twin
Buttes Wash has two major tributaries, namely, White Peak Wash and Garambullo

Wash. The locations of these washes are shown on Plate 1.

The watershed drains generally from north to south. However, the natural drainage
pattern of the upper watershed has been slightly altered since the Central Arizona
Project (C.A.P.) Canal was constructed in the early 1980’s. A portion of the runoff
from the upper watershed is now intercepted by the canal and routed along the canal

1
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to Caterpillar Tank and Twin Buttes Washes through 6 pipe culverts under the
canal, as shown on Plate 1. The sizes and locations of the pipe culverts are as

follows:
Crossing C.AP. Pipe Upstream Downstream Watershed
_No. _ Station Size Inv. Elev. Inv, Eley. Name
1 561+40 72" 1508.00 1505.95 Caterpillar Tank
2 549+00 30" 1513.94 1508.09 Twin Buttes
3 538+25 30" 1518.99 1510.74 Twin Buttes
4 492+30 4-72" 1500.13 1494.08 Twin Buttes
5 480+90 30" 1515.92 1512.09 Twin Buttes
6 459+30 30" 1519.13 1512.93 Twin Buttes

A stock pond, known as Caterpillar Tank, is located immediately south of the C.A.P.

Canal to collect and store the storm runoff from Caterpillar Tank Wash for stock

grazing.

Topography in the watershed is generally desert rangeland with rolling hills on the
east and isolated steep bare rock hills north of the C.A.P. Canal. The predominant
rock hilly terrain is known as Twin Buttes, which is located at the north central

portion of the watershed.

The climate of the study area is characterized by hot summer, mild winter and
infrequent rainfall. The mean annual rainfall is about 7.5 inches, falling normally
in two seasons. One season, “rimarily resulting from local convective storms, lasts
from July to mid-September; the other season, mainly formed by cyclonic (frontal)
storms, extends from December through March. Of the two types of storms, the
summer convective storm is considered to be the more critical flood producing event

in this area.



Soils in the watershed are predominantly sandy loam and clay loam. More detailed
information on soils is presented in the section of METHODOLOGY. The land

within the watershed is virtually in its natural state.

Natural vegetation is sparse with plant species being typical to desert areas. Cacti,
along with other desert shrubs, grow throughout the watershed. Scattered trees, such
as palo verde and mesquite, exist among the shrubs. The vegetation tends to be
thicker along and adjacent to the stream courses. Perennial grasses grow after

winter rains.
PREVIOUS STUDIES AND REPORTS

To our best knowledge, no hydrologic study has been specifically performed for

floodplain delineation purposes in this watershed.

The Bureau of Reclamation presumably had some drainage studies performed for
the upper portion of the watershed when sizing the pipe culverts under the C.A.P.
Canal. However, AGK Engineers was unable to obtain the drainage calculations or

reports during the course of this study.
METHODOLOGY

In the absence of historical gaging data in this area, the peak flows in this study
were obtained through hydrologic modeling. The hydrologic modeling was
performed by means of the HEC-1 computer program as developed by the U.S.
Army Corps of Engineers (Reference 1). The estimation procedures for model
parameters and components were generally based on the Hydrologic Design Manual
(hereinafter referred to as the Manual) published by the Flood Control District of
Maricopa County (Reference 2).



Subareas

The watershed was divided into 23 subareas to form an interconnected system
of stream network components, as shown in Figure 2. Boundaries of the
subareas were determined based on the USGS quadrangle maps (Reference
6), and the 1" = 400’ topographic maps prepared by Aerial Mapping
Company (Reference 7). Field verification supplemented mapping

inadequacies in the :etermination of subarea boundaries.
Soils

Information on soil groups was obtained from the Soil Survey of Aguila -
Carefree Area, published by the Soil Conservation Service (SCS) in April 1986

(Reference 3). Boundaries of the soil groups are shown in Figure 3.

Rainfall Input

The estimated rainfall depths for various durations and frequencies were
obtained from the charts derived from the NOAA Atlas published for Arizona
(Reference 5). The 100-year, 6-hour storm was used as the input for peak
flow estimation, while the 100-year, 24-hour storm was used for flow volume
estimation. Rainfall depths for the 100-year, 6-hour and 24-hour storms were
estimated to be 3.32 and 4.14 inches, respectively. The detailed procedure

for rainfall input determination is presented in Appendix A.

The distribution and areal reduction for the 6-hour storm were obtained by
use of a computer program known as MCUHP1, which was developed by
the District. The SCS Type II Distribution was used for the 24-hour storm.
An areal reduction of 0.987 (as obtained from NOAA HYDRO-40) was
applied for the 24-hour storm.
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Rainfall Losses

Rainfall losses, which consist of surface retention loss and infiltration loss,
were computed from the Green-Ampt method. The parameter estimation for
the Green-Ampt method is discussed below and summarized in Table 1. The
detailed procedures for estimation of rainfall losses are presented in Appendix
B.

Surface Retention Loss - The surface retention loss (IA) for each soil
group was estimated on the basis of land use pattern and soil slopes
obtained from Reference 3, as well as the criteria given in Table 4.1

of the Manual.

Percent of Outcrop - The weighted value of percent of rock outcrop

(RTIMP) for each subarea was computed according to the information

obtained from Reference 3.

Infiltration Loss - The three parameters as coded in HEC-1 for

infiltration loss are:

 Hydraulic conductivity at natural saturation (XKSAT)
« Wetting front capillary suction (PSIF)
« Volumetric soil moisture deficit (DTHETA)

The parameter values for various soil groups were taken from Table
4.2 of the Manual, according to soil textures. The weighted values of
these parameters were subsequently computed for all the subareas.
The selection of DTHETA was based on the dry antecedent soil
moisture condition. In addition, the values for XKSAT were adjusted

according to a vegetation cover of 20 percent for all soil groups other



TABLE 1

SUMMARY OF GREEN-AMPT INFILTRATION PARAMETERS

Adjusted
Watershed Area IA. DTHETA PSIF XKSAT RTIMP
Subarea (sq miles) (in) (in) (in) (in/hr) %
TWIN BUTTES WASH WATERSHED
1 0.74 0.15 0.35 4.20 0.42 35.00
2 0.91 0.17 0.35 4.16 0.45 27.09
3 1.38 0.20 0.35 4.11 0.51 21.47
4 0.38 0.23 0.34 4.34 0.46 21.55
8 0.15 0.21 0.35 413 0.48 22.72
6 0.15 0.21 0.34 4.44 0.45 11.22
7 0.12 0.15 0.35 4.29 0.44 14.77
8 0.13 0.29 0.34 4.41 0.53 8.09
9 0.31 0.30 0.32 4.96 0.40 4.24
10 0.62 0.34 0.35 3.85 0.75 2.06
11 0.29 0.35 0.35 3.68 0.96 1.50
12 0.50 0.32 0.35 4.00 0.63 3.90
13 0.22 0.35 0.35 3.89 0.66 2.87
14 0.34 0.34 0.35 3.63 0.95 1.91
15 0.64 0.31 0.34 4.23 0.60 1.37
16 0.70 0.31 0.33 4.50 0.64 0.83
17 0.46 0.34 0.30 5.31 0.51 0.76
18 0.73 0.35 0.29 3.87 0.38 0.04
CATERPILLAR TANK WASH WATERSHED
19 1.03 0.18 0.34 4.38 0.49 15.63
20 0.61 0.26 0.35 4.14 0.53 7.67
21 0.76 0.29 0.34 4.31 0.57 4.58
22 0.63 0.32 0.33 4.73 0.49 1.34
23 0.33 0.31 0.35 4.03 0.63 0.07




than Brios-Carrizo Complex, which is composed of sands and loamy sand

soils.

As shown in Figure 3, the southern tip of the watershed is located outside
the detailed soil study limits. However, the SCS General Soil Map for
Maricopa County (Reference 4), indicates that the soil in this area is basically
of the Rillito-Gunsight-Pinal Association. Therefore, the values of XKSAT,
PSIF, and DTHETA were still estimated from Table 4.2 of the Manual; and

XKSAT was adjusted according to a vegetation cover of 20 percent.
5. Unit Hydrograph and Time of Concentration
The Clark unit hydrograph was used in the computation of peak discharges in
this study because all the subareas are less than 5 square miles in size. The
Clark unit hydrograph consists of three parameters:
. Time of Concentration
. Storage Coefficient

. Time-Area Relation

Time of Concentration - The Papadakis method was used for

estimating the time of concentration. It is a function of length and
slope of the flow path, average rainfall intensity, and the watershed
resistance coefficient, which is a function of watershed type and size.
The values of the parameters are shown in Table 2. The length and
slope of the flow path for each subarea were obtained from the
topographic map (Plate 2). A slope adjustment procedure for slopes
greater than 200 feet per mile was implemented for subareas 3, 4, 5,
6, and 7. This procedure was based on Figure 5.4, of the Manual. The



PARAMETERS FOR ESTIMATION OF TIME OF CONCENTRATION

TWIN BUTTES WASH WATERSHED

TABLE 2

BASIN BASIN AREA BASIN LENGTH BASIN ELEVATION SLOPE ADJ. SLOPE Kb
NUMBER | Sq. Miles Acres Feet Miles Highest Lowest | Change Ft/Ft Ft/Mi Ft/Mi

1 0.74 473.6 10680 2.02 1970 1700 270 0.025 133.5 133.5 0.043
2 0.91 582.4 12940 2.45 2040 1580 460 0.036 187.7 187.7 0.042
3 1.38 883.2 10260 1.94 1920 1500 420 0.041 216.1 210.0 0.039
4 0.38 243.2 7000 1.33 1920 1520 400 0.057 301.7 266.0 0.047
5 0.15 96.0 4000 0.76 1970 1520 450 0.113 594.0 315.0 0.053
6 0.15 96.0 4200 0.80 2190 1520 670 0.160 842.3 340.0 0.053
7 0.12 76.8 3200 0.61 2140 1520 620 0.194 1023.0 360.0 0.054
8 0.13 83.2 3760 0.71 1520 1460 60 0.016 84.3 84.3 0.054
9 0.31 198.4 7620 1.44 1520 1440 80 0.010 55.4 55.4 0.048
10 0.62 396.8 14320 2.7 1540 1365 175 0.012 64.5 64.5 0.044
11 0.29 185.6 7120 1.35 1500 1440 60 0.008 44.5 44.5 0.049
12 0.50 320.0 9000 1.70 1520 1420 100 0.011 58.7 58.7 0.046
13 0.22 140.8 7500 1.42 1520 1420 100 0.013 70.4 70.4 0.050
14 0.34 217.6 9880 1.87 1500 1365 135 0.014 721 72.1 0.048
15 0.64 409.6 11000 2.08 1510 1360 150 0.014 72.0 72.0 0.044
16 0.70 448.0 9500 1.80 1440 1330 110 0.012 61.1 61.1 0.044
17 0.46 294.4 6620 1.25 1392 1320 72 0.011 57.4 57.4 0.046
18 0.73 467.2 10120 1.92 1320 1235 85 0.008 44.3 44.3 0.043

TOTAL 8.77

'CATERPILLAR TANK WASH WATERSHED
BASIN BASIN AREA BASIN LENGTH BASIN ELEVATION SLOPE ADJ. SLOPE Kb
NUMBER | Sq. Miles | Acres Feet Miles Highest Lowest Change Ft/Ft Ft/Mi Ft/Mi

19 1.03 659.2 9620 1.82 1730 1530 200 0.021 109.8 109.8 0.041
20 0.61 390.4 6120 1.16 1530 1460 70 0.011 60.4 60.4 0.044
21 0.76 486.4 9000 1.70 1460 1380 80 0.009 46.9 46.9 0.043
22 0.63 403.2 5500 1.04 1380 1315 65 0.012 62.4 62.4 0.044
23 0.33 211.2 4380 0.83 1315 1260 55 0.013 66.3 66.3 0.048

TOTAL 3.36




rainfall intensity for each subarea was automatically computed by the
MCUHP1 computer program. The values for resistance coefficient
were determined from Table 5.1 of the Manual. The parameters m
and b were determined as -0.01375 and 0.08, respectively, based on a
land classification of bare or nearly bare ground because the watershed

is near bare between rainy seasons.

Storage Coefficient and Time-Area Relation - The storage coefficient

is a function of time of concentration, the watershed size and the
length of flow path. The time-area relation is a parameter showing

the equal travel-time zones in a watershed.

The computation for time of concentration, storage coefficient and time-area
relation was performed by means of trial-and-error method through the
computer program of MCUHP1. The input and output values (including the
ordinates of Clark unit hydrographs) are presented in Appendix C of this
report. A review of the results indicated that all areas are suitable for the
Clark method.

Runoff Modeling

The 1988 version of HEC-1 computer model (Reference 1) was used for the
development of hydrologic model. A time step of 5 minutes was used in the
computation. Flows through the existing culverts under the C.A.P. Canal
were modeled by the level-pool reservoir routing method, as contained in
the HEC-1 program. The relationships among stage, storage, and outflow
at the existing C.A.P. culverts (as shown in Appendix D) were developed
from the 1" = 200’ topographic map (Reference 7). The normal depth
routing method was used for routing flow from one concentration point to
the next. Routing parameters and routing reaches are shown on Plate 2.
Detailed procedures for estimation of Manning’s roughness coefficients are

discussed in the Hydraulics Report under separate volume. The channel cross



sections used for the normal depth routing were digitized from the
topographic map base (Reference 7). The plottings of the cross sections are

shown in Appendix E.

Schematic flow charts of the HEC-1 model prepared for Twin Buttes Wash
Watershed and Caterpillar Tank Wash Watershed are presented in Figures
4 and 5, respectively. The existing stock pond in the Caterpillar Tank Wash
Watershed was not included in the model because it was not properly

engineered and certified as being constructed to withstand the 100-year flood.
Levee Analysis for C.A.P. Canal

The existing C.A.P. Canal was evaluated as a levee in this study. The water
surface elevations resulting from ponding behind the canal were estimated
by use of the level-pool reservoir routing method in the HEC-1 program. For
Twin Buttes Wash, elevations resulting from both 6-hour and 24-hour storms
were analyzed. For Caterpillar Tank Wash, the following three conditions

were analyzed:

« Ponding elevation from a 6-hour storm with the stock pond in place
and full at the beginning of the storm

- Ponding elevation from a 6-hour storm without the stock pond
downstream of the 72-inch pipe culvert with assumed inlet control

+ Ponding elevation from a 24-hour storm with the stock pond in place
and full at the beginning of the storm, as illustrated by the schematic

flow chart in Figure 6

The 6-hour storm yielded the maximum ponding elevations behind the C.A.P.
Canal for the Twin Buttes Wash Watershed. On the other hand, the 6-hour
storm with stock pond in place produced the maximum ponding elevation for
the Caterpillar Tank Wash Watershed. The results are tabulated below:

10
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TABLE 3

MAXIMUM PONDING ELEVATIONS BEHIND C.A.P. CANAL

Crossing C.A.P.

No.
1
2

Station

561+40
549+00
538+ 25
492+30
480+90
459+ 30

HEC-1
L.D.

EACAP
QCAP
PCAP
CCAP
FCAP
GCAP

Pipe
Size

72"
30"
30"
4 -72"
30"
30"

Watershed
Name

Caterpillar Tank
Twin Buttes
Twin Buttes
Twin Buttes
Twin Buttes

Twin Buttes

Upstream  Height of
Inv. Elev. Lining
1508.00 19.5’
1513.94 19.5°
1518.99 19.5’
1500.13 18.6°
1515.92 18.6°
1519.13 18.6’

Top of Lining
Lining Elev.

1534
1537
1542
1526
1538
1541

Max. Ponding
Ponding Elev.

1525.7
1528.0
1534.2
1518.0
1532.1
1533.2

11




The U.S. Bureau of Reclamation has certified the embankments associated
with the C.A.P. construction up to the top of the concrete lining. Values for
heights of lining were obtained from the Bureau of Reclamation design
drawings (Reference 8). Elevations for the top of lining were computed by

the following assumption, and rounded to the nearest foot:

Top of Upstream  Pipe 1-Foot Height
Lining = Invert + Diameter + Clearance + of
Elevation Elevation Lining

In view of the above tabulated values, it appears that the maximum ponding
elevation at each pipe culvert is well below the top of lining of the C.A.P.
Canal. Therefore, the canal was assumed to be adequate for withholding the

flow resulting from a 100-year storm.
ASSUMPTIONS
The basic assumptions used for this study are as follows:
1. The vegetation cover in the watershed was assumed to be 20 percent.

2. The effect of ponding behind the C.A.P. Canal was analyzed for the
Caterpillar Tank Wash Watershed on the basis of the assumption that the
stock pond was in place and initially full. However, for peak discharge
analysis, the existing stock pond was not included in the model because the

embankment of the pond was not certified to withstand the 100-year flood.

3. The C.A.P. Canal was assumed to be adequate for withholding the 100-year
flood.

4. Transmission loss was not included in this analysis because the estimated
discharge values are slightly less than the average values obtained from gaging

information in Maricopa County (see Figure 7).

12



5. A velocity of 5 fps was used in the time-step analysis for the normal depth

routing.
RESULTS

The 100-year peak discharges (resulting from both 6-hour and 24-hour storms) at
each concentration point shown in Figure 2 were estimated by means of the HEC-
1 computer program. The computer analysis indicated that the 6-hour storm yielded
a higher peak rate at each concentration point. The peak flow rates resulting from

a 100-year, 6-hour storm are tabulated in Table 4.
COMPARISON OF RESULTS WITH STREAM GAGES

As mentioned previously, historical gaging records are not available for the study
area. However, the District has established a chart to describe the general
relationships between peak discharge and watershed size in Maricopa County. In
this study, the estimated peak discharges at major concentration points were plotted
on the District’s chart for comparison purposes. As indicated in Figure 7, the
estimated values of peak discharges are in general agreement with the correlation

curves developed by the District on the basis of gaging information in the County.
CONCLUSIONS

In the absence of historical gaging data on the watershed, the peak flows in this
study were derived through hydrologic modeling. The values of peak discharges

resulting from hydrologic modeling appear to be reasonable for use as input for

floodplain and floodway delineation.

13



DRAINAGE AREA (MILES*2)

7B 9%

(3

e

B e

F a0 w

|
i
i
J

it

ol

.

ﬁ%@wﬁﬁ@vfséﬁﬁ

ks

!

/@ . i od
el el o . e o
o = o [
O = o = (e} —
<} = & L ™
Vo) o3 —

(2+S3UN/S4D) 001D

FIGURE 7

VERIFICATION OF RESULTS



REFERENCES AND BIBLIOGRAPHY

10.

11.

12.

U.S. Department of the Army, Corps of Engineers, Hydrologic Engineering
Center, Generalized Computer Program 723-X6-L2010, HEC-1 Flood
Hydrograph Package, Davis, California, February 1981, Revised August 1988.

Flood Control District of Maricopa County, Hydrologic Design Manual,
September 1990.

U.S. Department of Agriculture, Soil Conservation Service, Soil Survey of
Aguila-Carefree Area, April 1986.

U.S. Department of Agriculture, Soil Conservation Service, General Soil Map
for Maricopa County, 1973.

US. Department of Commerce, National Oceanic and Atmospheric
Administration, National Weather Service, Precipitation-Frequency Atlas of the
Western United States, Volume VIII - Arizona, 1973.

U.S. Department of the Interior, Geological Survey, I15-Minute Series
Topographic Maps, Scale 1:24,000 Contour Intervals vary: Baldy Mountain
and Calderwood Butte, Maricopa County, Arizona.

Aerial Mapping Company, Inc., Topographic Maps for C.A.P. Overchutes,

Scale 1" = 400’, Contour Interval = 4 feet; Scale 1" = 200’, Contour Interval
= 2 feet for areas north of C.A.P. Canal; 1990.

U.S. Bureau of Reclamation, Design Drainages for Granite Reef Aqueduct,
Reach 9, Drawing No. 344-330-1325, October 1975.

Sellers, W.D., Hill, H.D. and Sanderson-Rae, M., Arizona Climate - The First
Hundred Years, University of Arizona, Undated.

Aldridge, B.N. and Garrett, J.M., Roughness Coefficients for Stream Channels
in Arizona, USGS Open-File Report, Tucson, Arizona, February 1973.

Chow, Ven T., Open Channel Hydraulics, New York: McGraw-Hill Book
Company, 1959.

Thomsen, B.W. and Hjalmarson, H.-W., Manning’s Roughness Coefficients for
Stream Channels and Flood Plains in Maricopa County, Arizona, July 1990.

15






SHEET OF
ENGINEERS, INC: _ . —
cnecx.i_& oatell/Fo__

CLENT __ACD M C

o8 _CAP Overchudey 08 No. _3/0. 42

ESTIMATED RAINFALL DEPTH

Keturn é=hr Duration Depth 24-hr Duwation Depth
Frequen = Adjusted From ted
“ / w;Zchh/s ﬁé,aﬂ\. [sopluvials %us ¥
2-yr /32 /.32 /66 /.66
S=yr 177 1.77 2.2% 2,25
(0-Yr 2.13 2,18 2.63 2.70
25-Yr 2,68 2.62 3.2% 3.2%
-y 295 2.9% 3.¢7 3.69
(00 -t 3 32 3.32 4. 14 4.14

Notes: | ISO/D/M//&/ informatcon is obtawned +rom ,z/—g. 2,2

+hru Fg.2.13 of the Manwa( .
2. Raontall deptle +s expressed in inches




PRECIPITATION DEPTH (INCHES)

Hydrologlc Design Manual Rainfall
for Maricopa County

5
N jr
L1
//?/ |
¢4/W/D/ ///M/‘
T ,
//4/}« ] e
| _nr
O///// T
/
—
2 5 10 20 50 100

RETURN PERIOD (YEARS)
PARTIAL—DURATION SERIES

Figure 2.14
Precipitation Depth versus Return Perlod for Partial-Duratlon Serles

September 1, 1990 23



nos

RIOW R9W R8W R7W  R6W RSW R4W RIW R2w Riw

RIE R2E

R3E

R4E

RSE

R6E R7E RBE R9E RIOE RNIE KI2E

11

2 / A&
= FxA36+ 5 X6 = /32" S

..................

