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HYDROLOGIC REPORT FOR CAP. 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 -- " 





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 
No. 

1 

2 

3 

4 

5 

6 

C.A.P. 
Station 

pipe 
Size - 
7 2  

30" 

30" 

4 - 72" 

30" 

30" 

Upstream 
Inv. Elev. 

1508.00 

1513.94 

1518.99 

1500.13 

1515.92 

1519.13 

Downstream 
Intr. Elev. 

Watershed 
Name 

Caterpillar Tank 

Twin Buttes 

Twin Buttes 

Twin Buttes 

Twin Buttes 

Twin Buttes 

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

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). 



1. 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 :jetemination of subarea boundaries. 

2. Soils 

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

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

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 I1 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. 



WATERSHED BOUNDARY 
----- SUBAREA BOUNDARY 
- - - -  - CHANNEL THALWEG FIGURE 2 

SUBAREA MAP LOCATION 

% ENGINEERS, INC. 
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4. 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 PSlF XKSAT RTlMP 
Subarea (sq miles) (in) (in) (in) (in/hr) % 

)I TWIN BUTTES WASH WATERSHED 

CATERPILLAR TANK WASH WATERSHED 



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 



TABLE 2 
PARAMETERS FOR ESTIMATION OF TIME OF CONCENTRATION 

TWIN BUlTES WASH WATERSHED 
BASIN 

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 

TOTAL 

0.74 
0.91 
1.38 
0.38 
0.15 
0.15 
0.1 2 
0.1 3 
0.31 
0.62 
0.29 
0.50 
0.22 
0.34 
0.64 
0.70 
0.46 
0.73 
8.77 

BASIN AREA SLOPE 

CATERPILLAR TANK WASH WATERSHED 

ADJ. SLOPE 
FtlMi Sq. Miles Ft/Ft 

BASIN 
NUMBER 

19 
20 
2 1 
22 
23 

Kb 
Acres 

BASIN LENGTH 
Ft/Mi Feet 

BASIN ELEVATION 

TOTAL 3.36 

Miles Highest 

BASIN AREA 
Sq. Miles 

1.03 
0.61 
0.76 
0.63 
0.33 

Lowest 

Acres 

659.2 
390.4 
486.4 
403.2 
21 1.2 

BASIN LENGTH 

Change 

Feet 

9620 
61 20 
9000 
5500 
4380 

Miles 

1.82 
1.16 
1.70 
1.04 
0.83 

BASIN ELEVATION 
Highest 

1730 
1530 
1460 
1380 
1315 

SLOPE ADJ. SLOPE 
FtIMi 

109.8 
60.4 
46.9 
62.4 
66.3 

Lowest 

1530 
1460 
1380 
131 5 
1260 

Ft/Ft 

0.021 
0.01 1 
0.009 
0.01 2 
0.01 3 

Kb 

0.041 
0.044 
0.043 
0.044 
0.048 

Change 

200 
70 
80 
65 
55 

Ft/Mi 

109.8 
60.4 
46.9 
62.4 
66.3 



rainfall intensity for each subarea was automatically computed by the 

MCUHPl 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. 

6. 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 CAP.  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. 

7. Levee Analysis for CAP. 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: 
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TABLE 3 

MAXIMUM PONDING ELEVATIONS BEHIND C.A.P. CANAL 

Crossing C.A.P. 
No. Station 

1 561 +40 

2 549 + 00 

3 538 + 25 

4 492 + 30 

5 480 + 90 " 
'k 459 + 30 

H EC- 1 
I.D. - 
EACAP 

QCAP 

PCAP 

CCAP 

FCAP 

GCAP 

Pipe 
Size 

Watershed Upstream 
Name Inv. Elev. 

Caterpillar Tank 1508.00 

Twin Buttes 1513.94 

Twin Buttes 151 8.99 

Twin Buttes 1500.13 

Twin Buttes 151 5.92 

Twin Buttes 1519.13 

Height of 
Linina 

Top of Lining 
Linina Elev. 

1 534 

1537 

1542 

1526 

1 538 

1 541 

Max. Ponding 
Pondina Elev. 



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 l-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). 



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

- 

(A7 Storm Fixed Area 

-. -1gure 14. Depth-Area curves. 
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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 stonns during the season under investiga- 
tion. Generalizations about the seasonal distribution of large 
storms can be obtained from ESSA, U.S. Weatlzer 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 

wcre determined independently; that is, there was no requirement 
that the maximum 6- or I-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 vdue 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 I-hr amount within the 24-hr maxi- 
mum and the 2-yr I-hr value computed using maximum 1-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 generd 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 recarding 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 
reportcd 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 areal 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 each 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 I. 
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. 



APPENDIX B 

ESTIMATION OF RAINFALL LOSSES 



SUB-AREA DRAINAGE BASIN SOIL PROPERTIES 

BASIN SOIL AREA 
ADJUSTED 

I A DTHETA PSlF XKSAT RTIMP 
NUMBER GROUP (SQ MILES) TOTAL AREA (IN) (IN) (IN) (I N/H R) 010 

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 fOO.O#$ 0.17 0.35 4.16 0.45 27.09% 

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 0.1 2 9.00% 0.25 0.35 3.98 0.58 
5 2 0.03 2.23Yo 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% 
1 1  0 0.24 17.50% 0.35 0.35 3.92 0.62 3.00% 

TOTAL 1.38 f 00.00% 0.20 0.3 0.51 21.47% 

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% 0.1 5 0.35 4.20 0.42 35.00% 
110 0.12 30.88% 0.35 0.35 3.92 0.62 3.00% 

TOTA i 0.38 100.00% 0.23 0.34 4.34 0.46 21.55% 



BASIN SOIL AREA 
ADJUSTED 

I A DTHETA PSlF XKSAT RTlMP 
NUMBER GROUP (SQ MILES) TOTAL AREA (IN) (IN) (IN) (INIHR) 010 

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% 0.1 5 0.35 4.29 0.44 14.77% 

8 
13 0.02 14.71 Yo 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% 
1 09 0.01 4.26% 0.15 0.35 4.20 0.42 35.00% 
113 0.002 1.41 9% 0.35 0.35 4.10 0.53 

TOTAL 0.1 3 100.00% 0.29 0.34 4.41 0.53 8.09% 

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 
18 
48 
68 
98 
110 
113 

TOTAL 

113 0.003 1.19% 0.35 0.35 4.10 0.53 
TOTAL 6 1 .50°/o 

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 14.29Vo 0.35 0.35 4.23 0.58 
98 0.04 7.28% 0.35 0.35 4.20 0.63 
110 0.31 62.706/0 0.35 0.35 3.92 0.62 3.00% 

TOTAL 0.50 1 00.00% 0.32 0.35 4.00 0.63 3.90% 



BASIN SOIL AREA 
ADJUSTED 

I A DTHETA PSlF XKSAT RTIMP 
NUMBER GROUP (SO MILES) TOTAL AREA (IN) (IN) (IN) (I NIH R) Yo 

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 

TOTAL 0.22 100.00% 0.35 0.35 3.89 0.66 

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 

TOTAL 0,34 1 00.009~ 0.34 0.35 3.63 0.95 

15 
10 0.02 3.19Yo 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 0.6090 0.15 0.35 3.85 0.65 
98 0.03 4.41 Yo 0.35 0.35 4.20 0.63 
110 0.29 45.75% 0.35 0.35 3.92 0.62 

TOTAL 0.64 ?00.009v 0.31 0.34 4.23 0.60 

118 0.02 5.19% 0.35 0.35 4.1 8 0.67 
TOTAL 0.46 ?00,00% 0.34 0.30 5.31 0.51 



BASIN SOIL AREA 9% I A DTHETA PSlF XKSAT RTIMP 
ADJUSTED 

NUMBER GROUP (SQ MILES) TOTAL AREA (IN) (IN) (IN) (INIH R) 010 

18 
10 0.01 1.03% 0.35 0.35 2.22 2.40 
12 0.002 0.21 010 0.35 0.25 8.06 0.08 
4 9 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 
TOTA 3.87 0.38 0.04% 

TOTAL WEST DRAINAGE AREA 
AREAS 1-18 8.76 



BASIN SOIL AREA I A 
ADJUSTED 

DTHETA PSlF XKSAT RTlMP 
NUMBER GROUP (SQ MILES) TOTAL AREA (IN) (IN) (IN) (INIHR) O h  

19 
13 0.07 
18 0.35 
51 0.07 
52 0.38 
98 0.0003 
109 0.09 
110 0.07 

TOTAL 1.03 1 

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 
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 

TOTAL 0.61 100.00% 0.26 0.35 4.14 0.53 

2 1 
10 
13 
18 
45 
48 
98 
110 

TOTA t 

22 10 0.01 2.35% 0.35 0.35 2.22 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 
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 

TOTAL 0.63 100.00% 0.32 0.33 4.73 0.49 

23 
10 0.02 4.92% 0.35 0.35 2.22 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 
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 

TOTAL EAST DRAINAGE AREA 
AREAS 19-23 3.36 
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Land-use and/or 
Surface Cover 

(1 1 

Pav 
Agricultural 

Tilled fields and irrigated pasture 0.50 

Surface Retentlon 
Loss 

IA, Inches 
(21 

sert and rangeland, flat slope 
Hillslopes, Sonoran Desert 
Mountain, with vegetated surface 

0.35 
0.15 
0.25 

Developed (Residential and Commercial) 
Lawn and turf 
Desert landscape 

0.20 
0.10 
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GREEN-AMPT PARAMETERS 
(1 0) BRIOS-CARRIZO COMPLEX 

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

XKSAT PSlF DTHETA CNSTL I L. 

BRlOS 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 
GlLMAN 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 

VlNT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 0.70 0.03 

GREEN-AMPT PARAMETERS 

(1 2) CAREFREE 

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

XKSAT PSlF 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 



GREEN-AMPT PARAMETERS 

(13) CAREFREE-BEARDSLEY COMPLEX 

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

XKSAT PSlF DTH ETA 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 

GREEN-AMPT PARAMETERS 

(18) CHERIONI-ROCK OUTCROP 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL WT. I L. WT. 

XKSAT PSlF DTHETA CNSTL IL. 

CHERlONl SANDY LOAM 60 0.40 0.24 4.30 2.58 0.35 0.21 0.40 0.24 0.70 0.42 

ClPRlANO 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 15Oh 

85 

WITHOUT ROCK 



GREEN-AMPT PARAMETERS 

(45) EBON 

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

XKSAT PSlF DTH ETA CNSTL IL. 

EBON 

CONTINE 

LUKE 

BEARDSLEY 

PINAMT 

MOHALL 

ClPRlANO 

GUNSIGHT 

SANDY LOAM 

CLAY LOAM 

CLAY LOAM 

CLAY LOAM 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

GREEN-AMPT PARAMETERS 

(48) EBON-PINAMT COMPLEX 

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

XKSAT PSlF DTHETA CNSTL IL. 

EBON 

PINAMT 

CARRIZO 

ANTHO 

CONTINE 

LUKE 

ClPRlANO 

GUNSIGHT 

MOMOLI 

TREMANT 

SANDY LOAM 

SANDY LOAM 
SAND 

SANDY LOAM 

CLAY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 



GREEN-AMPT PARAMETERS 

(49) EBON-PINAMT COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF \KT. DTHETA WT. CNSTL WT. IL. WT 
XKSAT PSlF DTHETA CNSTL IL. 

EBON SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 

PINAMT SANDY LOAM 35 0.40 0.14 4.30 1.51 0.35 0.12 0.40 0.14 

TREMANT SANDY LOAM 5 0.40 0.02 4.30 0.22 0.35 0.02 0.40 0.02 

ANTHO SANDY LOAM 5 0.40 0.02 4.30 0.22 -0.35 0.02 0.40 0.02 

CARRIZO SAND 5 4.60 0.23 1.90 0.10 0.35 0.02 4.60 0.23 

LUKE CLAY LOAM 5 0.04 0.00 8.20 0.41 0.25 0.01 0.04 0.00 

GREEN-AMPT PARAMETERS 

(51) GACHADO-LOMUAS COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT W. PSlF WT. DTHETA WT. CNSTL WT. 
XKSAT PSlF DTH ETA CNSTL 

IL. WT. 

IL. 

GACHADO 

LOMITAS 

CARRIZO 

CHERlONl 

CONTINE 

EBON 

DENURE 

GUNSIGHT 

TREMANT 

SANDY LOAM 

SANDY LOAM 

SAND 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 



GREEN-AMPT PARAMETERS 

(52)GACHADo-LOMITAS-ROCK OUTCROP 

Sol L TYPE CLASSIF. PCT XKSAT WT. PSlF W. DTHETA W. CNSTL WT. IL. 

XKSAT PSlF DTHETA CNSTL 

GACHADO 

LOMITAS 

CARRIZO 

CHERlONl 

ClPRlANO 

EBON 

PINAMT 

GUNSIGHT 

SCHENCO 

VAlVA 

SANDY LOAM 

SANDY LOAM 

SAND 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

ROCK OUTCROP 20% 
80 0.40 

WITHOUT ROCK 0.51 

GREEN-AMPT PARAMETERS 

(68)GUNSlGHT-CIPRIANO COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA W. CNSTL WT. IL. 
XKS AT PSlF DTHETA CNSTL 

GUNSIGHT SANDY LOAM 45 0.40 0.18 4.30 1.93 0.35 0.16 0.40 0.18 0.70 
ClPRl AN0 SANDY LOAM 40 0.40 0.16 4.30 1.72 0.35 0.14 0.40 0.16 0.70 
TREMANT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 
GILMAN SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 
CARRIZO SAND 3 4.60 0.14 1.90 0.06 0.35 0.01 4.60 0.14 1.30 
PINAMT SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 
RlLLlTO SANDY LOAM 3 0.40 0.01 4.30 0.13 0.35 0.01 0.40 0.01 0.70 

w. 
IL. 

W. 
IL. 



GREEN-AMPT PARAMETERS 

(70) GUNSIGHT-RILLITO COMPLEX 

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

XKSAT PSlF DTH ETA CNSTL IL. 

GUNSIGHT 

RlLLlTO 

CARRIZO 

CHUCKAWALLA 

ClPRlANO 

EBON 

PINAMT 

MOHALL 

ANTHO 

TREMANT 

GILMAN 

SANDY LOAM 

SANDY LOAM 

SAND 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

GREEN-AMPT PARAMETERS 

(98) PINAMT-TREMANT COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT \KT. PSlF \KT. DTHETA WT. IL. WT. CNSTL WT. 

XKSAT PSlF DTHETA CNSTL IL. 

PINAMT SANDY LOAM 45 0.40 

TREMANT SANDY LOAM 35 0.40 

CHUCHAWALLA SANDY LOAM 4 0.40 

EBON SANDY LOAM 4 0.40 

CARRIZO SAND 4 4.60 

GUNSIGHT SANDY LOAM 4 0.40 

RlLLlTO SANDY LOAM 4 0.40 



GREEN-AMPT PARAMETERS 

(1 00) QUILLOTOSA-VAIVA-ROCK OUTCROP 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF W. DTHETA WT. CNSTL W. IL. WT. 
XKSAT PSlF DTH ETA 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 

VAlVA 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 

WITHOUT ROCK 0.40 

GREEN-AMPT PARAMETERS 

(109) SCHENCO-ROCK OUTCROP COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL WT 
XKSAT PSlF DTHETA CNSTL 

SCHENCO 

ClPRlANO 

BEARDSLEY 

GACHADO 

QUILOTOSA 

EBON 

VAlVA 

GUNSIGHT 

SANDY LOAM 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

ROCK OUTCROP 35% 
65 

WITHOUT ROCK 

IL. \KT. 



GREEN-AMPT PARAMETERS 

(1 10) SUNCITY-CIPRIANO COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL WT. 

XKSAT PSlF DTH ETA CNSTL 

SUNCITY SANDY LOAM 55 0.40 0.22 4.30 2.36 0.35 0.19 0.40 0.22 
ClPRlANO SANDY LOAM 30 0.40 0.12 4.30 1.29 0.35 0.11 0.40 0.12 

BEARDSLEY CLAY LOAM 4 0.04 0.00 8.20 0.33 0.25 0.01 0.04 0.00 

GUNSIGHT SANDY LOAM 4 0.40 0.02 4.30 0.17 0.35 0.01 0.40 0.02 

CARRIZO SAND 4 4.60 0.18 1.90 0.08 0.35 0.01 4.60 0.18 

ROCKOUTCROP 3% 
97 0.54 

WITHOUT ROCK 0.56 

GREEN-AMPT PARAMETERS 

(1 12) TREMANT GROUP 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL WT. 

XKSAT PSlF DTH ETA CNSTL 

TREMANT 

PINAMT 

CARRIZO 

ANTHO 

MOHALL 

VALENCIA 

DENURE 

RlLLlTO 

MOMOLI 

SANDY LOAM 

SANDY LOAM 

SAND 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

IL. WT. 

IL. 

IL. WT. 

IL. 



GREEN-AMPT PARAMETERS 

(1 13) TREMANT GROUP 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL 
XKSAT PSlF DTHETA 

TREM ANT 

PINAMT 

CARRIZO 

ANTHO 

MOHALL 

VALENCIA 

DENURE 

RlLLlTO 

MOMOLI 

CHUCKAWALLA 

GUNSIGHT 

SANDY LOAM 

SANDY LOAM 

SAND 

SANDY LOAM 

CLAY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

SANDY LOAM 

GREEN-AMPT PARAMETERS 

(1 18) TREMANT-RILLIT0 COMPLEX 

SOIL TYPE CLASSIF. PCT XKSAT WT. PSlF WT. DTHETA WT. CNSTL 
XKSAT PSlF DTHETA 

WT. 

CNSTL 

WT. 

CNSTL 

TREMANT SANDY LOAM 45 0.40 0.18 

RlLLlTO SANDY LOAM 30 0.40 0.12 

ClPRlANO SANDY LOAM 5 0.40 0.02 

GUNSIGHT SANDY LOAM 5 0.40 0.02 

CARRIZO SAND 5 4.60 0.23 

PINAMT SANDY LOAM 5 0.40 0.02 

MOMOLI SANDY LOAM 5 0.40 0.02 

IL. WT. 

IL. 

IL. WT 

IL. 
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Ralnfall Losses Hydrologic Design Manual 
for Marlcopa County 

,, hydraulic conductivity at natural saturation E A T >  equal to KS in Equation 4.1; 

wetting front capillary suction (PSIT;) equal to Y in Equation 4.1; and 

,, volumetic soil moisture deficit at the start of rainfall (DTHETA) equal to 
0 in Equation 4.1. 

The three infiltration parameters are 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 dassification 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 
Classification 

(1 

sand 

XKSAT 
inches/hour 

(2) 

loamy sand 
sandy loam 
loam 
silty loam 
silt 
sandy clay loam 
clay loam 

' Selection of DTHETA: 
Dry = Nonirrigated lands, such as desert and rangeland; 

Normal = lrrigated lawn, turf, and permanent pasture; 
Saturated = Irrigated agricultural land. 

I 4.6 

silty clay loam 
sandy clay 
silty clay 
clay 

PSlF 
inches 

(3) 

1.2 
0.40 
0.25 
0.1 5 
0.1 0 
0.06 
0.04 

1.9 1 0.35 1 0.30 

0.04 
0.02 
0.02 
0.01 

DTH ETA ' 

0 
2.4 
4.3 
3.5 
6.6 
7.5 
8.6 
8.2 

Dry 
(4) 

10.8 
9.4 
11.5 
12.4 

0.35 
0.35 
0.35 
0.40 
0.35 
0.25 
0.25 

Normal 
(5) 

0.30 
0.20 
0.20 
0.1 5 

Saturated 
(6) 

0.30 
0.25 
0.25 
0.25 
0.15 
0.15 
0.1 5 

0 
0 
0 
0 
0 
0 
0 

0.1 5 
0.1 0 
0.1 0 
0.05 

0 
0 
0 

0 L 
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Barkervi I Ie-Cabezon-Rock Outcrop association. 
Gen t l y  sloping to  very steep, shallow to very 
shallow soils on mountains and low hi l ls .  

/ - Rock outcrop areas o f  200-400 acres 
// - Rock outcrop areas o f  400 acres or more 

GENERAL SOlL MAP 

MARICOPA COUNTY 
ARIZONA 

U. S .  SOlL CONSERVATICN SERVICE 
i n  cooperation wi th  

NATUFAL RESOURCE CONSERVATION DISTRICTS 
i n  MARICOPA COUNTY 

Compi led  from detai led soil surveys, and avai lable information 
on soils, geoiogy, topography, cl imate and vegetation. 

This map i s  intended for general planning use. On-site inves- 
tigations must be made for detai led planning for a specific site 
or use. 

NOVEMBER 1973 
I n 0 10 20 MILES 
p~ 

SCALE 1 :500,000 





LEG END 

I. Very hot, very dry soils. 

A .  Soils from recent al luvium 

Gi lman-Estrel la-Avondale association . Nearly level 
loom soils on valley plains ond flood plains. 
Antho-Valencia association. Near ly level to gently 
sloping sandy loom soils on a l luv ia l  fans and valley 
pla.insl 
Carri io-Brios-Vint association. Near ly level sandy 
soils i n  stream channels. 

B. Soils from old al luvium. 

Rillito-Gunsight-Pinal association. Nearly level to 
gently sloping, gravelly to very gravelly limy soils 
on o ld  a l luv ia l  fans and val ley plains. 
Mohall-Loveen association. Near ly  level loam and 
clay loom soils on old valley plains and al luvia l  fans. 
Loveen-Coolidge association. Near ly  level, limy, 
sandy l m m  and i m m  soils on o ld  a l luv ia l  fans and 
val ley plains. 
Ebon-Pinamt-Tremant association. Gent ly sloping to 
sloping, gravelly and very gravelly clay and clay 
loam soils on old a l luv ia l  fans a t  the base of 
mountains. 
CasaGrande-Harqua association. Near ly level, 
saline-alkali, clay loom soils on old al luvia l  fans 
and valley plains. 
Mohal l  -Contine association. Near ly  level clay loam 

and clay soils on old a l l uv ia l  fans and valley plains. 

C .  Soils of mountains and low hi l ls .  

Chir ioni -Gachado-Rock Outcrop association. Moder - 
ately sloping to steep, shallow and very shallow soils 
on mountains and low hi l ls.  

II. Hot and dry soils. 

A .  Soils from o ld  al luvium. 

Continenta I-Pinaleno-Cave association. Gently 
sloping to moderately sloping clay to loam soils on 
o ld  a l luv ia l  fans a t  the base o f  mountains. 
Latene-Vekol-Anthony association. Near ly level 
to gently sloping, clay to sandy loam soils on 
val ley plains ond a l luv ia l  fans. 