1
_RBE _ ROE RIOE RUE RI12€
ns
2s
R4E RSE *R6E R7E 0 10 20

30

34

T2N

TIN

40 50

.

l._—

—— MmILES

12 12 13 T4

nos

14

L;) R6w RSW R4W  RIW Row RiIw

4

RiOW  R9W R8W1

. RIE

MARICOPA COUNTY,

ISOPLUVIALS 2-YR 6-—HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Ml

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculture,
Soil Conservallon Service, Engineering Division

2

33
ARIZONA
PRECIPITATION

Figure 2.2




RIOW R9W RBW R7W R6W RSW R4W RIW R2W Rw RIE R2E RJE R4E RSE R6E R7E RBE R9E RIOE RUE KI2E

112 | 111

34

" £)

TN
TN

........ RIOE R1E RI2E

ns

152

35

0 10 20 30 4 0
R4E RSE  R6E RIE

0 5
F—i ——— MILES

33
MARICOPA COUNTY, {ARIZONA

ISOPLUVIALS  5—-YR 6 —HR:PRECIPITATION
IN TENTH OF INCH

NOAA ATLAS 2, Volume Wil

38 auE

g

Figure 2.3

Prepared by U.S. Depl of Commerce
res National Oceanic & Atmospheric Administration

Nationol Weather Service, Office of Hydrology
Tios

’ . Prepared for U.S. Dept of Agriculture,
18 ™9 - . - 20 ’ Soil Conservation Service, Engineering Division

4 . 4 4
RIOW ROW Raw157;’) REw  RSW  R4W  RIW  pow  piw | RIE 1 2 1 1

-,

f



T4S

RIOW R9W R8W RIW R6W RSW Réw

R3W R2W RiIW

RIE R2E

R3E

R4E RSE R6E R7E RBE R9E RIOE RNE RI2E

111

34

26 28 30

302122 23 24 26

| RBE  R8E  RI10E  RNE RI2E
Tis
19 19 =
19
0 10 20 30

R4E KRSE R6E R7E

TN

40 50

=

F——— MILES

22 23 24

A
RIOW R9W st1ﬁl7;5 Rew NSW  R4W  RIW  Raw  RIW

" RIE

MARICOPA COUNTY,

ISOPLUVIALS 10—-YR ©6-—HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculiure,
Soil Conservatlon Service; Engineering Division

2 11

35
ARIZONA
PRECIPITATION

Figure 2.4



RIOW R9W R8W R7W R6W RS5W R4W RIW R2W RIwW RIE R2E R3IE R4E RSE R6E RJIE RBE R9E RIOE RIE RI12E

34

R8E RIOE RI1E RI2E

T2s

0 10 20 30 40 S0

= F—— —— MiLES

33
MARICOPA COUNTY, |ARIZONA

ISOPLUVIALS 25-YR 6—HR;PRECIPITATION
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

R4E  RSE R6E R7E

Flgure 2.5

Prepared by U.S. Dept of Commerce
National Oceanic & Almospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculiure,
Soil Conservation Service, Engineering Divislon

Lo
27 28

4 : 4 5 4
RIOW R9W R8w1;75 REw RSW R4W  RIW Row RIW . RIE 1 2 1 1

>

{



RIOW R9w ~ REW RIW

13

R6W R5W R4w

R3W. R2w

RIW

RIE

R2E

R3E

R4E  RSE  R6E RIE RBE R9E RIOE RINE RIZE

172 1

11

0 10 20 3
R4E RSE  R6E RIE

S4

0 40 S0

e —

—— miLes

....................

1w
RIOW R9W Raw1;7 kew MSW  R4W  R3w

R2W

RIW

R1E

MARICOPA COUNTY,

ISOPLUVIALS 50—-YR 6 —HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume VIl

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculiure,
Soil Conservation Service, Engineering Division

112

5%
ARIZONA
PRECIPITATION

Figure 2.6




Réw

RiIW

R4E RSE R6E R7E RBE R9E RIOE RNE RI12E

11

34

T8N
N
T6N
TSN
45 Tan
\ ' 0 .
e i : (\
132 34 36 38 40 38
d R8E  ROE RIDE RUE RI2E
ns
125
R4E KSE  R6E RIE 0 10 20 3

T2N

TIN

0 40 50

—

——] MmiLEs

38

38

Ln_sl’ R6w RSW R4W RIW Raw RIW |

MARICOPA COUNTY,

ISOPLUVIALS 100-YR 6 —HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
Nationol Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agricullure,
Soil Conservation Service, Engineering Dlvision

2 11

33
ARIZONA
PRECIPITATION

Figure 2.7



RIOW R9W R8W R

Riw

R6W R5W R4w

7w R3W  R2w

R6E R7E RBE RSE RIOE RIIE KRI12E

111

34

15
b Y
7N 15\,)’?"Ll—§)’
- 157 ........
rsN -
15}

N

?Q’VE "4_)(/-7*;'/,"/‘53' =/66"

DR | IR

) . L Y (PSR G R TR R PN

R4E RSE R6E R7E

T2N
N S
{16 1820 22 2426 28 26 TN
: . RBE RIOE RIIE RI12E
ns
T2S
0 10 20 30 40 50

—— MmwLES

Tos

14 " 14 -

4

16 16

RiOW R9W  R8W 1 R

7»3 R6w RSW R4W RIW gRaw RIW |

RIE

nos

MARICOPA COUNTY,

ISOPLUVIALS 2 —YR 24—-HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vill

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of .Agricullure,
Soil Conservation Service, Engineering Division

2

53
ARIZONA
PRECIPITATION

Figure 2.8



RIOW R9w R8W R7W

113

112

R4E RSE R6E RIE RBE R9E RIOE RIIE RIZ2E

111

—— 30 30 35 37.5 T8N

TN

34

S I =

N
U
&
TN
TIN
JJ REBE ROE RIDE RUE RI2E

ns
25

R4E KSE  R6E RIE 0 10 20 30 40 50

}'_—] MILES

4
RIOW - ROW  REW 1 R

- tn

\

MARICOPA COUNTY,

ISOPLUVIALS 5 —YR 24—HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

Prepared by U.S. Dept of Commerce
Nationol Oceanic & Atmospheric Administration
Nationol Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculture,
Soil Conservation Service, Engineering Division

75 REW RSW  R4W  RIW  Rpow  Riw . RIE

2

B33
ARIZONA

PRECIPITATION

Figure 2.9




RI1OW R9W R8W R7W  R6W RSW R4W RIW R2w RIW RIE R2E R3E R4E RSE R6E RIE RBE RIE RIOE RIIE RI12E

1M1

34

363842

T28
: 30 34 38 3 TN
f?'g'qz__ ROE RIOE RME RI2E
ns
T28
0] 10 20 30 40 S0

R4E K5E R6E R7E

] P F——] MmiLes
0

MARICOPA COUNTY, ARIZONA

ISOPLUVIALS 10 —YR 24—HR{PRECIPITATION
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

Figure 2.10

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

ZI/ >
rO .

nos : :
" 2628 28
27

nos Prepared for U.S. Dept of Agricullure,

Soil Conservatlon Service, Engineering Division

4

RIOW R9W R8W1ﬁ75 REW RSW R4W  RIW  paw  RIW RIE 1J2 111



RIOW R9W RBW R7IW  R6W RSW Rew

RIW R2w Rnw

RIE R2E

R3E  R4E  RSE

R6E R7E

RBE R9E RIOE RNE RI12E

11

R4E KSE R6E R7E

T
‘N42
- 50 4
RIOE RUE RI2E
50 28 28
0 10 20 3

T2N

TIN

34

40 50

—

F————1 MiLES

B

™S

Tios

RIOW R9W  RSW 1 175 REw NSW  R4W RIW  p2w RIW

e

i

© RIE

MARICOPA COUNTY,

ISOPLUVIALS  25—-YR 24—HR
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agricultures,
Soll Conservation Service, Engineering Division

112 17

%

ARIZONA
PRECIPITATION

Figure 2.11



Riow R9‘WW R8W R7W R6W R5w R4W R3IW R2wW Riw RIE R2E R3E R4E RSE R6E R7JE RBE R9E R10E RIIE RI2E
113

112 11

50
46 55 60

34

g

e
A
4

7/
/ .

0 10 20 30 40 50
R4E KSE . R6E RIVE

S —— MiLes

33
MARICOPA COUNTY, |ARIZONA

ISOPLUVIALS 50—YR 24—HR|PRECIPITATION
IN TENTH OF INCH

NOAA ATLAS 2, Volume Vil

_ Figure 2.12
Prepared by U.S. Dept of Commerce

Natlonal Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

nos Prepared for U.S. Dept of Agriculture,
Soll Conservatlon Service, Engineering Division

42

B & 1
Rew RSW R4W  RIW R2w RIW . RIE 112 1 1



RIOW R9wW R8W R7W  R6W RSW R4W RIW R2W

Riw

RIE R2E

R3E  R4E RSE R6E R7E

RBE R9E RIOE RINE RI12E

55
50 60 65

11

T8N

BN
T2N
60 -
RBE  ROE RIOE RVE RI2E
ns
28
0 10 20 30 40 50
R4E RSE  R6E RIE

—

——— MiLES

22

4 :
RIOW ROW st1n7b} REW  RSW  R4W  RIW  pow  piw

{

RI1F

MARICOPA COUNTY,

IN TENTH OF INCH

NOAA ATLAS 2, Volume Ml

Prepared by U.S. Dept of Commerce
National Oceanic & Atmospheric Administration
National Weather Service, Office of Hydrology

Prepared for U.S. Dept of Agriculiure,
Soil Conservation Service, Engineering Dlvision

2,

ISOPLUVIALS 100—-YR 24—HR

B3
ARIZONA
PRECIPITATION

Figure 2.13




8HEET OF

ENGINEERS, INC. N7y,

2255 N. 44th St. o Phoenix, Az. 85008 * Phene (802) 244-2566

CHECK DATE
CLIENT

%08 No, _370. 2

JOB

Azfng AN»L*/S:S -—2_4' H‘wa._ SToRr-r

As 'T'H'é' _De.h.-vnc—e' Acf‘u Unp e~ Cous:aez_n—ﬂo&

P e T ¥ Neaq -4o
/3 \/e"ry Smmee i e A A~ o 864 A
.5 A/ornnbu7 pug Cancta WaTees Hea A éns A

Compan.son of THg Viloes L @ G Hosa Shesm
Ao .24 tHoua STocm wes mao€.

Fea T Har Smace of A~  Area THE
DeEPH - Aech ReEpDocneny Factia Lor e

/CNST"*S o€ Do e Are A s 17 ft{¢~'1‘.co-’

—//H'FLE Eor€ : 7H= \/e/dt- 'ar / . le & ﬁo&
ThadLE 2.1 6 €  O0.987 wwas oused wiirre

Tim€ O6F (Conce~m Anee oL erens, 6%

Table 2.1
Depth-Area Reduction Factors
for 6-Hour Duration Rainfall

Area, Ratio to
Square Miles Point of Rainfall
0 1.0
1 0.987
5 0.96
10 0.94




Figure 13. Examples of (A) isohyetal pattern centered over
basin as would be the case for storm-centered
depth-area curves and (B) two possible occurrences
of isohyetal patterns over a geographically fixed
area as would be the case in development of curves
for a geographically fixed area.
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Interpretation of Results

Season of Occurrence

The maps in this Atlas are based upon data for the entire
year. In certain scctions of the West, precipitation is highly sea-
sonal. Thus, rainy season precipitation-frequency values approach
the annual values. In sections where the greatest annual n-hour
precipitation amount may be observed in any season, seasonal
precipitation-frequency maps would differ from those presented in
this Atlas. In no case could the seasonal value be greater than the
annual value. However, the seasonal values would be a certain
percent of the annual values, with the percent varying according to
the frequency of large storms during the season under investiga-
tion. Generalizations about the seasonal distribution of large
storms can be obtained from ESSA, U.S. Weather Bureau Techni-
cal Paper No. 57 (Environmental Science Services Administration,
Weather Bureau, 1966). Currently, there is no convenient manner
of applying this knowledge to the maps of this Atlas, other than
subjectively.

Within Vs. Among Storms

Data for the various duration maps and diagrams in this Atlas
were determined independently; that is, there was no requirement
that the maximum 6- or 1-hr amount for a particular year be
included within the maximum 24-hr amount for that year. The
maps, therefore, represent an “among” storm distribution. In re-
gions where winter-type storms predominate, the 6-hr value for a
particular return period would more closely approximate the 6-hr
value within the 24-hr storm for the same return period than would
generally be the case in regions where convective storms predomi-
nate. In a study for the United States east of the Mississippi River,
Miller (1971) showed that the ratio between the 2-yr 1-hr value
computed from the maximum 1-hr amount within the 24-hr maxi-
mum and the 2-yr 1-hr value computed using maximum I-hr
amounts varied between 0.52 and 0.91. Studies have not been
undertaken of this relation in the West, but a wide range in such
ratios and similar ratios for the 6-hr duration could be expected.

Point Probabilities

The maps in this Atlas are derived from and depict point
probabilities; the data points are independent of each other. Pre-
cipitation over a region is variable, even in large general area
storms; neighboring stations do not necessarily experience maxi-
mum annual amounts from the same storm. Thus, the individual
points on these maps express individual probabilities. That a point
within a particular watershed may receive an amount equal to or
greater than its 50- or 100-yr value on a particular day does not
affect probabilities for any other point within that watershed. A
second point within the watershed may experience an amount
equal to or greater than its 50- or 100-yr value within the same

storm or on the next day, within the next week or at any other time.

Areal Analysis

A value read from an isopluvial map in this Atlas is the value
for that point and the amount for that particular duration which
will be equaled or exceeded, on the average, once during the
period indicated on the individual map. In hydrologic design, engi-
neers are more concerned with the average depth of precipitation

over an area than with the depth at a particular point. Depth-area
curves were developed to meet this need. The depth-area curve is
an attempt to relate the average of all point values for a given
duration and frequency within a basin to the average depth over
the basin for the same duration and frequency.

Generally, there are two types of depth-area relations. The
first is the storm-centered relation; that is, the maximum precipita-
tion occurring when the storm is centered on the area affected (fig.
13). The second type is the geographically fixed-area relation
where the area is fixed and the storm is either centered over it or is
displaced so only a portion of the storm affects the area (fig. 13).
We can say that storm-centered rainfall data represent profiles of
discrete storms, whereas the fixed-area data are statistical averages
in which the maximum point values frequently come from different
storms. At times, the maximum areal value for the network is from
a storm that does not produce maximum point amounts. Each type
of depth-area relation is useful, but each must be applied to appro-
priate data. Generally, the storm-centered relations are used for
preparing estimates of probable maximum precipitation, while the
geographically fixed relations arc used for studies of precipitation-
frequency values for basins.

Dense networks of precipitation gages are required to furnish
basic data used in developing depth-area relations for fixed areas.
The criteria used in selecting dense networks for the determination
of areal precipitation-frequencies by the National Weather Service
have been:

1. A network should be composed entirely of recording gages.
The use of nonrecording gages may greatly increase the number
and density of stations within a network, but it involves the con-
struction of mass curves and introduces additional subjectivity.
Nonrecording gages are read at various hours, usually early mom-
ing, late afternoon, or midnight. Because of conflicting activities, a
cooperative observer may not always be able to read his precipita-
tion gage at the exact hour specified. In these cases, the exact time
of the observation may not be available, so it is hard to relate the
reported amounts to those of surrounding stations with the preci-
sion required for development of depth-area relations.

2. A minimum length of record should be established to
ensure a reasonable estimate of the 2-yr arcal precipitation.

3. Gage locations and exposures should remain consistent
during the period of record analyzed.

4. Gages should be located so that there is at least one gage
located within cach 100 square-mile area. ;

The average depth-area curves in this Atlas (fig. 14) are for
fixed areas and were developed from dense networks meeting the
above criteria. The curves were first prepared for an earlier study
(U.S. Weather Bureau 1957-60) and have since been rechecked
against longer record data; no changes were needed. Application of
these curves must be consistent with the manner in which they
were developed. The following steps are used:

1. Estimate point values from a grid of many points over the
basin of interest for the duration and return period required.

2. Compute an average of the point values obtained in step 1.

3. Use figure 14 to obtain an areal reduction factor required
for the precipitation duration and size of area under consideration.

4. Multiply the average value obtained in step 2 by the ratio
obtained in step 3. The value obtained in this step provides the
areal value for the basin af interest for the duration and return
period under consideration,







SUB-AREA DRAINAGE BASIN SOIL PROPERTIES

ADJUSTED
BASIN SoIL AREA % IA DTHETA  PSIF XKSAT  RTIMP
NUMBER GROUP  (SQMILES) TOTALAREA (IN) (IN) (IN) (IN/HR) %
1
109 0.74 100.00% 0.15 0.35 4.20 0.42  35.00%
2
18 0.03 3.70% 0.15 0.35 4.30 0.44  15.00%
51 0.19 20.50% 0.25 0.35 3.98 0.58
109 0.69 75.80% 0.15 0.35 4.20 0.42  35.00%
TOTAL 0.91 100.00% 0.17 0.35 4.16 045  27.09%
3
10 0.03 1.96% 0.35 0.35 2.22 2.40
18 0.26 18.78% 0.15 0.35 4.30 0.44  15.00%
51 0.12 9.00% 0.25 0.35 3.98 0.58
52 0.03 2.23% 0.15 0.35 4.24 0.56  20.00%
109 0.70 50.53% 0.15 0.35 4.20 0.42  35.00%
110 0.24 17.50% 0.35 0.35 3.92 0.62 3.00%
TOTAL 1.38 100.00% 0.20 0.35 4.1 0.51 21.47%
4
13 0.03 9.21% 0.35 0.26 6.60 0.17
52 0.01 2.29% 0.15 0.35 4.24 0.56  20.00%
109 0.22 57.62% 0.15 0.35 4.20 0.42  35.00%
110 0.12 30.88% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.38 100.00% 0.23 0.34 4.34 046  21.55%
B
52 0.002 1.49% 0.15 0.35 4.24 0.56  20.00%
100 0.03 16.68% 0.15 0.35 4.30 0.44  20.00%
109 0.08 51.96% 0.15 0.35 4.20 0.42  35.00%
110 0.05 29.87% 0.35 0.35 3.92 0.62 3.00%
TOTAL - 018 - 100.00% . 021 0.35 4.13 048  22.72%
6
13 0.01 9.46% 0.35 0.26 6.60 0.17
18 0.10 70.82% 0.15 0.35 4.30 0.44  15.00%
110 0.03 19.72% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.15 100.00% 0.21 0.34 4.44 0.45  11.22%



ADJUSTED

BASIN SoIL AREA % IA DTHETA  PSIF  XKSAT  RTIMP
NUMBER GROUP  (SQMILES) TOTALAREA (IN) (IN) (IN) (IN/HR) %
7

18 0.12 98.11% 0.15 0.35 4.30 0.44  15.00%

110 0.002 1.89% 0.35 0.35 3.92 0.62 3.00%

TOTAL 0.12 100.00% 0.15 0.35 4.29 0.44  14.77%
8

13 0.02 14.71% 0.35 0.26 6.60 0.17

52 0.03 24.74% 0.15 0.35 4.24 0.56  20.00%

110 0.07 54.88% 0.35 0.35 3.92 0.62 3.00%

109 0.01 4.26% 0.15 0.35 4.20 0.42  35.00%

113 0.002 1.41% 0.35 0.35 4.10 0.53

TOTAL 0.13 100.00% 0.29 0.34 4.41 0.53 8.09%
9

13 0.10 33.85% 0.35 0.26 6.60 0.17

18 0.06 20.68% 0.15 0.35 4.30 0.44  15.00%

68 0.002 0.80% 0.35 0.35 4.23 0.58

109 0.01 1.83% 0.15 0.35 4.20 0.42  35.0%

110 0.05 16.50% 0.35 0.35 3.92 0.62 3.00%

113 0.08 26.34% 0.35 0.35 4.10 0.53

TOTAL 0.31 100.00% 0.30 0.32 4.96 0.40 4.24%
10

10 0.05 8.47% 0.35 0.35 2,93 2.40

18 0.01 1.47% 0.15 0.35 4.30 0.44  15.00%

48 0.05 8.50% 0.25 0.35 4.08 0.54

68 0.05 7.46% 0.35 0.35 4.23 0.58

98 0.06 8.94% 0.35 0.35 4.20 0.63

110 0.38 61.34% 0.35 0.35 3.92 0.62 3.00%

113 0.02 3.82% 0.35 0.35 4.10 0.53

TOTAL 10.62 100.00%  0.34 0.35 3.85 0.75 2.06%
11

10 0.06 19.22% 0.35 0.35 2.22 2.40

68 0.03 11.80% 0.35 0.35 4.23 0.58

98 0.05 17.95% 0.35 0.35 4.20 0.63

110 0.14 49.84% 0.35 0.35 3.92 0.62 3.00%

113 0.003 1.19% 0.35 0.35 4.10 0.53

TOTAL 0.29 100.00% 0.35 0.35 3.68 0.96 1.50%
12

10 0.01 2.29% 0.35 0.35 2.22 2.40

18 0.07 13.44% 0.15 0.35 4.30 0.44  15.00%

68 0.07 14.29% 0.35 0.35 4.23 0.58

98 0.04 7.28% 0.35 0.35 4.20 0.63

110 0.31 62.70% 0.35 0.35 3.92 0.62 3.00%

TOTAL 0.50 100.00% 0.32 0.35 4.00 0.63 3.90%



ADJUSTED

BASIN SOIL AREA % 1A DTHETA PSIF XKSAT RTIMP
NUMBER GROUP  (SQMILES) TOTAL AREA (IN) (IN) (IN) (IN/HR) %
13
10 0.01 2.30% 0.35 0.35 2.22 2.40
68 0.005 2.12% 0.35 0.35 4.23 0.58
110 0.21 95.58% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.22 100.00% 0.35 0.35 3.89 0.66 2.87%
14
10 0.07 19.04% 0.35 0.35 2.22 2.40
48 0.03 8.67% 0.25 0.35 4.08 0.54
98 0.03 8.46% 0.35 0.35 4.20 0.63
110 0.22 63.83% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.34 100.00% 0.34 0.35 3.68 0.95 1.91%
15
10 0.02 3.19% 0.35 0.35 2.22 2.40
13 0.07 11.19% 0.35 0.26 6.60 0.17
48 0.22 34.86% 0.25 0.35 4.08 0.54
49 0.004 0.60% 0.15 0.35 3.85 0.65
98 0.03 4.41% 0.35 0.35 4.20 0.63
110 0.29 45.75% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.64 100.00% 0.31 0.34 4.23 0.60 1.37%
16
10 0.06 8.84% 0.35 0.35 2.22 2.40
13 0.18 25.36% 0.35 0.26 6.60 0.17
45 0.002 0.24% 0.25 0.34 4.08 0.40
48 0.16 23.19% 0.25 0.35 4.08 0.54
49 0.05 7.54% 0.15 0.35 3.85 0.65
68 0.05 7.03% 0.35 0.35 4.23 0.58
110 0.20 27.81% 0.35 0.35 3.92 0.62 3.00%
TOTAL 0.70 100.00% 0.31 0.33 4.50 0.64 0.83%
17
10 0.03 7.09% 0.35 0.35 2.22 2.40
12 0.04 9.43% 0.35 0.25 8.06 0.08
13 0.19 40.82% 0.35 0.26 6.60 0.17
49 0.03 7.16% 0.15 0.35 3.85 0.65
68 0.02 5.01% 0.35 0.35 4.23 0.58
110 0.12 25.30% 0.35 0.35 3.92 0.62 3.00%
118 0.02 5.19% 0.35 0.35 4.18 0.67
TOTAL 0.46 100.00% 0.34 0.30 531 0.51 0.76%



ADJUSTED

BASIN SOIL AREA % 1A DTHETA  PSIF  XKSAT  RTIMP
NUMBER GROUP (SQMILES) TOTALAREA  (IN) (IN) (IN) (INJHR) %
18
10 0.01 1.03% 0.35 0.35 2.22 2.40
12 0.002 0.21% 0.35 0.25 8.06 0.08
49 0.0005 0.06% 0.15 0.35 3.85 0.65
110 0.01 1.30% 0.35 0.35 3.92 0.62 3.00%
118 0.01 1.75% 0.35 0.35 4.18 0.67
NON-CLASS 0.70 95.65% 0.35 0.29 3.87 0.35
TOTAL 0.73 100.00% 0.35 0.29 3.87 0.38 0.04%

TOTAL WEST DRAINAGE AREA
AREAS 1-18 8.76



ADJUSTED

BASIN SOIL AREA % IA DTHETA  PSIF XKSAT  RTIMP
NUMBER GROUP (SQMILES) TOTALAREA  (IN) (IN) (IN) (IN/HR) %
19

13 0.07 6.82% 0.35 0.26 6.60 0.17

18 0.35 33.81% 0.15 0.35 4.30 0.44  15.00%

51 0.07 7.08% 0.25 0.35 3.98 0.58

52 0.38 37.34% 0.15 0.35 4.24 0.56  20.00%

98 0.0003 0.03% 0.35 0.35 4.20 0.63

109 0.09 8.26% 0.15 0.35 4.20 0.42  35.00%

110 0.07 6.65% 0.35 0.35 3.92 0.62 3.00%

TOTAL 1.03 100.00% 0.18 0.34 4.38 0.49 15.63%
20

13 0.004 0.73% 0.35 0.26 6.60 0.17

18 0.26 42.59% 0.15 0.35 4.30 0.44  15.00%

70 0.03 4.78% 0.25 0.35 4.10 0.53

98 0.06 9.09% 0.35 0.35 4.20 0.63

110 0.26 42.82% 0.35 0.35 3.92 0.62 3.00%

TOTAL 0.61 100.00% 0.26 0.35 414 0.53 7.67%
21

10 0.02 1.99% 0.35 0.35 2.22 2.40

13 0.06 8.34% 0.35 0.26 6.60 0.17

18 0.19 25.56% 0.15 0.35 4.30 0.44 15.00%

45 0.02 2.24% 0.25 0.34 4.08 0.40

48 0.02 2.32% 0.25 0.35 4.08 0.54

98 0.26 34.67% 0.35 0.35 4.20 0.63

110 0.19 24.88% 0.35 0.35 3.92 0.62 3.00%

TOTAL 0.76 100.00% 0.29 0.34 4.31 0.57 4.58%
22 10 0.01 2.35% 0.35 0.35 2,92 2.40

12 0.06 9.79% 0.35 0.25 8.06 0.08

13 0.09 13.62% 0.35 0.26 6.60 0.17

18 0.01 1.38% 0.15 0.35 4.30 0.44 15.00%

45 0.14 21.68% 0.25 0.34 4.08 0.40

48 0.01 1.39% 0.25 0.35 4.08 0.54

98 0.08 12.01% 0.35 0.35 4.20 0.63

110 0.24 37.79% 0.35 0.35 3.92 0.62 3.00%

TOTAL 063  100.00% 0.32 0.33 4.73 0.49 1.34%
23

10 0.02 4.92% 0.35 0.35 2.92 2.40

45 0.14 43.44% 0.25 0.34 4.08 0.40

98 0.00 0.52% 0.35 0.35 4.20 0.63

110 0.01 2.42% 0.35 0.35 3.92 0.62 3.00%

112 0.02 6.38% 0.35 0.35 4.06 0.55

118 0.14 42.32% 0.35 0.35 4.18 0.67

TOTAL 0.33 100.00% 0.31 0.35 4.03 0.63 0.07%

TOTAL EAST DRAINAGE AREA
AREAS 19-23 3.36
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for Maricopa County

Table 4.1
Surface Retention Loss for
Various Land Surfaces in Maricopa County

Surface Retention
Land-use and/or Loss
Surface Cover IA, Inches
TN (1) (2)
—= [(Natural /
Desert and rangeland, flat slope 0.35 =
Hillslopes, Sonoran Desert 0.15 -
Mountain, with vegetated surface 0.25 -
Developed (Residential and Commercial)
-_Lawn and turf 0.20
Desert landscape . 0.10
Pavement 0.05
Agricultural '
Tilled fields and irrigated pasture | 0.50
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GREEN-AMPT PARAMETERS

(10) BRIOS-CARRIZO COMPLEX

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
BRIOS LOAMY SAND 40 1.20 0.48 2.40 0.96 0.35 0.14 1.20 0.48 0.80 0.32
CARRIZO SAND 40 4.60 1.84 1.90 0.76 0.35 0.14 4.60 1.84 1.30 0.52
ANTHO SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
GILMAN SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
MARIPO SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
VINT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
100 2.40 2.58 0.35 2.40 0.98
GREEN-AMPT PARAMETERS
(12) CAREFREE
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
CAREFREE CLAY LOAM 80 0.04 0.03 8.20 6.56 0.25 0.20 0.04 0.03 0.50 0.40
BEARDSLEY CLAY LOAM 4 0.04 0.00 8.20 0.33 0.25 0.01 0.04 0.00 0.50 0.02
CONTINE CLAY LOAM 4 0.04 0.00 8.20 0.33 0.25 0.01 0.04 0.00 0.50 0.02
EBON SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
SUNCITY SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
GADSDEN CLAY 4 0.01 0.00 12.40 0.50 0.15 0.01 0.01 0.00 0.30 0.01
100 0.07 8.06 0.25 0.07 0.51



GREEN-AMPT PARAMETERS
(13) CAREFREE-BEARDSLEY COMPLEX

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
CAREFREE CLAY LOAM 50 0.04 0.02 8.20 4.10 0.25 0.13 0.04 0.02 0.50 0.25
BEARDSLEY CLAY LOAM 40 0.04 0.02 8.20 3.28 0.25 0.10 0.04 0.02 0.50 0.20
ANTHO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
CARRIZO SAND 2 4.60 0.09 1.90 0.04 0.35 0.01 4.60 0.09 1.30 0.03
CONTINE CLAY LOAM 2 0.04 0.00 8.20 0.16 0.25 0.01 0.04 0.00 0.50 0.01
EBON SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
SUNCITY SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
100 0.15 7.84 0.26 0.15 0.53
GREEN-AMPT PARAMETERS
(18) CHERIONI-ROCK OUTCROP
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
CHERIONI SANDY LOAM 60 0.40 0.24 4.30 2.58 0.35 0.21 0.40 0.24 0.70 0.42
CIPRIANO - SANDY LOAM 6 0.40 0.02 4.30 0.26 0.35 0.02 0.40 0.02 0.70 0.04
GACHADO SANDY LOAM 6 0.40 0.02 4.30 0.26 0.35 0.02 0.40 0.02 0.70 0.04
GUNSIGHT SANDY LOAM 6 0.40 0.02 4.30 0.26 0.35 0.02 0.40 0.02 0.70 0.04
SUNCITY SANDY LOAM 7 0.40 0.03 4.30 0.30 0.35 0.02 0.40 0.03 0.70 0.05
ROCK OUTCROP  15%

85 0.34 3.66 0.30 0.34 0.60
WITHOUT ROCK 0.40 4.30 0.35 0.40 0.70



GREEN-AMPT PARAMETERS

(45) EBON
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
EBON SANDY LOAM 80  0.40 0.32 4.30 3.44 0.35 0.28 0.40 0.32 0.70 0.56
CONTINE CLAY LOAM 3 0.04 0.00 8.20 0.25 0.25 0.01 0.04 0.00 0.50 0.02
LUKE CLAY LOAM 3 0.04 0.00 8.20 0.25 0.25 0.01 0.04 0.00 0.50 0.02
BEARDSLEY CLAY LOAM 3  0.04 0.00 8.20 0.25 0.25 0.01 0.04 0.00 0.50 0.02
PINAMT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
MOHALL CLAY LOAM 3  0.04 0.00 8.20 0.25 0.25 0.01 0.04 0.00 0.50 0.02
CIPRIANO SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
GUNSIGHT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
100 0.36 4.77 0.34 0.36 0.68
GREEN-AMPT PARAMETERS
(48) EBON-PINAMT COMPLEX
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
EBON SANDY LOAM 45  0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
PINAMT SANDY LOAM 35  0.40 0.14 4.30 1.51 0.35 0.12 0.40 0.14 0.70 0.25
CARRIZO SAND 25  4.60 0.11 1.90 0.05 0.35 0.01 4.60 0.11 1.30 0.03
ANTHO SANDY LOAM 25  0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
CONTINE CLAY LOAM 25  0.04 0.00 8.20 0.21 0.25 0.01 0.04 0.00 0.50 0.01
LUKE CLAY LOAM 25 004 0.00 8.20 0.21 0.25 0.01 0.04 0.00 0.50 0.01
CIPRIANO SANDY LOAM 25  0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
GUNSIGHT SANDY LOAM 25  0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
MOMOLI SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
TREMANT SANDY LOAM 25  0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
100 0.49 4.44 0.35 0.49 0:74



(49) EBON-PINAMT COMPLEX

GREEN-AMPT PARAMETERS

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
EBON SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
PINAMT SANDY LOAM 35 0.40 0.14 4.30 1.51 0.35 0.12 0.40 0.14 0.70 0.25
TREMANT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
ANTHO SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
CARRIZO SAND 5 4.60 0.23 1.90 0.10 0.35 0.02 4.60 0.23 1.30 0.07
LUKE CLAY LOAM 5 0.04 0.00 8.20 0.41 0.25 0.01 0.04 0.00 0.50 0.03
100 0.59 4.38 0.35 0.59 0.72
GREEN-AMPT PARAMETERS
(51) GACHADO-LOMITAS COMPLEX
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
GACHADO SANDY LOAM 50 0.40 0.20 4.30 2.15 0.35 0.18 0.40 0.20 0.70 0.35
LOMITAS SANDY LOAM 25 0.40 0.10 4.30 1.08 0.35 0.09 0.40 0.10 0.70 0.18
CARRIZO SAND 3.5 4.60 0.16 1.90 0.07 0.35 0.01 4.60 0.16 1.30 0.05
CHERIONI - SANDY LOAM 3.5 0.40 0.01 4.30 0.15 0.35 0.01 0.40 0.01 0.70 0.02
CONTINE CLAY LOAM 35 0.04 0.00 8.20 0.29 0.25 0.01 0.04 0.00 0.50 0.02
EBON SANDY LOAM 3.5 0.40 0.01 4.30 0.15 0.35 0.01 0.40 0.01 0.70 0.02
DENURE SANDY LOAM 3.5 0.40 0.01 4.30 0.15 0.35 0.01 0.40 0.01 0.70 0.02
GUNSIGHT SANDY LOAM 35 0.40 0.01 4.30 0.15 0.35 0.01 0.40 0.01 0.70 0.02
TREMANT SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
100 0.53 4.35 0.35 0.53 0.71



GREEN-AMPT PARAMETERS

(52)GACHADO-LOMITAS-ROCK OUTCROP

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
GACHADO SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
LOMITAS SANDY LOAM 20 0.40 0.08 4.30 0.86 0.35 0.07 0.40 0.08 0.70 0.14
CARRIZO SAND 2 4.60 0.09 1.0 0.04 0.35 0.01 4.60 0.09 1.30 0.03
CHERIONI SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
CIPRIANO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
EBON SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
PINAMT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
GUNSIGHT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
SCHENCO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
VAIVA SANDY LOAM 1 0.40 0.00 4.30 0.04 0.35 0.00 0.40 0.00 0.70 0.01
ROCK OUTCROP  20%
80 0.40 3.39 0.28 0.40 0.57
WITHOUT ROCK 0.51 4.24 0.35 0.51 0.72
GREEN-AMPT PARAMETERS
(68)GUNSIGHT-CIPRIANO COMPLEX
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
GUNSIGHT SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
CIPRIANO SANDY LOAM 40 0.40 0.16 4.30 1.72 0.35 0.14 0.40 0.16 0.70 0.28
TREMANT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
GILMAN SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
CARRIZO SAND 3 4.60 0.14 1.90 0.06 0.35 0.01 4.60 0.14 1.30 0.04
PINAMT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
RILLITO SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
100 0.53 4.23 0.35 0.53 0.72



GREEN-AMPT PARAMETERS
(70) GUNSIGHT-RILLITO COMPLEX

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
GUNSIGHT SANDY LOAM 40 0.40 0.16 4.30 1.72 0.35 0.14 0.40 0.16 0.70 0.28
RILLITO SANDY LOAM 40 0.40 0.16 4.30 1.72 0.35 0.14 0.40 0.16 0.70 0.28
CARRIZO SAND 2 4.60 0.09 1.90 0.04 0.35 0.01 4.60 0.09 1.30 0.03
CHUCKAWALLA SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
CIPRIANO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
EBON SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
PINAMT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
MOHALL CLAY LOAM 2 0.04 0.00 8.20 0.16 0.25 0.01 0.04 0.00 0.50 0.01
ANTHO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
TREMANT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
GILMAN SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 0.02
100 0.48 4.33 0.35 0.48 0.71
GREEN-AMPT PARAMETERS
(98) PINAMT-TREMANT COMPLEX
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
PINAMT SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
TREMANT SANDY LOAM 35 0.40 0.14 4.30 1.51 0.35 0.12 0.40 0.14 0.70 0.25
CHUCHAWALLA SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
EBON SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
CARRIZO SAND 4 4.60 0.18 1.90 0.08 0.35 0.01 4.60 0.18 1.30 0.05
GUNSIGHT SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
RILLITO SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
100 0.57 4.20 0.35 0.57 0.72



GREEN-AMPT PARAMETERS
(100) QUILLOTOSA-VAIVA-ROCK OUTCROP

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
QUILOTOSA SANDY LOAM 50 0.40 0.20 4.30 2.15 0.35 0.18 0.40 0.20 0.70 0.35
VAIVA SANDY LOAM 20 0.40 0.08 4.30 0.86 0.35 0.07 0.40 0.08 0.70 0.14
SCHENCO SANDY LOAM 10 0.40 0.04 4.30 0.43 0.35 0.03 0.40 0.04 0.70 0.07
ROCK OUTCROP 20
80 0.32 3.44 0.28 0.32 0.56
WITHOUT ROCK 0.40 4.30 0.35 0.40 0.70

GREEN-AMPT PARAMETERS
(109) SCHENCO-ROCK OUTCROP COMPLEX

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
SCHENCO SANDY LOAM 55 0.40 0.22 4.30 2.36 0.35 0.19 0.40 0.22 0.70 0.38
CIPRIANO SANDY LOAM 1.5 0.40 0.01 4.30 0.06 0.35 0.01 0.40 0.01 0.70 0.01
BEARDSLEY CLAY LOAM 1.5 0.04 0.00 8.20 0.12 0.25 0.00 0.04 0.00 0.50 0.01
GACHADO SANDY LOAM 1.5 0.40 0.01 4.30 0.06 0.35 0.01 0.40 0.01 0.70 0.01
QUILOTOSA - SANDY LOAM 1.5 0.40 0.01 4.30 0.06 0.35 0.01 0.40 0.01 0.70 0.01
EBON SANDY LOAM 1.5 0.40 0.01 4.30 0.06 0.35 0.01 0.40 0.01 0.70 0.01
VAIVA SANDY LOAM 1.5 0.40 0.01 4.30 0.06 0.35 0.01 0.40 0.01 0.70 0.01
GUNSIGHT SANDY LOAM 1 0.40 0.00 4.30 0.04 0.35 0.00 0.40 0.00 0.70 0.01

ROCK OUTCROP  35%

65 0.25 2.85 0.23 0.25 0.45
WITHOUT ROCK 0.39 4.39 0.35 0.39 0.70



GREEN-AMPT PARAMETERS
(110) SUNCITY-CIPRIANO COMPLEX

SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.

SUNCITY SANDY LOAM 55 0.40 0.22 4.30 2.36 0.35 0.19 0.40 0.22 0.70 0.38
CIPRIANO SANDY LOAM 30 0.40 0.12 4.30 1.29 0.35 0.11 0.40 0.12 0.70 0.21
BEARDSLEY CLAY LOAM 4 0.04 0.00 8.20 0.33 0.25 0.01 0.04 0.00 0.50 0.02
GUNSIGHT SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 0.70 0.03
CARRIZO SAND 4 4.60 0.18 1.90 0.08 0.35 0.01 4.60 0.18 1.30 0.05

ROCK OUTCROP 3%
97 0.54 4.23 0.34 0.54 0.70
WITHOUT ROCK 0.56 4.36 0.35 0.56 0.72

GREEN-AMPT PARAMETERS
(112) TREMANT GROUP
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.