0 .  Soils o f  mountains and low hi l ls.  

Cellar-Lehman-Rock Outcrop association. Gently 
sloping to very steep, shallow to very shallow soils 
an mountains ond low hi1 Is. 

Ill. Warm, subhumid soils. 

A .  Snit< of moclntainz and low h i l l s .  



TABU A - Page 2 ESTIMA,=D PROPERTIES OF THE SOILS, OTHER FEATURES AND SOIL SUITABILITIES A-l 
Other 

Estimated P rope r t i e s  of t he  S o i l s  Fea tu re s  S u i t a b i l i t y  a s  a Source o f :  
Map Symbol and Depth Ava i l ab l e  

Major S o i l  from Tex- Perme- Water shr ink-  S o i l  C o r r o s i v i t y  Hydro- Sand &/or 
Components Surface  t u r e  a b i l i t y  Capaci ty  Swell React ion  Uncoated Concrete l o g i c  Roadf i l l  Gravel Topsoil  

( i n )  ( i n /h r )  (prof f l e )  P o t e n t i a l  pH S t e e 1  Group - 1 / 

Vint loamy f i n e  0-60 I f  s 6-20 3.5-5.0 Low 7.9-8.4 Roderate Low B Good Poor f o r  Poor: sandy 

sand, 0-1% sand, un- ma te r i a l  
s lopes ,  (15% of s u i t e d  f o r  
Un i t )  g rave l  

4 .  R i l l i t o -Guns igh t -P ina l  Associa t ion  

R i l l i t o  g r a v e l l y  0-60 g l  .6-2 6.5-7.5 Low 
loam, 0-5% s lopes  
(35% of U n i t )  

Gunsight grav-  0-60 v g l , g l  .6-2 4.0-5.5 Low 
e l l y  loam, 0-10% 
s lopes ,  (25% 
of Un i t )  

P ina I  g r a v e l l y  0-12 g l  .6-2 1.5-2.7 L o u  
loam, 0-5% 12  Indura ted  pan 
s lopes ,  (20% 
of U n i t )  

7.9-8.4 High 

7.9-8.4 High 

Moderate B Good Poo; ; Poor: 
excess f i n e s  gravelly 

Moderate B Good Poor f o r  Poor : 
grave l ,  g r ave l ly  
unsui ted  
f o r  sand 

7.9-8.4 High >loderate D poor: Unsuited Poor: t h i n  

t h i n  A 

source 

-layer 

5 .  Mohall-Laveen Assoc ia t ion  

Mohall c l a y  loam 0-10 C1 2-6 7.5-9.0 Low 6.6-8.4 Moderate Low B F a i r :  CL Poor f o r  F a i r :  c l ay  
0-1% s lopes  10-37 c l  .2-.6 Moderate 7.9-8.4 High Low s o i l  sand, un- loam 
(45% of U n i t )  37-60 g s l  2-6 Low 7.9-8.4 High Low ma te r i a l  su i t ed  f o r  

grave 1 

Laveen loam 0-60 1 -6-2 8.5-9.5 Low 7.9-8.4 High Moderate B F a i r :  ML Unsuited Good 
0-1X s lopes  s o i  1 
(3ffL of U n i t )  ma te r i a l  



3. Carrizo-Brios-Vint Association 

b 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 690 to 74OF. 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 Yint 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 cultivated. 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 
birds. 

B. Soils From Old 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 67O to 74OF. 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 county. 
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 association. 

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 calcareous. 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 mountains. 

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 successful. 

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

5. Mohall-Laveen Association 

ThLs 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'~. The frost- 
free season is 250 to 300 days. Elevations range from 900 to 2,200 
feet. 



APPENDIX C 

INPUT AND OUTPUT 
FOR MCUHPl COMPUTER PROGRAM 



Procedures followed for MCUHPl and Routing 
CAP Overchutes Study 

I. 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 MCUHPl 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. 

11. 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 MCUHPl 
program. 

111. 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. 

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

IV. 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. 

B. 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. 



C. 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. 

D. 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 5-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. 

B. 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. 

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

D. Copies of the cross sections and the locations taken have been included in 
Appendix E of this report. 
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Hydrologic Design Manual 
for Marlcopa County 

2 d 3  
Unit Hydrograph Procedures 
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Flgure 5.4 
Slope Adjustment for Steep Watercourses In Natural Watersheds 

(Source: Drainage Criterfa Manual, Urban Drainage and 
Flood Control District, Colorado, May 1984.) 



b r a  No. 

MEASURED WATERCOURSE SLOPE, fT/MILE 

- 
Area #7 

4 \.--- 

Figure 5.4 
Slope Adjustment for Steep Watercourses In Natural Watersheds 

(Source: Dralnage Crlterla Manual, Urban Dralnage and 
Flood Control Dlstrlct, Colorado, May 1984.) 
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It 
IT 0 
I0 5 
IN 15 
JD 3.32 0.01 
PC .OOO .008 -016 
PC .087 .099 -118 
PC .962 .972 .983 
JD 3.30 0.50 
JD 3.25 2.80 
PC .OOO .009 .016 
PC .087 .lo0 .I20 
PC .950 .963 .975 
JD 3.06 16.0 
PC .OOO .015 .020 
PC .I35 .152 .I75 
PC .946 .960 .973 
JD 2.69 90.0 
PC .OOO .021 -035 
PC .I79 .201 .232 
PC .927 .945 .964 
JD 1.89 500.0 
PC .OOO .024 .043 
PC .212 .239 -271 
PC .907 .930 .954 
KK 

KM SUB-BASIN SAOl -/ 
BA .740 
LG .I50 .350 4.200 
UC .467 .331 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA02 / 
BA .910 
LG .I70 .350 4.160 
UC .467 .343 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA03 ,/ 
BA 1.380 
LG .ZOO .350 4.110 
UC .400 .I89 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA04 J 
BA .380 
LG .230 .340 4.340 
UC .267 .I86 . 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA05 
BA .I50 

/ 
LG .210 .350 4.130 
UC .I83 .I33 
UA 0 3 5 
UA 100 

.042 .051 .059 .067 .076 TWIN BUTTES WASH WATERSHED 

.451 .694 -837 -900 .938 

MCUHPl OUTPUT FILE 
.063 .076 .090 .lo5 .I19 
.472 .670 .796 .868 .912 



KK. 
& SUB-BASIN SA06 J 
1A .I50 
LG .210 .340 4.440 
'IC .I83 -139 
JA 0 3 5 
UA 100 
KK 
?4 SUB-BASIN SA07 / 
IA .I20 
LG .I50 .350 4.290 
JC .167 -114 
JA 0 3 5 
UA 100 
YK 
:M SUB-BASIN SA08 /' 
JA .I30 
LC .290 .340 4.410 
JC .317 .251 
JA 0 3 5 
UA 100 
YK 
:M SUB-BASIN sAo9/ 
dA .310 
LG .300 -320 4.960 
JC -583 -531 
JA 0 3 5 
UA 100 
YK 

:M SUB-BASIN SAlO 
BA .620 

/ 
LG .340 .350 3.850 
JC .917 .979 
JA 0 3 5 
UA 100 
:K 
:M SUB-BASIN SAll / 

:K 

:M SUB-BASIN SA12 / 
BA .SO0 
?G .320 .350 4.000 
JC .650 .521 
LIA 0 3 5 
UA 100 
:K 

:M SUB-BASIN SA13 
BA .220 

/ 
.G .350 -350 3.890 
JC .567 .618 
UA 0 3 5 
UA 100 



s 
'H SUB-BASIN SAI4 / 

A .340 
,G .340 -350 3.630 
uc ,717 .780 

A 0 3 5 
A 100 

KK 
1 SUB-BASIN SAl5 / 

A .640 
LG .310 .340 4.230 
UC .700 .577 

A 0 3 5 
A 100 

KK 

"M SUB-BASIN SA16 / 
A .700 

LG .310 .330 4.500 
UC .700 .488 

A 0 3 5 
A 100 

KK 
M SUB-BASIN SA17 /' 
A .460 

LG -340 -300 5.310 
UC .517 .331 

A 0 3 5 
,A 100 
KK 

M SUB-BASIN SA18 ./ 
A .730 

LC .350 .290 3.870 
"C .717 .515 

A 0 3 5 
uA 100 
ZZ 
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I f  calculated TC 1 s  much longer t h a n  t h e  d u r a t i o n  o f  t h e  most i n t e n s e  p o r t i o ~  
.2f the ,  e;w::ess r a l n f a l l  v a l u e s ,  zopssclsr  the S-.grar;.h pro,:sdures f a r  t h i s  5 a r . i ~ .  

Entec i Par a new sub-basin, 2 to  STOP 
? 

EI\(TER THE 5.ijB-BfiS I N  NAME : 
'jf i82 
E!iTEp P H ' { S  :!:At ! ~ . ~ & ~ & C T E R I  5TICS !JF THE BASIN :  

*Note l i m i t  basin s i r e  t o  artout 5 sqoare miles, 
an.d/ac T c  t\: i p s 5  t h a n  ! , 5d  h a u r a .  



bn ' ' ,e r  1 f o j -  ti.? G.,.h.=i;p ~ C F ' i ; f i  " 1 5 t ; - i t j i t i : z r ,  
L ". ., , .-. ri _.;,:.,, 2 fc; t h e  : l , - . t io~f- MCFCP 5 : : 1 5 t r i t ; 2 t i c , n  

- < K - b c r  J rzr " C -  -. 
, _ _ > I  L _., .,,- LL$-h.z;ic <!-C .* - - T ~ r P E - - I T  ~ s 5 t r ; h u -  i l .DR 

' " : ; ^F:> 017iP,dT g$ii;i,Kfi;-i i jEPT2 O F  fi S E  i ; j E C  FREt-JgENc'{ L 13ches > : 
'-.?" - I .  i -i- 

- -, -; . , 
G) , .J I.. 

- - - ---- - 
Drainage Area= 41'0 f,lhif,nnei Length= 2,458 ii,n= .@42  SLI)PE= : 8 7 ,  ;1 
I&= ' 1 ' 7  sT%ETfi= .35  pSIF= 5 .16  X ~ s f i f =  ,L$S ATIMP= 
gainfjl! Cepth = 3 , 3 2  
P a l r . f a i  1 D l s t : r i b ; j t  i.23 1 s  1!J$3-,,,53r7 5-Ci~ui- 

- --.-- - ----....+.------.-- - 

- ; !> zZ ,467 i ~ u r - S ,  which i s  = 2 8 . e  m i n u t e s  f = .343 hatic-5. 
-.-- 

I i  ca!cu!ated T C  i s  much longer t h a n  t h e  duration o f  t h e  most i n t e n s e  o o r ? ! , a n  
.sf t h e  er:ceas r a i n f a l l  v a l u e s ,  cor;.sider t h e  5 - g r a r ~ h  p rocedures  f a r  t h i s  basir? .  
-.--------------------------.------------ -*.-.------ --.--------.---------------- 

C-CC. L,!L,,r ! f a r  a new s u b - b a s i n ,  2 t o  STQF 
1 

E N T E R  .[sE SGE-BASIpj NAME: 
5&$3 

ENTER P H Y S I C t i t  C H A R & C T % R I S T I C S  OF THE B A S I N :  

*N{?te l i m i t  hasit: size t o  about  5 sauai-e m:les, 
a,..+ . i - -  T c  +., 

I .a , .-. 3 \,- l e s s  t h a n  1 .50 h c u r s .  

BAS i f !  AREh ! s q u a r e  iuii. l.es ! 
i " 59 

FLGW PATH IErdGfH ' ; m i l e , - ,  l 
1 . g d  

RE:: 1S.rANCE .cOEFF ICIEMT, kh 
,37173 



EbdTER 11}ri,s 7:" E$i~Cj(JIldt; ! f.sc-- :.ne, U.? r e c o r d  ! : 

( 1  > - far- a.; j-i;'L?ari kt,!atcrshed 
i 2  i - Far a q a t r i r t ?  i \ j a i e t -~hed  

* - 
: 3 i  - far  m a n u a l  i n a u t  - 

---- - .- ----.--- 
UfiT.9 I f i ~ p u T  Ftz!@ SU@.-R&F,IFJ: 2303 

H E C - I  INPUT I S  ST$,qEC I[$: F I L E :  Cfi?TBQ.REQ 
-" - - -- -- -. - - - - -. - - -- - -- - - -. - - - - - - - - - .- - -- - - - - - - -, -. - - - - -. -. - -, -- - - .- - -- - - - - - - - - -, - - - - - 

I f  z a l c u l a f e d  TC is much longer than thc d u r a t i o n  of t h e  moct  intense p : l r t L a ?  
;3.f t h e  exsess  r a ~ n f a l l  v a l u e s ,  ccnsrder the S-graph procedures f.i? t h r .  D;sin. 
- - - - . - - - - - - - - - - - - - - - - - - - - - - - -  --- ........................................ 

Ente , -  ! fa; a new s u b - h a s i n ,  2 t i ~  STOP 
1 

EN?EP THE SVB-ShSIN NAME: 
.,fie4 
ENTER ,DHYSIC&L C H f i R A C T E R I S T I C S  OF THE BPSIN: 

*Note L i m i t  h a s i n  s ' s c  to abaut 5 s q u A r e  m l l s s ,  
;nd/ar Tc ta less than ! . f B  h o u r s .  



, ; : .- .'... ..-- !. ", i;at..,rai i d a t g r h ~ ~ j  
- for- x a n u a l  i q p ~ i t  - 

D,$T;i ~ P I P ~ ; '  :C13ij Sih;B-g(+S 1f.i; %4@4 
- --- - -- -- - - - - - - - - - - - - - - - - -. - - -. - - .- .- - .- .- - - - . - - .- - - - - - - . - - - - - -- -. - - - - - ,- - - - - - - .- - - - - -- - - ..- - - -, - - -. 

- ..,- 
D r a i n a g e  Area-  Chanr!.ii L . eng th=  : .33Q i.:n= - 3 4 7  S[-rJPE= 256 , Q  . - T A =  - . ,  , L I1 , c j ' j - $ ~ ' ~ f i =  . - 3  PSIF= 4 ,  q$,c.a'r.= I, r . 3 6  RTJ'MP= 2 1 -55 

.-. R a : : ? f e i i  Deg,i.!; ;= 2.52 
R a l r i f s ! i  5t i - lb i ' ; i  1,31.! is ?@Q -,...ear 6-.Hour 

if calculated TC is much !anger than  t he  d u r a t i o r i  a f  the  mast i ~ + , e n s e  par- t lGn 

~f the s,,.:cess r a l n f a i l  v a l u e s ,  c o n s r d r r  t he  '<-graph p r o c e d u r a s  far  tn;s h3s:n. 

Enter  i far a new - , ub -bas in ,  2 +,a ST'ljp 

! 
EFrTEi? ThE SUB-BFtS IN NAME : 
5fi!35 

ENTER PHYSICAL. CHfiRACTERISTICS OF THE Bfi.,ZIN: 



y:),TCD i \ , , ,C - 
..,$ , ,,. c i ~  ! HE F:jLLC'i:]IyJ& ' f.:r i he '14 re:laItt-d > : 

< i ;  -. F -  . :..r. ar; ui-bar? w.z t .e r .~he , r :  

i - ,  > - F,=,p a n a t c i r a i  :2atarzhfid 
/ :: > - f ! 3 r  ~ 5 ; l b a l  ine;i: 

.-7 - 

U r f i l  r , ? ~ "  ;?ri.a= . I L- ,. Channel  L e n g t h =  a "7643 = % 853 C.L(:FE= 3 1 5 . 9 
I,?= . 2 1 pTi;ETfi= . 5.5 ".j;:F= 4 ,  ; 2 xKS f iT=  - 2 9  RTiMPc " 3  ii. '-.- !!I. 

. F s l : ~ f a i i  !Jectk = z.32 
Galnfai i c:istrlbuf:an is :@jg-y,=zer 5-&4,3u- 

_ --.-----.------ ---- - ---I------------III-.-------__._I-+ 

q.EC-1 i;;pQT STGREQ I$ FII-E: C,+Pi"eu,P,sL1 

. . 
It' ccsi.cii!a-led 7'1: i i , s  iricich i.anger than the d u r a t i a n  of t h e  masf i n i : a n s e  parti..;r..; 
,?! t h e  e,c.cese rainFail v a l u e s ,  . ?ons ide-  the ' s . -graph p r a c e d 3 r . a ~  "r t h i z  3as;n. 

- - -- - - .- - -, -- - .- .- - - -- - -- - --- - - .- - -- .- -- - -- - - - -. - .- -- - - - -. .... - - -- - - .- - - -- -, - .- - - 

Enter 1 far a F e w  .~ ,ub-bas ln ,  2 t o  SfQP 
? 
ENTER THE SIJB-gfiS I N  $jAME : 
56 Q& 

Ebl.TE? Pt+YSfc(-jl CH#R&CTEHISTICS QF T H E  G A S I N :  

*Note  11rnit b a s i n  s i z e  6 0  abaut 5 ~~~~~e miles, 
a n d ' o r  T: i a  l e s s  t h a n  ! -50  h o u r s .  



- L ?., : I.. ,-'>r i , c  ::lg 7 :*E :.'!-*I : ;-,!J 1 ?!!Z, , e: .  
! - , * ' b - L  '-,,,-.. --L , - , 7 -  C.?;e. !.j,? - = - - * <  <., :L ,-. , :.J : . 

[,if!:-{ I f i p ~ i T  Is "TGRECI I!$ F I L E :  CAPT$W,FEQ 

-, . . = . ! 3 3  , hours  which 1 s  = i 1 , @  , ; q f n u t e s  R =  . 139 :+.~cir5. 

3.c cai,ziilate!c! TO i s  much l o n g e r  t h a n  t h ~ ,  dctrfiti.;:; oi t e  m u ' ;  :ntsr; .e  ~,;1-.t , i3? 

c;f t h e  P k S e 8 5  ra~nfail v a l r i s s ,  considar the S-graph p:-ocedllrEs fisr t h i s  basin. 

+ H a t e  limit b a s i n  s i z e  t u  eboi i t  5 s q u a r e  m r i e s ,  
a n d / o r  Tc t o  less than 1 . 5 3  hou rs .  

BASIh  AREA isquare miles) 
. I 2  

FL3U PATH LENGTH (miies) 
" 6 1  

GFf ISTApdCE C O E F F I C I E N T ,  K.b I - - *  

., 11754 
SL!I :PE ( f e e l  /mi ke j 

" r-"? -. .2 k. 



I f  calcuiatcd TC i s  murh i a n g e ~  than the  d u r a t i c i - t  o f  t h e  most i n t ense  ojrtian 
.. .. u ;  t h e  e r c e s s  rainfail ,;31:~+.5. coqsid+r t h e  Y-gc?ph procedures f o r  +i- , , - ' .2 a 5 r i  . 
- ---- - 

*No te  limit basin sizs tc ahaut  5 square miles, 
agd{ . z r  Tc t<3 less  than 1 ,5@ hours. 

5,9SIN ARE6 I s q u a r e  miles i 
. I ;  

Ffi i f i  iJEp(6i.LI { m l l e s  ) 

'-7 ! 
RESI  STAWCE COEFFICIEkT , Yh 

. @S4 
'2LCPE ( f ee t  :mile j 

3 a .  1 



B8.51bi AGE6 :. zauare  miles ) 
. 2: 1 

Cl - Gid pwfi LENGTtj ( p ? i  l es  ) 
t ,14 

PESISTANCE CQEFFICTENT, Xb 
. :Z48 

SLGPE i f ee t  ,imi!a t 
5s. 4 

- .  
tqter fo-  'he F j - ! 3 3 ~ ~  MCF!::Q ( j ; ~ t ! * l h u t r , ~ ~  
r p  + ,=.- L , , L - . ,  2 f ~ r  "he =.-npi;r I$CFC:D D:.strihut ion 
E n t s r  J f5.- t h e  24--hahr SCS TfPE-11 d ; s t r l b u t i c n  



IF c j l c u i a t ~ / r !  TC is .yi.;ch j.!nger. t r ;~. . ;  :n.r: , j i ; ~ a t l c ; r . i  .zf  t h e  %cat  ~r; tan . ; . r  psrt j ~ r !  

- . '  t.ke 2 ; ~ d f s  r= . ; n fa i l  .<.al:iil.,-, , .~.;nr;d..,r the S-gi..?~': o ~ . ~ c ~ ~ L ( c . ~ ~  f j r  , . _. , t k z s  f iaai i l ,  

. .  . , -. 
+ ? i ~ t e  ; ~ m l t  a3;ln size t s  ab,3ut 5 3auat-e m s i e s ,  

.- 
,zfid;ar i.3 <.=: less thari 1 .58 poi i rs ,  



....- -- - - -  
,;-:;qj.F! T ~ , ! ? L > ?  ;.-,-!,> - L-,l.. :?;:-~cs.32"*!,. ,..,.,2L,.., 55!2 

- -. - " -  " .. - -  .. - 
, ,  ,-.-; - , - - - ,  T,. -, ,,5:2c ' i?e,?= .. - . 1; .- 2 9 , , - - . -  , ..,.. L - , i:-. . ;.. - . - 1  i v., +? , - 9 .. i , .; , .:: ...-:,. : ;,a : ,  F: c-, . E, :+ , : - 

# .y Z 
7 ,> '" 7' -- - - , -. r- - , , y . , . 7 f .- -*- c r t  i j ;nc :n= .;> ?',: Y L -  . . , - j i  -- , ,,; .y , >; y! p ,z - -, fig - .  .- - - 

r>&i - i ; .S i ;  ,:!<:;L,hn z - "  > L  

;> ; 7-; 3- ; s-' , 7.. - ".. ; I-, , , + - ' ,, - 
, - >  .;,-, - - . . , - & \  :,<; 1 5  ; c !E - . .  ; .z=.: , >3 --k<.;i-;r 

- 
! ,<izr- j  7@<q[>,:T Ti: 
I.L'-, , I -  - ..- ,3{tA!+$ka 113: F [ L - . E :  !;{+FT&i,J,,qp; 

Ente r -  : f,?i- a ne; j l jb- t( :3gj l l i  2 ? T i  ?T!,~F 
1 

EMTEE THE Z !  :P-PAl; :hi R ~ ~ L L M C .  ;.id i!._ ,, , . ,?.i" 

% A !  1 
r - t , lTc -  p&..fsr ;- . .  L t *  t L!" ;,-fiL !IHfiP.&cTERIST:CS !zF THE g & j S i M :  

+piat+? i 7 .bas;r..\ 5 : z e  ts a b o u t  3 s q u a r e  miles, 
,and/.:r -, :c t c  l e s s  t h a n  1 . S I ~  haups, 

E n t e ~  I fa; t h s  S-haur MCFI~O siatrlbutlgn 
E n t e r -  2 Far the = - h o u r  McFCi; C ! L s $ r i b u t ; o n  
E c t ~ i -  3 f o r  t h q  Z ~ . - ~ , , ? U T  SCS T y ? E - I I  ,ji5tyloi-;il.?n 

1 
ENTER POIN? RAIpJFfjLL Q&PT!+ 4 DESIgED FREOlJENCY ( i n c h e s  : : 

.7 - -  .: . 8 
-. . ii 



EhiTE2 G!j$ !J TbE F r j L t i j i c f I N G  ( fsr t h e  [)A .-ec,,3rg ; :  

( !  i - F C C  a n  urban w a t e r e h e S  
i 2 )  - G - -  A ;  3. natu~ai watershed 
i 3 ; - for  rq;'riu~l ]!?put 

7 





Sii!ipF - .  - : f e e t  i e  1 
?Z. 1 

7 C ;  7 ,q7 cQC .3a *.2- :.-.-- > . > . - 1 ,  i "52;  

7 - .-, 
2 ;  2; 

fa; a n  i i r h ~ ? ?  i..ii5ter5he.d 
- far a nat{~ic-aJ. bla'ei-shed 

f . 3 ~  i q s n i ; ~  l : npiir: 

, - >cT+  - ,-,, , , , ,  :fdpUi s(jB-gfi5Ip): Sfi 14 
- ., 

Uraiirjaqe f i r - e .9~  . .3b4":Cki3nnei L e n g t h =  1 ,578 k<n= 4 ,  Sl.i;PE= ' 7 2 ,  
:$= .34 DTHETA- .35  PSIF= 5 .53 r&SHT= .35 R T I M P =  ! . 91  
E - , 7 T $ 2 i  1 r \m,-,+b 7 7 7  



onc.r f i i  aaci? 
L . :  I .  i$GiidiCbe m i i ~ 1 5 ;  

7 T; . J - r  

c i  n t . 1  o A - ? H  ! cb;(3Tk , -; 
t LA,,. , : ! ;  -L, . ,.,.;!BS j 

1 ;: - 
, " , ? ,  

3.f: l,3TANcE CQEF,C : C  IE?,!T Ljh 
$3 n :: . w .  - 

L ,I-.,; \ <-)a i C ' ? t ? ~ t : ' ~ i  l ?  ) 
7 7  i 
'i. l 

C ,-. 4 Q ;..\:Lr 1 f a r  the ,s-hour MCFCI) D ; F , . t r - i i ; i i t i a : ~  
- .  
::iqt+?? 2 f o r  t h e  ?-h.jur. MCFT;D C l s t r i bu . t ; j , on  

-- r: - A  .-. ,, 2 
L . , b d s  .- ,.=;r t h e  Zd-haur SCS TYPE-XI d;str . lb : j t ia ,? 

1 
E?!?ER O!IINT RhINFfiLL DEPTH ,q DE'SIREQ FRES!JEMCty ! inches. ) ;  

7 -1 
d . .?L 

Ep.lrE,? ,-,.- , i&iF QF FGLL!~W;NG r far- -t%p, r -eccrd >: 
{ I )  - < - -  . , : U) an ~ ~ - b a n  i l ia tershed 



K , A C T R I  ;iDCF, : .-.,. 
%:,2 . ' *  ' > V L . ,  - , *= ny i j- 62 F, : 

. 5 ,$ 
':I " 2  ppJ,q ~Ep!;l.'y;+ : : . . 
i .- -' YII 

.., <-A :: 
L" . t, ,L.' 

' i -  - Li iC\  - .--, L : .  '. , -L. .>a:.; > , - 3 2  

13 4 A . V I  .f .f 

C r  R D P  { 2 s p i  i*., 
., 25 ,  - > - - ,, , A 12 : 

.- 
.'...-Am". 1 f ,-:- 

I L -, , ,! S-.hs.;.ir MCFCD Z i 5 t ; l i ; i t ~ t  i.2: 
c-.+m,- '7 , , , :.. f,li. t h e  ?-nc:u,- ECF.C;D D L  ~ t r . 2  biJt i . 3 ~  

,- ..t ,- Enter  3 for the 24-hour  s ~ z  T Y P E - l I  i j i c . t r r b t ~ $ , i a n  

1 
EpjTER FgIhi PAlNF/+&L GEPTj+ QF fi OE j IRED .FG'EQ!-!EFd(.'{ i inches , : 

77 - . . -L 



- ~ - , .  -.. ,- Z+ ip , c , . +>  1 , , L ,  : *L: :  : P I  < - : A T ; . \ , . - - ' -  , ,._, '- ':. ,.< - - - -  . - . d ' , - .  : - , - L - -  - - - l  .,", . -, " i L , _ i -  ." .. - - - ?  .- , '  L.. 

- -  ---. --..- _ - _ ____._..__.,_,,__I,...--.~-.-. -- 

; I ; "  ' 5  - iz 7 3  T C  35 !~5 5 . ~ 5  is\? , :C "I lii3 ; Z  s;;,, . . L'U .._. _, --, 
- . -. -. - ., - .. -. 

. -> , '. .; 2.t: . v.. , _.; . ;= " .<,!> . :$k: . $4 ,2:: , Q . E Z  .!Z? ,zz , $ 2  . $ 2  - 3 2  ,g= " 82 , $ 2  ,,:pi: .$,I 
- . - - - - . - - - - . - - - - - . - - - - - - - - - - . . - . I - - - - - . - - - - -_ - - -_ -__ -_ - I -  _-.-_-___.-.__I__________.__..__ 

<p:TCCS l>i+tC DF; THE .FELLOWING for th3 IJfi ~ - . s c . 3 ~ 3  i: &. l 9 .-I i V t 2 L  

: i ! -- f3,- .:.~j-t;an ~aicrshed 
: 7 > - f.zr-. a . - .  natural watershed 
( 5 )  -, f o r  m a n u a l  input 

7 



Er.4 ;,!hlE F!ItLC:ijGiNG f, f ~r IJ,G t - - ~ c ~ > r d  ! : 

!: t i - f c r  sn u r b a n  d s t e r s h e d  
( 2 )  -. far a natural watershed 
. - \  
: . . - f o r  manual input 

INPUT FQF S U B - B A S I N :  561.7 
- - - - - - - . - - - - - . . - - - - . - - - - - - - - . - - . . - - - . - - I - - - _ . - - "  I---_----.--__--.--_1_. _ - _ _ _ _ _ ^ _ _ I _ _ _ _ _ _ _ _ _ _ _ I  __. 

Dra inage  Area-- .4E:!3 C:"erine i {-engt h =  1 . = C ; @  = .84.5. 'SLOPE= 5 '7 .4  
-34 DTHETA=  " 3 8  G'SIF= 5 . 3 1  XdSAT= . s t  R T ~ M F P  . -- 

R a ~ n f a i !  Depth = 3 . 3 2  
,?airc:'aT1 s i s t r ~ j u t i o n  i s  !$@-.y.aar, .s-Hguc 

- - --.----.----------.----.-----------.- 
~ ~ c - 1  INPUT 15 c7' 3 1 9 % L ~  "r' I N  F T i E  : C(?PTEf,d .RE+.J 

---- --- 
.- - -, - 
' 1 '  - " 2 1  ; hai ; i - s ;  ! ~ j h l j h  = 31 .8 :?llr;ut~.r -., -- I v R a  . ~ 3 1  bout-5. 

- _ I - - . - . I - - . - -  ---- ----- - - _ 
C V r < C , < q  ,-;,. <-,, , , R A I ? J F f i L !  i.j:'ti(_iEJs 1P.l 8.- M ~ N I J T E  j'f)j'TERI,;fiLS 

- - ---- 



cj ,- r ( 7.; 4 c: c-. ! 7 :- , , ,? r. r< 1 * : , . . 8 , , s , . -1 .I - -- . . . . . .- 
< 'L.~U F.:?Ti-{ !CC;i:sTn : m ; . i = ; ;  ; 

, :3 ' ' * -. :- 
C."C 'STf,p,i(-z- !-:;iz.,F T i '  ' i -p i ' '  L.C. 
* ., L -, ,. . -,l- i - .-. -1 - i, . > "' 

@g 3 

5i::!2-' x . 3  ' i'c.P,i .i r q i  12  ) 
,$;I 

~ - 







ID 
IT 0 
I0 5 
IN 15 
JD 3.32 0.01 
PC .OOO .008 
PC .087 .099 
PC .962 .972 
JD 3.30 0.50 
JD 3.25 2.80 
PC .OOD .009 
PC .087 .I00 
PC .950 -963 
JD 3.06 16.0 
PC .OOO -015 
PC .I35 -152 
PC .946 .960 
JD 2.69 90.0 
PC .ooo .021 
PC .179 .201 
PC .927 .945 
JD 1.89 500.0 
PC .OOO .024 
PC .212 .239 
PC .907 .930 
KK 

KM SUB-BASIN sa19 
BA 1.030 
LG .I80 .340 
UC .500 .272 
UA 0 3 
UA 100 
KK 

KM SUB-BASIN sa2O 
BA .610 
LG .260 -350 
UC ,467 .237 
UA 0 3 
UA 100 
KK 

KM SUB-BASIN sa21 
BA .760 
LG .290 .340 
UC .733 .469 
UA 0 3 
UA 100 
KK 

KM SUB-BASIN sa22 
BA .630 
LG .320 .330 
UC .533 .324 
UA 0 3 

UA 100 
KK 

KM SUB-BASIN sa23 
BA .330 
LG .310 .350 
UC .367 .I97 
UA 0 3 
UA 100 

CATERPILLAR TANK WASH WATERSHED 

MCUHPl OUTPUT FILE 



Enter 1 i f  6.nr f 3 r i 5 1  raiofall a v e r  the  idatersherj:  
E n t e r  ; ; P .:enter.sd r a i ~ f s l l  (HEC-1 , JD r 5 C c - d  ,: 
- 
L. 

E-iTEi.' THE SuE-GJASj'Fj NAME: 
z a 1 3  
Et?iiEP PH ' fS  ICP,L cH&,q&CTERIS T ICS OF: 865 :(hi: 

*Naie i l m i t  b a s r n  size ta about  5 square  mrlasr 
and/or T z  t o  !ess  than ! .58 haurs .  



Z-*clr- - . . .. . . . ,  
-. -- 74: i T + . C ' T ; 1  -.:le : L;. ;.T!.-+l.:. , . : j - ! , ,>c .- , , - ,  .. , - +L : .. , - . ,  . ;  .- 

! r: 7 q ,$, 7 .: " :;,3 , L; - - . V I . J? > L ,  > Y  I -.,kt 

c t , - r c H  c-, - - \ .  -.-. 
 it ' -- , , L ~ ~ L  T l t ~  g ; j i r i f . f t t i  f j j  ST?; igsTI:I!x : 

----- - - , - -  

Df?"f,+ i a ! ? ?  L , ? .  - 15 F O E  ~ J ~ - E P ; ~ ,  1 % ;  5s ;  i 9 
- .- - - - +, <--.-- -- .-- - .- - -- -- - .- - - - - .- ---- - -. -- .. ... -. 

+No te  limit b a s i n  5 . 1 ~ ~  t o  a b c u t  5 s a u a r e  m;!es, 
and:+* Tc t o  less  than 1 .5Q hours .  

$(+SIN AREA ! s q u a r e  miles : 
"57 

FcCIJ ~.ENGTH ; j-ql ies ) 
1.16 

zcc  T < ~ 4 f i j C E  !;,gEFF [CIENT , b ; ~  
V~L A 4 , I  

,a A .q . ti> -7 -r 

ScgFE i f e e t / g i i s )  
c T:i ,i ..-. - -  . 3  



*Fir:t.e L i m i t  h a s ~ n  size t o  about 5 square miles, 
a~d:or  7.2 to l e s s  than 1 .58 hoi i r s .  

B A S I N  AREA ! sauare miles ? 
, Tg 

FLCi& P A T H  LENGTH i m i  le5 ) 
; " 7  

RESISTANCE COEFFICIENT, Kh 
043 

SL.~JPE ! f e ~ , . t  /fi i ie  ) 
4,s. 9 



+Note  I l r n ~ t  hasin size t o  abou t  5 square miles, 
sndi'sr Tc t a  less t h a n  :.5@ hctut-s. 

BfiSTN SHEH ; s q u a r e  miles) 
c -7 . G .> 

FLOW PHTH LENGTH I m i  le6,  
> ,I i 
: . 71 

RESISTANCE COEFFICIENT, !i:b 
-04.5- 

SLOPE : f e e t i ' m i l e )  
-. - b'. .g 



I ";c3ici;!atr,d i l l '  is ~ . ! ~ c h  ioi.;g.nr tkc.i;-; t n s  d i i r a t  ~.or; .?f th-:  rrfost :nlrr;se p.3r.t i.=.n 
o f  t h e  exaes.5 r .a incal  l ; i a iu . j . j ,  .:or;slder i h a  $3-y reph  p r o c e d i i r ~ a  f:;r t h x 8  bas1.n. 

--.--.-- .-,-- -.-- 

*Note  l i m i t  b a s i n  sire to about 5 sguat-e r n l l e z ,  
a n d / o r  ?c t.2 1 3 s ~  t h a n  1 .5@ h o u r s .  

BASIN fiREFt squa re  mi ! e , ~ ,  i - -.. . ; 3 
FiOM PfiTH LEhrSTH iqileci j 

27 
" i s  -. 

RE3 f SThl\lC,E COECF ICIENT , !<.(ti 
$!se 

SLQPE t feetimile ! 
55.5 







ID 
IT 0 
I 0  5 
KK 

KM SUB-BASIN SAOl 
BA .740 
I N  30 
PB 4.140 
PC .OOO .005 .011 
PC .068 .071 .080 
PC .I81 .204 .235 
PC .a54 .868 .880 
PC .952 .959 -965 
LG .I50 .350 4.200 
UC .517 .370 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA02 
BA .910 
LG .I70 .350 4.160 
UC -517 .384 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA03 
BA 1.380 
LG .200 .350 4.110 
UC .417 . I98 
UA 0 3 5 
UA 100 

KK 

KM SUB-BASIN SA04 
BA .380 
LG .230 .340 4.340 
UC .350 .252 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA05 
BA .I50 
LG .210 .350 4.130 
UC -267 .202 
UA 0 3 5 
UA 100 

KK 

KM SUB-BASIN SA06 
BA .150 
LC .210 .340 4.440 
UC .267 .210 
UA 0 3 5 
UA 100 
KK 

KM SUB-BASIN SA07 
BA .I20 
LG .I50 .350 4.290 
UC .233 .I66 

UA 0 3 5 

UA 100 

zz 



d 

d ----.-an; , , P U - , ~ Q ~ C .  $ 2  .,., , , , /"!a+-.:.;cpa !l,.:.un?:d [Jn;< &;d, - :------ , P-- - , - -$ t  , , ,  . . ; . - ! .- - 
" - 5z.C: t? "if :-:q:iipea ,>,.. tqf!  :d:*,-f, i j ( - i l  t -9."..'--vapr; * , 7 . . - .  ,. : ' y '3, '" y 3  .. . , . t i -  , , < ;  t 

t ais,: pr>:.:*,;,je ?;he r a i n f a l l  p a ?  . ter-; , ,  d ; s % r : b i ; * , ; o r ; .  cL;tcjc;t i l ; r i  1 8 i<fC-.-:  'C 

s i ; - i ~ i - \ t  ?;iq f\;,- iqnir..jiake ap~p; ;,=at ;:~n. c 

~ ~ ~ i + ~ ~ C t r + ~ + ~ t ~ t t ~ % S U . Y i i Y f ~ + ~ P L ~ t t ~ ~ t . ~ ~ ~ ~ i f + s + % ~ + ~ * * + ~ ~ + ~ + ~ ~ ~ + + ~ + + ~ ~ ~ ~ ~ e ~ r & ~ ~ ~ + e +  

E n t e r  1 ; f { ~ q i  for:? r a i n i a j .  j ;er  the waici-shed: 
F - L s r  -.TI L - .' r f ;;erter..d , -ari ;fal  1 ! i iz<-. l  , LI;C Ce;_7Clrd ) :  

L 

i~h,'T~'~ THE >!jE-Efi: I N  NAME: 
C A i 7  1 
2- : x ,  7 

c i~ lscr  pg2q5~~; f i , -  ' 4 p i -  7cq- l '~  - 7,- !-. ,;c v 1 3 ;  C H h ;  .. , - :  ;: 3 s f  THE G.$i;;p~: 



Enter 1 f,>r i h p  f i -haur  fiCFC0 0 i s t r i h u t : o n  
Entey-  2 f a r  the z-hour MCFCD D r s t c i b u t l o n  
Entel- 3 f o r  the z4--hour ';CS T ' v P E - i Z  d l r t r l b ~ t r o r t  

.2 

Entsr aceal r e d u c t  ~ 3 n  cae f  f i c i e n t  : 
? 





+No$.z :irqit ba::~: s i z e  t.2 about s ~ u a r e  piie:, , 
ar?,.4 *2r .rc + :.-, 

. i l  ,,., iess than 1.50 h o u r s .  

1 = Tni t i ~ ! , ~ ~ J ~ i . f o r m ,  2 = Green-Ampt 
> .. 



c .>, !-s F ;< 
,.- . -.-,>-, , ~ ; + ~ ~ j ~ 3 ~ , - ~ ~  i jp?k)-/Es Ti!; . .  C j - . p ~ s > < l l ~ ~  i-*,., L ~ ~ $ . ~ C G I I & L , ;  C > L , , . , ,  ".. 

I f  .:a!2:kiiatec.f T C  A S  m u c k  I , ; ,qer .  :?!an t h e  d i i r a t3 .0n  ::? ,+a ? ,oa t  l q f 2 n . s e  goi-f,lob; 

o f  t f ,e  ~;~,.,:-s? i - ~ l f i f a i !  .,.ai:>,ez, < . Z R ~ : , ~ P P  t he  c s - , ~ - - m  ,+ dL;h ~~i3S:ediit-25 i . z . r  ih;s b a s i n ,  
.--..---.--.-- ---.- ---- - -- - - -- - -" ..-.--- *. - - -- --- 

E n t e r  1 t . 2 ~  a ? ~ i d  j ~ ~ - b a s : n .  ;: t e  ST()? 
I 
FTNTER T H E  $[.jE-eft; i N  p.l&,Y:E : 
,. ,. ~r:gS 

ErGTER Py,(': ICAi :~:UH~;?{;TER~$T THE gfi.5 f b j ;  



:-L$, .[~q 7 c:; ; ,r: <-, + :. !-! ;; .- ;: f\ ; ; $ .: < L, ? :- - >  ", - -, ,.. ., 1 ! 'd 2 

- 

;.!,- 5 zfiqi, :ir ec:;' ., .- 
: L I ' i h  , . , k : ~ - : - 1  OF:,: ,z;!-,{2pC+ -.'i- ' J V.' .; ', 3 . i? 

~. 
! .-$ = -> i !-%-I- $4 c 7 (; - . --. pi ; c , .. -. 
& ,  . ',,.,L . .- . -, i' " ,... .- .- . I '. .j. ;-- . $7iy,C, ? 7  7'- 

$, $ <-, f ; :-< _ . .d t r ,  ,, <. = s a : .r 
' 3 -L<,- , . A  ! " ; . - , ; F z ' !  3 ; 5 7 - - , 3 : ~ $ ~ , : ; , 7 ;  i r  r.? , ; . - .-. .- 

..L. -,.- , - A ,  : ::L.:.! /'F% L ;  



T i -  - 
8 ,  - , ., . .- ? .s ,: :i . <;j : .z 5 = 15.3 ,v+:n;rte; p = , -  i : ?  s~:~ . . - : ,  , ? - 

-. - ---- - --.I._-_----._--______I-__--_ _ _ _._. ---__ __ __ __ _ _ _  _ _ _  ._ ~ -. .- - - 
Ek::E5_ ,C+ I ~ I F A L - L ,  !~:~I-.!;E~;, If ;  ; . - p : ; i ; i [ JTE  ;r\:Tf,Z.! .,., 'Si;: 

- ._ _._--.-._--__-__.I____._._.__ - P. 18 r5 28 2,; 3@ , ;($ $5 563 5s E z  25 -,:Q '7" : .> P' ,z &/; 3i <, 2 q (2 
. - . : . ; 4 , 1.3 . ! 3 . 1 . 17 .iJz .gz , s z  . $2 -8; .!,:= ., 22 ,gr ,a: . cz 

--- .-.-- - ^ --------.---I ... -.---I _.____-__.I___.__________.I_.___ _-  







E n t e r  ? if 5ingie S a s i n ,  Z i f  multihasrn d e s i g n :  

*N.2t* ! i , ~ l t  b a s i n  s i z e  t o  a h c u t  5 square mlles, 
ai?d;ac Tc tc ies5 than ! " 5 8  hours. 

t = Initlal!Unifarm, 2 = Green-Ampt 
7 i- 

E r i t e r  I A ,  C)THET,L1., P S I F ,  Xv:'."fiT, RTItY2P t d 3 - t @ @ )  
. 1 9 , . 3 4 , 4 . 3 8 , . 3 9 , ? 5 . 6 5  

E n t 3 r  ! f c r  the  S-haur MCFCD D i s t r i b ~ t i a n  
E n t e r  2 f o r  t h e  :-hour f iCFCC D l s t , , - i ~ u t i . 2 n  
E n t e r  3 f\?r <he ZS-haur 5CS TY?E-Il d l s t r r b u t l a n  

-, 
J 

E n t e r  area! reduc t l cn  a . a c f f i c i e n t :  
.95? 
ENTER PiI INT R f i I N F $ [ - L  DEPTH ijF ,? C E S f  FREQQENC'i ( i n c h e s  ) : 

.$ 1 4  



.EI;jTE+ Q p j t  :-;F ; -HE F j 2 i ~ : ; ! ~  7 " { -  2 ; f . 2 ~  ? i;e ;:("(-a.;,zrd ) : 

< i ! - f;;r c 7 i i  ~ i r h a n  hjat~t - l j f i e f i  

i:! - f . 2 ~  a natui-g! ~ a t s r s h s d  
, J !  - .:-- , ..J, manual i n p u t  

2 

E n t e r  1 f j r  a can s t i h - b a s ~ n ?  2 t.2 $Top 
7 .. 