TREMANT SANDY LOAM 80 0.40 0.32 4.30 3.44 0.35 0.28 0.40 0.32 0.70 0.56
PINAMT SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
CARRIZO SAND 25 4.60 0.11 1.90 0.05 0.35 0.01 4.60 0.1 1.30 0.03
ANTHO SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
MOHALL CLAY LOAM 2.5 0.04 0.00 8.20 0.21 0.25 0.01 0.04 0.00 0.50 0.01
VALENCIA SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
DENURE SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
RILLITO SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
MOMOLI SANDY LOAM 25 0.40 0.01 4.30 0.11 0.35 0.01 0.40 0.01 0.70 0.02
100 0.50 4.34 0.35 0.50 0.71



GREEN-AMPT PARAMETERS

(113) TREMANT GROUP
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
TREMANT SANDY LOAM 80 0.40 0.32 4.30 3.44 0.35 0.28 0.40 0.32 0.70 0.56
PINAMT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
CARRIZO SAND 2 4.60 0.09 1.90 0.04 0.35 0.01 4.60 0.09 1.30 0.03
ANTHO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
MOHALL CLAY LOAM 2 0.04 0.00 8.20 0.16 0.25 0.01 0.04 0.00 0.50 0.01
VALENCIA SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
DENURE SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
RILLITO SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
MOMOLI SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
CHUCKAWALLA SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
GUNSIGHT SANDY LOAM 2 0.40 0.01 4.30 0.09 0.35 0.01 0.40 0.01 0.70 0.01
100 0.48 4.33 0.35 0.48 0.71
GREEN-AMPT PARAMETERS
(118) TREMANT-RILLITO COMPLEX
SOIL TYPE CLASSIF. PCT XKSAT WT. PSIF WT. DTHETA  WT. CNSTL WT. IL. WT.
XKSAT PSIF DTHETA CNSTL IL.
TREMANT SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 0.32
RILLITO SANDY LOAM 30 0.40 0.12 4.30 1.29 0.35 0.11 0.40 0.12 0.70 0.21
CIPRIANO SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
GUNSIGHT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
CARRIZO SAND 5 4.60 0.23 1.90 0.10 0.35 0.02 4.60 0.23 1.30 0.07
PINAMT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
MOMOLI SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03
100 0.61 4.18 0.35 0.61 0.73
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Rainfall Losses Hydrologic Design Manual

for Maricopa County

»  hydraulic conductivity at natural saturation (XKSAT) equal to Ks in Equation 4.1;
»  wetting front capillary suction (PSIF) equal to ¥ in Equation 4.1; and

»  volumetric soil moisture deficit at the start of rainfall (DTHETA) equal to
8 in Equation 4.1.

Thethreeinfiltration parametersare functions of soil characteristics, ground surface
characteristics, and land management practices. The soil characteristics of interest
are particle size distribution (soil texture), organic matter, and bulk density. The
primary soil surface characteristics are vegetation canopy cover, ground cover, and
soil crusting. The land management practices are identified as various tillages as
they result in changes to soil porosity.

Values of Green and Ampt equation parameters as a function of soil characteristics
alone (bare ground condition) have been obtained from published reports (Rawls
and others, 1983; Rawls and Brakensiek, 1983), and average values of XKSAT and
PSIF for each of the soil texture classes are shown in Columns (2) and (3) of Table
4.2. The values of XKSAT and PSIF from Table 4.2 should be used if general soil
texture classification of the drainage area is available. References used to create
Table 4.2 can be found in the Documentation Manual.

Table 4.2
Green and Ampt Loss Rate Parameter Values for Bare Ground
Soll Texture XKSAT PSIF DTHETA'
Classification inches/hour| Inches Dry | Normal |Saturated

(1) (2) 3) (4) (5) (6)
sand 4.6 1.9 0.35 0.30 0
loamy sand 1.2 2.4 0.35 0.30 0
sandy loam 0.40 4.3 0.35 0.25 0
loam 0.25 3.5 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 8.6 0.25 0.15 0
clay loam 0.04 8.2 0.25 0.15 0
silty clay loam 0.04 10.8 0.30 0.15 0
sandy clay 0.02 9.4 0.20 0.10 0
silty clay 0.02 11.5 0.20 0.10 0
clay 0.01 12.4 0.15 0.05 0

! Selection of DTHETA:

Dry = Nonirrigated lands, such as desert and rangeland,;
Normal = Irrigated lawn, turf, and permanent pasture;
Saturated = Irrigated agricultural land.

~ September 1, 1990
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SRVATIO, @ Barkerville-Cabezon-Rock Outcrop association.

& % = Gently sloping to very steep, shallow to very
g i shallow soils on mountains and low hills.
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LEGEND

. Very hot, very dry soils.
A. Soils from recent alluvium.

Gilman=-Estrella-Avondale association. Nearly level
loam soils on valley plains and flood plains.
Antho-Valencia association. Nearly level to gently
sloping sandy loam scils on alluvial fans and valley
plains.

Carrizo-8rios-Vint association. Nearly level sandy
soils in stream channels.

-

B. Soils from old alluvium.

Rillito-Gunsight-Pinal association. Nearly level to
gently sloping, gravelly to very gravelly limy soils
on old alluvial fans and valley plains.
Mohall-Laveen association. Nearly level loam and
clay loam soils on old valley plains and alluvial fans.
Laveen-Coolidge association. Nearly level, limy,
sandy loam and loam soils on old alluvial fans and
valley plains.

Ebon-Pinamt-Tremant association. Gently sloping to
sloping, gravelly and very gravelly clay and clay
loam soils on old alluvial fans at the base of
mountains.

Casa Grande-Harqua association. Nearly level,
saline=alkali, clay loam soils on old alluvial fans
and valley plains.

Mohall-Contine association. Nearly level clay loam
and clay soils on old alluvial fans and valley plains.

) FIE

- [

C. Soils of mountains and low hills.

m Chirioni-Gachado-Rock Qutcrop association. Moder-
ately sloping to steep, shallow and very shallow soils
on mountains and low hills.

Il.  Hot and dry soils.
A. Soils from old alluvium.

H Continental-Pinaleno-Cave association. Gently
sloping to moderately sloping clay to loam soils on
old alluvial fans at the base of mountains.
Latene-Vekol-Anthony association. Nearly level
to gently sloping, clay to sandy loam soils on
valley plains and alluvial fans.

B. Soils of mountains and low hills.
m Cellar-Lehman-Rock Outcrop association. Gently

sloping to very steep, shallow to very shallow soils
on mountains and low hills.

I, Warm, subhumid soils.

A . Sailc of mountains and low hills.



TABIE A - Page 2

A
ESTIMATED PROPERTIES OF THE SOILS, OTHER FEATURES AND SOIL SUITABILITIES A

Other
Estimated Properties of the Soils Features Suitability as a Source of:

Map Symbol and Depth Available

Major Soil from Tex- Perme- Water Shrink- Soil Corrosivity Hydro- Sand &/or

Components Surface ture ability Capacity Swell Reaction Uncoated Concrete logic Roadfill Gravel Topsoil

(in) (in/hr) (profile) Potential pH Steel Group 1/
(in)
Vint loamy fine 0-60 1fs 6-20 3.5-5.0 Low 7.9-8.4 Foderate Low B Good Poor for Poor: sandy
sand , 0-1% sand, un- material
slopes, (15% of suited for
Unit) gravel
4. Rillito-Gunsight-Pinal Association
Rillito gravelly 0-60 gl .6-2 6.5-7.5 Low 7.9-8.4 High Moderate B Good Pooi: gravel FPoor:
loam, 0~5% slopes excess fines 8ravelly
(35% of Unit)
Gunsight grav- 0-60 vgl,gl .6-2 4,0-5.5 Low 7.9-8.4  High Moderate B Good Poor for Poor:
elly loam, 0-10% gravel, gravelly
slopes, (25% unsuited
of Unit) for sand
Pinal gravelly 0-12 gl .6-2 1.5-2.7 Low 7.9-8.4 High Moderate D Posis Unsuited Poor: thin
loam, 0-5% 12 Indurated pan thin source
slopes, (20% ﬂlnéyer.
of Unit)
5. Mohall-Laveen Association
Mohall clay loam 0-10 C1 2-6 7.5-9.0 Low 6.6-8.4 Moderate Low B Fair: CL Poor for Fair: clay
0-1% slopes 10-37 cl .2-.6 Moderate 7.9-8.4 High Low soil sand, un- loam
(45% of Unit) 37-60 gsl 2-6 Low 7.9-8.4 High Low material suited for
gravel

Laveen loam 0-60 1 .6-2 8.5-9.5 Low 7.9-8.4 High Moderate B Fair: ML Unsuited Good
0-17 slopes s6il
(30% of Unit) material

20



Je Carrizo-Brios-Vint Association

This association consists of deep sandy and gravelly soils
which are in or adjacent to the major streams of the area. The soils
are formed in recent alluvial material derived from a wide variety of
rock including acid, basic igneous and metamorphic. Slopes are less
than one percent, but many short side slopes are over 3 percent., The
natural vegetation is primarily salt cedar, arrowweed, creosotebush
and saltbush. The vegetation is very dense in areas having a water
table relatively near the surface, such as the Fred J. Weiler Greenbelt
near Buckeye. The average annual rainfall is 5 to 9 inches. Mean
annual air temperature is 69° to 74°F. The frost-free season is 250
to 300 days. Elevations range from 400 to 2,000 feet.

This association makes up about 2.0 percent of the county.
Carrizo soils comprise about 35 percent, Brios soils about 30 percent
and Vint soils about 15 percent of the association., The remaining 20
percent of the association is made up of Cashion, Gadsden, Maripo and
Antho soils and riverwash.

Carrizo soils have a yellowish-brown gravelly sandy loam
surface about 5 inches thick and a pale brown very gravelly sandy sub-
stratum about 55 inches thick. The $soil profile is moderately alkaline
and slightly calcareous. Brios soils have a brown sandy loam surface
about 14 inches thick. The soil profile is moderately alkaline and
slightly to strongly calcareous. Vint soils consist of 60 inches of
pale brown loamy fine sand. The soil profile is moderately alkaline
and slightly calcareous. Carrizo soils are in or near cutoff stream
channels, while Vint and Brios soils are on low terraces adjacent to
the cutoff stream channels.

The soils of this association are frequently flooded.
For this reason, few areas are cultivateds A few areas are used as
rangeland. One area near Buckeye has been designated the Fred J.
Weiler Greenbelt, and is one of the most important nesting areas for
dove and quail in the United States. Other wildlife species include
cottontail and jackrabbits, lizards, rodents, roadrunners and song
birdse.

B. Soils From 0ld Alluvium
4, Rillito-Gunsight-Pinal Association

This association is composed of some deep gravelly and
very gravelly loamy soils and some soils which are shallow to an in-
durated hardpan. They occur on nearly level to gently sloping old
alluvial and valley plains. Slopes are less than one percent, but
range to as much as 15 percent. The surface is undulating because of
the many stream channels which are entrenched one to 20 feet within
the landscape. Parent materials are derived from mixed origins, but
are dominantly granite-gneiss, schist, basalt, andesite and limestone.

:
:
!




The vegetation is a sparse cover of creosotebush, scattered mesquite
and palo verde trees, annual grasses and forbs. The average annual
rainfall ranges for 5 to 9 inches. Mean annual air temperature ranges
from 67° to 74°F. The frost-free season is 250 to 320 days. Eleva-
tions range from 450 to 2,500 feet.

This association makes up about 20 percent of the countye.
Rillito soils comprise about 35 percent, Gunsight soils about 25 per-
cent and Pinal soils about 20 percent of the association. Harqua, Tre-
mant, Perryville, Laveen, Coolidge and recent alluvial soils make up
the remaining 20 percent of the associatione.

Rillito soils have a light yellowish-brown gravelly
loam surface about 10 inches thick, a light brown gravelly loam subsoil
about 9 inches thick and a pinkish-white to pale brown gravelly loam
and gravelly sandy loam substratum about 41 inches thick, The subsoil
and substratum are mottled with lime. The soil profile is moderately
alkaline and strongly to very strongly calcareous., Gunsight soils
have a strongly calcareous light brown and pale brown gravelly loam
surface and upper subsoil about 3 inches thick, a light brown very
gravelly loam lower subsoil and substratum about 57 inches thick. The
lower subsoil and substratum are mottled with lime. The soil profile
is moderately alkaline and strongly to very strongly calcareocus. Pinal
soils have a light yellowish-brown gravelly loam or cobbly loam upper layer
which rests on a white indurated hardpan at about 12 inches. The soil
profile is moderately alkaline and calcareous throughout, The Pinal
soils usually occur on the upper end of alluvial fans nearest the mar-
ginal mountains. Gunsight soils are in intermediate positions and
Rillito soils on the lower end of alluvial fans, which are furthest
removed from the mountainse.

These soils are used for irrigated cropland, seasonal
grazing, recreation and wildlife habitat. Most of the irrigated crop-
land is on Rillito soils. These soils have very limited use as range-
land due to the low rainfall and high evaporation. Reseeding efforts
have generally not been successfuls.

Important wildlife species include jackrabbits, coyotes,
elf owl, kit fox and song birds.

Sa Mohall-Laveen Association

This association is composed of deep clay loam and loam
soils on nearly level old valley plains and old alluvial fans. Slopes
are generally less than one percent. These soils formed in alluvium
derived from a wide variety of parent materials. The natural vegeta-
tion is creosotebush, scattered mesquite and palo verde trees, cactus,
annual grasses and forbs, The average annual rainfall is 6 to 10
inches., The mean annual air temperature is 68° to 74°F. The frost-
free season is 250 to 300 days. Elevations range from 900 to 2,200
feet,
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III.

IVv.

Procedures followed for MCUHP1 and Routing
CAP Overchutes Study

General

A.

After review of the basin sizing, it was decided that the Clark unit hydrograph
procedure was best suited to the watershed area. It was found that the
County’s MCUHP1 does not save the results shown on the screen for later
printing. This was resolved by using the control print screen command to
"echo" the input data on the printer.

B. The HEC-1 command files created by the program were later combined and
edited by use of the COED text editor.

Rainfall

A. The multi-basin option with a centered rainfall in MCUHP was used. The
rainfall of 3.32 inches, as submitted for review on November 21, 1990, was
used with the 6-hour storm option.

B. The rainfall reduction was automatically taken care of by the MCUHP1

program.

Green and Ampt Parameters

A.

The Subarea Drainage Basins Soil Property Table that was included in the
November 21, 1990 submittal was slightly re-arranged. The Initial Abstraction
(IA) has been added to the table and weighted for the basin. However, none
of the values of the Green and Ampt parameters were changed.

The basin soil parameters were entered as required by MCUHP1 after the
selection of the Green and Ampt option. The MCUHP1 program entered the
values automatically on an LG record for each drainage area.

Time of Concentration

A.

Basin Area, Flow Path Length, and Slope were determined for each sub-
drainage area. These results are included in the hydrologic data table
included with this submittal.

Resistance coefficient - This value was determined from Table 5.1 on page
67 of the Hydrologic Design Manual. The parameters of m and b were
estimated to be -0.01375 and 0.08, respectively, based on a land classification
of bare or nearly bare ground.



A slope adjustment procedure for sub-basins with slopes greater than 200 feet
per mile was implemented for sub-areas 3, 4, 5, 6, and 7. This procedure
was based on Figure 5.4, contained in the manual. The adjusted data was
reentered into MCUHP1.

A review of the results indicates that all areas are suitable for the Clark Unit
Hydrograph Method. All Times of Concentration are substantially less than
the 90-minute maximum value. All areas are less than the S5-square mile
minimum value for use with the S-Curve Method.

V. Normal Depth Routing Parameters

A.

Typical cross sections for each routing reach were taken from the digitized
mapping information. Flow lengths and elevation differences between routing
points were obtained from the same mapping. Slopes were calculated using
the elevation differences and flow lengths obtained.

Each plotted cross section was reviewed and simplified to a cross section
described by 8 points, because the HEC-1 program allows up to 8 points to
represent a channel cross section.

Detailed procedures for estimation of Manning’s roughness coefficients are
included in the Hydraulics Report under separate volume.

Copies of the cross sections and the locations taken have been included in
Appendix E of this report.
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) CATERPILLAR TANK WASH WATERSHED

T 0 000 4 —HR. STORAY
10 s
IN 15 MCUHP1 OUTPUT FILE

Jb 3.32 0.01

PC .000 .008 .016 .025 .033 .041 .050 .058 .066 .074
PC .087 .099 .118 .138 .216 377 .834 911 .931 .950
PC .962 972 .983 .991  1.000

Jo 3.30 0.50

Jo 3.25 2.80

PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076
pPC .087 .100 .120 .163 .252 451 .694 .837 .900 .938
PC .950 .963 975 .988  1.000

JD 3.06 16.0

PC .000 .015 .020 .030 .048 .063 .076 .090 .105 119
PC .135 .152 175 .222 .304 472 .670 .796 .868 912
PC .946 .960 973 .987 1.000

JD 2.69 90.0

PC .000 .021 .035 .051 .071 .087 .105 .125 .143 .160
PC .179 .201 .232 .281 .364 .500 .658 T .841 .888
PC .927 .945 .964 .982 1.000

Jo 1.89 500.0

PC .000 .024 .043 .059 .078 .098 .19 141 .162 .186
PC .212 .239 .27 .321 .408 .515 .627 .735 .814 .864
PC .907 .930 .954 .977 1.000

KK

KM SUB-BASIN sail9

BA 1.030

LG .180 340  4.380 .490 15.630

uc .500 .272

UA 0 3 5 8 12 20 43 75 90 96
UA 100

KK

KM SUB-BASIN sa20

BA .610

LG .260 .350  4.140 .530 7.670
Uc 467 .237

UA 0 3 5 8 12 20 43 75 90 96
UA 100

KK

KM SUB-BASIN sa2i

BA .760

LG .290 .340 4.310 .570 4.580
uc .733 469

UA 0 3 5 8 12 20 43 75 90 96
UA 100

KK

KM SUB-BASIN sa22

BA .630

LG .320 .330  4.730 490 1.340
uc .533 .324

UA 0 3 5 8 12 20 43 75 90 96
UA 100

KK

KM SUB-BASIN sa23

BA .330

LG .310 .350 4.030 .630 .070
uc .367 .197
UA 0 3 5 8 12 20 43 75 90 96

UA 100
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.005
071
.204

.959
.350
.370

SA02

.350
.384

3

SA03

.350
.198

3

SAO4

.340
.252

3

SAO5

.350
.202

3

SA06

.340
.210

3

SAQ7

.350
.166

D

IT 0

10 5

KK

KM SUB-BASIN SAO01
BA .740

IN 30

PB 4.140

PC .000

PC .068

PC .181

PC .854

PC .952

LG .150

uc .517

UA 0

UA 100

KK

KM SUB-BASIN
BA .910

LG .170

ue 517

UA 0

UA 100

KK

KM SUB-BASIN
BA 1.380

LG .200

uc .417

UA 0

UA 100

KK

KM SUB-BASIN
BA .380

LG .230

uc .350

UA 0

UA 100

KK

KM SUB-BASIN
BA .150

LG .210

uc .267

UA 0

UA 100

KK

KM SUB-BASIN
BA .150

LG .210

uc .267

UA 0

UA 100

KK

KM SUB-BASIN
BA .120

LG .150

uc .233

UA 0

UA 100

2z

.01
.080
.235

.965
4.200

4.160

4.110

4.340

4.130

4.440

4.290

000

.016
.089
.283
.891
972
.620

.450

.510

.480

.450

440

.022
.098
.663
.902
.978
35.000

12

27.090

12

21.470

12

21.550

12

22.720

12

11.220

12

14.770

12

.028
.109
.735
912
.984

20

20

20

20

20

20

20

.035
.120
72
.921
.989

43

43

43

43

43

43

43

.041
.133

.929
.995

.048
147
.820
.937
1.000

90

90

90

90

90

90

90

.056
.163
.838
.945

96

96

96

96

96

96

96
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APPENDIX D

STAGE, STORAGE, AND OUTFLOW RELATIONSHIPS
AT C.A.P. CULVERTS



SHEET /| _oF_2
zzE'”N‘ngNEER”& ;{]Xo(l:. Phene (802) 2442566 BY_.HEAAA-: DATE__// -/Z:ﬁo
CLIENT __FCDM C cHeck S EL DATE_ML

JOB CAP OvercliuXes 08 No, _3/0.42

STAGE - VOLUME RELATIONSH/IP

Crossing C.A.P. Pipe Upstream Downstream  Watershed -

No. Station Size Inv. Elev. Inv. Elev. Name

1 561+40 72" 1508.00 1505.95 Caterpillar Tank
2 549+00 30" 1513.94 1508.09 Twin Buttes

3 538+25 30" 1518.99 1510.74 Twin Buttes

4 492+30 4 -72 1500.13 1494.08 Twin Buttes

5 480+90 30" 1515.92 1512.09 Twin Buttes

6 459+30 30" 1519.13 1512.93 Twin Buttes

DETERMINATION COF VOLUMES

Surtace area fo eact. of the 4 -t ntornmdl contounr Lwey
Wad edlimatad fwm a 1"=200" scalle maﬁo,wj Aym%
Aigitigog boand as plorimster .

Metlod 1

Volume waq compuled %«LWW? the average of Hwo
ntowal (1.€., 4 fect ) Lelween the two aread. The
Lotal polume Wod the Aum of ble amcremental



SHEET Z ofF_Z
£]>[G;INEERS, INC. 'Y—M DATE ZI—/Lﬁo

o Phoenix, Az. 85008 * Phone (602) 244-25646

— creck S EE oate_L/2/

JOB

08 No. __ 3/ 0. 42

Method 2

Voluwme waq orm/}uﬁ;(ﬁ?'é/% Conic. Metlwd ad loseriloet
am HEC— | MMM(P%Bé).

The difference filiveen the tuwo metbods was leas Hiom
one M /Za:r cfmwfwzy w-bb. HEC-/ /}rr?mm) 4le
Conic NMethod way wsed in tlia project .

»
avy, * Ay ¢ Ayt vaR;)
Hp = n/(/_nzn\1 -1)

Where

AVip ® vohume between base arecs { ond 2,
Al 8 surfece eres of base |,
ll s olovetion of bese |,

® = verticol distonce (E - E,) between bases Agond A, end

"T s holght of truncated port of come.