APPENDIX D 

STAGE, STORAGE, AND OUTFLOW RELATIONSHIPS 
AT CAP. CULVERTS 



Yc ENGINEERS, INC. 
2255 N. 44lh St. . MI. Ar .  85m8 Phan* (602) 244-2566 

SHEET / OF 2 

BY,&& DATE //-/290 

CLIENT FCDMc 
c)EQ~&L  DATE./^/ 

JOB CAP &&.< a m .  3/0,4r 

STAGE - VOL1/ItlE RELATIOEJSH/P 

Crossing CAP. Pipe Upstream Downstream Watershed 
No. Station Inv. Elev. Inv. Elev, Name 

1 561t40 72" 1508.00 1505.95 Caterpillar Tank 

2 549 t 00 30" 1513.94 1508.09 Twin Buttes 

3 538 t 25 30" 1518.99 1510.74 Twin Buttes 

4 492 + 30 4 - 72" 1500.13 1494.08 Twin Buttes 

5 480t90 30" 1515.92 1512.09 Twin Buttes 

6 459 + 30 30" 1519.13 1512.93 Twin Buttes 

DETERM/m7/onl W VOLUMES 

S u r k  M ~ A  f j n  d OP tL. 4 - ~ f  idmdm&& 

w b A / "=zm's& )Tm+pi$ +4rrae& 

A@ ti3+ W~&&wGw-L. 



% 225s ENGINEERS, N. 44th st. P~IOWNX, *I. INC. 15001 Me (602) 244.2564 

CLIENT 
c-ac -.SdC-- ~~E.A&z,L 

JOB a n o .  3b. 4z= 



CROSSING LOCATION #I 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. 

1512 

151 6 

1520 

1524 

1528 

1532 

1536 

1540 

AREA 
(ACRES) 

0.5 

2.32 

4.5 

6.61 

8.98 

13.03 

18.4 

25.94 

H 
(FEET) 

4 

4 

4 

4 

4 

4 

4 

AVG AREA VOL. 
(ACRE-FT) 

5.64 

13.64 

22.22 

31.18 

44.02 

62.86 

88.68 

TOT. AVG VOL. 
(ACRE-FT.) 

0 

5.64 

19.28 

41.5 

72.68 

11 6.7 

179.56 

268.24 

AVG. CONICAL VOL. 
(AC R E-FT) 

5.20 

13.40 

22.09 

31 -06 

43.77 

62.55 

88.25 

TOT. CONICAL VOL. 
(ACRE-fT) 

0 

5.20 

18.60 

40.68 

71.74 

11 5.51 

178.06 

266.31 



STAGE -STORAGE REUT/ON 

S ~ o R A G E  VOLUME (AC -FT) 
/$I0 

0 /oo 200 



Yc ENGINEERS, INC. 
2255 N. 44th St. Pbowwx. Ax. 15008 Phone (602) 244-2566 

CLIENT 
c m o * & % ~  DATE.- 

JOB - no. 3 / 0 4  42- 



---. 
\ 

WEE1 4 OF I t  
ENGINEERS, INC. BY 4 ~ y i  DATE , / -  r r-70 
2255 H. 44lh St. kute 220 P k o m x .  Ar. 85008 Phsno (SO21 244-2566 &* 3 - 1 3 - < ; \  

0 CLIENT F - c - D ~ / /  c 
CWECK DATE 

CHART 2 

EXAMPLE 

0.42 inches (3.5 feet )  
0 . 1 2 0  cis 

( I )  2 . 5  8.8 

Square edge with 
headral l  

tr,wve end with 

Groove end 

To use rcolr  (2)  o 
horizon toll^ l a  scot 
use slratpht incline 
D and 0 seater ,  or 
i l lustrated.  

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

BUREAU OF PUBLIC ROADS JAN 1963 
WITH INLET CONTROL 



/ FLOW LIJE ~ o L ~ C )  S Y R Z M  

E L  IS05.94s' 



STOCK POND 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. 

1496 

1500 

1504 

1508 

1512 

1516 

1520 

AREA 
(ACRES) 

0.39 

0.98 

2.02 

2.85 

3.64 

4.51 

5.33 

H 
(FEET) 

4 

4 

4 

4 

4 

4 

AVG AREA VOL. 
(ACRE-FT) 

2.74 

6.00 

9.74 

12.98 

16.30 

19.68 

TOT. AVG VOL. 
(ACRE-FT.) 

0.00 

2.74 

8.74 

18.48 

31.46 

47.76 

67.44 

AVG. CONICAL VOL. 
(ACRE-FT) 

2.65 

5.88 

9.69 

1 2.95 

16.27 

19.66 

TOT. CONICAL VOL. 
(ACRE-Fr) 

0.00 

2.65 

8.53 

18.22 

31.17 

47.44 

67.09 





STAGE -S70&4G€ REUT/ON 
Fi7R S 7 m  POND DOWNSTREAM 
OF CROSS/AfG # / 



. ENGINEERS. INC. 
1 w 2255 N. 44th St. ' PkOMI1. AZ. 15008 Phene (6021 244-2566 

CLIENT 
c m x *  DATE.- 

JOB . 5/04 4 2  

CO/tlB/NIED STORAGE VOLUME BEH'ND CAP CAN?% 



ENGINEERS, INC. 
2255 H 44th St. P h o m x .  Az. 85008 Phona (602) 244-2566 

CLIENT 
C M E C U ~  DATE* 

Joe a w .  3/ot e r  



Yc ENGINEERS, INC. 
2253 N. 44th St. P h o o n ~ x .  Az. (5008 Phone (602) 244.2566 

DATE . 
- - -- 

BY '-' * ' 

/ 

CLIENT - r ;  c m a i £ & L  D ~ ~ E . & Z L .  

--I@ - -, - r- e - 
JOB - 2)- 5 J 1 -  a m .  - J "-- 



% 2255 ENGINEERS, N. 44th St, Phoomx. Az. INC. 850011 Phone 16021 244-2566 . . 

CHECK 
CLIENT S DATE& 

JOB mn0. ?/& &= 

CUL VERT OnFLOW AT CR055/EJG / WHEN STOCK 

POND WAS COMSIDERED 

CAP CUM& 



ENGINEERS, INC. 
2255 N 4 4 t h  51. Sualm 220 Phmnsx, A x  8500.3 - Phone ( 6 0 2 )  2 4 4 . 2 5 6 6  

SHEET i 2  OF 12 - 
BY- DATE 11 1 2 ~ 4 0  

CLIENT 
CHECK DATE-+& 

JOB JOB NO. 3/'*4=2 

CHART 9 

G%--x, 
Y Slow Se- 
f 
3 

W Y E R G E O  OUTLET CUVCRT CLDIIWG CULL 
nw . n* *o-Is. 

HEAD FOR 
CONCRETE PIPE CULVERTS 

FLOWING FULL 
n = 0.0 12 



FLOW (CFS) 
400 500 



CROSSING LOCATION #2 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. (ACRES) z AVG AREA VOL. 
(ACRE-FT) 

0.00 

0.28 

1.76 

3.50 

6.78 

1 2.20 

19.50 

TOT. CONICAL VOL. 
(ACRE-FT) 

0 

0.00 

0.1 8 

1.89 

5.34 

1 1.99 

24.05 

43.40 

TOT. AVG VOL. 
(ACRE-R-.) 

0.00 

0.00 

0.28 

2.04 

5.54 

12.32 

24.52 

44.02 

AVG. CONICAL VOL. 
(ACRE-FT) 

0.00 

0.18 

1.70 

3.45 

6.65 

1 2.06 

19.35 



CAP C R o s / N G # 2 ,  m. 5 4 9 f O O  
HEC-I I.D. : QCAP 

STORAGE VOLUME [AC-FT) 
1516 

/o 20 30 40 50 60 



% ENGINEERS, INC. 
2253 N 44lh St. P h o r m x .  Ar. 15001 Phone (602) 244-25S6 

CLIENT FcDMC 
m a c Z  DATE.&, 

JOB ERP &wf&?% X)I)WO. 3/0,42- 



Yc ENGINEERS, INC. 
2255 N. 44th St. &to 220 -I. Ax. 85008 Pheno (602) 244-2566 

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

BUREAU OF PUBLIC ROADS JAN. IS63 
WITH INLET CONTROL 

{' 
JOB 2L-p - L Q o S 5 . . " C  - t J t  -)10. 3/" +L 

CHART 2 





(a- 



CROSSING LOCATION #3 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. 
AREA 

(ACRES) 

0.05 

0.29 

0.84 

1.85 

3.33 

AVG AREA VOL. 

m_ 
TOT. AVG VOL. 

(ACRE-FT.) 
AVG. CONICAL VOL. 

(ACRE-FT) 
TOT. CONICAL VOL. 

(AC R E-FT) 

0.00 

0.61 

2.78 

8.03 

18.24 



CAP CRO5S/NG 3 , STA. 538+25 
HEC-I LX? : PUP 

STAGE - STORAGE R&LAT/ON 

- 

STORAGE VOLUME {AC-FT) 
15 
0 / O  20 



ENGINEERS, INC. 
2255 N. 44th St. W x .  Ax. B5001 Pheno (602) 244-2S(M 

JOB -NO. 3 / 0 # 4 z  



% 2255 ENGINEERS, N. 44th SL we 220 Phom.. *z. INC. 85W8 . hen. (602) 244-2566 

CLIENT 

JOB !: kf - c / p S 2 L N *  A 3 '3!d. QZ- 

CHART 2 

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

BUREAU OF RIBLlC ROADS JAW 1963 
WITH INLET CONTROL 
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CROSSING LOCATION #4 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

- 

ELEV. 

1504 

1508 

1512 

1516 

1520 

1524 

1528 

1532 

1536 

1540 

AREA 
(ACRES) 

0.21 

1.09 

2.43 

3.46 

4.94 

10.14 

17.91 

27.49 

38.1 3 

48.52 

AVG AREA VOL. 
(ACR E-FTI 

TOT. CONICAL VOL. 
(ACR E-FT) 

TOT. AVG VOL. 
(ACRE-FT.) 

0 

2.60 

9.64 

21.42 

38.22 

68.38 

124.48 

21 5.28 

346.52 

51 9.82 

AVG. CONICAL VOL. 
(ACRE-FQ 

2.37 

6.86 

1 1.72 

16.71 

29.54 

55.37 

90.12 

130.66 

172.88 



CAP CROSING #4,  STA. 492+30 
HECd/ LD. : CCAp 

STAGE - SORAGE TIOM 



Yc ENGINEERS, INC. 
2255 N. 44th St. Phomx. AI. 85008 . h o n e  (6021 244-2566 

I r .  ~ATE/ / - tz -90  

CLIENT ?cDMC 
c m a c s  Do*rE,&> 

JOB om J[LW.?%~ -no. 3 / 0 * 4 z  



CLIENT 

JOB 

ENGINEERS, INC. 
2255 N. 44th St. Sudo 220 W x .  Az. 85WI  Phsno (602) 214-2566 



EL Top M ~ L J L  1502.l43 



/$3S 
CULVERT OMFLOW A T  CROSING #4 



CROSSING LOCATION #5 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. (ACRES) 7 AVG AREA VOL. 
(ACRE-FT) 

TOT. AVG VOL. 
(ACRE-FT.) 

0.00 

0.82 

4.88 

21.48 

63.32 

136.70 

AVG. CONICAL VOL. 
(ACRE-FT) 

TOT. CONICAL VOL. 
(ACRE-- 



I S O R A G E  VOLUME CAC-FT) 



WEET 3 OF ,r 
ENGINEERS, INC. 
2251  N 44th St. P h w w x .  Ax. 85008 Phsna (602) 244-2566 

DA~E-Q 

CLIENT ?cDMc 
c c r a c z  D*,.2&&L 

JOB /,'nP h r L &  a m .  3 / ~  4 z  

ESTMATiWN OF OUTFLOW AT CRMS/N(; *5 



7 7 

WEET 40 FL~ 

ENGINEERS, INC. H E- DATE f - I  L + ~  
2255 lC 44th SL kule 220 . -1. At .  15008 Phene (602) 244-25M 

FCD M c r n a c L E k -  o ~ ~ ~ . p / q l ~  
JOB e~rp - C ~ o s j , A f ~  ~5 mm. 3 1 d .  4' 

CHART 2 

0 HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

BUREAU OF WBLIC ROADS I963 
WITH INLET CONTROL 







CROSSING LOCATION #6 
VOLUME DETERMINATION BASED UPON MEASURED SURFACE AREA 

ELEV. 

1524 

1528 

1532 

1536 

1540 

AREA 
(ACRES) 

0.06 

0.37 

1.56 

4.05 

6.39 

AVG AREA VOL. 
(ACRE-FT) 

TOT. AVG VOL. 
(ACRE-FT.) 

AVG. CONICAL VOL. 
(ACRE-- 

0.77 

3.59 

10.83 

20.70 

TOT. CONICAL VOL. 
(ACRE- fT) 

0.00 

0.77 

4.36 

15.19 

35.89 



CAP CROSS/M #6 , STA. 459+30 
HEC-I zD. : GCAP 



YC ENGINEERS, INC. 
2255 N. 44th St. P h m m x .  A;. 15041 Pnene 1802) 241-2566 . . 

CLIENT FcDMC 
c"EcR5;i,K D * , 6 / 4 / ,  

JOB JmW. 3/0* 4 z  



'7 -. 

SHEET 4 OF 5 
ENGINEERS, INC. BY H E.. D,, 1 ,  -4. 
225s N. 44th S t  kite 220 ph0.nix. Ar. 15W8 Phone(602) 244-1566 

CLIENT 

JOB 

F c  4-7 c CHECK DATE 

e~rp - c ross , rJG a 6 am. 3 1 3 ,  4 2  

CHART 2 

- 180 - 10,000 

- 168 
- - 8,000 EXAMPLE ( 1  ) (2) (3) - - 156 0.42 inches (3.5 feet )  - 6. 
- 6,000 

0.120 c i s  - 6. 
- 144 - 5,000 - 5. 

- 96 

- 84 

- 72 

- 1.0 - 1.0 

Grooia end 

- .7 

- 21 
- .6 - .6 - .6 - 18 

- I5 
.5 - .5 

0 HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

BUREAU Of FWBLIC ROADS JAN. 1963 
WITH INLET CONTROL 



STAGE-D/SCHARGE RELATIONSHIP 
FOR 30-/NCH RCP 







CROSSING 







SCALE 1" = 200' 



APPENDIX E 

CROSS SECTIONS USED FOR NORMAL DEPTH ROUTING 



% ENGINEERS, INC. 
2255 N. 44th f I. Phmnir. A*. @SO08 Phane (602) 241-2566 

CHECK DATE 
CLIENT 

X -  Sect'lon JOB DS R e a c h ( - A r c a  Z a r m .  31014 2.. 



Yc ENGINEERS, INC. 
2255 N. 44th St. Phomix.  A1.15001 Phene (602) 244-25S6 

CLIENT 

X - S e c i - i ~ n  JOB , 01; R e a c h l A r c a ~  



f W l H  BUTTES V&SIt 
C~oss-sect ion 28588 ,888 

9,2& 9 A7 9 .&;9 9 3 8  i.B,12 1.8 .3:4 
Distance +s I@@@ 



TWIN WPTES lil&T;Xt 





C~ass-sect fsn l w ~ B 8 H  + @#B 

1.B , f .3 38.51 
Distance .x 1888 



TIJXN BUTTES V&SIt 



C~sss-scct ian 18588,888 
D j < f t : ~ / r 4 6 - f  A / 7 

c,sc- L L d  

9.14 9,39 
Distance fB@@ 



TUXN BUTTES UQSH 
C~oss-sect ion 25118. 

3 , . ? f i / d f l ~ - ~ ,  5r:i3 - A R ~  
/ R  

U S E  /'I To 



&ass-sect fan 2586, 868 
'!r - $2 706 





9.94- $8.63 
Distance .x lB@B 





U I-I I TE PEA If UEt SI-t 
C~asa-sect ion J%BB@ +@BE1 



UI-1 I TE PER If VAf 1.1 
C ~ o s s s e c t  ion ZISftB .888 

--F 7 i d  ) ' 3 ,  4;- ; 



GATEXIPXLLlxR PANIt UAS1.t 
Crags-sect ion 21888.888 

I  1 1 1 1  I I I I  1 1 1 1  I  I I  I  1 1  1 1  I I I I  1 1 1 1  I I I I  





CBTERP I LLAR f AHIt lilAS1.t 
C~osswsect ion 11388.1488 

9 #. 74. 9,9& 4.8,17 
Distance 1988 



Cross-sect ion 7588, BB8 



APPENDIX F 

HEC-1 OUTPUT 
FOR TWIN BUlTES WASH WATERSHED 



* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1981 * 
t REVISED 02 AUG 88 * 
* * 
* RUN DATE 05/07/1991 TIME 07:57:33 * 
* * 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLCGIC ENGINEERING CENTER * 

609 SECOND STREET * 
* DAVIS, CALIFORNIA 95616 * 
* (916) 551-1748 * 
* * 
....................................... 

X X XXXXXXX 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 X XXXXXXX xxxxx XXX 

THIS  PROCRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73)) HEC~GS, HECIDB, AND HEClKU. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE DEF IN IT ION OF -AMSKK- ON RM-CARD UAS CHANGED U ITH  REVISIONS DATED 28 SEP 81. THIS  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

1 HEC-1 INPUT PAGE 1 

L I N E  ID.. ..... 1.......2.......3. ...... 4.......5.......6.. ..... 7.......8.......9......10 
I D  CAP OVERCHUTES TWIN BUTTES UASH WATERSHED CAPUESTR.DAT 
I D  6 HOUR STORM - MCUHPl USED - 3.32" RAINFALL (100)- R e v i s e d  inverts 8 r a i n f a l l  

I D  BY AGK ENGINEERS, INC. REVISED MAY, 1991 NORMAL DEPTH ROUTING 
*DIAGRAM 
I T  5 72 
1 0  5 
I N  15 
JD 3.32 0.01 
PC .OOO .OM .016 .025 .033 .041 .050 .058 .066 .074 
PC .087 -099 .I18 .138 .216 .377 .834 .911 .931 .950 
PC .962 .972 .983 .991 1.000 
JD 3.30 0.50 
JD 3.25 2.80 
PC .OOO .009 .016 .025 -034 .042 .051 .059 .067 .076 
PC .087 .I00 .I20 .I63 .252 .451 .694 .837 .900 .938 
PC .950 .963 .975 .988 1.000 
JD 3.06 16.0 
PC .OOO .015 .020 .030 .048 .063 .076 .OW .lo5 .I19 
PC .135 .I52 .I75 .222 .304 .472 .670 .796 .a68 .912 
PC .946 .960 .973 ,987 1 .OOO 

20 KK SAOl 
21 KM SUB-AREA I - CONCENTRATION AT POINT A 
22 BA .740 
23 LG .150 .350 4.200 .420 35.000 
24 UC .467 .331 
25 U A 0 3 5 8 12 20 43 75 90 % 
26 UA 100 



L I N E  

KK ATOB 
KM ROUTE SAOl  FLOV FROM POINT A TO POINT B 
RS 6 F L W  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 

KK SAO2 
KM SUB-AREA 2 - CONCENTRATION AT POINT B 
BA .910 
LG .I70 .350 4.160 .450 27.090 
UC -467 -343 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK B 
KM COMBINE F L W S  ATOB AND SAO2 
HC 2 

KK BTOC 
KM ROUTE "B" F L W  FROM POINT B TO POINT C 
RS 3 FLOV 0 
RC .041 .041 .041 4760. -0168 
RX 0 70 140 160 230 300 360 420 
RY 1548 1544 1540 1519 1519 1540 1540 1540 

HEC-1 INPUT 

KK SA03 
KM SUB-AREA 3 - CONCENTRATION AT POINT C 
BA 1.380 
LG .200 .350 4.110 .510 21.470 
UC .400 .I89 
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK C 

KM COMBINE F L U 6  BTOC AND SA03 
HC 2 

KK CCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 4 - CAP CANAL 
RS 1 STOR 0 
SP 0 248 800 1600 2160 2500 2900 3200 
SE 1500 1503 1506 1512 1518 1524 1530 15% 
SV 0 2.37 9.23 20.95 37.67 122.58 212.7 516.24 
SE 1500 1508 1512 1516 1520 1528 1532 1540 

KK CTOO 
KM ROUTE CCAP F L W  FROM DISCHARGE TO POINT D 
RS 5 F L W  0 
RC .036 .036 .OM 7120. .OW8 
RX 9750 9860 9940 9970 10080 10140 10290 10410 
RY 1465 1457 1452 1443.5 1448 1461 1460 1465 

KK S A l l  
KM SUB-AREA 11 - CONCENTRATION AT POINT D 
BA .290 
LC -350 .350 3.680 .960 1.500 
UC .717 .658 
UA 0 3 5 8 12 20 43 75 90 % 
UA 100 

PAGE 2 



L I N E  

KK D 
KM CWBINE FLOUS CTOO AND SA11 
HC 2 > 1 

/'- 

KK DTOE 
KM ROUTE D FLOU FROn POINT D TO POINT E 
RS 1 FLOU 0 
RC . ~ o  . ~ o  .wo 1380 .oon 
RX 9770 9875 9930 9980'- '40430 10470 10480 10490 
RY 1445 1436 1440 1428.5 1430 1440 1440 1440 

KK S A M  
KM SUB-AREA 06 - CONCENTRATION AT POINT Q 
BA .150 
LG .210 .340 4.440 .450 11.220 
UC .I83 -139 
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

HEC-1 INPUT PAGE 3 

KK QCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 2 - CAP CANAL 

RS 1 STOR 0 
SQ o 7.5 22 52 n 90 103 115 
SE 1513.9 1515.2 1516.4 1520.2 1524.2 1528.2 1532.2 1540 
SV 0 0.1 .18 1.89 5.34 11.99 24.05 43.4 
SE 1513.9 1517.8 1520 1524 1528 1532 1536 1540 

KK QTOE 

KU ROUTE PCAP FLOU F R W  DISCHARGE THROUGH SA13 TO POINT El3 
RS 5 FLOU 0 
RC .040 .040 .040 7500 .0133 
RX 9830 9850 9900 9940 9960 10020 10090 10270 
RY 1476 1470 1456 1438 1438 1442 1450 1456 

KK SA13 
KM SUB-AREA 13 - CONCENTRATION AT POINT El3 
BA .220 
LG .350 .350 3.890 .660 2.870 
UC .567 .618 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK El3 
KM COMBINE FLOWS QTOE AND SA13 
HC 2 

KK SA07 
KM SUB-AREA 7 - CONCENTRATION AT POINT P 

BA .120 
LG .I50 .350 4.290 .440 14.770 
UC .I67 .I14 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK PCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 3 - CAP CANAL 

RS 1 STOR 0 
SP 0 7.5 22 45 71 93 110 
sE 15191520.25 1521.5 1524 1529 1534 1540 
SV 0 .61 2.78 8.03 18.24 
SE 1519 1528 1532 1536 1540 