Conic Method for Reservoir Volumes



CROSSING LOCATION #1
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H  |AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) | (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)
1512 0.5 0 0
4 5.64 5.20
1516 2.32 5.64 5.20
4 13.64 13.40
1520 4.5 19.28 18.60
4 09,09 22.09
1524 6.61 41.5 40.68
4 31.18 31.06
1528 8.98 72.68 71.74
4 44.02 43.77
1532 13.03 116.7 115.51
4 62.86 62.55
1536 18.4 | 179.56 178.06
4 88.68 88.25
1540 25.94 268.24 266.31

zl 79 /



2 of |2

CAP CROSSING #| , STA. 56/+40
HEC-| 1D, : EACAP

STAGE -STORAGE RELAT/ION

1540

/530

EFLEVAT/ION

~
N
N

STORAGE VOLUME (AC-FT)

/570
0 /00 200



SHEET 3 or__l2
ENGINEERS, INC. av_lEng onte_Li~2-30

2255 N. 44th St. o Phoemx, Az. 85008 « Phone (602) 244-2566

CLIENT FCDMC CrecK D”E—w#_

JOB _Cﬁ.&.&&t&ﬁaﬁd J08 NO. _3/0,. &2

ESTIMATION OF OUTFLOW AT CROSSING # 1
Pipe Size = 72" RCP =¢' =D
Upstreant Invert Elev. = /0K, oo ( Based on Aeld < : fﬁ)

Weter Surkce  Height of o Flro Rote *
Elevatn Water, HW (cfs)
VAN o 0 o
/&1 3’ 0.& 62
/814 6’ /.0 200
/1§20 12" 2.0 400
/E24 /8’ 30 o
1§ 32 24’ 4.0 628
j$40 32’ £33 750

¥ Obtained from. Chait 2 a5 shown on newt shet .

NOTE = Thio oudtlnw information sa fro HEC—I mprd
withwit the considnation of +the steck ;me(
Aownstrean_ of tha 72/'/2/«7'2@ culyelT.
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g S

ar
(;.

CLIENT
JoB

sueer 4 oF__[2Z
,
2255 N. 44th St. Suite 220  Phoenix, Az. 85008 * Phone (602) 244-2566 rzé'q 2 13 =5y
FCD Ay C CHECK DATE
CHFD = CfcoSSIAJL- 2 / JOB NO. SIO.¢L
r 180 — 10,000
168 8,000 EXAMPLE (n (@ (3)
e . 6
— 156 | D=42 inches (3.5 feet) .
i [~ 6,000 Q=120 ch“ “ 6.
- 144 — 5,000 - 5, L
B — 4,000 Hw* HW r 6. L - 5.
- 132 - D feet y L
| - - — 4. .
— 120 o & L -
L F L r
= q. = -
— 108 E B = . -
L e C - = 3.
- 96 F Cs. | "
- 84 s ninining ey |
// L =2
- — 500 i - i
lez B ——%t+2 [
w \\\ - T = - L
w g, 9\_/ . L.
\ £, — 300 \J z
S o \ Mo - Q_"y - — 1.5 = 1.5
E \\ \\\g:\: / &) | B
z — 60 \\ SE 200 / \-’l_J - 1.5 i |
-~ \ zE el
o 54 N s b =3 L i
E 48 w [ 100 :
> = e |- 80 - i i
5l ~ B il—:
g T z _\:o a L 1o [0
w »n -s0
o = L HW ENTRANCE o
o L2 4+ -
« L 4 D SCALE TYPE S 1.0 .
w | = o - .9 — .
u’_,; 36 — 30 m Square edge with '<_(
3 3 2 headwall g — .9 -
o — 20 2) Groove end with :x_' L . g
L 30 - headwall x — .8 ¢
3 (3) Groove end — .8 L
o7 [ projecting =
10 I i ¢
— 8 '
— 24 | — .7
— 6 To use scale (2) or (3 project - -
2 — 5 horizontally 1o scale (1) then o
_'_ 4 usae stralght inclined line hrough
| D ond Q scofes, or reverse - 6 — .6
3 illustroted. — .6
— 18 -
- 2 | i i
15 3
: k. s L5
1.0 ki
i HEADWATER DEPTH FOR

BUREAU OF PUBLIC

ROADS JAN. 1963

CONCRETE PIPE CULVERTS
INLET CONTROL

WITH



Lot

EL Hd L 15

Flow Lz UrsTeeam
EL 1507955

EL Hd vl 15)3,945 Dp/

|
= ]

g

“4‘——7‘—(/275 —_ >

-~
/

4 LIVE Dow S rriEsm

EL 1505.945

=12 "

J0 90138 1

72" Pos unpgi?z CAP CANA C

HEAE STA S66+2S5
Cavsrwe RlHsr ldash ( TAa~ <

Fiest Ppe Sist



STOCK POND
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. (ACRES) | (FEET) (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)

1496 0.39 0.00 0.00
4 2.74 2.65

1500 0.98 2.74 2.65
4 6.00 5.88

1504 2.02 8.74 8.53
4 9.74 9.69

1508 2.85 18.48 18.22
4 12.98 12.95

1512 3.64 31.46 31.17
4 16.30 16.27

1516 4.51 47.76 47.44
4 19.68 19.66

1520 5.33 67.44 67.09

2! fo 5






701[’ /2

STAGE -STORAGE RELATION
FOR STOCK POND DOWNSTREAM
OF CROSSING # |/

/520

/516

/512

ELEVATION

1508

1504

/500

STORAGE VOLUME (AC-FT)
10 20 30 40 S0 60 70

(476 *
o



SHEET g ofF__[Z
ENGINEE:ISO% INC: o v sz oATE_ 2 —£-F/
CLENT creex S EL ons_f,ﬁ/_

JOB so8no. /042

COMBINED STORAGE VOLUME BEHND CAP CANAL
& STOCK POND AT CROSSING # |

WhborSiafice. Shrge  Ston Combined  Brmded”
Elevation 52% “;ﬁi‘k Sl/im 7‘\‘:%%/
(Ae-F2) (Ac-F) (Ae-#) Inpr ™
1496 — o 2 0
/s - 2.68 2.6¢
/S04 - £.53 g.53
/£08 — (& 22 18. 22 /8.2
/812 o 3117 31.17 31.2
/£16 L0 47.4¢ $2.64 £2.6
1$20 /8. 60 67.09 £5.¢9 887
/$24 40. 48 ¢7.09 ¥ 107.77 /07.8
/1§28 7. T4 67,09 138.83
/1£32 ANy £7.09 182. 4o 182.6
/53¢ /78,04 67.09 24518
/$40 266.3| 67.09 333.4o 333.4

X At Elev. 1$19.2 , vl stanta ever fle wier . The
the storage volume in the pond rewains comtonil a
toio elevation .
¥ %  HEC-] Wc«m/a—n? bbe & pinlls £ dottribe Hla
Stase - Volume M&lfz‘mewp



SHEET 9 __of__ /2
ENGINE'E"RS INC. av_ 2l ore_ 2o

2258 N. 44th St. 2. 85008 - Phene (602) 244-2566

SLENT cHeck _SEK. DATE.M,L
JOB o8 Nno. /0 F2_

ESTIMATED STORAGE VOLUME FoR.
WATER. SURFACE ELEVATION @ /579 2

Wte. Surface. Storage Betnd

Elevatinn CAP Canal
(Ac-F)
/616 £o20
/[$2zo 1€, 6o

(1€, 60 —C. 20) x (1519, 2- 15714, 0)
(/$20.0—/816.0)

—_[3.4 % 3.2 _
=5 /0,72

/nfe/rpre/fea( Volume. =

Comboaned Storage Volume = (20 +/0,72 + 67, 07
= g£3.0/
5»?, §3.00 fc-F



CLIENT
JOoB

SHEET /0 oFr__I2

ENGINEERS, INC. e o -
2255 N. 44th St. o Phoerux, Az. 85008 * Phone (802) 244-2566 —
TL T m cuecx S pate_%
T (4
ALKt R A JOBNO. — 0 <
52 iy =
LA §acd g D s !‘)__j__w
D7 = ) = - A . e
A\r\\:(_\ '; 2. ® = /€}7L
Ry ) .
Al £ A e = o) > S 29 D:_V_
A == — P
FrSEyr F DI et S e ypr b )
>
2 VAr .« £
Exr . ma
5:»2_; T
€ lev/ M Wi Er ToP Wt saien, Lot e}
.’\_‘/?_:_ D ;‘,:,J ;L-Sf-') >y
/S 50 0.8 2% 2 <o 7o
S A 5.5 2 /0 280 IR A
529 <8 <56 400 - 1D

/1520.25

’LUAM 62=-‘g0“0q%)

105



sHEeT __//__oF___[2
ENGINEERS, INC. e sv_Hem oare_t(=12-Fo
cvtcx..ﬁéﬁ./ DATE.ML

CLIENT

JOB JOB NO. _S/8. 42

CULVERT OUTFLOW AT CROSSING # | wWHEN S7ock
POND WAS CONSIDERED

W@fa S‘MM CA P Cm,@

Elev. ) Stock Pond
= OulFlow Weir
_Hi__ N _Wnter Surface P g 1579.2
— 72" RCP Codyert — / \
- L=2to’ ’_’
WebeSurkee  Qutfins HT T Swhe Bl
Wein of Powd @fs) (#¢) H/PCAP Conal
/519, 2 e, 0 18719 2
/§20.0 $Zo 2.8 /$29.&
/8 20. 24 Soo 20 % /$40,0

S/Lui') Wmt& M#/W&&?M&.



ENGINEERS, INC.

44th St Suite 220

2255 N

Phoenix, Az 85008

SHEET /2‘

OF 12

+ Phone (802) 244-2566

CLIENT
JOB
I
| (2]
la
(8]
z
G
w
©
- 4
Pt
s o
(&)
L
o

JOB NO.

2000
3
A -
o = E (]
- El=
- 1000 HE
': =
N F—IZO
- — 108
= — 96
s 84
[ 300
: — 686
— 200 - 80
- - 54
[ " 048
8 w |- 48— >
L 5 ~
- 100 = s
=5 ‘,ro/z
__,oy -
= Sl e
— 80 a
[ x L33
- 50 -
b ;‘ —30
— 40 <
i S rear
— 30
3 —24
[
[ 20 — 21
|
f 18
- 10 —15
-
-8
L
-8 —12
5
L 4

BUREAY OF FUBLK ROADS JAN. 1983

CHART

Hw - : =
—> LTS
4
Slope So— = SR AN e\ r
SUBMERGED OUTLET CWVERT FLOWING FULL - 5
MW e Mo ho-LSe -
For oullel crown mot submerged, compule HW by —.6
mothods doocribed im e design procedure
—.8
b1
“,'0/ 1.0
e s [
L
= 5
o 2
e F
z[
~F
X3
o[
< L
w 4
I be
— 5
6
8
L
—10
L
L
— 20

HEAD FOR
CONCRETE PIPE CULVERTS
FLOWING FULL
n=0.012

BY_d@tkl__ DATE__[/H42-7
CHECK_SK_ DATE__4;,ZZL_

/14250

3/0.42

9



ELEVAT/ON

/540

/536

/532

1528

/1524

1520

/516

512
o

CULVERT OUTFLOW AT CROSSING #|

FLOW (CFS)
_ fo0 200 300 doo 500 éoo

700

&oo

2/ fo vy



CROSSING LOCATION #2
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)
1516 0 0.00 0
1.8 0.00 0.00
1517.8 0 0.00 0.00
9.3 0.28 0.18
1520 0.25 0.28 0.18
4 1.76 1.70
1524 0.63 2.04 1.89
4 3.50 3.45
1528 1.12 5.54 5.34
4 6.78 6.65
1532 D 97 12.32 11.99
4 12.20 12.06
1536 3.83 24.52 24.05
4 19.50 19.35
1540 5.92 44.02 43.40

Rl



CAP CROSSING #2 | STA. 549+00
HEC—| 1D. : QCAP

STAGE - STORAGE RELAT/ION

1540

/536

&
ELEVATION

/528

/524

/520

STORAGE VOoLUME (AC-F7)

2 of £

1516
/0 20 30 40 50

60



SHEET 3 __or__ £
ENGINEE:RS INC. v__HEul oare_(l-12-9o

2255 N. 44th St. 2. 85008 - Phene (602) 244-2566
crec«_ﬁ&'ﬁ_f DATEJLﬁL
cLienT __FCDNMIC

o8 _CAP fverglutin o8 N0, _3/0. 42

ESTIMATION OF OUTFLOW AT CROSSING ¥ 2
Pipe Sige (D) =30"RCP = 2.5
Upstream Invert Elev. =/513.94  (Based on ficld Siweying )

Wike Swnface.  Height 5} e Flos Pt ™

Elovaton.  (Ole., HW (eds)
/£13.9 o o o
(515, 2 /.3 0.8 7.8
1£16. 4 2,5 /. 0 22
/20, 2 6.3 2.5 2
/$24. 2 /0.3 4. | 72
1828, 2 /4. 3 &7 g0
/£32.2 (.3 73 Jjo3 x¥
/£3.0 26. 1 (0.4 /16 %%

¥ Obtacned Lo Clad 2 a4 sthown on next sheoel.
* ¥ Extrapolated From te Chat .
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s

ENGINEERS, INC.

2255 N. 44th St. Suite 220 ¢ Phoenix, Az. 85008 - Phone (602) 244-2568

SMEET 4 of_¢C

f,t,/"\ DATE /- Il-—'?u

CHECK _ﬁ DATE.A,Zi/_.

CLIENT rech MC
1 - & 4!
JOB Lep = lrossiwe # T Jo8 NO, __ 370 72
[ RO r 10,000 V
— 168 [ 8,000 EXAMPLE J&p (2) (3)
- - v g 6.
i 156 - 6,000 g '422°m<;hn (3.5 feet) o [__ 6.
— 5,000 Temen ! —
144 9 5.
- — 4,000 ’ 6. | | 5
— 132 3 o o |
i L 3,000 ~s. % a
120 C L C L
i - 2,000 b 4 L N
- 108 E r = -
| - r |- =3,
— 96 - 1,000 _—‘ 3. | L
i - 800 o i
— 84 — - == yun W
r o2 L i
3 - 72 B ? - N i
i : o
= ot el i
— =5 w
= 60 (&] 3 - 1.5 B |
i zE Wt
= [~ S J <| - -
- =~ o
3 = N
2 x
2 - |
:’_ o 10 [ 1O
HW Q L
z —D SCALE 110 T
w //§ - — .9 — .9
0 ) ///SQ/IJO'I edge with <
s e 2.9 |-
2 :
- (2) w [ -
o =t I .8
(3) 8 L
L .7 = ;T
— 24 b= T
- To use scole (2) or (3) project - o
2 -5 horizontally to scole (1), then -
o 4 ude. stralght inclined line through
8 D ond scoles, or reverse as - .6 — .6
L 3 illustroted: .6
— 18 of
L 2 i i
— 15 2
- s —.5 - S
— 1.0 i
2 HEADWATER DEPTH FOR

BUREAU

OF PUBLIC ROADS JAN. 1963

CONCRETE PIPE CULVERTS

INLET CONTROL



Eof e

SN o STAGE ~ DISCHARGE RELA TIONSHIP
-~ FOR3O-INCHRCP

#—' s it s e

I ":’Z"fﬁfﬂ;“ MM M e W ”i,,,‘,,{ “"1 ,,,,,i

e e A Lod =t §

P I -

g
EXTRAPOLATED

O 0 20 30 40 S0 b0 7o & 90 /(o0 /O /20
R FLOW //\/ CFS

; e e s
s it i T g T
R el sl N _
_ i ) i i ‘ ] - -
] P B = o




Bl IS, 'S 7‘)[4 Né oL

— |

T3 —>]
ad - “

NI

—
Flow L:m.:

EL 15)3%.937

« wesllol
EL 1512,L%5 TepHiwt .

O
| _*
e \\
oéf 4£§’ A |
b ge —3l

Flow Limwe

EL 1508, 08%

J Jo 0138 2
/

S EF

Bol,ﬂms Unbsiz CAR CRILAL

— L

NEAR STA S4+4 +oot

P

i Ist Pips u)es‘f @4752 Pret.
TAK

2d

-5 42 "v"‘_S‘



CROSSING LOCATION #3
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H  [AVG AREA VOL.| TOT. AVG VOL. [ AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) | (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)
1524 0.05 0.00 0.00
4 0.68 0.61
1528 0.29 0.68 0.61
4 2.26 2.16
1532 0.84 2.94 2.78
4 5.38 5.25
1536 1.85 8.32 8.03
4 10.36 10.22
1540 3.33 18.68 18.24

Sfe/



2 or/"f'

CAP CROSSING #3 , ST7A. 538+25
HEC-/ LD. : PCAP

STAGE - STORAGE RELATION

/544

1540

/1528

- STORAGE VOLLUME ( AC-FT)
0 : /0 20




8HEET 3 of_ &
zﬁ]r}/:gs{NEERm&.AIg].\s{og R — IYM DATE_/(~! 2-—20
cLient __LCDMC cueck_SZK . oare_£/9/

JOB _GA;P_M&! o8 no. _3/0. 42
ESTIMATION OF OUTFLOW AT CROSSING ¥ 3

Pipe Sige (D) = 30" RCP = 2.5
Upsteam Invert Elew. = /578,79 (Boued sn ficld S’Wj)

Wil Surface.  Height 5 HW/p Flow Rate ™

Flevatan (Ge. , HW Ceds )
/1519.00 0 0 2

/& 20,25 oy 0. 7.£
/521,80 2.50 /. © 22

/& 24,00 £.0 2.0 45
/1§29, 00 0.0 4.0 71

/& 34, 00 IS.0 .0 93

154 o, oo 21.0 £.4 /10 **

¥ Obtacned frome Clad 2 a4 shown on next shacl .
X% Eutrapolated from the Chand
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SHEET 4+ or_S¢

ENGINEERS, INC. BY H E/»‘\ DATE dt 4 L”’?U
2255 N. 44th St. Suite 220 o Phoenix, Az. 85008 ¢ Phene (602) 244-2566
CHECK _ié&’ DATE_iﬁI_.

S il . ”
\} CLIENT reD M
~ ) =
JOB Carp ~Lisgsumwe #5 JosNO, _2/o0. ¢
r 180 F 10,000
168 [ 8,000 EXAMPLE (1) (2) (3)
- 156 : 6000 D=42 inches (3.5 feel) [_— 6. 6
2 [ s " ' :
L A -__5'000 Qs120 cfs ey N
- — 4,000 Hwt MW 1 B [~ 5
— 132 - D feat r L. & -
1 E 3,000 ) 2.5 8.8 // i r ' - 4.
2 C - () 2.1 i - C
i e <, — 4, e
- 108 i © e - s |
L :_ "D in feet B B — 3.
C L - L
- 96 C 1,000 _— 3. . =
i - 800 R Y &
— 84 — 3 L _
— 600 // - 2 e
B - 500 F :
L 72 — 400 -2 T =
2 - st o
T | — 300 = - 1.5 L 1.5
o = %) ’
=z w I =
— 60 S E 200 wi s
PN = = F w | i i
2 sl ZE, - |
- “"r: E:'
o
g 2 = T
a & T
3 &l 1.0
;’_ u 1.0
o HW ENTRANCE L -
R AL — 1.
« g AEAkE TYPE 1
:‘_" : = — .9 — .9
(1) Square edge with
uz" headwall g — .9 r
al : <
i) — 20 (2) Groove end with ) |
= E headwall b = — .8 -8
- 3) Groove end — .8 |
[ projecting B
10 i - by
L — .7
- To use scole (2) or (3) project o ~
|2 — horizontally to scele (1), then o
B uPe siralght inclined line through
T D on scoles, or reverse os L 6 — .6
| 3 illustroted) — .6
- 18 C
= 2 i I i
15 2
B 5 - .5 — .5
K- =
=ie HEADWATER DEPTH FOR

C

CONCRETE PIPE CULVERTS
WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1963
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STAGE - DISCHARGE RELATIONSHIP
- a,;f;r_:',:_rn.:__’,,,__.A,- f.ﬂ._r___FOR 3 Q_f /NC/‘/ R C P — -__;:_‘;-__‘,WN;,‘.,:

i*’r -
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. FLOW [N CFS
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- e !*“ 2= eid e = = ] =y e - ; i ;
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L 1518 304 TepHdwt
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Flow> Luulg
£L1510.744

30 90133 Es
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CROSSING LOCATION #4
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H  |AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) | (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)

1504 0.21 0 0
4 2.60 2.37

1508 1.09 2.60 587
4 7.04 6.86

1512 2.43 9.64 9.23
4 11.78 11.72

1516 3.46 21.42 20.95
4 16.80 16.71

1520 4.94 38.22 37.67
4 30.16 29.54

1524 10.14 68.38 67.21
4 56.10 55.37

1528 17.91 124.48 122.58
4 90.80 90.12

1532 27.49 215.28 212.70
4 131.24 130.66

1536 38.13 346.52 343.36
4 173.30 172.88

1540 48.52 519.82 516.24

A



201"4

CAP CROSSING #4 , STA 492+30
HEC-] ID. : CCAP

STAGE — STORAGE RELATION

STORAGE VOLUME CAC-FT)

0 40 B0 |20 jbo 200 240 280 320 360 400 440 480 20 Sé0



S8HEET 3 OF é
ENQS{’NEE:R&I. £|N5W‘C: Phene (602) 244-2566 .Ym DATEMQ
cuent  FCDMC cHeck S EK . pate_ /9]

JoB CAP OvergluTas o8 No. _3/0,. 42

ESTIMATION OF OUTFLOW AT CROSSING ¥ 4
Pire Sige (D) = Frun 72" RCP =6
Upstrean. Invert Elev. = /500,13 (Bowed on fictd Siveqig )

Willee Sunface. Height s} /o Flwo Rate ™

Elevabon  (9dn , HW (cds)

/8£T0 o o o

/503 3 o5 4 xb2 = 248
/15046 6 [.0 4 %200 = oo
/512 /2 2.0 4 x400 = [6ov
/$18 1 g 3.0 4 xtq4o = 2/éo
1§24 24 4,0 4 x 626 = 2¢0o
/1§30 30 5.0 4 x7285 = 2900
18536 24 6.0 4 x Yoo =3200

¥ Obtacved o Chad 2 ad stowr o next shoel.
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ENGINEERS, INC.

2255 N. 44th St. Suite 220 ¢ Phoenix, Az. 85008 ° Pheone (602) 244-2566

CLIENT

I M

ofF__4

DATE R T

4

S8HEET
BY Hg’ 5.8

cHeck S B DATE_%L{L_

O

QrosSivi- H

4

s8N0, _3/0. 42

JOB

DIAMETER OF CULVERT (D) IN INCHES
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=21
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BUREAU OF PUBLIC ROADS JAN. 1963

CHART 2

EXAMPLE (1) (2) (3)
D=42 inches (3.5 feet) 6. 6
Q=120 cfs .
- 5, L
Hw® HW =T 8 = T 5
D feat Pl = -
e 45 — 4.
(n 25 8.8 T : C 4.
(2) 2.1 7.4//” Lo r
3 %2 _-T71 =4 B =
T el - e r
_ "8I feet e = - - - 5.
- 3 B N
TR e o
PR oy 27
~ - : L
S 2 -8+ 2. | i
} R i L
p\*?\j/ =L L
3 ~F —15 s
w -
o L
el s
i L -
=
o al - -
S~ o
‘\‘\\\ z - L
S ) =
S -~
\\ & 1.0 — 1.0
ENTRANCE Bl oo & L
TYPE e
= I = 29 — -9
Square edge with s
headwall g — .9 -
Groove end with :z_' - -
headwall b = — .8 :
Groove end — .8 -
projecting I
— .7 b= il
=
To use scale (2) or (3} project - -
horizontally to scale (1Y, then o
use straight inclined line through
D ond Q scofes, or unru&s - .6 — .6
illustroted, . I— .6
X
\ s Ls
— .5

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH

INLET CONTROL



| %\ To 90138 Y
: ‘\*‘Lx ‘\ 3rd Pipes west of
\ GHER PIetsR Tamn 12
\ 425
FL Hd warl 1S0® 087 0";’___\%
o |
u-_w» e ;. L l
“_ L]LLL Flow Live - - |
EL )500./27 :
I
N
N
M

£l Top Hdol 1502143

Lﬁ’———-—— 57.'_0_ ____»{

T L{’Z/
ST LIk /?p,f;
EL 14 9% 283

I8 5



/1538
/530
| /1528
1520
| /515
5 /0

/1505

CULVERT OUTFLOW AT CROSSING # 4

g00

(200

FLOW (CFS)
1600

2000

2400

2800

3200

vl



CROSSING LOCATION #5
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H  [AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) | (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)

1520 0.07 0.00 0.00
4 0.82 0.75

1524 0.34 0.82 0.75
4 4.06 3.72

1528 1.69 4.88 4.47
4 16.60 15.52

1532 6.61 21.48 19.99
4 41.84 40.86

1536 14.31 63.32 60.85
4 73.38 72.78

1540 22.38 136.70 133.63

-



2 a1£.§"

CAP CROSSING #5 |, ST7TA. 480+90
HEC-| 1D : FCAP

STAGE - STORAGE RELATION

/540

/536

/1532

ELEVATION

/528

1524

STORAGE VOLUME CAC-FT)
0o 20 4o éo Ko /600 /120 /40




SHEET 3 ofr_ &
ENGINEERS, AINC. ov_ HE oare_sl-12=Fp

2255 N. 44th St. o Phoenix, Az. 85008 ¢ Phene (802) 244-2568
cHeck _SZK . oate_4/9/

CLIENT __FCDMC

Jos _ﬁ&&éﬁm&ﬁ«' s8N0, _3/0.42

ESTIMATION OF OUTFLOW AT CROSSING ¥5
Péne Sige (D) = 30" fCP = 2.5
Upsteam Tnvert Elev. =/5/692  (Baaed on fitd Suaveying )

Wille. Sunface.  Heighit s} W/ Floo Rite ™

Elevaton. — Wie , HW Cefs)
/516,00 o o 7,
/817, % /.28 0.5 7.8
I£18. L0 2.8v0 X% 22
1£21.0° S0 2.0 4¢
/1§$26.00 /0.0 4.0 7/
/$3] .00 /&0 6.0 93

/$ 34. 00 20.0 .0 |08 *%
/530, oo 24.0 9.6 VAN E

¥ Obtacned Lrowe Clat 2. ad stown on mext shael
X Exz‘mpo/a'/ed’ From. the Chasl . |



’\ \
S8HEET 4 OF .9—

zzE'ssluYAQSIL.ISanEoE'RS' ;Hl\s{o?: Phone (602) 2442566 BY H Za DATE_ =T
OPECK_.iZ&.' DATEM

7€)
' CLIENT Fep mc
JOB QO Ap —Crossiai— 3‘45 o8 N0, _Dlo. £
- 'eo C 10,000
_—168 - 8,000 EXAMPLE (1) (2) (3)
=156 : 6 000 Ds42 inches (3.5 foet) [_" 8. o
- - » = s
A - 5,000 Q=120 cfs Y F
- - 4,000 o 6. - — 5
132 - B 5 .|
B — - 3,000 ) 2.5 8.8 = 18 E L 4.
= C (2) 20 7.4 B L r
e £ 2,000 3 2.2 7.7 — 4 g -
L 2 "D in feet L 5 — 3
%8 1,000 -3 F -
i — 800 - - i
- 84 — I i P
— 600 ~ B =27
i — 500 - | L
L 72 L 400 -2 r i
[72] - = =
i L
x| = 300 z L 1.5
o - - — 1.5
Z o r or L
P z — 60 o g- 200 'u__; s i I
2R - w
&t 8- =F =/
o st <t - -
& g -
w
w o zt+ L L
2 -
2 = L
b o L 10 10
S HW ENTRANCE &
o L
- N SCALE TYPE o 1.0 r
w ’l:_" = - 9 - .9
[ - : .
w (1) Square edge with <
= headwall g — .9 -
< : <
o~ - 20 (2) Groove end with -
= = headwoll Li' = .8 — -8
_:_- (3) Groove end — .8 L
L. projecting o
— |° o
= SN SR - S
= — .7
- To use scole (2) or (3) project - -
2} — horizontally 1o scole (1), then L
N ule sfrolght inclined line through
R D on scofes, or revarse os — .6 — .6
. 3 illustroted, — .6
— 18 C
- 2 N ' I
— 15 3
- — .5 — .5
C 1.0 ot
L 2 ;
,‘;) ¥ HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1963
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ff?fEO.K“BO ~INCH RCP_

St &

" STA GE_D7SZHARGE RELAT/ 0/\/5///,0

\

20?04—050

éo

70

&0

FLOW /N CFS

90

/00 /IO

120




EL 1S20.582 HDwWL

SN
A
W
15

z0 7

e e ]

E. K 151s.921

EL ISIL. 69 HawL

7 1 = 12
b2l
NG
e S= -

EL F 15\2. 092

Jo 90138 =)

YTh [F02 wasT sf
C,/*{‘./z/),//,g‘/ Taso e d

S )vg



CROSSING LOCATION #6
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA

AREA H  |AVG AREA VOL.| TOT. AVG VOL. | AVG. CONICAL VOL. | TOT. CONICAL VOL.
ELEV. | (ACRES) | (FEET) | (ACRE-FT) (ACRE-FT.) (ACRE-FT) (ACRE-FT)
1524 0.06 0.00 0.00
4 0.86 0.77
1528 0.37 0.86 0.77
4 3.86 3.59
1532 1.56 4.72 4.36
4 11,22 10.83
1536 4.05 15.94 15.19
4 20.88 20.70
1540 6.39 36.82 35.89

549



CAP CROSSING #¢& , STA

STAGE - STORAGE RELATION

2 of &

/540
/536
/532
/528
/524> , STORAGE VOLUME (AC-FT)



SHEET 3 oS
nE;]ngNEE:ISE':‘ £]"V°°€:. Phene (602) 244-2566 BY—Z{E&L DATEM
cLent __FCDMC cHeex S 2K oare_4/9/

JoB __C&,&Mf}lﬁ sosno. _3/0. 42

ESTIMATION OF OUTFLOW AT CROSSING # &
Péne Sige (D) = 30" RCP = 2.5
Upstream Invert Elev. = /579132 (Boaed on Fictd Sweyﬁj)

Wi Sunface. Height 5} /b Flwo Rite ™

Elevatan [OTe. , HW Ceds)
AT o % o
/520,26 /28 0.5 7
/521,50 2.5 [ O 22
/S 24,0 S.0 2.0 45
/$29.0 /0. 0 4.0 7(
/$34.0 /8.0 6.0 93

/$40.0 2l.o g. 4 /o

% OéfWMWz ad Véowm_mmf‘ sw
* ¥ Zxtrapolated Hom f/u; C[w:(“



N p

SHEET oF__S

ENGINEERS, INC- BY HEM DATE 1 r—fo

2258 N. 44th St. Suite 220 ¢ Phoenix, Az. 85008 * Phone (602) 244-2568

CHECK DATE
CLIENT Fep Mo
/
Jos Cap —Crossin— H & JOBNO, _Dlo. ¢
180 — 10,000
168 [ 8,000 EXAMPLE (1) (2) (3)
156 : 6 000 D=42 inches (3.5 feat) [‘ 5. g
. s :__ 5,000 Q=120 cfs 5 2
B — 4,000 Hw® HW Y 6. B — 5.
132 B 0 feat 4 L
:_ - E 3,000 ) 2.5 8.8 — S = 4.
- - 2,000
— 108 =
= 28 " 1,000
i - 800
— 84 —
— 600
B - 500
L. - 400
& 72 B 3
l.‘.'!‘:-' s — 300 T
o -
z o &
e > = 60 o é— 200 ::.J |
*" = Z £ t; L
. S I-54 s = g I
& i °
W - o zf . :
5 < =T
f_ o = —10 [0
S - ENTRANGE S| o L i
= TYPE 5‘ :
w = — .9 — .9
- : .
w Square edge with <
=L headwall g — .9 o
< " g
= — 20 (2) Groove and with - |
e 3 headwall 'E' — .8 -8
= (3) Groove end — .8 .
- projecting B
— 10 L 4 2
— 24 . = .7
= To use scale (2) or (3) project I =
- — horizontolly to scole (1), then o
" ude strolght inclined line through
L D on scofes, or reverse os — .6 - .6
= % illustroted; — .6
— 18 L
- 2 X I )
— 15 2
- = .5 — .5
— 1.0 ceal 1
;‘) 1= HEADWATER DEPTH FOR
k CONCRETE PIPE GULVERTS

WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN. 1963
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STAGE - DISCHARGE RELATIONSH/P
FOR 30-INCH RCP

12

11

10

EXTRAPOLATED FROM THE CHART

L—

HW /D

L f

0 10 20 30 40 s0 6o 70 &Ko 90 (00 [lO 120
_ FLOW IN CFS
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, ot
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EL A 1519433
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8HEET OF

ENGINEERS, INC. WONIr ot l/-29-90

2255 N. 44th SL. o Phoenix, Az. 85008 + Phene (802) 244-2566

CHECK DATE

CLIENT

o8 X-Section of Reach-Brea sosno. 31042,




S8HEET OF

ENGINEERS, INC. wETE o

2258 N. 44th St. o Phoenix, Az. 85008 ° Phone (602) 244-2566

CHECK DATE

CLIENT

Jos X - 5€£+l0f\‘ OST\ Qeﬁ@»\ AY‘CE = JOB NO. 3]0,42
Mjn\; Qh’/“*c\

g
1

o,

- : . ot . . e . § Ny
; H

pub

i
3
SRS
. }s Jdo

. .
SR »<m<..\
i

100

ISE
5949

)

7]

-

o
AL

-
3
£
o=
4
-

i i 0 A=
TEAD
&
¥




IWIN BUTTES WASH

(rogs-zection J8L08 #84
— DrAa.,vA c€ Arca //.
g’% ?i"}-: USE ACJU 2 (. 7o i

= -

1478
E 1405-
z .
£ Z
¢ 1468

a ]
1455
} ]
L.

n 145671

14451

z‘i ég || I 17 11 I T 1T 1T I L L L I LI L ] | B L | | LR L | | DL L | ' L L | | | L L I | LR L I
.75 9 .47 9.649 - 4,44 18,17 iB.33
Distance = (800



TWIN BUTTES UabH
Crozs-zection ZhLUE B4
p g PRA v pet o
Meey 0 T AL B £

C/({V’\,u oL {

14461

1435

o

1436

4 e D

;“‘ WU
iézd Illllllll]llllITllllIlll]lTl1|IIII]1IIIIIIIIIIIIIIIIIII

.74 9 88 $4 .81 - 48,45 18,28 iB.42
Distance = (808




L \n!!-d

o B

- J o A Y

TWIN BUTTES UaSH
(rogps-gection éi&§§ il

rye M/A ~NAGCE AREA
1424, ' ' ' vse € o

iézgg
iéiﬁé
zéafé
zéaaé
13354

1396+

fm. \ 25" 7
238&} Illl]l]ll|IIIIIIIIIIITI1|IIIIIIIII|lllllllll|l]llllllll

.94 9 a8 $4 .62 B I 18 18,38 18 .44
Pistance = {808



TWIN BUTTES UatH
Crazs~zection i?@ﬁ% ﬁ%@

D,Qﬁ A ﬁc{ ARE A

Use \,_3 70 K

i:}gg lllllll[lllflllllllIIIIIIIIIIIIIIIIIIIIllIlII‘IlIIII]I"I—I

3.3k e L $4.43 AR5 18,498 11.728
Distance » (808



S T8 v B

LS o I R 4

WiK BUTTES WasH

Crogs-zection 13504 0
TRAMACE ARer  Iis
. UsE ./1 T (._ '

13657

1368

13557
1358
13451

1348-

1335- - - : - t

i:}:}g lllllllII]ITIIIIIIlllllTlllIl|l|lIllllllllll]lllllllll]

e A 9 Lh 4,84 - iR, 14 19,43 iH.73
Bistance = (B8



WIK BUTTES WASH

Cross—zection 1MLB4 Ul
0 , , . DRAmKeE AREA [T
1384, e L T )

1378
f 13681
£

€ ]
1349
i J
o

n 13381

1328-

| %
2318IIlllllIl]llllllllllll—lllllllIIIlllllllllllllllll]1111l
4,23 g 48 4.4 - 4.44 16,24 18.54
Histance » (80




TWIN BUTTES UaSH

Crosg-section 2508 488
128h ' ‘ - D,QH/NH&5' S'L.\B.-Hfag’ﬁ.
Ay e

1268
f 1275-

£ ]
& f
t 1265
3 4
o
J

12551

g PES
q 0 FAT? il eus N~ g™

40 Z] i e

& ~ =
Jjo2 00 =7 /20

2238 ITIIIIIIIIIII|IIIIII|llllIIIIIIIII‘IIlIllIlIlIlIIIIIIII]

3,22 9,44 A - 4. 87 18,89 iH.38
Distance = (B




EAST GARUMBULLO URSH
Crosg-section 2548 488
LT A

14981

§ 1408

£ Z
ié?ﬁj

L

a j

t 1466
i

o
o 1458

1448-

1438 llIl]]lllIllll]lllllllllIlll|||lll]llllllllllllllll1lll

3,77 8 86 4,95 - 38,84 18,13 iB.22
Distance » (B8



WEST GARANMBULLO UASH
C?ﬁgﬁmﬁeﬁigaﬁ'2§§3.§8§
1478, - : : L U Lo TP

1
4

1445

f 1468-

]
o 1455]
€ T

t 1458

¥

o R
n 14451

14481

143{; IlIIIIIIIIII’\I(II'll1l|1lllIllllllll1|ll|llllll'llll|lIII‘]

.98 18,88 $8.41 1 V4 18,37 iB.43
Pistance = (B85



BHITE PEaK WnSH
Croge-seotion UHHE 468

(

15841 e
1498+
E 1468
! .
e f
g 1478
& ]
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i !

.
Y 14§8f

1448

2438IIIIIIIIIIIllllll1||llll||lll|lllll|I1I|TIIITIIIIIIIll]
%75 g 85 4.94 48B3 168,13 1B.22
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C?ggawsegtign 2088 a8
15156, : : : , B e 10 e 4]

1588 o/
1495-
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1488.Illllllll]llllllllllllIlllllllllllllllllIlllllllllllll]

.84 18.6856 $4.77¢ - 18,48 18,74 18.49¢
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Uy« Ao - /—( “Filx T
' . o
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WHITE PERK ¥aSH
Crosg-sect ion Z8H0 600
M8y - - - el S

1485- -
/S
. <
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z:}?g IITIIIIjIIIIlIIIT—IIIIIllllTIlIl*rlllllllllllllfll]llllll

$.73 g #Y $4 .81 - iR.16 16,90 iH.45
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CATERPILLAE TRNK UASH
(rozs-section L1066.849

A g E

1485
1458
E 1475
P
E |
g 1478-

&

t 1465-
i ]

3 y
n 1464

14551 »
< L'}‘O
zéggIllllllllllllllllllllIIIIl[IIIIlIIIllIIIIIIIIIIIIIIIIII
9 .48 9.67 9.87  10.87 16.27 16.47

Histance * (808
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1*****************************************

*

RUN DATE 05/07/1991

* % % % * %

RARREAAAAE A A TAA AR AL AL AT h b bd bt b s

FLOOD HYDROGRAPH PACKAGE (HEC-1)
FEBRUARY 1981
REVISED 02 AUG 88

*

TIME 07:57:33

* ¥ % % ¥ * *
* % % %

X XXX XXXXX X
X X X X X XX
X X X X X
XUXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE

W N

0 ~N O U

0

1
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26

HEC-1 INPUT
(> IO | 2ecnenns Brin irnzmin o beeannn B s s 6555 2w Ciaa s 8 s s = IR 10
1D CAP OVERCHUTES TWIN BUTTES WASH WATERSHED CAPWESTR.DAT
ID 6 HOUR STORM - MCUHP1 USED - 3.32" RAINFALL (100)- Revised inverts & rainfall
1D BY AGK ENGINEERS, INC. REVISED MAY, 1991 NORMAL DEPTH ROUTING
*DAGRAM
I7 5 72
10 5
IN 15

JD 3.32 0.01

PC .000 .008 .016 .025 .033 041 .050 .058 .066 .074
PC .087 .099 .118 .138 .216 377 .834 91 .931 .950
PC .962 972 .983 .991  1.000

JD 3.30 0.50

JD 3.25 2.80

PC .000 .009 .016 .025 .034 .042 .051 .059 .067 .076
PC .087 .100 .120 .163 .252 451 .694 .837 .900 .938
PC .950 .963 .975 .988 1.000

JD 3.06 16.0

PC .000 .015 .020 .030 .048 .063 .076 .090 .105 .119
PC .135 .152 175 .222 .304 472 .670 796 .868 912
PC .946 .960 973 .987 1.000

KK SAO1
KM  SUB-AREA 1 - CONCENTRATION AT POINT A
BA .740

LG .150 .350 4.200 .420 35.000
uc 467 .331
UA 0 3 5 8 12 20 43 £ 90 96

UA 100

PAGE

* U.S. ARMY CORPS OF ENGINEERS
* THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

1

Fehkhdhhkhhhdhhhbdrdddhththt bbb drridd

* % % % ¥ % #®

ARERARAAAARARRAAARRA AR AT SN A AR Rhh kR



27
28

30
31
32

33
34
35

37
38
39

40
41
42

43
44
45
46
47
48

LINE

49
50
51
52
53
54
55

56
57
58
59
61
62
63

65

67

69
70
4l

dAXARN

76

78

KK
KM
RS
RC
RX
RY

KK
KM
BA
LG
uc
UA
UA

KK
KM
HC

KK
KM
RS
RC
RX
RY

1D

KK

BA
LG
uc
UA
UA

KK

HC

KK

RS
sQ
SE
sV
SE

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

ATOB
ROUTE SAO1 FLOW FROM POINT A TO POINT B
) FLOW 0

.035 .035 .035 8440. .0136

0 100 200 300 330 332 380 400
1640 1630 1620 1615 1619 1620 1640 1650
SAQ2

SUB-AREA 2 - CONCENTRATION AT POINT B
.910
.170 .350 4.160 .450 27.090
467 .343
0 3 5 8 12 20 43 75 90 96
100
B
COMBINE FLOWS ATOB AND SAQ2