LINE 

KK PTOE 
KM ROUTE PCAP FLOU FROn DISCHARGE THROUGH SAlZ TO POINT El2 
RS 6 FLOU 0 
RC .040 .M0 .040 9000 .Ol11 
RX 9930 9940 9950 9960 9975 10130 10390 10450 
RY 1461 1455 1445 1437 1436 1443 1445 1455 

HEC-1 INWT 

ID.. ..... I... .... 2.......3.......4.......5.......6.......7.......8 ....... 9......10 

KK S A l Z  
KM SUB-AREA 12 - CONCENTRATION AT POINT El2 
BA .500 
LG .320 .350 4.000 .630 3.900 
UC .650 .521 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK El2 
KM COMBINE FLOUS PTOE AND SA12 
HC 2 

KK E 
KM COnBINE FLOU DTOE, E13, AND El2 
HC 3 

KK ETOJ 
KM ROUTE E FLOW FROM POINT E THROUGH SUB-AREA 14 TO POINT J14 
RS 4 FLOU 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 514 
BA .340 
LG .340 -350 3.630 .%0 1.910 
UC .717 .780 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK 514 
KM COMBINE FLOW ETOJ AND SA14 
HC 2 

KK S A M  
KM SUB-AREA 4 - COWCENTRATION AT POINT F 
BA .380 
LG .230 .340 4.340 .460 21.550 
UC .267 .I86 
UA 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK FCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 5 - CAP CANAL 
RS 1 STOR 0 
SQ 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 INWT 

PAGE 4 

PAGE 5 



L I N E  

KK FTOI  
KH ROUTE FCAP FLOU FROM DISCHARGE THROUGH SUB-AREA 9 TO POINT 19 
RS 5 FLOU 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 

KK S A W  
KM SUB-AREA 9 - CONCENTRATION AT POINT I9 
BA .310 
LG .300 -320 4.960 -400 4.240 
UC .583 -531 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK I9 
KU COMBINE FLOUS FTOI AND S A W  
HC 2 

KK SA05 
KU SUB-AREA 5 - CONCENTRATION AT POINT G 
BA .I50 
LG .210 .350 4.130 .480 22.720 
UC .I83 -133 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK GCAP 
KH STORAGE-DISCHARGE ROUTING AT CROSSING NO. 6 - CAP CANAL 
RS 1 STOR 0 
SQ 0 7.5 22 45 71 93 110 
SE 15191520.25 1521.5 1524 1529 1534 1540 
SV 0 .77 4.36 15.19 35.89 
SE 1519 1528 1532 1536 1540 

KK GTOH 
KH ROUTE GCAP FLOU FROM DISCHARGE THRWGH SUB-AREA 8 TO POINT H 

RS 3 FLOU 0 
RC .035 .035 .035 3760 .016 
RX 9840 9910 9980 10000 10020 10030 10320 10700 
RY 1493 1494 1490 1483 1483 1490 1492 1498 

KK SA08 
KH SUB-AREA 8 - COWCENTRATION AT POINT H 

BA .I30 
LG .290 .340 4.410 .530 8.090 
UC .317 .251 
UA 0 3 5 8 12 20 43 75 90 % 
UA 100 

HEC-1 INPUT PAGE 6 

KK H 
KH C W B l  NE FLOVS GTOH AND SA08 

HC 2 

KK HTOI 

KU ROUTE H FLOU F R W  POINT H TO POINT I 
RS 2 FLOU 0 
RC .035 .035 .035 2380 .0084 
RX 9310 9630 9670 9790 9830 9910 10010 10150 
RY 1484 1477 1483 1477 1478 1485 1471 1486 



KM COMBINE FLWS I 9  AND HTOI  AT POINT I 
HC 2 

KK ITOJ 
KM ROUTE I FLOU FROM POINT I THROUGH SUB-AREA 10 TO POINT J10 
RS 5 FLOU 0 
RC .040 .040 .040 7000 .0107 
RX 9800 9830 9970 9980 1OODO 10010 10110 10160 
RY 1395 1383 1383 1380 1381 1384 1387 1399 

KK S A l O  
KM SUB-AREA 10 - CONCENTRATION AT POINT J10 
BA .620 
LG .340 -350 3.850 .750 2.060 
UC -917 .979 
UA 0 3 5 8 12 20 43 75 
UA 100 

KK J10 
KM COMBINE FLOUS ITOJ AND SAlO 
HC 2 

KK J 
KM COMBINE FLOWS J14 AND J10 AT POINT J 
HC 2 

KK JTOK 
KM ROUTE FLOU FROM POINT J THROUGH SUB-AREA 15 TO POINT K 
RS 1 FLOU 0 
RC .040 .040 -040 1880 .0027 
RX 9420 9830 9900 10000 10030 10050 10410 10450 
RY 1378 1376 1360 1355 1355 1361 1363 1372 

KK SA15 
KM SUB-AREA 15 - CONCENTRATION AT POINT K 
BA .640 
LG .310 .340 4.230 .600 1.370 
UC .700 .5?7 
U A 0 3 5 8 12 20 43 75 
UA 100 

HEC-1 INPUT 

96 

PAGE 7 

.10 LINE 

KK K 
KM COMBINE FLOUS FROM JTOK AND SA15 AT POINT K 
HC 2 

KK KTOL 
KH ROUTE K FLOVS FROM POINT K THROUGH SUB-AREA 16 TO POINT L 
RS 3 FLW 0 
RC .035 .035 .035 5000 .006 
RX 9760 9770 9960 9990 10020 10150 10200 10300 
RY 1350 1340 1341 1335 1335 1350 1350 1350 

KK SA16 
KM SUB-AREA 16 - CONCENTRATION AT POINT L 
BA .700 
LC .310 .330 4.500 .640 .830 
UC .700 .488 
U A 0 3 5 8 12 20 43 75 
UA 100 

KK L 
KM COMBINE FLOVS KTOL AND SA16 AT POINT L 



INPUT 

L I N E  

NO. 

L I N E  

KK LTOM 
KM ROUTE L FLOU FROM POINT L THROUGH SUB-AREA 17 TO POINT M AT BEARDSLY CANAL 
RS 1 FLOU 0 
RC .040 .040 .WO 2000 .005 
RX 9340 9530 9750 9820 9970 9980 10000 10070 
RY 1335 1328 1328 1320 1320 1316 1315 13% 

KK SA17 
KM SUB-AREA 17 - CONCENTRATION AT POINT M 
BA .460 
LG .340 .300 5.310 .510 .760 
UC .517 .331 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK M 
KM COMBINE FLOUS LTOM AND SA17 
HC 2 

KK MTON 
KM ROUTE M FLOUS THROUGH SUB-AREA 18 TO AGUA F R I A  RIVER AT POINT N 

RS 7 FLOU 0 
RC .OM .036 .OM 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 

309 KK SAl8 
310 KM SUB-AREA 18 - CONCENTRATION AT POINT N 
31 1 BA .730 
312 LG .350 .290 3.870 .380 .040 
313 UC .717 .515 
314 U A 0 3 5 8 12 20 43 75 90 % 
315 UA 100 

316 KK N 
317 KM COMBINE FLOUS MTON AND SAT8 AT POINT N (AGUA F R I A  RIVER CONFLUENCE) 

318 HC 2 
319 ZZ 

SCHEMATIC DIAGRAM OF STREAU NETWORK 

(V) ROUTING ( - - -> )  DIVERSION OR PUMP FLOU 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOU 

SAOl 
v 
v 

ATOB 

PAGE 8 

B............ 
v 
v 

BTOC 



C............ 
v 
v 

CC AP 
v 
v 

CTOD 

S A l l  

D.. . . . . . . . . . .  
v 
v 

DTOE 

SA06 
v 
v 

QCAP 
v 
v 

Q T M  

SA07 
v 
v 

PCAP 
v 
v 

PTOE 

E........................ 
v 
v 

ETOJ 



FCAP 
v 
v 

FTOI 

SA05 
v 
v 

GC AP 
v 
v 

GTOH 

H............ 
v 
v 

HTOI 

I............ 
v 
v 

I TOJ 

SAlO 

J............ 
v 
v 

JTOK 

K.. . . . . . . . . . .  
v 
v 

KTOL 

L.. . . . . . . . . . .  
v 
v 

LTOM 



3 0 0  M............ 
v 
v 

3 0 3  MTON 

316 N............ 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1 9 8 1  * 
* REVISED 0 2  AUG 88 * 
* * 
* RUN DATE 05/07 /1991 TIME 07:57:33 * 
* * 
......................................... 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET * 

DAVIS, CALIFORNIA 95616 * 
* (916) 5 5 1 - 1 7 4 8  * 
* * 
....................................... 

CAP OVERCHUTES T U l N  BUTTES UASH UATERSHED CAPUESTR.DAT 
6 HOUR STORM - MCUHPl USED - 3.32" RAINFALL (100)- R e v i s e d  inverts 8 r a i n f a l l  
BY AGK ENGINEERS, INC. REVISED MAY, 1 9 9 1  NORMAL DEPTH ROUTING 

5 I 0  OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

1 DATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NQ 72 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDT IME 0 5 5 5  ENDING TIME 
ICENT 19 CENTURY BARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 5.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA S N A R E  M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
F L W  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 .O1 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo . 00 .oo . 0 0  . 00 .oo .oo 
.oo . 0 0  .oo .oo .oo .oo .oo .oo 



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

PRECIPITATION PATTERN 
. 00 . 00 -00 .oo . 00 .oo -00 
-00 .oo . 00 -00 . 00 .oo .oo 
.oo .oo -00 . 00 -00 . 00 .oo 
-00 . 00 .oo .01 .01 .01 .01 
-03 -03 -05 .05 -05 .15 .15 
.03 .01 .01 -01 .01 .01 .01 
.oo .oo . 00 . 00 .oo .oo . 00 
. 00 

INDEX STORM NO. 3 
STRM 3.25 PRECIPITATION DEPTH 

TRDA 2.80 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
-00 .oo . 00 . 00 .oo . 00 .oo 
-00 .oo . 00 .oo -00 . 00 . 00 
. 00 . 00 -00 . 00 . 00 . 00 .oo 
.oo .oo .oo .O1 .O1 .O1 .O1 
.03 -03 -07 .07 .07 .08 -08 
.05 .02 .02 -02 .01 .01 .01 
-00 .oo . 00 . 00 .oo .oo .oo 
.oo 

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

PRECIPITATION PATTERN 

.O1 -01 -00 .oo . 00 . 00 .00 

.O1 .01 . 00 .01 .oo . 00 . 00 

. 00 . 00 .01 .oo .oo . 00 -00 

.01 .01 .01 .O1 .O1 .O1 .02 
-03 .03 .06 .06 .06 .07 .07 
.04 .02 .02 .02 .01 .01 .01 
.oo .oo .oo . 00 -00 .oo .oo 
. 00 

RUNOFF SUCWURY 

FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  S N A R E  MILES 

PEAK TIME OF AVERAGE FLOW FOR M A X I M  PERIOD 

OPERAT I ON STAT I ON FLOW PEAK 
+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SAOl 1176. 4.33 164. 164. 164. 

ROUTED TO 
+ ATOB 1058. 4.58 158. 158. 158. 

BAS I N  
AREA 

MAxImfn T r m  OF 
STAGE MAX STAGE 

HYDROGRAPH AT 
+ SAO2 1292. 4.33 181. 181. 181. 



2 COMBINED AT 

ROUTED TO 

B 

BTOC 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA03 

C 

CCAP 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

S A l  1 

D 

D T M  

HYDROGRAPH AT 

ROUTED TO 

SA06 

QCAP 

ROUTED TO 

QTOE 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

SA13 

E l 3  

S A 0 7  

PCAP 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 



3 COMBINED AT 

ROUTED TO 

E 

ETOJ 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

SA14 

5 1 4  

SA04 

FCAP 

ROUTED TO 
FTOI  

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

SA09 

I9 

SA05 

GCAP 

ROUTED TO 
GTOH 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA08 

H 

HTOI 

2 COMBINED AT 

ROUTED TO 

I 

I T O J  

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

S A l O  

J 1 0  

J 



ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

JTOK 

SA15 

K 

KTOL 

SA16 

L 

LTOM 

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





* FLOOD HYDROGRAPH PACKAGE (HEC- 1 )  * 
* FEBRUARY 1981 * 
* REVISED 0 2  AUG 88 * 
* * 
* RUN DATE 05/07 /1991 TIME 07:58:57 * 
* * 

************************************w* 

* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 5 5 1 - 1 7 4 8  * 
* * 

X X XXXXXXX 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 X xxxxxxx XXXXX XXX 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROn THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD UAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOU SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

I D  CAP OVERCHUTES T U I N  BUTTES UASH WATERSHED CAPU24.DAT 
I D  2 4  HOUR STORM -MCUHPl USED - 4.14" RAINFALL (100)-Tc&R revised above CAP only 
I D  BY AGK ENGINEERS, INC. REVISED M Y ,  1 9 9 1  NORMAL DEPTH ROUTING 
*DIAGRAM 
I T  5 2 8 8  
1 0  5 

SAO 1 
SUB-AREA 1 - CONCENTRATION AT POINT A 

.740 
30 

4.140 
.OOO .005 .011 .016 .022 .028 .035 .041 .048 .056 
.068 .071 .080 . 0 8 9  .098 .I09 . I 2 0  -133 - 1 4 7  -163 
.181 . 2 0 4  .235 .283 .663 .735 .772 .799 .820 .838 
.854  .a68 .880 .891  .902 .912 .921 .929 .937 .%5 
.952 , 9 5 9  .965 .972 .978 .984 .989 .995 1.000 
. I 5 0  .350 4.200 .420 35.000 
. 5 1 7  .370 

0 3 5 8 1 2  2 0  4 3  75 90 % 
1 0 0  

KK AT06 
KM ROUTE SAOl FLOU FROM P O I N T A  TO P O I N T B  
RS 6 FLOU 0 
RC .035 .035 - 0 3 5  8440. .01M 
RX 0 1 0 0  2 0 0  300 330 3 3 2  380 4 0 0  
RY 1 6 4 0  1630 1 6 2 0  1 6 1 5  1 6 1 9  1 6 2 0  1 6 4 0  1 6 5 0  



L I N E  

KK SA02 
KM SUB-AREA 2 - CONCENTRATION AT POINT B 
BA .910 
LG .170 -350 4.160 .450 27.090 
UC -517 .384 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK B 
KM COMBINE F L W S  ATOB AND SA02 
HC 2 

KK BTOC 
KM ROUTE "B1' FLOU FROM POINT B TO POINT C 
RS 3 F L W  0 
RC .041 .041 .041 4760. .0168 
RX 0 70 140 160 230 300 360 420 
RY 1548 1544 1540 1519 1519 1540 1540 1540 

KK SA03 
KM SUB-AREA 3 - CONCENTRATION AT POINT C 
BA 1.380 
LG .200 .350 4.110 .510 21.470 
UC -417 -198 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

HEC-1 INPUT 

KK C 
KM COMBINE F L W S  BTOC AND SA03 
HC 2 

KK CCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 4 - CAP CANAL 
RS 1 STOR 0 
SQ 0 248 800 1600 2160 2500 2900 3200 
SE 1500 1503 1506 1512 1518 1524 1530 1536 
SV 0 2.37 9.23 20.95 37.67 122.58 212.7 516.24 
SE 1500 1508 1512 1516 1520 1528 1532 1540 

KK C T W  
KM ROUTE CCAP FLOU FROM DISCHARGE TO W I N 1  D 
RS 5 F L W  0 
RC .OM .OM .OM 7120. .0098 
RX 9750 9860 9940 9970 10080 10140 10290 10410 
RY 1465 1457 1452 1443.5 1448 1461 1460 1465 

KK SAll 
KM SUB-AREA 1 1  - CONCENTRATION AT POINT D 
BA .290 
LG .350 .350 3.680 .960 1.500 
UC .717 .658 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK D 

KH COMBINE FLOUS C T W  AND SAll 
HC 2 

KK DTOE 

KM ROUTE D F L W  FROM POINT D TO POINT E 

RS 1 FLOW 0 

PAGE 2 



L I N E  

KK S A M  
KM SUB-AREA 06 - CONCENTRATION AT POINT Q 
BA -150 
LG .210 .340 4.440 .450 11.220 
UC .267 .210 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK QCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 2 - CAP CANAL 
RS 1 STOR 0 
SQ 0 7.5 22 52 72 90 103 115 
SE 1513.9 1515.2 1516.4 1520.2 1524.2 1528.2 1532.2 1540 
SV 0 0.1 .18 1.89 5.34 11.99 24.05 43.4 
SE 1513.91517.8 1520 1524 1528 1532 1536 1540 

HEC-1 I N W T  

KK QTOE 
KM ROUTE QCAP F L W  FROCI DISCHARGE THRWGH SA13 TO POINT El3 
RS 5 F L W  0 
RC .040 .040 .040 7500 .0133 
RX 9830 9850 9900 9940 9960 10020 10090 10270 
RY 1476 1470 1456 1438 1438 1442 1450 1456 

KK SA13 
KM SUB-AREA 13 - CONCENTRATION AT POINT El3 
BA .220 
LG .350 .350 3.890 .660 2.870 
UC .567 .618 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK El3 
KM COMBINE F L W S  QTOE AND SA13 
HC 2 

KK SA07 
KM SUB-AREA 7 - CONCENTRATION AT POINT P 
BA .I20 
LC .I50 .350 4.290 .440 14.770 
UC .233 .I66 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK PCAP 
KM STORAGE-DISCHARGE ROUTING AT CROSSING NO. 3 - CAP CANAL 
RS 1 STOR 0 
SQ 0 7.5 22 45 71 93 110 
SE 1519 1520.25 1521.5 1524 1529 1534 1540 
SV 0 .61 2.78 8.03 18.24 
SE 1519 1528 1532 1536 1540 

KK PTOE 
KM ROUTE PCAP FLOW FROM DISCHARGE THROUGH SA12 TO POINT El2 
RS 6 F L W  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 
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LINE 

KK SA12 
KM SUB-AREA 12 - CONCENTRATION AT POINT El2 
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 

KK El2 
KM COMBINE FLWS PTOE AND SA12 
HC 2 

KK E 
KM COMBINE FLW DTOE, E13, AND El2 
HC 3 

KK ETOJ 
KM ROUTE E FLW FROM POINT E THROUGH SUB-AREA 14 TO POINT J14 
RS 4 FLOU 0 
RC .035 .035 .035 6060 .0091 
RX 9850 9930 9960 9980 10000 10020 10300 10380 
RY 1399 1390 1391 1386 13871389.5 1393 1397 

KK SA14 
KM SUB-AREA 14 - CONCENTRATION AT POINT 514 
BA .340 
LG .340 .350 3.630 .950 1.910 
UC .717 .780 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK J14 
KM COMBINE FLOUS ETOJ AND SA14 
HC 2 

KK SA04 
KM SUB-AREA 4 - CONCENTRATION AT POINT F 
BA .380 
LG .230 -340 4.340 .460 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 
SP 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 

KK FTOI 
KM ROUTE FCAP FLOU FROM DISCHARGE THROUGH SUB-AREA 9 TO POINT I 9  
RS 5 FLW 0 
RC .035 .035 .035 7620 .0105 
RX 9750 9830 9880 9980 10000 10080 10160 10240 
RY 1457 1454 1457 1438 1439 1458 1444 1478 

HEC-1 INPUT 

PAGE 4 
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L I N E  

KK S A W  
KM SUB-AREA 9 - CONCENTRATION AT POINT I9 
BA .310 
LG .300 .320 4.960 .400 4.240 
UC -583 .531 
UA 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK I9 
KM COMBINE FLOUS FTOl  AND S A W  
HC 2 

KK SA05 
KM SUB-AREA 5 - CONCENTRATION AT POINT G 
BA .I50 
LG .210 .350 4.130 .480 22.720 
UC .267 .202 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK GCAP 
KH STORAGE-DISCHARGE ROUTING AT CROSSING NO. 6 - CAP CANAL 
RS 1 STOR 0 
SP 0 7.5 22 45 71 93 110 
SE 15191520.25 1521.5 1524 1529 1534 1540 
SV 0 .77 4.36 15.19 35.89 
SE 1519 1528 1532 1536 1540 

KK GTOH 
KM ROUTE GCAP FLOU FROM DISCHARGE THROUGH SUB-AREA 8 TO POINT H 

RS 3 FLOW 0 
RC .035 .035 .035 3760 .016 
RX 9840 9910 9980 10000 10020 10030 10320 10700 
RY 1493 1494 1490 1483 1483 1490 1492 1498 

KK SA08 
KM SUB-AREA 8 - CONCENTRATION AT POINT H 
8A .130 
LG .290 .340 4.410 .530 8.090 
UC .317 .251 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK H 

KM COMBINE FLOUS GTOH AN0 SA08 

HC 2 

KK HTOl 
KM ROUTE H FLOU FROM POINT H TO POINT I 
RS 2 FLOU 0 
RC .035 .035 ,035 2380 .0084 
RX 9310 9630 9670 9790 9830 9910 10010 10150 
RY 1484 1477 1483 1477 1478 1485 1471 1486 

HEC-1 INPUT 

KK I 
KM COMBINE FLOUS I9 AND HTOl AT POINT I 
HC 2 

KK I T O J  
KM ROUTE I FLOU FROM POINT I THROUGH SUB-AREA 10 TO POINT JlO 
RS 5 FLOW 0 
RC .040 .040 .040 7000 .Of07 
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L I N E  

KK SAlO 
KM SUB-AREA 10 - CONCENTRATION AT POINT J10 
BA .620 
LG .340 .350 3.850 .750 2.060 
UC .917 .979 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK J10 
KH COMBINE F L W S  I T O J  AND SAlO 
HC 2 

KK J 
KM COMBINE FLOUS J 1 4 A N D  J10 AT P O I N T J  
HC 2 

KK JTOK 
KM ROUTE FLOU FROM POINT J THROUGH SUB-AREA 15 TO POINT K 
RS 1 F L W  0 
RC .040 .040 .040 1880 .0027 
RX 9420 9830 9900 10000 10030 10050 10410 10450 
RY 1378 1376 1360 1355 1355 1361 1363 1372 

KK SA15 
KM SUB-AREA 15 - CONCENTRATION AT POINT K 
BA .640 
LC -310 .340 4.230 .600 1.370 
UC .700 .577 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK K 
KM COMBINE FLOUS FROM JTOK AND SA15 AT POINT K 
HC 2 

KK KTOL 
KM ROUTE K F L W S  FROM POINT K THROUGH SUB-AREA 16 TO POINT L 

RS 3 FLOU 0 
RC .035 .035 .035 5000 -006 
RX 9760 9770 9960 9990 10020 10150 10200 10300 
RY 1350 1340 1341 1335 1335 1350 1350 1350 

HEC-1 INPUT 

KK SA16 
KM SUB-AREA 16 - CONCENTRATION AT POINT L 
BA .700 
LG .310 .330 4.500 .640 .a30 
UC .700 .488 
U A 0 3 5 8 12 20 43 75 90 % 
UA 100 

KK L 
KM COMBINE FLOUS KTOL AND S A 1 6  AT POINT L 
HC 2 

KK LTOM 
KM ROUTE L FLOU FROM POINT L THROUGH SUB-AREA 17 TO POINT n AT BEARDSLY CANAL 
RS 1 FLOU 0 
RC .040 .040 .040 2000 .005 
RX 9340 9530 9750 9820 9970 9980 10000 10070 
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1 NPUT 
L I N E  

NO. 

286 KK SA17 
287 M SUB-AREA 17 - CONCENTRATION AT POINT M 
288 BA .460 
289 LG .340 .300 5.310 .510 -760 
290 UC .517 .331 
29 1 U A 0 3 5 8 12 20 43 75 90 96 
292 UA 100 

293 KK M 
294 KU COMBINE FLOWS LTOM AND SA17 
295 HC 2 

296 KK MTON 
297 KM ROUTE M F L W S  THROUGH SUB-AREA 18 TO A W A  F R I A  RIVER AT POINT N 
298 RS 7 FLOU 0 
299 RC .036 .OM .OM 10120 .0084 
300 RX 9500 9870 9920 10040 10060 10200 10270 10310 
301 RY 1263 1259.3 1255 1253.5 1260 1257 1258 1272 

302 KK SA18 
303 M SUB-AREA 18 - CONCENTRATION AT POINT N 
304 BA .730 
305 LG .350 .290 3.870 .380 .040 
306 UC .717 .515 
307 U A 0 3 5 8 12 20 43 75 90 96 
308 UA 100 

309 KK N 
310 KU COMBINE FLOUS MTON AND SA18 AT POINT N ( A W A  F R l A  RIVER CONFLUENCE) 
31 1 HC 2 
312 ZZ 

SCHEMATIC DIAGRAM OF STREAM NETWRK 

(V) ROUTING ( - - - > I  DIVERSION OR PUMP FLOU 

( . I  CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOU 

SAOl 
v 
v 

ATOB 

B............ 
v 
v 

BTOC 

C............ 
v 
v 

CCAP 
v 
v 

CTOD 



D. . . .  ........ 
v 
v 

DTOE 

SA06 
v 
v 

QCAP 
v 
v 

QTOE 

SA07 
v 
v 

PCAP 
v 
v 

PTOE 

E........................ 
v 
v 

ETOJ 

SA04 
v 
v 

FCAP 
v 
v 

FTOI  



SA05 
v 
v 

GCAP 
v 
v 

GTOH 

H.. . . . . . . . . . .  
v 
v 

HTOI 

I . . . . . . . . . . . .  
v 
v 

I T O J  

SAlO 

J. . . . . . . . . . . .  
v 
v 

JTOK 

K............ 
v 
v 

KTOL 

L............ 
v 
v 

LTCH 

M............ 
v 
v 

MTON 



309 N............ 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 

* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1 9 8 1  
* REVISED 0 2  AUG 88 * 
* * 
* RUN DATE 0 5 / 0 7 / 1 9 9 1  TIME 07:58:57 * 
* * 
......................................... 

* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 5 5 1 - 1 7 4 8  * 
* * 
....................................... 

CAP OVERCHUTES TUIN BUTTES UASH WATERSHED CAPU24.DAT 
2 4  HOUR STORM -MCUHPl USED - 4.1411 RAINFALL (100) -Tc&R revised above CAP only 
BY AGK ENGINEERS, INC. REVISED HAY, 1991 NORMAL DEPTH ROUTING 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COnPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

N 9  2 8 8  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDT I ME 2 3 5 5  ENDING TIME 
I CENT 19 CENTURY HARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 23.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
F LOU CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE M I L E S  

PEAK TIME OF AVERAGE F L W  FOR M A X I M  PERIOD BASIN MAXIMUM TIME OF 
OPERAT ION STAT ION FLOU PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SAOl 808. 12.25 139. 43. 43. 

ROUTED TO 
+ ATOB 753. 12.58 139. 43. 43. 
+ 

HYDROGRAPH AT 
+ SA02 929.  12.33 154. 47. 47 .  



2 COMBINED AT 

ROUTED TO 

B 

BTOC 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA03 

C 

CCAP 

ROUTED TO 
CTOD 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

S A l l  

D 

DTOE 

HYDROGRAPH AT 

ROUTED TO 

S A 0 6  

QCAP 

ROUTED TO 
PTOE 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

SA13 

E l 3  

S A 0 7  

PCAP 

ROUTED TO 
PTOE 

HYDROGRAPH AT 

2 COMBINED AT 

3 COnBINED 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 

E 

ETOJ 

SA14 

5 1 4  

SA04 

FCAP 

FTOI 

SAO9 

I 9  

SA05 

GCAP 

GTOH 

SA08 

H 

HTOl 

I 

I TOJ 

S A l O  

J 1 0  

J 



ROUTED TO 
+ JTOK 3068 .  13 .00  
+ 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA15 

K 

KTOL 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA16 

L 

LTOM 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 
MTON 

HYDROGRAPH AT 

2 COMBINED AT 

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



APPENDIX G 

HEC-1 OUTPUT 
FOR CATERPILLAR TANK WASH WATERSHED 



* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1981 * 
* REVISED 02 AUG 88 * 
* * 
* RUN DATE 04/18/1991 TIME 09:05:32 * 
* * 
......................................... 

X X XXXXXXX 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 X XXXXXXX XXXXX XXX 

....................................... 
* 

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

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 731, HEClGS, HEClDB, AND HEClKU. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FRW THOSE USED W I T H  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:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMP1 INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

LINE 

ID CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK W A S H F - ~ ~  : 
ID 6 hour storm - i n le t  control on 72" CAP Crossing- Pond Removed 
I D  BY AGK ENGINEERS, INC. March, 1991 NORMAL DEPTH ROUTING -revised invert 
*DIAGRAM 
I T  5 72 
I 0  5 
I N  15 
JD 3.32 0.01 
PC .OOO .008 .016 ,025 .033 .041 .050 .058 .066 .074 
PC .087 .099 . 1 18 .I38 .216 .377 .834 .911 .931 .950 
PC .962 .972 .983 .991 1.000 
JD 3.30 0.50 
JD 3.25 2.80 
PC .OOO .009 .016 .025 .034 .042 .051 .059 .067 .076 
PC .087 .lo0 .I20 .163 .252 .451 .694 .837 .WO .938 
PC .950 .963 .975 .988 1.000 
JD 3.06 16.0 
PC .OOO ,015 .020 .030 .048 .063 -076 .OW .I05 .I19 
PC .135 .I52 .I75 .222 .304 .472 .670 .796 .868 .912 
PC .946 .960 .973 .987 1.000 

KK SAl9 
KM SUB-AREA 19 - CONCENTRATION AT POINT EA 
BA 1.030 
LG .I80 .340 4.380 .490 15.630 
UC ,500 .272 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 



L INE  

KK EACAP 
KM STORAGE - DISCHARGE ROUTING AT CROSSING NO.l -CAP CANAL 
RS 1 STOR 0 
SQ 0 62 200 400 540 625 T50 
SE 1508 1511 1514 1520 1526 1532 1540 
SV 0 5.2 18.6 40.7 71.7 115.5 178.1 266.3 
SE 1508 1516 1520 1524 1528 1532 1536 1540 

KK EATOEB 
KM ROUTE EACAP FLOWS F R W  POINT EA TO POINT EB 
RS 4 FLOU 0 
RC .038 .038 .038 6120 .0114 
RX 9760 9870 9950 9990 10010 10080 10420 10600 
RY 1470 1457 1459 1454 1454 1476 1470 1480 

KK SA20 
KM SUB-AREA 20 - CONCENTRATION AT POINT EB 
BA -610 
LC .260 .350 4.140 .530 7.670 
UC ,467 .237 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

HEC-1 INPUT PAGE 2 

KK EB 
KM COMBINE FLOUS EATOEB AND SA20 
HC 2 

KK EBTOEC 
KM ROUTE EB FLOUS TO POINT EC 
RS 6 FLOU 0 
RC ,041 .041 .041 9000. .009 
RX 9660 9840 9995 10000 10025 10040 10080 10180 
RY 1427 1414 1414 1409 1409 1414 1415 1428 

KK SA2l 
KM SUB-AREA 21 - CONCENTRATION AT POINT EC 
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 EC 
KM COMBINE FLOUS EBTOEC AND SA21 
HC 2 

KK ECTOED 
KM ROUTE F L W S  FROH POINT EC TO POINT ED 
RS 4 F L W  0 
RC .041 .041 .041 5500. .0118 
RX 9530 9740 9900 9920 10030 10050 10210 10370 
RY 1285 1270 1275 1268 1270 1275 1271 1289 

KK SA22 
KM SUB-AREA 22 - CONCENTRATION AT POINT ED 
BA .630 
LG .320 .330 4.730 .490 1.340 
UC .533 .324 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 



INPUT 
L I N E  

NO. 

79 KK ED 
80 KH COMBINE FLOWS ECTOED AND SA22 
81 HC 2 

82 KK EDTOEE 
83 KM ROUTE ED FLOWS TO POINT EE (AT ACUA FRIA RIVER) 
84 RS 3 FLOW 0 
85 RC .043 .043 .043 4380 .013 
86 RX 9700 9870 9930 9970 10000 10050 10080 10330 
87 RY 1366 1365 1360 1346 1350 1352 1350 1384 

HEC-1 INPUT 

...... ....... ....... ....... ....... ....... ....... ....... L I N E  I D  ....... 1 ....... 2 3 4 5 6 7 8 9 10 

88 KK SA23 
89 KM SUB-AREA 23 - CONCENTRATION AT POINT EE ( A W A  F R I A  RIVER) 
90 BA .330 
91 LG .310 .350 4.030 .630 .070 
92 UC .367 .197 
93 UA 0 3 5 8 12 20 43 75 90 96 
94 UA 100 

95 KK EE 
96 KM COMBINE FLOWS EDTOEE AND SA23 
97 HC 2 
98 ZZ 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING ( - - - > I  DIVERSION OR PUMP FLOU 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOU 

SA19 
v 
v 

EACAP 
v 
v 

EATOEB 

EB............ 
v 
v 

EBTOEC 

EC............ 
v 
v 

ECTOED 

ED............ 
v 

PAGE 3 



v 
82 EDTOEE 

95 EE. ........... 
(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 

.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) 
* FEBRUARY 1981 * 
* REVISED 02 AUG 88 * 
* * 
* RUN DATE 04/18/1991 TIME 09:05:32 * 
* 
......................................... 

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

CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK MASH) CAPEAST3.DAT 
6 hour s t o r m  - in le t  control on 72" CAP C r o s s i n g -  P o n d  Removed 
BY AGK ENGINEERS, INC. March ,  1991 NORMAL DEPTH ROUTING - r e v i s e d  i n v e r t  

5 1 0  OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 
I DATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NQ 72 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 0555 ENDING TIME 

ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL -08 HOURS 
TOTAL TIME BASE 5.92 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA S N A R E  MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOU 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 P I  PRECIPITATION PATTERN 
.oo .oo .oo . 00 . 00 . 00 .oo . 00 .oo -00 
.oo .oo .oo .oo .oo .oo .oo . 00 .oo .oo 
.oo .oo .oo . 00 .oo -00 .oo .oo .oo -00 
.OO .OO -00 .01 .01 -01 .01 .01 .O1 .03 
.03 .03 .05 .05 .05 .15 .15 .15 .03 .03 
.03 .01 .O1 .01 .01 .01 .01 . 00 . 00 .OO 
.oo .oo .oo . 00 .oo .oo .oo .oo .oo .oo 



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

PRECIPITATION PATTERN 
.oo .oo .oo . 00 .oo .oo .oo 
.oo .oo .oo .oo . 00 .oo . 00 
-00 .oo .oo .oo . 00 .oo .oo 
.oo .oo -00 -01 .O1 .O1 .O1 
.03 .03 .05 .05 .05 .15 .15 
-03 .01 -01 .O1 .01 .01 .O1 
-00 .oo .oo . 00 .oo .oo .oo 
.oo 

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

PRECIPITATION PATTERN 
. 00 .oo .oo -00 . 00 .oo .oo 
.oo .oo .oo .oo . 00 .oo .oo 
.oo .oo . 00 . 00 .oo .oo .oo 
.oo .oo .oo .01 .01 .O1 .01 
.03 .03 .07 .07 .07 .08 .08 
.05 .02 .02 .02 .01 .O1 .01 
.oo .oo .oo .oo .DO .oo . 00 
.oo 

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

PRECIPITATION PATTERN 

.O1 .01 -00 .oo .oo .oo . 00 

.O1 .01 .oo .01 .oo .oo . 00 

.oo .DO -01 .oo .oo .oo .oo 

.01 .01 .O1 .O1 .01 -01 .02 

.03 .03 .06 -06 .06 .07 .07 

.04 .02 .02 .02 .01 .01 .01 

. 00 .oo .oo .oo .oo .oo .oo 

. 00 
RUNOFF SUMMARY 

FLOU I N  CUBIC FEET PER SECOND 
TIME I N  HOURS, AREA I N  SWARE MILES 

PEAK TIME OF AVERAGE FLOW FOR M A X I M  PERIDO 
OPERAT I ON STAT 1 ON FLOU PEAK 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ S A I ~  1446. 4.33 172. 172. in. 

ROUTED TO 
+ EACAP 489. 4.75 148. 148. 148. 
+ 

ROUTED TO 
+ EATOEB 486. 5.00 130. 130. 130. 
+ 

BASIN 
AREA 

MAXIMUM T I M E O F  
STAGE MAX STAGE 

HYDROGRAPH AT 
+ SA20 979. 4.25 94. 94. 94. 



2 COMBINED AT 
+ EB 970. 4.33 

ROUTED TO 
EBTOEC 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

S A Z l  

EC 

ECTOED 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA22 

ED 

EDTOEE 

HYDROGRAPH AT 

2 COMBINED AT 

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





* * 
* FLOW HYDROGRAPH PACKAGE (HEC-1) * 
t FEBRUARY 1 9 8 1  * 
* REVISED 0 2  AUG 88 * 

* 
* RUN DATE 05 /03 /1991  TIME 10:33:20 * 
* 
......................................... 

X X XXXXXXX 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 X XXXXXXX XXXXX XXX 

....................................... 
* 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET * 
* DAVIS, CALIFORNIA 95616 * 
* (916) 5 5 1 - 1 7 4 8  * 
* * 

THIS  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOW AS HECl (JAN 73), HEClGS, HEClDB, AND HEClKU. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROn THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE DEF IN IT ION OF -AMSKK- ON RM-CARD UAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK WTFLOU SUBMERGENCE , SINGLE EVENT DAMAGE CALCtlLATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC UAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

I D  CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK UASH) CAPEASTF.DAT 
I D  e r  s t o r m  -_Psnd_fuLL a t  s t a r t  of e v e n t  - CAP C r o s s i n g  out let  c o n t r o l e d  
I D  BY AGK ENGINEERS, INC. March.1991- based on h i e g h t  of f l o w  over w i e r  
*D I AGRAH 
I T  5 7 2  
I0  5 
I N  1 5  
JD 3.32 0.01 
PC .OOO .008 - 0 1 6  .025 .033 .041 .050 .058 .066 .074 
PC .087 .099 .I18 .I38 .216 .377 .a34 ,911 .931 .%O 
PC .962 .972 .983 .wi 1.000 
JD 3.30 0.50 
JD 3.25 2.80 
PC .OOO .009 - 0 1 6  .025 .034 .042 .051 .059 .067 .076 
PC .087 ,100 . I 2 0  .I63 .252 .451 .694 .837 .900 .938 
PC .950 -963 -975 .988 1.000 
JD 3.06 16.0 
PC .OOO .015 .020 - 0 3 0  .048 .063 .076 .OW . l o 5  .119 
PC . I 3 5  . I 5 2  . I 7 5  .222 .304 .472 .670 .796 -868 .912 
PC .946 .960 - 9 7 3  .987 1 .OOO 

KK SA19 
KH SUB-AREA 19 - CONCENTRATION AT W I N T  EA 
BA 1.030 
LG .I80 .340 4.380 .490 15.630 
UC .500 .272 
U A 0 3 5 8 1 2  2 0  4 3  7 5  90 % 
UA 1 0 0  



L I N E  

KK EACAP 
KM STORAGE - DISCHARGE ROUTING AT CROSSING NO.l -CAP CANAL AND STOCK POND 
RS 1 STOR 83.00 
SQ 0 540 800 
SE 1519.2 1529.5 1540 
SV 0 18.2 31.2 52.6 85.7 107.8 182.6 333.4 
SE 1496 1508 1512 1516 1520 1524 1532 1540 

KK EATOEB 
KM ROUTE EACAP FLOUS FROW POINT EA TO POINT EB 
RS 4 FLOU 0 
RC .038 .038 .038 6120 .0114 
RX 9760 9870 9950 9990 10010 10080 10420 10600 
RY 1470 1457 1459 1454 1454 1476 1470 1480 

KK SA20 
KM SUB-AREA 20 - CONCENTRATION AT POINT EB 
BA .610 
LG -260 .350 4.140 .530 7.670 
UC .467 2 3 7  
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

HEC-1 INPUT PAGE 2 

KK EB 
KM COMBINE FLOUS EATOEB AND SAZO 
HC 2 

KK EBTOEC 
KM ROUTE EB F L W S  TO POINT EC 
RS 6 F L W  0 
RC .041 .041 .041 9000. .009 
RX 9660 9840 9995 10000 10025 10040 10080 10180 
RY 1427 1414 1414 1409 1409 1414 1415 1428 

KK SA21 
KM SUB-AREA 21 - CONCENTRATION AT POINT EC 
BA .760 
LG -290 .340 4.310 .570 4.580 
UC .733 .469 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK EC 
KM COMBINE FLOUS EBTOEC AND SA21 
HC 2 

KK ECTOED 
KM ROUTE FLOUS FROW POINT EC TO POINT ED 
RS 4 F L W  0 
RC .041 .041 .041 5500. .0118 
RX 9530 9740 9900 9920 10030 10050 10210 10370 
RY 1285 1270 1275 1268 1270 1275 1271 1289 

KK SA22 
KM SUB-AREA 22 - CONCENTRATION AT POINT ED 
BA .630 
LG .320 .330 4.730 .490 1.340 
UC .533 .324 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 



1 NPUT 
L I N E  

NO. 

KK ED 
M COnBINE FLOVS ECTOED AND SA22 
HC 2 

KK EDTOEE 
Kt ROUTE ED F L W S  TO POINT EE (AT AGUA F R l A  RIVER) 
RS 3 FLOU 0 
RC .043 .043 .043 4 3 8 0  .013 
RX 9700 9 8 7 0  9 9 3 0  9970 10000 1 0 0 5 0  1 0 0 8 0  1 0 3 3 0  
RY 1366 1 3 6 5  1 3 6 0  1 3 4 6  1 3 5 0  1 3 5 2  1 3 5 0  1 3 8 4  

HEC-1 INPUT 

L I N E  I D  ....... 1. ...... 2.......3.......4.......5.......6.......7.......8.......9......10 

88 KK SA23 
89 KJ4 SUB-AREA 2 3  - CONCENTRATION AT POINT EE ( AGUA F R l A  RIVER) 
90 BA .330 
9 1  LG .310 .350 4.030 .630 . O m  
9 2  UC .367 .I97 
93 U A 0 3 5 8 1 2  2 0  4 3  75 90 96 
9 4  UA 100 

9 5  KK EE 
% KM COnBlNE F L W S  EDTOEE AND SA23 
97 HC 2 
98 ZZ 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING ( - - - > I  DIVERSION OR P W P  FLOU 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOU 

SA19 
v 
v 

EACAP 
v 
v 

EATOEB 

SA20 

EB............ 
v 
v 

EBTOEC 

SA21 

EC............ 
v 
v 

ECTOED 

PAGE 3 

ED.... ........ 
v 



v 
82 E D T M E  

95 EE. ........... 
(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 

I***************************************** 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

FEBRUARY 1981 
t REVISED 02 AUG 88 * 
* * 
* RUN DATE 05/03/1991 TIME 10:33:20 * 
* 
......................................... 

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

CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK WASH) CAPEASTF.DAT 
6 hour s t o r m  - P o n d  fu l l  a t  s t a r t  of e v e n t  - CAP C r o s s i n g  o u t l e t  controled 
BY AGK ENGINEERS, INC. M a r c h , l W 1 -  based on h i e g h t  o f  f l o w  over w i e r  

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NP n NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 0555 ENDING TIME 

ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HWRS 
TOTAL TIME BASE 5.92 HWRS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOU CUBIC FEET PER SECOND 
STORAGE VOLUIIE ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

INDEX STORM NO. 1 
STRM 3.32 PRECIPITATION DEPTH 
TRDA .01 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
. 00 . 00 .oo .oo .oo .oo .oo .oo .oo . 00 
.oo .oo .oo .oo .oo .oo .oo .oo .oo . 00 
-00 .oo .oo -00 .oo .oo .oo .oo . 00 -00 
.OO .OO .OO .01 .O1 .01 .01 .O1 .01 .03 
.03 -03 .05 .05 .05 .15 .15 .15 .03 .03 
.03 .01 .O1 .01 .O1 .O1 .01 . 00 . 00 .OO 
.oo .oo . 00 .oo .oo . 00 .oo .oo .oo .oo 



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

PRECIPITATION PATTERN 
. 00 .oo . 00 . 00 .oo . 00 . 00 
.oo .oo .oo . 00 -00 .oo .oo 
.oo .oo .oo . 00 .oo .oo .oo 
.oo .oo .oo .O1 .01 -01 .01 
.03 .03 .05 -05 .05 .15 -15 
.03 .01 .01 .O1 .01 .01 .01 
.oo .oo .oo . 00 .oo .oo .oo 
. 00 

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

PRECIPITATION PATTERN 
. 00 .oo .oo . 00 .oo . 00 . 00 
. 00 . 00 .oo . 00 -00 . 00 .oo 
.oo .oo .oo . 00 . 00 .oo -00 
-00 -00 . 00 .01 .O1 .01 .01 
-03 .03 .07 .07 .07 .08 .08 
-05 .02 .02 .02 .01 .01 .O1 
. 00 .oo .oo . 00 .oo . 00 . 00 
.oo 

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

PRECIPITATION PATTERN 
.01 .01 . 00 .oo . 00 . 00 . 00 
.01 .01 .oo .O1 .oo .oo . 00 
.oo . 00 -01 . 00 -00 .oo .oo 
.01 .01 .O1 .01 .01 .01 .02 
.03 .03 .06 .06 -06 .07 .07 
.04 .02 -02 -02 .O1 -01 .01 
.oo .oo . 00 .oo .oo . 00 .oo 
.oo 

RUNOFF SUneURY 
FLOU I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  W A R E  M I L E S  

PEAK TIME OF AVERAGE FLOU FOR M A X I M  PERIOD 
OPERAT I OW STAT ION F L W  PEAK 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ S A I ~  1446. 4.33 172. in. 172. 