2

BTOC
ROUTE "B" FLOW FROM POINT B TO POINT C

3 FLOW 0
.041 .041 .041  4760. .0168

0 70 140 160 230 300 360 420
1548 1544 1540 1519 1519 1540 1540 1540

HEC-1 INPUT
....... Nlaie o wrnis oPinze o winze o Dievs 3 wiois sBinsais v wimsDlosers » wmisDusers » mamBniuss » wyossDucern mes #9os o srwvags 10
SA03
SUB-AREA 3 - CONCENTRATION AT POINT C
1.380
.200 .350 4.110 .510 21.470
.400 .189
0 3 5 8 12 20 43 75 90 96
100
c
COMBINE FLOWS BTOC AND SA03

2

CCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 4 - CAP CANAL

1 STOR 0

0 248 800 1600 2160 2500 2900 3200
1500 1503 1506 1512 1518 1524 1530 1536

0 2.37 9.23 20.95 37.67 122.58 212.7 516.24
1500 1508 1512 1516 1520 1528 1532 1540
CToD

ROUTE CCAP FLOW FROM DISCHARGE TO POINT D

5 FLOW 0
.036 .036 .036 7120. .0098
9750 9860 9940 9970 10080 10140 10290 10410
1465 1457 1452 1443.5 1448 1461 1460 1465
SA11

SUB-AREA 11 - CONCENTRATION AT POINT D
.290
.350 .350 3.680 .960 1.500
717 .658
0 3 5 8 12 20 43 75 90 96
100

PAGE 2



283

IRER

87

89
90
91
92
93
9%

LINE

95
96
97
98

100
101

102
103
104
105
106
107

108
109
110
11
112
113
114

115
116
117

118
119
120
121
122
123
124

125
126
127
128
129
130
131

KK

HC

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

RS
sQ
SE
sV
SE

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

HC

KK

BA
LG
uc
UA
UA

KK

RS
sQ
SE
sV
SE

D
COMBINE FLOWS CTOD AND SA11
2
DTOE
ROUTE D FLOW FROM POINT D TO POINT E
1 FLOW 0

.040 .040 .040 1380 .0072
9770 9875 9930 9980 10430 10470 10480 10490
1445 1436 1440 1428.5 1430 1440 1440 1440

SA06
SUB-AREA 06 - CONCENTRATION AT POINT Q
.150
.210 L340 4.440 .450 11.220
.183 .139
0 3 5 8 12 20 43 75 90 96
100
HEC-1 INPUT
....... s & o Givar s sminDets & ene s b s s woOR s o el & wiws 5 5w 0% wiste s wraPa aserm sias 10
QCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 2 - CAP CANAL
1 STOR 0
0 7.5 22 52 72 90 103 115
1513.9 1515.2 1516.4 1520.2 1524.2 1528.2 1532.2 1540
0 0.1 .18 1.89 5.34 11.99 24.05 43.4
1513.9 1517.8 1520 1524 1528 1532 1536 1540
QTOE
ROUTE QCAP FLOW FROM DISCHARGE THROUGH SA13 TO POINT E13
5 FLOW 0
.040 .040 .040 7500 .0133
9830 9850 9900 9940 9960 10020 10090 10270
1476 1470 1456 1438 1438 1442 1450 1456
SA13
SUB-AREA 13 - CONCENTRATION AT POINT E13
.220
.350 .350 3.890 .660 2.870
.567 .618
0 3 5 8 12 20 43 75 90 96
100
E13
COMBINE FLOWS QTOE AND SA13
2
SA07
SUB-AREA 7 - CONCENTRATION AT POINT P
.120
.150 .350 4.290 440 14.770
.167 .14
0 3 5 8 12 20 43 fis 90 96
100
PCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 3 - CAP CANAL
1 STOR 0
0 7.5 22 45 7 93 110
1519 1520.25 1521.5 1524 1529 1534 1540
0 .61 2.78 8.03 18.24

1519 1528 1532 1536 1540

PAGE 3



132
133
134
135
136
137

LINE

138
139
140
141
142
143
144

145
146
147

148
149
150

151
152
153
154
155
156

157
158
159
160
161
162
163

164
165
166

167
168
169
170
17
172
173

174
175
176
177
178
179
180

LINE

KK

KM ROUTE PCAP FLOW FROM DISCHARGE THROUGH SA12 TO POINT E12

RS 6 FLOW 0

RC .040 .040 .040 9000 .0111

RX 9930 9940 9950 9960 9975 10130 10390 10450

RY 1461 1455 1445 1437 1436 1443 1445 1455
HEC-1 INPUT

IDinie oreione @ Loio vivimio o 7 aeoong &ooacoos LI - — 6eci v looosod Biaces mpnzeie L 10

KK SA12

KM  SUB-AREA 12 - CONCENTRATION AT POINT E12

BA .500

LG .320 .350 4.000 .630 3.900

uc .650 .521

UA 0 3 5 8 12 20 43 I¢ 90 96

UA 100

KK E12

KM COMBINE FLOWS PTOE AND SA12

HC 2

KK E

KM COMBINE FLOW DTOE, E13, AND E12

HC 3

KK ETOJ

KM ROUTE E FLOW FROM POINT E THROUGH SUB-AREA 14 TO POINT J14

RS & FLOW 0

RC .035 .035 .035 6060  .0091

RX 9850 9930 9960 9980 10000 10020 10300 10380

RY 1399 1390 1391 1386 1387 1389.5 1393 1397

KK SA14

KM  SUB-AREA 14 - CONCENTRATION AT POINT J14

BA .340

LG .340 .350 3.630 .950 1.910

uc 717 .780

UA 0 3 5 8 12 20 43 75 90 96

UA 100

KK J14

KM COMBINE FLOWS ETOJ AND SA14

HC 2

KK SAO4

KM  SUB-AREA & - CONCENTRATION AT POINT F

BA .380

LG .230 .340  4.340 460 21.550

uc .267 .186

UA 0 3 5 8 12 20 43 75 90 96

UA 100

KK FCAP

KM  STORAGE-DISCHARGE ROUTING AT CROSSING NO. 5 - CAP CANAL

RS 1 STOR 0

sa 0 7.5 22 45 71 93 108 115

SE 1516 1517.25 1518.5 1521 1526 1531 1536 1540

sV 0.0 0.75 4.47 19.99 60.85 133.63

SE 1520 1524 1528 1532 1536 1540
HEC-1 INPUT

ID.ccnenn ins wnie o 3 2i siaee v Bis o iupees R Bise s v v 6 v wiwmin o Toscs o wnr 8 s i o Qisze s wme 10

PTOE

PAGE 4
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181
182
183
184
185
186

187
188
189
190
191
192
193

194
195
196

197
198
199
200
201
202
203

204
205
206
207
208
209
210

211
212
213
214
215
216

217
218
219
220
221
222
223

LINE

224
225
226

227
228
229
230
231
232

233

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK
HC
KK
BA
LG
uc
UA
UA
KK
RS
SE
sV
SE
KK
RS
RC
RX
RY
KK
BA
LG
uc

UA
UA

ID

KK
HC
KK
RS
RC
RX
RY

KK

FTOI
ROUTE FCAP FLOW FROM DISCHARGE THROUGH SUB-AREA 9 TO POINT 19
5 FLOW 0
.035 .035 .035 7620  .0105
9750 9830 9880 9980 10000 10080 10160 10240
1457 1454 1457 1438 1439 1458 1464 1478

SAQ9
SUB-AREA 9 - CONCENTRATION AT POINT I9
.310
.300 .320 4.960 400  4.240
.583 .531
0 3 5 8 12 20 43 75 90 96
100
19
COMBINE FLOWS FTOI AND SAQ9
2
SAQ5
SUB-AREA 5 - CONCENTRATION AT POINT G
.150
.210 350 4.130 .480 22.720
.183 .133
0 3 5 8 12 20 43 7 90 96
100
GCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 6 - CAP CANAL
1 STOR 0
0 7.5 22 45 7 93 110
1519 1520.25 1521.5 1524 1529 1534 1540
0 77 4.36 15.19 35.89

1519 1528 1532 1536 1540

GTOH
ROUTE GCAP FLOW FROM DISCHARGE THROUGH SUB-AREA 8 TO POINT H
3 FLOW 0

.035 .035 .035 3760 .016
9840 9910 9980 10000 10020 10030 10320 10700
1493 1494 1490 1483 1483 1490 1492 1498

SA08
SUB-AREA 8 - CONCENTRATION AT POINT H
.130
.290 .340 4.410 .530 8.090
.317 .251
0 3 5 8 12 20 43 4] 90 96
100
HEC-1 INPUT
....... 1 wuss s s sommunn  sumlumes s s e o wnO vy s wall 8 wanre waBh 2 wiwie wraPe wivn o 210
H
COMBINE FLOWS GTOH AND SA08
2
HTOI
ROUTE H FLOW FROM POINT H TO POINT I
2 FLOW 0

.035 .035 .035 2380 .0084
9310 9630 9670 9790 9830 9910 10010 10150
1484 1477 1483 1477 1478 1485 1471 1486

PAGE 6



234
235

236
237
238
239
240
241

242
243
244
245
246
247
248

249
250
251

252
253
254

255
256
257
258
259
260

261
262
263
264
265
266
267

LINE

268
269
270

27
272
273
274
275
276

277
278
279
280
281
282
283

284
285

HC

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

HC

KK

HC

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

ID

KK
KM
HC

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

COMBINE FLOWS I9 AND HTOI AT POINT I
2

1ToJ
ROUTE I FLOW FROM POINT I THROUGH SUB-AREA 10 TO POINT J10
5 FLOW 0
.040 .040 .040 7000 .0107
9800 9830 9970 9980 10000 10010 10110 10160
1395 1383 1383 1380 1381 1384 1387 1399

L
COMBINE FLOWS KTOL AND SA16 AT POINT L

SA10
SUB-AREA 10 - CONCENTRATION AT POINT J10
.620
.340 .350 3.850 .750 2.060
917 979
0 3 5 8 12 20 43 75 90 96
100
J10
COMBINE FLOWS ITOJ AND SA10
2
J
COMBINE FLOWS J14 AND J10 AT POINT J
2
JTOK
ROUTE FLOW FROM POINT J THROUGH SUB-AREA 15 TO POINT K
1 FLOW 0
.040 .040 .040 1880 .0027
9420 9830 9900 10000 10030 10050 10410 10450
1378 1376 1360 1355 1355 1361 1363 1372
SA15
SUB-AREA 15 - CONCENTRATION AT POINT K
.640
.310 .340 4.230 .600 1.370
.700 D77
0 3 5 8 12 20 43 75 90 96
100
HEC-1 INPUT
....... Vaisseis svw@ianmng s s sazalbesmis s wods st o 9604 s s sl s wieis 5586 @ win 0 0P winen o 10
K
COMBINE FLOWS FROM JTOK AND SA15 AT POINT K
2
KTOL
ROUTE K FLOWS FROM POINT K THROUGH SUB-AREA 16 TO POINT L
3 FLOW 0
.035 .035 .035 5000 .006
9760 9770 9960 9990 10020 10150 10200 10300
1350 1340 1341 1335 1335 1350 1350 1350
SA16
SUB-AREA 16 - CONCENTRATION AT POINT L
.700
.310 .330 4.500 .640 .830
.700 .488
0 3 5 8 12 20 43 75 90 96
100

PAGE 7



INPUT
LINE

NO.

20

27

33

40

43

286

287
288
289
290
291
292

293
294
295
296
297
298
299

300
301
302

303
304
305
306
307
308

LINE

309
310
311
312
313
314
315

316
317
318
319

HC 2

KK LTOM

KM ROUTE L FLOW FROM POINT L THROUGH SUB-AREA 17 TO POINT M AT BEARDSLY CANAL

RS 1 FLOW 0

RC .040 .040 .040 2000 .005

RX 9340 9530 9750 9820 9970 9980 10000 10070

RY 1335 1328 1328 1320 1320 1316 1315 1336

KK SA17

KM  SUB-AREA 17 - CONCENTRATION AT POINT M

BA .460

LG .340 .300 5.310 .510 .760

uc .517 .331

UA 0 3 5 8 12 20 43 75

UA 100

KK M

KM  COMBINE FLOWS LTOM AND SA17

HC 2

KK MTON

KM ROUTE M FLOWS THROUGH SUB-AREA 18 TO AGUA FRIA RIVER AT POINT N

RS 7 FLOW 0

RC .036 .036 .036 10120 .0084

RX 9500 9870 9920 10040 10060 10200 10270 10310

RY 1263 1259.3 1255 1253.5 1260 1257 1258 1272
HEC-1 INPUT

 {: SE—— lis.s sragare = 2uis s iern v Baie sisimin o E— B ooy ginte o 6 in o wrein o p Jp— e Qois » w0 10

KK SA18

KM  SUB-AREA 18 - CONCENTRATION AT POINT N

BA .730

LG .350 .290 3.870 .380 .040

uc .77 515

UA 0 3 5 8 12 20 43 75

UA 100

KK N

KM COMBINE FLOWS MTON AND SA18 AT POINT N (AGUA FRIA RIVER CONFLUENCE)

HC 2

2z

SCHEMATIC DIAGRAM OF STREAM NETHWORK

(V) ROUTING
(.) CONNECTOR
SAO1
v

v
ATOB

BTOC

SAQ2

(--->) DIVERSION OR PUMP FLOW

(<---) RETURN OF DIVERTED OR PUMPED FLOW

PAGE 8



49

56

59

72

82

95

102

108

115

118

125

132

138

145

148

151

157

164

167

SA03

v
v
CCAP
v
v
CToD
SA11
D5 wioms o winin wimsis
v
v
DTOE
SA06
v
v
QCAP
v
v
QTOE
E1S
[Foanonoooocoe
v
v
ETOJ
SA14
& e ciee e e
SAQ4
v

SA13

SA12



174

181

187

194

197

204

21

217

224

227

233

236

242

249

252

255

261

268

27

277

284

287

FCAP

FT0I

ITOJ

SA15

SA16

SA10

SA08



293 SA17
300 [
v
v
303 MTON
309 SA18
316 Nis 5 mem o wims o0

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION
D E s L T T e

*

FLOOD HYDROGRAPH PACKAGE
FEBRUARY 1981
REVISED 02 AUG 88

RUN DATE 05/07/1991

* % ¥ % %

(HEC-1)

TIME 07:57:33

* % % % ¥ % %

Fkkdkhkhhkkhkbkkhbdrdibhhdihdkidddddiddddd

CAP OVERCHUTES

TWIN BUTTES WASH WATERSHED

dedrdr iR d b d b d kb d ke d bbb dddbddbdbde

U.S. ARMY CORPS OF ENGINEERS
THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % % % % % =%
* % % ¥ % % #»

whhhhhkhkbhbdhdbihbdhddbdhiktidirdddiid

CAPWESTR.DAT

6 HOUR STORM - MCUHP1 USED - 3.32" RAINFALL (100)- Revised inverts & rainfall

BY AGK ENGINEERS, INC.

REVISED MAY, 1991

510 OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 72 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 0 ENDING DATE
NDTIME 0555 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS
TOTAL TIME BASE 5.92 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
7 JD INDEX STORM NO. 1
STRM 3.32 PRECIPITATION DEPTH
TRDA .01 TRANSPOSITION DRAINAGE AREA
8 PI PRECIPITATION PATTERN

.00
.00

.00
.00 .00 .00 .00 .00

.00 .00 .00 .00

NORMAL DEPTH ROUTING

.00 .00 .00 .00
.00 .00 .00 .00



.00 .00 .00 .00 .00 .00 .00 .00 .00 .00

.00 .00 .00 .01 .01 .01 .01 .01 .01 .03
.03 .03 .05 .05 .05 15 - 15 15 .03 .03
.03 .01 .01 .01 .01 .01 .01 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00

11 JD INDEX STORM NO. 2
STRM 3.30 PRECIPITATION DEPTH
TRDA .50 TRANSPOSITION DRAINAGE AREA

0PI PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .01 .01 .01 .01 .01 .01 .03
.03 .03 .05 .05 .05 .15 <15 +15 .03 .03
.03 .01 .01 .01 .01 .01 .01 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00

12 JD INDEX STORM NO. 3
STRM 3.25 PRECIPITATION DEPTH
TRDA 2.80 TRANSPOSITION DRAINAGE AREA

13 PI PRECIPITATION PATTERN
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .01 .01 .01 .01 .01 .01 .03
.03 .03 .07 .07 .07 .08 .08 .08 .05 .05
.05 .02 .02 .02 .01 .01 .01 .00 .00 .00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00

16 JD INDEX STORM NO. 4
STRM 3.06 PRECIPITATION DEPTH
TRDA 16.00 TRANSPOSITION DRAINAGE AREA

17 P1 PRECIPITATION PATTERN
.01 .01 .00 .00 .00 .00 .00 .00 .00 .01
.01 .01 .00 .01 .00 .00 .00 .00 .00 .00
.00 .00 .01 .00 .00 .00 .00 .01 .01 .01
.01 .01 .01 .01 .01 .01 .02 .02 .02 .03
.03 .03 .06 .06 .06 .07 .07 .07 .04 .04
.04 .02 .02 .02 .01 .01 .01 .01 .01 .01
.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.00

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXTMUM TIME OF

OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
6-HOUR 24-HOUR 72-HOUR

HYDROGRAPH AT
SAO1 1176. 4.33 164. 164. 164. 74

ROUTED TO
ATOB 1058. 4.58 158. 158. 158. 74
= 1617.41 4.58

HYDROGRAPH AT
SA02 1292. 4.33 181. 181. 181. 91



2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

BTOC

SA03

CCAP

CTOD

SA11

DTOE

SA06

QCAP

QTOE

SA13

E13

SAQ7

PCAP

PTOE

SA12

E12

1752.

1736.

2115.

2659.

2154.

2145.

195.

2175.

2163.

384.

93.

91.

188.

259.

333.

9%.

85.

472.

483.

4,42

4.58

4.25

4.33

4.67

4.83

4.50

4.75

4.83

4.08

4.33

4£.83

4.42

4.42

4.08

4.33

5.25

4.42

4.50

320.

313.

238.

513.

511.

486.

30.

493,

480.

27

27.

25.

28.

52.

23.

23.

19.

320.

313.

238.

513.

5.

486.

30.

493.

480.

27.

27.

25.

28.

52.

23.

23.

19.

320.

313.

238.

513.

511.

486.

30.

493.

480.

a7.

27

25,

28.

52.

23.

23.

19.

1.65

1.38

3.03

3.03

3.03

.29

3.32

3.32

15

.15

<15

.22

.37

212

.12

.12

.50

1521.01

1513.15

1447.67

1430.33

1524.25

1438.36

1529.60

1436.84

4.58

4.83

4.92

4.33

4.75

5.00



3 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

2 COMBINED AT

ETOJ

SA14

J14

SAO4

FCAP

FTOI

SAQ9

19

SA05

GCAP

GTOH

SAO8

HTOI

1104

SA10

J10

2462.

2409.

205.

2424,

839.

97.

97.

343.

395.

400.

90.

90.

228.

294,

280.

599.

535.

310.

721.

2776.

4.83

5.08

4.50

5.08

4.17

4.67

4.42

4.42

4.08

4.33

4.50

4.17

4.33

4.42

4.75

4.67

4.75

5.00

557.

522.

34.

529.

7.

39.

33.

49.

80.

30.

29

28.

20.

48.

46.

121.

108.

58.

147.

622.

557.

522.

529.

74.

39.

33.

49.

80.

30.

29.

28.

20.

48.

121.

108.

58.

147.

622.

557.

522.

529.

74.

39.

33.

49.

80.

30.

29.

28.

20.

48.

46.

121.

108.

58.

147.

622.

4.31

4.31

4.65

.38

31

.69

.15

15

.15

.13

.28

.28

1.59

6.24

1390.87

1529.85

1438.77

1530.04

1483.79

1473.00

1382.70

5.08

4.67

5.17

4.462

4.58

4.42

4.75



ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

*%% NORMAL END OF HEC-1 ***

AT

AT

AT

AT

AT

AT

AT

AT

JTOK

SA15

KTOL

SA16

LTOM

SA17

MTON

SA18

2742.

528.

2826.

2772,

598.

2806.

2779.

620.

2779.

2717.

767.

2746.

5.08

4.50

5.25

4.50

5.25

5.33

4.33

4.50

5.67

590.

78.

625.

566.

81.

599.

562.

63.

592.

423.

114.

493.

590.

78.

625.

566.

81.

599.

562.

63.

592.

423.

114.

493.

590.

78.

625.

566.

81.

599.

562.

63.

592.

423.

114.

493.