ROUTED TO 
+ EACAP 392. 4.83 113. 113. 113. 
+ 

ROUTED TO 
+ EATOEB 388. 5.08 
+ 

BAS I N  
AREA 

M A X I M  T I M E O F  
STAGE MAX STAGE 

HYDROGRAPH AT 
+ S A20 979. 4.25 



2 COMBINED AT 
+ EB 767. 4.33 

ROUTED TO 
EBTOEC 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SA21 

EC 

ECTOED 

HYDROGRAPH AT 

2 COWBINED AT 

ROUTED TO 

SA22 

ED 

EDTOEE 

HYDROGRAPH AT 

2 COMBINED AT 

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





.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1981 * 
* REVISED 0 2  AUG 88 * 
* * 
* RUN DATE 0 5 / 0 3 / 1 9 9 1  TIME 10:31:15 * 
* * 
......................................... 

X X XXXXXXX 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 X XXXXXXX XXXXX XXX 

* U.S. ARMY CORPS OF ENGINEERS 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* ( 9 1 6 )  5 5 1 - 1 7 4 8  
* * 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 731, HEClGS, HEClDB, AND HEClKU. 

THE DEFINIT IONS OF VARIABLES -RTlMP- AND -RTIOR- HAVE CHANGED FROn THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOU SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:YRITE STAGE FREPUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AHPT I N F I L T R A T I C U  
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  I D  ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
1 I D  CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK WASH) CAPEZ4.DAT 
2 I D  FOR THE FLOOO CONTROL D I S T R I C T  OF MARICpA,CWNTY pond f u l l  a t  s t a r t  
3 I D  BY AGK ENGINEERS, INC. REVMAY,1991- 2 4  hour r a i n f a l l  pending b e h i n d C A P  

*D I AGRAM -/ 

4 I T  5 2 8 8  
5 1 0  3 

SA19 
SUB-AREA 19 - CONCENTRATION AT POINT EA 
1.030 

30 
4.14 
.OOO .005 .011 .016 - 0 2 2  .028 .035 .041 -048 - 0 5 6  
-068 .071 .080 ,089 .098 .I09 - 1 2 0  .I33 . I 4 7  .I63 
.mi .204 ,235 .283 .663 .735 .m .799 ,820 .a 
. 8 5 4  .a68 .880 .891 .902 .912 .921 .929 .937 .945 
.952 .959 .%5 .972 .978 .984 .989 .995 1.000 
.I80 .340 4.380 . 4 9 0  15.630 
. 5 3 3  .292 

0 3 5 8 1 2  2 0  4 3  75 90 96 
100 

2 0  KK EACAP 
2 1 KH STORAGE - DISCHARGE ROUTING AT CROSSING NO.l -CAP CANAL AND STOCK P@UD 
2 2  RS 1 STOR 83.00 
2 3  SP 0 5 4 0  8 0 0  
2 4  SE 1519.2  1529.5 1 5 4 0  
2 5  SV 0 18.2 31.2 52.6 85.7 107.8  182.6 333.4  



2 7  KK EATOEB 
2 8  KM ROUTE EACAP FLOUS FROM POINT EA TO POINT EB 
29 RS 4 FLOU 0 
30 RC .038 .038 ,038 6 1 2 0  .0114 
3 1 RX 9760 9 8 7 0  9 9 5 0  9990 1 0 0 1 0  10080 1 0 4 2 0  10600 
3 2  RY 1 4 7 0  1 4 5 7  1 4 5 9  1 4 5 4  1 4 5 4  1 4 7 6  1 4 7 0  1 4 8 0  
33 ZZ 

1 
SCHEMATIC DIAGRAM OF STREAM NETUORK 

INPUT 
L I N E  (V) ROUTING ( - - ->)  DIVERSION OR PUMP FLOU 

NO. (.) CONNECTOR (< - - - )  RETURN OF DIVERTED OR PUMPED FLOU 

6 S A l 9  
v 
v 

2 0  EACAP 
v 
v 

2 7  EATOEB 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1 9 8 1  * 
* REVISED 0 2  AUG 88 * 
* * 
* RUN DATE 0 5 / 0 3 / 1 9 9 1  TIME 10:31:15 * 
* 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 

609 SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 5 5 1 - 1 7 4 8  * 
* * 
...................................... 

CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK MASH) CAPE24.DAT 
FOR THE FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY -331 at  s tar t  
BY AGK ENGINEERS, INC. REV MAY,1991- %^fkoilr,rainfal 1 pording behind CAP . - 

OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NQ 2 8 8  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDT I ME 2 3 5 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 23.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATIOW FEET 
FLOU CUBIC FEET PER SECOND 
STORAGE VOLlME ACRE-FEET 



SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

************** 
* * 

6 KK * SA19 * 
* * 
************** 

SUB-AREA 19 - CONCENTRATION AT POINT EA 

TIME DATA FOR I N W T  TIME SERIES 
JXMIN 30 TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

8 BA SUBBASIN CHARACTERISTICS 
TAREA 1.03 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 4.14 BASIN TOTAL PRECIPITATION 

INCREMENTAL 

. 00 

. 00 

.oo 

. 00 
-00 
. 00 
.oo 
.oo 
.oo 
.oo 
.oo 
. 00 
. 00 
.01 
.06 
.01 
. 00 
.oo 
.oo 
. 00 
.oo 
. 00 
. 00 
.oo 
. 00 
.oo 
.oo 
.oo 
. 00 

PRECIPITATION PATTERN 
. 00 . 00 . 00 
.oo .oo .oo 
.oo . 00 .oo 
.oo .oo . 00 
.oo .oo .oo 
.oo . 00 .oo 
.oo -00 .oo 
.oo . 00 . 00 
.oo .oo .oo 
.oo . 00 . 00 . 00 .oo . 00 
.oo . 00 . 00 
.oo .oo .oo 
.01 .01 .O1 
.06 .06 .06 
.01 .01 .O1 
. 00 .oo . 00 
.oo . 00 . 00 
.oo .oo .oo 
.oo . 00 .oo 
.oo . 00 .oo 
-00 . 00 .oo 
. 00 .oo .oo 
.oo .oo . 00 
.oo .oo .oo 
.oo . 00 .oo 
. 00 .oo .oo 
-00 .oo .oo 
.oo .oo . 00 

16 LG GREEN AND AMPT LOSS RATE 

STRTL .18 STARTING LOSS 
DTH .34 MOISTURE D E F I C I T  

P S I F  4.38 WETTING FRONT SUCTION 
XKSAT .49 HYDRAULIC CONDUCTIVITY 
RTIMP 15.63 PERCENT IMPERVIOUS AREA 



CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 

R .29 STORAGE COEFFICIENT 

ACWLATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= . B H R  

SNYDER TP= .45 HR, CP= .90 

UNIT HYDROGRAPH 
23 END-OF-PERIW ORDINATES 

41. 116. 220. 590. 1137. 1315. 1114. 860. 645. 484. 
363. 273. 204. 153. 115. 86. 65. 49. 36. 27. 
21. 15. 12. 

HYDROGRAPH AT STATION SAl9 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 2.62, TOTAL EXCESS = 1.52 

PEAK FLOW TIME M A X I M  AVERAGE FLW 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 1073. 12.25 147. 42. 42. 42. 

(INCHES) 1.327 1.512 1.512 1.512 
(AC- FT) 73. 83. 83. 83. 

CUMULATIVE AREA = 1.03 SQ M I  

************** 
* * 

20 KK EACAP * 
* * 
************** 

STORAGE - DISCHARGE ROUTING AT CROSSING NO.l -CAP CANAL AND STOCK POND 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR I C 83.00 INITIAL CONDITION 

X .OO WRKING R AND D COEFFICIENT 

STORAGE .O 18.2 31.2 52.6 85.7 107.8 182.6 333.4 

ELEVATION 1496.00 1508.00 1512.00 1516.00 1520.00 1524.00 1532.00 1540.00 

DISCHARGE 0. 540. 800. 

ELEVATION 1519.20 1529.50 1540.00 



CWPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE .OO 18.20 31.20 52.60 79.08 85.70 107.80 159.23 182.60 333.40 
OUTFLOW . 00 . 00 .OO . 00 .OO 41.94 251.65 540.00 601.90 800.00 

ELEVATION 1496.00 1508.00 1512.00 1516.00 1519.20 1520.00 1524.00 1529.50 1532.00 1540.00 

HYDROGRAPH AT STATION EACAP 

PEAK FLOU TIME MAXIMJH AVERAGE FLOU 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 334. 12.75 141. 44. 44. 44. 
(INCHES) 1.272 1.566 1.566 1.566 
(AC-FT) 70. 86. 86. 86. 

PEAK STORAGE TIME 

PEAK STAGE TIME 

+ (FEET) (HR) 
1525.57 12.75 

M A X I M  AVERAGE STORAGE 
6-HR 24-HR 72-HR 23.92-HR 

M A X I M  AVERAGE STAGE 
6- HR 24-HR 72-HR 23.92-HR 

CUMULATIVE AREA = 1.03 SQ M I  

* * 
27 KK * EATOEB * 

* * 

ROUTE EACAP FLWS FROn POINT EA TO WINT EB 

HYDROGRAPH ROUTING DATA 

29 RS STORAGE ROUTING 
NSTPS 4 NWBER OF SUBREACHES 

ITYP FLOU TYPE OF INITIAL CONDITION 
RSVR I C .OO INITIAL CONDITION 

X .00 UORKING R AND D COEFFICIENT 

30 RC NORMAL DEPTH CHANNEL ROUTING 
AN L .038 LEFT OVERBANK N-VALUE 

ANCH .OM MAIN CHANNEL N-VALUE 
ANR .038 RIGHT OVERBANK N-VALUE 

RLNTH 6120. REACH LENGTH 
SEL .0114 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLW CALCULATION 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  

32 RY ELEVATION 1470.00 1457.00 1459.00 1454.00 1454.00 1476.00 1470.00 1480.00 
31 RX DISTANCE 9760.00 9870.00 9950.00 9990.00 10010.00 10080.00 10420.00 10600.00 



COnPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE . 00 5.32 13.57 28.93 58.99 94.81 133.69 175.64 220.65 268.72 
OUTFLOU .OO 164.99 617.70 1493.46 3432.74 6754.86 11144.73 16576.23 23051.31 30585.14 

ELEVATION 1454.00 1455.37 1456.74 1458.11 1459.47 1460.84 1462.21 1463.58 1464.95 1466.32 

STORAGE 319.86 374.05 432.14 506.53 601.40 716.76 852.59 1002.20 1156.59 1315.71 
OUTFLOU 39200.14 48922.91 60167.73 73870.14 89919.31 108855.40 131140.20 159372.10 191319.00 226670.30 

ELEVATION 1467.68 1469.05 1470.42 1471.79 1473.16 1474.53 1475.89 1477.26 1478.63 1480.00 

*** WARNING *** mIF IED WLS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLWS BETWEEN 3433. TO 226670. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLWS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION EATOEB 

PEAKFLOU TIME MAXIMUM AVERAGE FLOU 
6- HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 331. 13.00 141. 43. 43. 43. 
(INCHES) 1.270 1.562 1.562 1.562 

(AC-FT) 70. 86. 86. 86. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
2. 13.00 

PEAK STAGE TIME 

+ (FEET) (HR) 
1455.87 13.00 

MAXIHUM AVERAGE STORAGE 
6- HR 24-HR 72-HR 23.92-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 23.92-HR 

CUMULATIVE AREA = 1.03 SP M I  

RUNOFF S W R Y  
FLOU I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR M A X I M  PERIOD BASIN M A X I M  TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SAl9 1073. 12.25 147. 42. 42. 1.03 

ROUTED TO 
+ EACAP 334. 12.75 141. 44. 44. 1.03 
+ 1525.57 12.75 

ROUTED TO 
+ EATOEB 331. 13.00 141. 43. 43. 1.03 
+ 

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





.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1 9 8 1  * 
* REVISED 0 2  AUG 88 * 
* 
* RUN DATE 04/17/1991 TIME 10:51:10 * 
* 
......................................... 

X X XXXXXXX 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 X XXXXXXX XXXXX XXX 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
t (916) 551 -1748  * 
* * 
...................................... 

THIS  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEClDB, AND HECIKU. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED F R W  THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEF IN IT ION OF -AMSKK- ON RM-CARD UAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOU SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMP1 INFILTRATION 
KINEMATIC UAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  

I D  CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK UASH 
I D  FOR THE FLOW CONTROL DISTRICT OF MARICOPA COUNTY **pand rawqe4 . 
I D  BY AGK ENGINEERS, INC. March.1991- Z& (l*rtWlnh(k p0dhg m?d@l 
*DIAGRAM 
I T  5 2 8 8  
I0  3 

SA19 
SUB-AREA 1 9  - CONCENTRATION AT POINT EA 
1.030 

3 0  
4.14 
,000 .005 .011 .016 .022 ,028 .035 .041 .048 .056 
- 0 6 8  .071 .080 .089 - 0 9 8  .lo9 . I 2 0  .133 . I 4 7  .163 
1 8  .204 .235 .283 .663 .735 .772 .799 .820 .838 
.854 .868 .880 .891 .902 .912 .921 .929 .937 .945 
.952 - 9 5 9  .965 .972 .978 .984 .989 .995 1.000 
. I 8 0  .340 4.380 .490 15.630 
.533 ,292 

0 3 5 8 1 2  2 0  4 3  75 9 0  96 
1 0 0  

KK EACAP 
KM STORAGE - DISCHARGE ROUTING AT CROSSING NO.l -CAP CANAL 
RS 1 STOR 0 
SP 0 6 2  2 0 0  4 0 0  5 4 0  6 2 5  7 5 0  
SE 1 5 0 8  1 5 1 1  1 5 1 4  1520  1 5 2 6  1 5 3 2  1 5 4 0  
SV 0 5.2 18.6 40.7 71.7 115.5 178.1 266.3 



L I N E  

KK EATOEB 
KM ROUTE EACAP FLOWS FROM POINT EA TO POINT EB 
RS 4 F L W  0 
RC .038 .038 .038 6120 .0114 
RX 9760 9870 9 9 5 0  9990 10010 10080 10420 10600 
RY 1470 1457 1459 1454 1454 1476 1470 1480 

KK SA20 
KM SUB-AREA 20 - CONCENTRATION AT POINT EB 
BA .610 
LG ,260 .350 4.140 .530 7.670 
UC .467 .237 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK EB 
KM COMBINE FLOWS EATOEB AND SA20 
HC 2 

KK EBTOEC 
M R W T E  EB FLOWS TO POINT EC 
RS 6 F L W  0 
RC .041 .041 .041 9000. .009 
RX 9660 9840 9995 10000 10025 10040 10080 10180 
RY 1427 1414 1414 1409 1409 1414 1415 1428 

HEC-1 INPUT 

KK SA21 
M SUB-AREA 21 - CONCENTRATIOW AT POINT EC 
BA .760 
LG .290 .340 4.310 .570 4.580 
UC .733 .469 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK EC 
KM COMBINE FLOWS EBTOEC AND SA21 
HC 2 

KK ECTOED 
KM ROUTE FLOWS FROM POINT EC TO POINT ED 
RS 4 FLOW 0 
RC .041 .041 .041 5500. .0118 
RX 9530 9740 9900 9920 10030 10050 10210 10370 
RY 1285 1270 1275 1268 1270 1275 1271 1289 

KK SA22 
KM SUB-AREA 22 - CONCENTRATION AT POINT ED 
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 ED 
KM COMBINE F L W S  ECTOED AND SA22 
HC 2 

KK EDTOEE 
KM R W T E  ED FLOWS TO POINT EE (AT AGUA FRIA RIVER) 
RS 3 FLOW 0 

PAGE 2 



81 KK SA23 
8 2  KM SUB-AREA 2 3  - CONCENTRATION AT POINT EE ( AGUA FRIA RIVER) 
83 BA .330 
84 LG .310 .350 4.030 .630 .070 
8 5  UC .367 -197 
86 U A 0 3 5 8 1 2  2 0  4 3  75 9 0  96 
87 UA 1 0 0  

88 KK EE 
89 KM COHBINE FLOWS EDTOEE AND SA23 
9 0  HC 2 
9 1  ZZ 

1 
SCHEMATIC DIAGRAM OF STREAM NETWORK 

INPUT 
LINE (V) ROUTING ( - - ->I  DIVERSION OR PUMP F L W  

NO. (.) CONNECTOR (< - - - )  RETURN OF DIVERTED OR PUMPED FLOU 

6 SA19 
v 
v 

2 0  EACAP 
v 
v 

2 7  EATOEB 

4 0  EB............ 
v 
v 

4 3  EBTOEC 

5 6  EC............ 
v 
v 

59 . ECTOED 

n ED........ .... 
v 
v 

75 EDTOEE 

88 EE.... ........ 
(***) RUNOFF ALSO COHPUTED AT T H I S  LOCATION 
.......................................... 



* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1 9 8 1  * 
* REVISED 0 2  AUG 88 * 
* * 

RUN DATE 04/17/1991 TIME 10:51:10 * 
* 
........................................ 

* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* ( 9 1 6 )  5 5 1 - 1 7 4 8  * 
* * 
....................................... 

CAP OVERCHUTES EAST BRANCH (CATERPILLAR TANK WASH) CAPE24PR.DAT 
FOR THE FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY pond r e m o v e d  
BY AGK ENGINEERS, INC. M a r c h , l 9 9 1 -  2 4  h o u r  r a i n f a l l  ponding behind CAP 

OUTPUT COWTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0000 STARTING TIME 

NQ 2 8 8  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 2 3 5 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 23.92 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

SUB-AREA 19 - CONCENTRATION AT POINT EA 

TIME DATA FOR I N W T  TIME SERIES 
JXMlN 3 0  TIME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXT IME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

8 BA SUBBASIN CHARACTERISTICS 
TAREA 1.03 SUBBASIN AREA 

PRECIPITATION DATA 



STORM 4.14 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
-00 .oo .oo .oo 
.oo .oo .oo .oo 
.oo . 00 . 00 -00 
.oo .oo .oo .oo 
. 00 -00 .oo .oo 
.oo . 00 .oo .oo 
.oo .oo . 00 .oo 
.oo .oo .oo .oo 
.oo .oo .oo . 00 
.oo . 00 .oo . 00 
. 00 .oo .oo .oo 
.oo .oo -00 . 00 
.oo .oo .oo . 00 
.01 .01 .O1 .01 
.06 .06 .06 .06 
.01 .01 .01 .01 
.oo .oo .oo . 00 
.oo .oo .oo . 00 
.oo . 00 .oo .oo 
.oo . 00 .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo . 00 .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo -00 -00 
.oo .oo .oo .oo 
.oo .oo -00 -00 

GREEN AND AMPT LOSS RATE 
STRTL .18 STARTING LOSS 

DTH .34 MOISTURE D E F I C I T  
P S I F  4.38 WETTING FRONT SUCTION 

XKSAT .49 HYDRAULIC CONDUCTIVITY 
RTIMP 15.63 PERCENT IMPERVIWS AREA 

17 UC CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 

R .29 STORAGE COEFFICIENT 

18 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= .29 HR 

SNYDER TP= .45 HR, CP= .90 

U N I T  HYDROGRAPH 
23 END-OF-PERIOO ORDINATES 

41. 116. 220. 590. 1137. 1315. 1114. 860. 
363. 273. 204. 153. 115. 86. 65. 49. 

21. 15. 12. 

HYDROGRAPH AT STATION SA19 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 2.62, TOTAL EXCESS = 1.52 



PEAKFLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 1073. 12.25 147. 42. 42. 42. 

(INCHES) 1.327 1.512 1.512 1.512 
(AC-FT) 73. 83. 83. 83. 

CUMULATIVE AREA = 1.03 SQ M I  

************** 
* * 

20 KK * EACAP * 
* * 
************** 

STORAGE - DISCHARGE ROUTING AT CROSSING N0.1 -CAP CANAL 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVR I C .OO INITIAL CONDITION 

X .OO WRKING R AND D COEFFICIENT 

STORAGE .O 5.2 18.6 40.7 71.7 115.5 178.1 266.3 

ELEVATION 1508.00 1516.00 1520.00 1524.00 1528.00 1532.00 1536.00 1540.00 

DISCHARGE 0. 62. 200. 400. 540. 625. 750. 

ELEVATION 1508.00 1511.00 1514.00 1520.00 1526.00 1532.00 1540.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO 1.95 3.90 5.20 18.60 40.70 56.20 71.70 115.50 
OUTFLOU .OO 62.00 200.00 266.67 400.00 493.33 540.00 568.33 625.00 

ELEVATION 1508.00 1511.00 1514.00 1516.00 1520.00 1524.00 1526.00 1528.00 1532.00 

STORAGE 266.30 
OUTFLOW 750.00 

ELEVATION 1540.00 

HYDROGRAPH AT STATION EACAP 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 450. 12.67 147. 42. 42. 42. 

(INCHES) 1.326 1.509 1.509 1.509 
(AC-FT) 73. 83. 83. 83. 