.2h

.70

.58

.58

46

.04

.04

1360.46

1340.00

1321.53

1256.85

5.17

5.25

5.33

5.67






1ﬁ***t************i*************ii**t*****

*

RUN DATE 05/07/1991

* ¥ % % % *

FLOOD HYDROGRAPH PACKAGE
FEBRUARY 1981
REVISED 02 AUG 88

TIME 07:58:57

(HEC-1)

* % % % % * *

KREARRAAEAAEAAARA AR SRR AR R AA RN SR A A AT ddhdd

X X OXXKXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX XXXX X XXXXX X
X X X X X
X X X X X X
X XOXOOMXXX XXXXX XXX

ARRRRERAT R A IR ER AR EA LR RAC A b Ar A AR R bl

U.S. ARMY CORPS OF ENGINEERS
THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % * % % ¥ ¥
* % % % ¥ * *

hhkRhhAhwhhh b rhrbrbd bbbt bbhdddd

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE

0 N O wi

0

1"
12
13
14
15
16
17
18
19

20
21
22
23
26
25

LOSS RATE:GREEN AND AMPT INFILTRATION

HEC-1 INPUT PAGE 1
B (- ——  —— > A— R T P G W T raeta s B - J—. 10
ID CAP OVERCHUTES TWIN BUTTES WASH WATERSHED CAPW24 .DAT
ID 24 HOUR STORM -MCUHP1 USED - 4.14" RAINFALL (100)-Tc&R revised above CAP only
ID BY AGK ENGINEERS, INC. REVISED MAY, 1991 NORMAL DEPTH ROUTING
*DAGRAM
IT 5 288
10 5
KK  SAO1
KM SUB-AREA 1 - CONCENTRATION AT POINT A
BA .740
IN 30
PB  4.140
PC .000 .005 .011 .016  .022 .028  .035 041 .048 .056
PC .068 .07 .080 .089  .098  .109  .120 .133 47 L163
PC .181 .204 .235 .283 .663 .735 772 799 .820 .838
PC .854 .868 .880 .891 .902 912 .921 .929 937  .945
PC .952 .959 .965 972 .978 .984 .989  .995 1.000
LG .150 .350  4.200 .420 35.000 :
uc 517 .370
UA 0 3 5 8 12 20 43 75 90 96
UA 100
KK  ATOB
KM ROUTE SAO1 FLOW FROM POINT A TO POINT
RS 6  FLOW 0
RC .035 .035 .035 8440. .0136
RX 0 100 200 300 330 332 380 400
RY 1640 1630 1620 1615 1619 1620 1640 1650



26
27
28

30
31
32

33
34
35

37

39
40
41

42
43
bd
45
46
47
48

LINE

49
50
51

52
53
54
55
56
57
58

59

61

62

63

65

67

69

70
7

74

76

KK
KM
BA
LG
uc
UA
UA

KK
KM
HC

KK
KM
RS
RC
RX
RY

KK
KM
BA
LG
uc
UA
UA

KK
HC
KK
RS
SQ
SE
SV
SE
KK
RS
RC
RX
RY
KK
BA
LG
uc
UA
UA
KK
HC
KK

RS

SA02
SUB-AREA 2 - CONCENTRATION AT POINT B

CToD
ROUTE CCAP FLOW FROM DISCHARGE TO POINT D
5 FLOW 0

.036 .036 .036 7120. .0098
9750 9860 9940 9970 10080 10140
1465 1457 1452 1443.5 1448 1461

SA11
SUB-AREA 11 - CONCENTRATION AT POINT D
.290

.350 .350 3.680 .960 1.500

.T17 .658
0 5 5 8 12 20
100
D
COMBINE FLOWS CTOD AND SA11
2
DTOE
ROUTE D FLOW FROM POINT D TO POINT E
1 FLOW 0

.910
.170 .350  4.160 .450 27.090
.517 .384
0 3 5 8 12 20 43 75 90 96
100
B
COMBINE FLOWS ATOB AND SA02
2
BTOC
ROUTE "B"™ FLOW FROM POINT B TO POINT C
3 FLOW 0
.041 .041 .041 4760. .0168
0 70 140 160 230 300 360 420
1548 1544 1540 1519 1519 1540 1540 1540
SA03
SUB-AREA 3 - CONCENTRATION AT POINT C
1.380
.200 .350 4.110 .510 21.470
417 .198
0 3 5 8 12 20 43 75 90 96
100
HEC-1 INPUT
....... Vosin womeans 5@ms waners s s wms #lbrs atm s dmmin s onralOnm s winiwin [ o saesmneBaias 5w P & vaa 10
c
COMBINE FLOWS BTOC AND SAO3
2
CCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 4 - CAP CANAL
1 STOR 0
0 248 800 1600 2160 2500 2900 3200
1500 1503 1506 1512 1518 1524 1530 1536
0 2.37 9.23 20.95 37.67 122.58 212.7 516.24
1500 1508 1512 1516 1520 1528 1532 1540

10290 10410
1460 1465

43 4] 90 96

PAGE 2



78

80

81

ERRER

87

89
90
91
92
93
9%

LINE

95
96
97
98

100

101
102
103
104
105
106
107

108
109
110

11
112
113
114
115
116
17

118
119
120
121
122
123
124

125
126
127
128
129
130

RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

RS
sQ
SE
sV
SE

ID

KK

RS
RC
RX
RY

KK

BA
LG
uc
UA
UA

KK

HC

KK

BA
LG
uc
UA
UA

KK

RS
sQ
SE
sV
SE

KK

RC

RX
RY

.040 .040 .040 1380  .0072
9770 9875 9930 9980 10430 10470 10480 10490
1445 1436 1440 1428.5 1430 1440 1440 1440

SA06
SUB-AREA 06 - CONCENTRATION AT POINT Q
.150
.210 340 4.440 .450 11.220
.267 .210
0 3 5 8 12 20 43 75 90
100
QCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 2 - CAP CANAL
1 STOR 0
0 4tk 22 52 72 90 103 115
1513.9 1515.2 1516.4 1520.2 1524.2 1528.2 1532.2 1540
0 0.1 .18 1.89 5.34  11.99 24.05 43.4
1513.9 1517.8 1520 1524 1528 1532 1536 1540
HEC-1 INPUT
....... 1 imie « mmsn@om s smeDamm » maplingis s wwed s soseBsrs ¢ snlls s & waBs v s v Pome ¢ om
QTOE
ROUTE QCAP FLOW FROM DISCHARGE THROUGH SA13 TO POINT E13
5 FLOW 0
.040 .040 .040 7500 .0133
9830 9850 9900 9940 9960 10020 10090 10270
1476 1470 1456 1438 1438 1442 1450 1456
SA13
SUB-AREA 13 - CONCENTRATION AT POINT E13
.220
.350 .350 3.890 .660 2.870
.567 .618
0 3 5 8 12 20 43 75 90
100
E13
COMBINE FLOWS QTOE AND SA13
2
SAQ7
SUB-AREA 7 - CONCENTRATION AT POINT P
.120
.150 350 4.290 640 14,770
.233 .166
0 3 5 8 12 20 43 7 90
100
PCAP
STORAGE-DISCHARGE ROUTING AT CROSSING NO. 3 - CAP CANAL
1 STOR 0
0 7.5 22 45 7 93 110
1519 1520.25 1521.5 1524 1529 1534 1540
0 .61 2.78 8.03 18.24

1519 1528 1532 1536 1540

PTOE
ROUTE PCAP FLOW FROM DISCHARGE THROUGH SA12 TO POINT E12
6 FLOW 0

.040 .040 .040 9000 .0111
9930 9940 9950 9960 9975 10130 10390 10450
1461 1455 1445 1437 1436 1443 1445 1455

10

96

96

PAGE 3



131
132
133
134
135
136
137

LINE

138
139
140

141
142
143

144
145
146
147
148
149

150
151
152
153
154
155
156

157
158
159

160
161
162
163
164
165
166

167
168
169
170
171
172
173

174
175
176
177
178
179

LINE

KK SA12
KM  SUB-AREA 12 - CONCENTRATION AT POINT E12
BA .500
LG .320 .350 4.000 .630 3.900
uc .650 .521
UA 0 3 5 8 12 20 43 75 90 96
UA 100
HEC-1 INPUT
{1 i SRR Biucain mimie o Bicce 2 v s S ncnin v (- R Cusere o piare < Qv wmm 10
KK E12
KM COMBINE FLOWS PTOE AND SA12
HC 2
KK E
KM COMBINE FLOW DTOE, E13, AND E12
HC 3
KK ETOJ
KM ROUTE E FLOW FROM POINT E THROUGH SUB-AREA 14 TO POINT J14
RS 4 FLOW 0
RC .035 .035 .035 6060  .0091
RX 9850 9930 9960 9980 10000 10020 10300 10380
RY 1399 1390 1391 1386 1387 1389.5 1393 1397
KK SA14
KM  SUB-AREA 14 - CONCENTRATION AT POINT J14
BA .340
LG .340 .350 3.630 .950 1.910
uc 717 .780
UA 0 3 5 8 12 20 43 75 90 96
UA 100
KK J14
KM  COMBINE FLOWS ETOJ AND SA14
HC 2
KK SAO4
KM  SUB-AREA &4 - CONCENTRATION AT POINT F
BA .380
LG .230 .340  4.340 .60 21.550
uc .350 +252
UA 0 3 5 8 12 20 43 75 90 96
UA 100
KK FCAP
KM  STORAGE-DISCHARGE ROUTING AT CROSSING NO. 5 - CAP CANAL
RS 1 STOR 0
sa 0 7.5 22 45 7 93 108 115
SE 1516 1517.25 1518.5 1521 1526 1531 1536 1540
sV 0.0 0.75 4.47 19.99 60.85 133.63
SE 1520 1524 1528 1532 1536 1540
KK FTOI
KM ROUTE FCAP FLOW FROM DISCHARGE THROUGH SUB-AREA 9 TO POINT I9
RS 5 FLOW 0
RC .035 .035 .035 7620 .0105
RX 9750 9830 9880 9980 10000 10080 10160 10240
RY 1457 1454 1457 1438 1439 1458 1464 1478
HEC-1 INPUT
1D 5o s T sumre & 2 omiviy . R . Guieie 5 ainie R 8leieie o anie Deiezere oo 10

PAGE &

PAGE 5



180 KK SA09

181 KM  SUB-AREA 9 - CONCENTRATION AT POINT I9

182 BA .310

183 LG .300 320  4.960 400 4.240

184 uc .583 .531

185 UA 0 3 5 8 12 20 43 75 90 96
186 UA 100

187 KK 19

188 KM  COMBINE FLOWS FTOI AND SAQ9

189 HC 2

190 KK SA05

191 KM  SUB-AREA 5 - CONCENTRATION AT POINT G

192 BA .150

193 LG .210 350 4.130 .480 22.720

194 uc .267 .202

195 UA 0 3 5 8 12 20 43 7 90 96
196 UA 100

197 KK  GCAP

198 KM  STORAGE-DISCHARGE ROUTING AT CROSSING NO. 6 - CAP CANAL

199 RS 1 STOR 0

200 sQ 0 7.5 22 45 7 93 110

201 SE 1519 1520.25 1521.5 1524 1529 1534 1540

202 SV 0 77 4.36 15.19 35.89

203 SE 1519 1528 1532 1536 1540

204 KK GTOH

205 KM  ROUTE GCAP FLOW FROM DISCHARGE THROUGH SUB-AREA 8 TO POINT H
206 RS 3 FLOW 0

207 RC .035 .035 .035 3760 .016

208 RX 9840 9910 9980 10000 10020 10030 10320 10700
209 RY 1493 1494 1490 1483 1483 1490 1492 1498
210 KK SA08

211 KM  SUB-AREA 8 - CONCENTRATION AT POINT H

212 BA .130

213 LG .290 .340  4.410 .530 8.0%90

214 uc .317 .251

215 UA 0 3 5 8 12 20 43 75 90 96
216 UA 100

217 KK H

218 KM COMBINE FLOWS GTOH AND SA08

219 HC 2

220 KK HTOI

221 KM ROUTE H FLOW FROM POINT H TO POINT I

222 RS 2 FLOW 0

223 RC .035 .035 .035 2380 .0084

224 RX 9310 9630 9670 9790 9830 9910 10010 10150
225 RY 1484 1477 1483 1477 1478 1485 1471 1486

HEC-1 INPUT PAGE 6

LINE ID: srvmia s Vi soore s 2ls sisie s wimDsisieie v ie L T (- Boe s sisren s ' [ . 10
226 KK 1

227 KM COMBINE FLOWS I9 AND HTOI AT POINT I

228 HC 2

229 KK IT0J

230 KM ROUTE I FLOW FROM POINT I THROUGH SUB-AREA 10 TO POINT J10
231 RS 5 FLOW 0

232 RC .040 .040 .040 7000 .0107



233
234

235
236
237
238
239
240
241

242
243
244

245
246
247

248
249
250
251
252
253

254
255
256
257
258
259
260

261
262
263

264
265
266
267
268
269

LINE

270
271
272
273
274
275
276

277
278
279

280
281
282
283
284

RX
RY

KK
BA
LG
uc
UA
UA
KK
HC
KK
HC
KK
RS
RC
RX
RY
KK
BA
LG
uc
UA
UA
KK
HC
KK
RS
RC

RX
RY

ID

KK

BA
LG
uc
UA
UA

KK

HC

KK

RS

RC
RX

9800 9830 9970 9980 10000 10010 10110 10160
1395 1383 1383 1380 1381 1384 1387 1399
SA10
SUB-AREA 10 - CONCENTRATION AT POINT J10
.620
.340 .350 3.850 .750 2.060
917 979
0 3 5 8 12 20 43 75 90 96
100
J10
COMBINE FLOWS ITOJ AND SA10
2
J
COMBINE FLOWS J14 AND J10 AT POINT J
2
JTOK
ROUTE FLOW FROM POINT J THROUGH SUB-AREA 15 TO POINT K
1 FLOW 0
.040 .040 .040 1880  .0027
9420 9830 9900 10000 10030 10050 10410 10450
1378 1376 1360 1355 1355 1361 1363 1372
SA15
SUB-AREA 15 - CONCENTRATION AT POINT K
.640
.310 .340 4.230 .600 1.370
.700 577
0 3 5 8 12 20 43 75 90 96
100
K
COMBINE FLOWS FROM JTOK AND SA15 AT POINT K
2
KTOL
ROUTE K FLOWS FROM POINT K THROUGH SUB-AREA 16 TO POINT L
3 FLOW 0
.035 .035 .035 5000 .006
9760 9770 9960 9990 10020 10150 10200 10300
1350 1340 1341 1335 1335 1350 1350 1350
HEC-1 INPUT
....... 1 siases s sy & S0 i swie v maze & seidie § ws wa s wwinie o o ¢ sewin » 5B s wisrars o Pou s woem 5 10
SA16
SUB-AREA 16 - CONCENTRATION AT POINT L
.700
.310 .330 4.500 .640 .830
.700 .488
0 3 5 8 12 20 43 ¢ 90 96
100
L
COMBINE FLOWS KTOL AND SA16 AT POINT L
2
LTOM
ROUTE L FLOW FROM POINT L THROUGH SUB-AREA 17 TO POINT M AT BEARDSLY CANAL
1 FLOW 0
.040 .040 .040 2000 .005
9340 9530 9750 9820 9970 9980 10000 10070

PAGE 7



INPUT
LINE

NO.

20

26

33

42

49

52

59

1335 1328 1328 1320 1320 1316 1315 1336

SA17
SUB-AREA 17 - CONCENTRATION AT POINT M
.460
.340 .300 5.310 .510 .760
517 .331
0 3 5 8 12 20 43 75 90
100
M
COMBINE FLOWS LTOM AND SA17
2
MTON
ROUTE M FLOWS THROUGH SUB-AREA 18 TO AGUA FRIA RIVER AT POINT N
7 FLOW 0

.036 .036 .036 10120 .0084
9500 9870 9920 10040 10060 10200 10270 10310
1263 1259.3 1255 1253.5 1260 1257 1258 1272

SA18
SUB-AREA 18 - CONCENTRATION AT POINT N
.730
.350 .290 3.870 .380 .040
s TAT .515
0 3 5 8 12 20 43 75 90
100

N
COMBINE FLOWS MTON AND SA18 AT POINT N (AGUA FRIA RIVER CONFLUENCE)
2

SCHEMATIC DIAGRAM OF STREAM NETWORK

285 RY
286 KK
287 KM
288 BA
289 LG
290 uc
291 UA
292 UA
293 KK
294 KM
295 HC
296 KK
297 KM
298 RS
299 RC
300 RX
301 RY
302 KK
303 KM
304 BA
305 LG
306 uc
307 UA
308 UA
309 KK
310 KM
311 HC
312 2z
(V) ROUTING

(.) CONNECTOR

SAO1
v
v
ATOB

SA02

SA03

(--->) DIVERSION OR PUMP FLOW

(<---) RETURN OF DIVERTED OR PUMPED FLOW

96

96



65

81

95

101

108

111

118

125

131

138

141

144

150

157

160

167

174

180

187

SA11

SA14

SA13

SAQ9



190

197

204

210

217

220

226

229

235

242

245

248

254

261

264

270

rig4

280

286

293

296

302

v
v
GCAP
v
v
GTOH
H
v
v
s HTOI
Y e s wins s wmin s
v
v
ITOJ
SA10
0L wiain o pure o wimin
| S ————
v
v
JTOK
. SA15
($cooooooonos
v
v
KTOL
SA16
L ciaie aimie o wreie o
v
v
LTOM
0 SA17
L Nesnooooozoe
v
v
MTON
SA18
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(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

JRERRABARXAXAAARAARLAXAAAARRRRAAASAA LA R by

*
FLOOD HYDROGRAPH PACKAGE
FEBRUARY 1981
REVISED 02 AUG 88

* % * % %

RUN DATE 05/07/1991

(HEC-1)

* % % % »

TIME 07:58:57 *

*

HRARRRRAREARRRAARRA AR LA T AR b b d bbb hd

CAP OVERCHUTES

TWIN BUTTES WASH WATERSHED

CAPW24 .DAT

edkedede kR R Rk RRARRXAA AR A ARk ddhhdhdhdddds

U.S. ARMY CORPS OF ENGINEERS
THE HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 551-1748

* % % % % % %
* % % % * % »

FRERTAREREARRA AT AR A AR TR L ALk hd b ddd

24 HOUR STORM -MCUHP1 USED - 4.14"™ RAINFALL (100)-Tc&R revised above CAP only

BY AGK ENGINEERS, INC.

REVISED MAY, 1991

5 10 OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 288 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 0 ENDING DATE
NDTIME 2355 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS
TOTAL TIME BASE 23.92 HOURS
ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
1
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES
PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD
OPERATION STATION FLOW PEAK
+ 6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT
+ SAO1 808. 12.25 139. 43. 43.
ROUTED TO
+ © ATOB 753. 12.58 139. 43, 43.
HYDROGRAPH AT
+ SA02 929. 12.33 154. 47. 47.

NORMAL DEPTH ROUTING

BASIN MAXTMUM TIME OF
AREA STAGE MAX STAGE
.74
T4
1617.68 12.58
91



2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

3 COMBINED AT

BTOC

SAO3

CCAP

CTOD

SA11

DTOE

SA06

QCAP

QTOE

SA13

E13

SA07

PCAP

PTOE

SA12

E12

1503.

1474.

1718.

2548.

2058.

2041.

109.

2123.

2106.

186.

82.

80.

123.

187.

85.

74.

317.

349.

12.42

12.50

12.17

12.33

12.50

12.75

12.50

12.75

12.83

12.08

12.33

12.83

12.33

12.42

12.08

12.25

13.17

12.42

12.42

293.

293.

212.

504.

504.

504.

20.

524.

524.

21.

21.

21.

22,

42.

18.

18.

52:

69.

89.

89.

63.

152.

152.

151.

156.

156.

1.

14.

19.

89. 1.65
89. 1.65
63. 1.38
152. 3.03
152. 3.03
151.. 3.03
5 .29
156. 3.32
156. 3.32
6 .15
6 .15
6. .15
6 .22
1. .37
5 12
5. .12
5. .12
14. .50
19. .62

1521.35

1516.90

1448.04

1430.47

1526.37

1438.41

1532.16

1437.00

12.50

12.50

12.75

12.83

12.33

12.83

12.25

13.17



ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

HYDROGRAPH AT

ROUTED TO

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

ROUTED TO

2 COMBINED AT

ROUTED TO

HYDROGRAPH AT

2 COMBINED AT

2 COMBINED AT

ETOJ

SA14

J14

SAO4

FCAP

FTOI

SAQ9

19

SA05

GCAP

GTOH

SA08

HTOI

IT0J

SA10

J10

2514.

2470.

119.

2538.

462.

93.

93.

238.

306.

196.

138.

202.

189.

4964,

454,

220.

673.

3105.

12.75

13.00

12.50

13.00

12.17

12.75

13.17

12.33

12.42

12.08

12.42

12.50

12.17

12.17

12.33

12.33

12.67

12.67

12.67

12.92

635.

635.

26,

659.

59.

59.

59.

39.

98.

24.

24.

24.

16.

39.

39.

137.

137.

55.

192.

850.

186.

185.

192.

18.

18.

18.

10.

28.

1.

1.

39.

39.

14.

53.

244,

186.

185.

192.

18.

18.

18.

10.

28.

1.

115

39.

39.

14.

53.

244 .

4.31

4.31

.38

31

.69

.15

13

15

.13

.28

.28

.97

.97

6.24

1391.20

1531.11

1438.82

1532.02

1483.84

1473.30

1383.03

13.00

12.75

13.17

12.42

12.50

12.33

12.67



ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

ROUTED TO

HYDROGRAPH

2 COMBINED

*%% NORMAL END OF HEC-1

AT

AT

AT

AT

AT

AT

AT

AT

JTOK

SA15

KTOL

SA16

LTOM

SA17

MTON

SA18

*hd

3068.

379.

3246.

3183.

430.

3299.

3279.

391.

3307.

3244 .

584.

3320.

13.

12.

12.

13.

12.

13.

13.

12.

13.

13.

12.

13.

00

42

92

17

42

17

25

25

25

58

42

58

850.

914.

914.

980.

979.

48.

1027.

1025.

92.

1114.

2644,

16.

260.

17.

276.

276.

12.

288.

286.

23.

309.

244,

16.

260.

260.

17.

276.

276.

12.

288.
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