PEAK STORAGE TIME 



+ (AC-FT) (HR) 
30. 12.67 

PEAK STAGE TIME 

+ (FEET) (HR) 
1522.15 12.67 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 23.92-HR 

CUMULATIVE AREA = 1.03 SP M I  

************** 
* * 

27 KK * EATOEB * 
* 
************** 

ROUTE EACAP FLOUS FROM POINT EA TO POINT EB 

HYDROGRAPH ROUTING DATA 

29 RS STORAGE ROUTING 
NSTPS 4 NUMBER OF SUBREACHES 

I T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVR I C .OO I N I T I A L  CONDITION 

X .00 W R K I N G  R AND D COEFFICIENT 

30 RC NORMAL DEPTH CHANNEL ROUTING 
AWL .038 LEFT OVERBANK N-VALUE 

ANCH .038 MAIN CHANNEL N-VALUE 
ANR .038 RIGHT OVERBANK N-VALUE 

RLNTH 6120. REACH LENGTH 
SEL -0114 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK --- + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  

32 RY ELEVATION 1470.00 1457.00 1459.00 1454.00 1454.00 1476.00 1470.00 1480.00 
31 RX DISTANCE 9760.00 9870.00 9950.00 9990.00 10010.00 10080.00 10420.00 10600.00 

COMPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE -00 5.32 13.57 28.93 58.99 94.81 133.69 175.64 220.65 268.72 
W T F L O U  -00 164.99 617.70 1493.46 3432.74 6754.86 11144.73 16576.23 23051.31 30585.14 

ELEVATION 1454.00 1455.37 1456.74 1458.11 1459.47 1460.84 1462.21 1463.58 1464.95 1466.32 

STORAGE 319.86 374.05 432.14 506.53 601.40 716.76 852.59 1002.20 1156.59 1315.71 
W T F L O U  39200.14 48922.91 60167.73 73870.14 89919.31 108855.40 131140.20 159372.10 191319.00 226670.30 

ELEVATION 1467.68 1469.05 1470.42 1471.79 1473.16 1474.53 1475.89 1477.26 1478.63 1480.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETUEEN 3433. TO 226670. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOUS GREATER THAN PEAK INFLOWS. 

T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION EATOEB 

PEAK FLOU TIME MAXIMUM AVERAGE FLOU 



PEAK STORAGE TIME 

+ (AC-FT) (HR) 
3. 12.92 

PEAK STAGE TIME 

+ (FEET) (HR) 
1456.22 12.92 

(CFS) 
147. 42. 42. 

(INCHES) 1.326 1.507 1.507 
(AC-FT) 73. 83. 83. 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72- HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

CUMULATIVE AREA = 1.03 SP M I  

SUB-AREA 20 - CONCENTRATION AT POINT EB 

SUBBASIN RUNOFF DATA 

35 BA SUBBASIN CHARACTERISTICS 
TAREA .61 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 4.14 BASIN TOTAL PRECIPITATION 

1 1  PI INCREMENTAL PRECIPITATION PATTERN 
.oo . 00 .oo .oo 
. 00 .oo .oo .oo 
. 00 .oo .oo .oo 
.oo .oo .oo .oo 
.oo . 00 .oo .oo 
.oo . 00 .oo .oo 
.oo .oo .oo .oo 
.oo .oo . 00 . 00 
.oo -00 .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo -00 .oo 
-00 -00 .oo .oo 
.O1 .01 .01 .O1 
.06 .06 .06 .06 
.01 .01 .01 .O1 
.oo .oo .oo .oo 
.oo . 00 .oo .oo 
. 00 .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 



GREEN AND AHPT LOSS RATE 
STRTL .26 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSI F 4.14 VETTING FRONT SUCTION 

XKSAT .53 HYDRAULIC CONDUCTIVITY 
RTIMP 7.67 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .47 TIME OF CONCENTRATION 

R .24 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC- .47 HR, R= .24 HR 

SNYDER TP= .40HR, CP= .94 

UNIT HYDROGRAPH 
19 END-OF-PERIW ORDINATES 

32. 95. 233. 635. 921. 808. 598. 419. 294. 206. 
144. 101. 71. 50. 35. 24. 17. 12. 8. 

HYDROGRAPH AT STATION SA20 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 2.91, TOTAL EXCESS = 1.23 

PEAKFLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24- HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 643. 12.25 74. 20. 20. 20. 

(INCHES) 1.132 1.223 1.223 1.223 
(AC- FT) 37. 40. 40. 40. 

CUMULATIVE AREA = .61 SP M I  

COMBINE FLOUS EATOEB AND SA20 

42 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 



HYDROGRAPH AT STATION EB 

PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 869. 12.33 221. 62. 62. 62. 

( INCHES) 1.253 1.401 1.401 1.401 
(AC-FT) 110. 123. 123. 123. 

CUMULATIVE AREA = 1.64 SQ M I  

************** 
* 

43 KK * EBTOEC * 
* * 
************** 

ROUTE EB FLOWS TO POINT EC 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 6 NUMBER OF SUBREACHES 

I T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVR I C .OO I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL ROUTING 
ANL .041 LEFT OVERBANK N-VALUE 

ANCH .041 MAIN CHANNEL #-VALUE 
ANR .041 RIGHT OVERBANK N-VALUE 

RLNTH 9000. REACH LENGTH 

SEL -0090 ENERGY SLOPE 
ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOU CALCULATIOW 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + --- RIGHT OVERBANK --- 

48 RY ELEVATION 1427.00 1414.00 1414.00 1409.00 1409.00 1414.00 1415.00 1428.00 
47 RX DISTANCE 9660.00 9840.00 9995.00 10000.00 10025.00 10040.00 10080.00 10180.00 

COHPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE .OO 5.58 11.98 19.21 27.27 36.16 83.04 137.71 196.84 260.41 
OUTFLOU .OO 87.60 284.63 574.96 956.71 1431.54 2682.49 4878.72 7869.28 11613.74 

ELEVATION 1409.00 1410.00 1411.00 1412.00 1413.00 1414.00 1415.00 1416.00 1417.00 1418.00 

STORAGE 328.43 400.91 477.83 559.20 645.03 735.30 830.02 929.20 1032.82 1139.46 
W T F L O U  16102.75 21340.20 27336.88 34107.53 41669.38 50041.18 59242.68 69294.32 80216.89 93397.06 

ELEVATION 1419.00 1420.00 1421.00 1422.00 1423.00 1424.00 1425.00 1426.00 1427.00 1428.00 

*** WARNING *** m3DIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOUS BETUEEN 957. TO 93397. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOUS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 



HYDROGRAPH AT STATION EBTOEC 

PEAK FLOU 

+ (CFS) 

+ 807.  

TIME 

(HR) 

12.58 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

(CFS) 
221. 

(INCHES) 1.253 
(AC-FT) 110. 

PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 

+ (AC-FT) 
4. 

PEAK STAGE TIME MAXIMUM AVERAGE STAGE 
24-HR 72-HR 

+ (FEET) 
1412.61 

CUMULATIVE AREA = 

************** 
* * 

4 9  KK * SA21 * 
* * 
************** 

SUB-AREA 2 1  - CONCENTRATION AT POINT EC 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .76 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 4.14 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.oo .oo .oo .oo 
.oo -00 .oo . 0 0  
. 00 -00 -00 .oo 
.oo .oo . 00 .oo 
.oo -00 .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo -00 .oo .oo 
.oo . 00 .oo .oo 
.oo .oo .oo .oo 
.O1 .01 .01 .01 
.06 .06 .06  .06  
.O1 .01 - 0 1  .O1 
-00 -00 .oo .oo 
- 0 0  .oo .oo .oo 
.oo .oo . 0 0  .oo 
.oo .oo .oo .oo 



GREEN AND AMPT LOSS RATE 
STRTL .29 STARTING LOSS 

DTH .34 MOISTURE D E F I C I T  
P S I  F 4.31 VETTING FRONT SUCTION 

XKSAT . 5 7  HYDRAULIC CONDUCTIVITY 
RT IMP 4.58 PERCENT IMPERVIWS AREA 

CLARK UNITGRAPH 
TC .73 TIME OF CONCENTRATION 

R . 4 7  STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .73 HR, R= . 4 7 H R  

SNYDER TP= .61 HR, CP= .80 

U N I T  HYDROGRAPH 
36 END-OF-PERIOD ORDINATES 

16. 41.  65 .  105.  213. 432. 619. 649. 
430. 360. 301. 252. 211. ~n. 148. 124. 
72. 61. 51. 42. 36. 30. 25. 21. 
12. 10. 9. 7. 6. 5. 

HYDROGRAPH AT STATION SA21 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 3.06, TOTAL EXCESS = 1.08 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 527. 12.42 84. 22. 22. 22. 
(INCHES) 1.024 1.078 1.078 1.078 

(AC-FT) 42. 44. 44. 44. 

CUMULATIVE AREA = .76 SQ M I  

* * 
5 6  KK * EC * 

* * 
************** 

COMBINE FLOWS EBTOEC AND SA21 



HYDROGRAPH COMBINATION 
I COHP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION EC 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 

(CFS) 
+ 1302. 12.50 305. 84. 84. 84. 

(INCHES) 1.180 1.296 1.296 1.296 
(AC-FT) 151. 166. 166. 166. 

CUMULATIVE AREA = 2.40 SP M I  

59 KK * ECTOED 
* * 
************** 

ROUTE FLOWS FROM POINT EC TO POINT ED 

HYDROGRAPH ROUTING DATA 

61 RS STORAGE ROUTING 
NSTPS 4 NUMBER OF SUBREACHES 

I T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVRI C .OO I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

62 RC NORMAL DEPTH CHANNEL ROUTING 

ANL .041 LEFT OVERBANK U-VALUE 
ANCH -041 MAIN CHANNEL N-VALUE 

ANR .041 RIGHT OVERBANK N-VALUE 
RLNTH 5500. REACH LENGTH 

SEL .0118 ENERGY SLOPE 
ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA 

- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + --- RIGHT OVERBANK - - -  
64 RY ELEVATION 1285.00 1270.00 1275.00 1268.00 1270.00 1275.00 1271.00 1289.00 
63 RX D l  STANCE 9530.00 9740.00 9900.00 9920.00 10030.00 10050.00 1021 0.00 10370.00 

COMPUTED STORAGE-OUTFLOU-ELEVATION DATA 

STORAGE . 00 4.46 17.83 39.92 75.77 127.31 194.55 274.78 359.22 447.18 
OUTFLOU .OO 93.75 623.39 1940.99 4263.73 8007.33 13513.00 21195.74 32471.85 45075.64 

ELEVATION 1268.00 1269.11 1270.21 1271.32 1272.42 1273.53 1274.63 1275.74 1276.84 1277.95 

STORAGE 538.68 633.70 732.26 834.35 939.96 1049.11 1161.38 1275.17 1390.33 1506.87 
OUTFLOU 59556.23 75886.84 94055.82 114061.50 135909.40 159609.80 186287.60 215540.50 246662.00 279627.50 

ELEVATION 1279.05 1280.16 1281.26 1282.37 1283.47 1284.58 1285.68 1286.79 1287.89 1289.00 



*** WARNING *** MODIFIED W L S  ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOUS BETUEEN 4 2 6 4 .  TO 279627. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOUS GREATER THAN PEAK INFLOWS. 
T H I S  CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

PEAK F L W  TIME 

+ (CFS) (HR) 

+ 1232. 12.75 

PEAK STORAGE TIME 

+ (AC-FT) ( H R I  
7. 12.75 

PEAK STAGE TIME 

+ (FEET) (HR) 
1270.72 12.75 

HYDROGRAPH AT STATION ECTOED 

M A X I M  AVERAGE F L W  
6- HR 2 4  - HR 72-HR 

(CFS) 
304. 84. 84. 

(INCHES) 1 .179 1.293 1 .293 
(AC- FT) 151.  165.  165. 

MAXIMUM AVERAGE STORAGE 
6- HR 24-HR 72- HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 

CUMULATIVE AREA = 2.40 SQ M I  

SUB-AREA 2 2  CONCENTRATION AT POINT ED 

SUBBASIN RUNOFF DATA 

67 BA SUBBASIN CHARACTERISTICS 
TAREA .63 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 4.14 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo . 00 
.oo .oo .oo -00 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo - 0 0  .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.01 .O1 .O1 .O1 



68 LG GREEN AND AMPT LOSS RATE 
STRTL .32 STARTING LOSS 

DTH .33 MOISTURE D E F I C I T  
P S I F  4.73 VETTING FRONT SUCTION 

XKSAT .49 HYDRAULIC CONDUCTIVITY 
RTIMP 1.34 PERCENT IMPERVIOUS AREA 

69 UC CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 

R .32  STORAGE COEFFICIENT 

7 0  UA ACCUMULATED-AREA VS. TIME, 1 1  ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0  

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= .32  HR 

SNYDER TP= .46 HR, CP= .86 

U N I T  HYDROGRAPH 
2 5  END-OF-PERIOD ORDINATES 

23. 65. 125.  333. 645. 756. 654.  519.  
239. 184. 142. 110. 85. 66. 51. 39. 
18. 14. 11. 8. 6. 

HYDROGRAPH AT STATION SA22 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 3.11, TOTAL EXCESS = 1.03 

PEAK FLOW TIME MAXIMUM AVERAGE FLOV 
6- HR 2 4 -  HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 555. 12.33 69. 17. 17. 17. 
(INCHES) 1.013 1.029 1.029 1.029 

(AC-FT) 34. 35. 35. 35. 

CUMULATIVE AREA = .63 SQ M I  



COMBINE F L W S  ECTOED AND SA22 

HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COHBINE 

HYDROGRAPH AT STATION ED 

PEAK F L W  TIME MAXIMUM AVERAGE FLOW 
6- HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 1427. 12.67 373. 101. 101. 101. 
(INCHES) 1.145 1.238 1.238 1.238 

(AC-FT) 185. 200. 200. 200. 

CUMULATIVE AREA = 3.03 SP M I  

************** 
* * 

7 5 K K  * EDTOEE * 
* * 
************** 

ROUTE ED FLOWS TO POINT EE (AT AGUA F R I A  RIVER) 

HYDROGRAPH ROUTING DATA 

77 RS STORAGE ROUTING 
NSTPS 3 NUMBER OF SUBREACHES 

I T Y P  F L W  TYPE OF I N I T I A L  CONDITION 
RSVR I C .OO I N I T I A L  CONDITION 

X .00 WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL ROUTING 
AWL .043 LEFT OVERBANK N-VALUE 

ANCH .043 MAIN CHANNEL N-VALUE 
ANR .043 RIGHT OVERBANK N-VALUE 

RLNTH 4380. REACH LENGTH 
SEL .0130 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/OUTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + --- RIGHT OVERBANK - - -  
80 RY ELEVATION 1366.00 1365.00 1360.00 1346.00 1350.00 1352.00 1350.00 1384.00 
79 RX DISTANCE 9700.00 9870.00 9930.00 9970.00 10000.00 10050.00 10080.00 10330.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE . 00 2.08 8.33 26.76 57.34 92.03 130.82 173.72 222.56 279.19 
OUTFLOW .OO 80.62 511.89 1677.68 5298.25 10709.51 17895.13 26897.58 38510.98 52510.50 ' 

ELEVATION 1346.00 1348.00 1350.00 1352.00 1354.00 1356.00 1358.00 1360.00 1362.00 1364.00 



STORAGE 351.54 453.10 557.61 665.09 775.51 888.90 1005.24 1124.54 1246.80 1372.02 
OUTFLOU 68783.66 91535.23 119130.10 151186.70 187510.30 227985.50 272539.80 321127.40 373720.70 430304.90 

ELEVATION 1366.00 1368.00 1370.00 1372.00 1374.00 1376.00 1378.00 1380.00 1382.00 1384.00 

*** WARNING *** MODIFIED WLS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOUS BETWEEN 1678. TO 430305. 
THE ROUTED HYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOUS GREATER THAN PEAK INFLOUS. 
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION EDTOEE 

PEAKFLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HE) 
(CFS) 

+ 1358. 12.92 373. 101. 101. 101. 
(INCHES) 1 .I44 1.237 1.237 1.237 

(AC-FT) 185. 200. 200. 200. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
7. 12.92 

PEAK STAGE TIME 

+ (FEET) (HR) 
1351.45 12.92 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 23.92-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 23.92-HR 

CUMULATIVE AREA = 3.03 SQ M I  

SUB-AREA 23 - CONCENTRATION AT POINT EE ( AGUA FRIA RIVER) 

SUBBASIN RUNOFF DATA 

83 BA SUBBASIN CHARACTERISTICS 
TAREA .33 SUBBASIN AREA 

PRECIPITATION DATA 

10 PB STORM 4.14 BASIN TOTAL PRECIPITATION 

11 P I  INCREMENTAL PRECIPITATION PATTERN 
. 00 .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo .oo 
.oo .oo .oo -00 
.oo .oo .oo .oo 
.oo .oo . 00 . 00 
.oo .oo . 00 . 00 



GREEN AND AMPT LOSS RATE 
STRTL .31 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I F  4.03 VETTING FRONT SUCTION 

XKSAT .63 HYDRAULIC CONDUCTIVITY 
RTIMP .07 PERCENT IMPERVIOUS AREA 

8 5  UC CLARK UNITGRAPH 
TC .37 TIME OF CONCENTRATION 

R .20 STORAGE COEFFICIENT 

86 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 

100.0  

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .37 HR, R= .20 HR 

SNYDER TP= .32 HR, CP= .88 

U N I T  HYDROGRAPH 
16 END-OF-PER100 ORDINATES 

26. 90. 340.  578. 515. 351. 229. 149. 
41 .  27. 17. 11. 7. 5. 

HYDROGRAPH AT STATION SA23 

TOTAL RAINFALL = 4.14, TOTAL LOSS = 3.25, TOTAL EXCESS = .89 

PEAK FLOV TIME MAXIMUM AVERAGE FLOU 
6-HR 2 4 -  HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 327.  12.17 31. 8. 8. 8. 
( INCHES) .885 .886 .886 .886 

(AC-FT) 16. 16. 16. 16. 

CUMULATIVE AREA = .33 SQ U I  



************** 
* * 

88 KK * EE * 
* * 
************** 

COMBINE FLOUS EDTOEE AND SA23 

HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION EE 

PEAKFLW TIME MAXIEKIII AVERAGE FLW 
6- HR 24-HR 72-HR 23.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 1369. 12.92 404. 109. 109. 109. 
(INCHES) 1.119 1.202 1.202 1.202 

(AC-FT) 200. 215. 215. 215. 

CUMULATIVE AREA = 3.36 SQ MI 

RUNOFF SUMMARY 
FLW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

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

OPERATION STAT I ON FLOU PEAK AREA STAGE MAX STAGE 
+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SAl9 1073. 12.25 147. 42. 42. 1.03 

ROUTED TO 
+ EACAP 450. 12.67 147. 42. 42. 1.03 
+ 

ROUTED TO 
+ EATOEB 447. 12.92 
+ 

HYDROGRAPH AT 
+ SAZO 643. 12.25 

2 COMBINED AT 
+ EB 869. 12.33 

ROUTED TO 
+ EBTOEC 807. 12.58 
+ 

HYDROGRAPH AT 
+ SA2l 527. 12.42 

2 COMBINED AT 
+ EC 1302. 12.50 

ROUTED TO 



ECTOED 1232. 12.75 
+ 

HYDROGRAPH AT 
t SA22 555. 12.33 

2 COMBINED AT 
ED 1427. 12.67 

ROUTED TO 
L EDTOEE 1358. 12.92 
i 

HYDROGRAPH AT 
+ SA23 327. 12.17 

2 COMBINED AT 
+ EE 1369. 12.92 

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



APPENDIX H 

LEVEE ANALYSIS FOR CAP. CANAL 



% ENGINEERS, INC. 
2251 N. 44th St. Phoww. Ax. 85001 Phao. (602) 244-25S6 

CLIENT 
c D A T E C / 4 / ,  

JOB JOO n0. ,?/a 4z 

LEVEE ANALYSIS FOR C.A.R 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, 

Crossing 
No. 

CAP. pipe Upstream 
Station size Inv. Elev. 

Downstream 
Inv. Elev, 

1505.95 

1508.09 

1510.74 

1494.08 

1512.09 

1512.93 

Watershed 
Name 

Caterpillar Tank 

Twin Buttes 

Twin Buttes 

Twin Buttes 

Twin Buttes 

Twin Buttes 



W E E 1  OF 

ENGINEERS, INC. 
2255 N 44th St. M a .  AZ 8SW8 Phen. (602) 244-2566 

.  DATE^/^/ 

CLIENT 
c n o r Z Z C  DATE.-- 

JOB ,me W. 3/0, 4.2 

CA7ERPlLU-K WASH 

@J.w 5b& E/' BdAJ c.A.P. 
Cross;yj 5fa. HEc-/ p p  6 -b Sfom 24-hr S'fm 
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ENGINEERS, INC. 
2251 N 44th St. P M e m x .  Az 85008 Pheno (602) 244-2566 

b r . S E L  DATE- 

FCDM C 
cncu 

CLIENT 
k/ez*r  DATE^/^/. 

JOB a m .  310. & z- 

TOP OF L/N/NG FOR CA.?? CANAL 

* 
6 i ; i . d  CAP +#- ~/eamrlce Nojh? 7dd Z p  4 

Zn v. &a. ogL;n3 H ~ d f  L;n;y 
N O .  Skol. Elev. 6-W rFt) (F%) C f i  1 g/cv. 



( - 6  Gran i te  Reef A Q ~ E ~ U C ~  
,/ (Lookihq d o w n s f r e a m )  

-' 1-.24:0' 
I O 4 - M  Rood. 

c fed 
- .7ockf1II e m b a n k m ~ n ~  f XCr'PT ~ompuc fed 

mckf i l l  embankment #here shown on p lan and 
I7 r - r )  Pansi t ion (3s d i recred,  
73. 

gcckf i l l  . . Or ig ino /  g r o u n d  su r face  ernban kmen t /  
. . - . - . - Compacf ed rcck fi'l 1 ,./ 

embonkmen) -- Ccn~pacred N O T E S  
I Q ernbankrner? f 

PARTIAL FILL  3 7 ~ ~  F!LL 7 r o n s  v e r s e  con + roc  f ~ o n j c f n t s  around cur-vc:  

TYPICAL SECTION 
to be o n  r o d l o /  l ~ n e s  @/5-0 cen f ers, spaced 

(ROC KFI L L)  
o / o n y  e oqueduc f .  

Far J e f o l l s  c f  con f r o c i l o n  ,oini.s see 344-0-577 
."or d e t o l f s  and s p c l c ~ n g  o f  >oiety /oubers s e ~  

4 0 - 0  - 6 / / 2 .  

M Y  DRAULlC PROPERTIES 

- . . - .- - - - - 

LINING HEIGHT TABLE 

C o n c r e t e  I ~ n i n y  d e s i g n  I S  oosed o n o  
compr? ssrve s f r e n q f h  o f  3 0 0 0 p . s  I. 
&2A days. 

@ N U J f t V S  TUlnK SAFETY 
U N I T E D  S T A T E S  

O E P A R r H E N r  OF m E  I N r E R I O R  
BUCEA U  OF RECLA H A  T I O N  

CENTRAL ARlZ ONA PROJECT 
GRANITE REEF DIVISION-ARIZONA 

GRAN/TE REEF AQUEDUCT 
REACH 9 

T YPIGAL AQUEDUCT AND DIKE SECTIONS 






