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HYDROLOGY REPORT
SOLS WASH
TOWN OF WICKENBURG

INTRODUCT | ON

The purpose of this surface water hydrology report is to generate flood
peak discharges for Sols Wash at its confluence with the Hassayampa River.
The objectives of this report are: 1) to present the basic physio-

graphic and hydrologic characteristics of the study area; 2) to document
the methods used in the hydrologic analysis and; 3) to present discharge

frequency values for existing conditions.
BACKGROUND

Presently there exists an authorized Flood Insurance Study for the Town
of Wickenburg. This study was completed in October 1976 and published
in July 1977. The study (reference 5) addresses the flood potential

of the Hassayampa River, Sols Wash and other smaller floodprone streams
with respect to the Town of Wickenburg. As noted in the study, the dis-
charge-frequency relationships for the Hassayampa River were developed
using stream flow data for thirty (30) years of record at stream gage
95155 located on the Hassayampa River. Discharge-frequency values for
Sols Wash, a tributary of the Hassayampa River, were computed using an
S-graph derived from reconstitutions of observed flood events on Indian
Bend Wash loacted in the Phoenix-Scottsdale area. Table 1 presents the

Summary of Discharges found in the published Flood Insurance Study.

This report presents an engineering method for calculating discharge-
fregneucy values for Sols Wash different from that used in the Flood
Insurance Study. Stream flow data for gaging stations are available
upstream and downstream of Sols Wash's confluence with the Hassayampa
River. This data was used to generate discharge-frequency values for

the two locations by means of the Log-Pearson Type |l| statistical
analysis as recommended by the Federal Emergency Management Agency (FEMA)

(reference 12).



BACKGROUND  (cont'd)

Once this data was obtained, the Soil Conservation Service's TR-20 computer
model (reference 10) was used to reconstruct the discharge-frequency

values based on the recorded stream flow. The TR-20 input data consisted
of precipitation values, drainage subareas, curve numbers and concentration
times. Precipitation values were interpolated from the NOAA Atlas

Volume 8 for Arizona (reference 4) with a one day type Il storm distri-
bution applied over the entire watershed. Curve numbers were estimated
from the National Engineering Handbook, Section 4 (reference 9) and soils
maps (reference 7). Times of concentration was based upon estimated

stream valocities attained during flood flow routings. Since the TR-20
program is capable of modeling individual drainage areas with respect

to their runoff characteristics, it was considered that, if the re-
construction of historical events were possible, then the calibration

of discharge-frequency values for individual drainage areas (e.g. Sols

Wash) would be the result of the analysis.

GENERAL DESCRIPTION OF DRAINAGE AREA

Physiography and Topography:

The Hassayampa River, of which Sols Wash is a tributary, is the principal
water course through the Town of Wickenburg. The watershed for the Hassay-
ampa River is located in northwestern Maricopa and southern Yavapai
Counties. The watershed eventually drains to the Gila River. Gaging
station 95155 is lcoated upstream of Wickenburg and has a drainage area

of approximately 417 square miles which is characterized by rugged mountain
type terrain ranging in elevation from about 2,300 feet to 7,700 feet,
National Geodetic Vertical Datum of 1929. The average stream gradient

for this drainage area is about 2.6 percent or 137 feet per mile. The
drainage area contributing to gaging station 95165 consists of a total of
774 square miles. The 357 square miles contributing downstream of gaging
station 95155 consists of mildly sloping desert type terrain and rolling
hills bordered by a fringe of poorly defined mountains and foothills. Sols

Wash is a part of this 357 square mile watershed and has a drainage area



Physiography and Topography: {cont'd)

of 144 square miles at its confluence with the Hassayampa River. The
stream gradient for Sols Wash is about 1.2 percent or 65 feet per mile.
The average channel slope of the Hassayampa River from gaging station
95155 to gaging station 95165 is 0.5 percent or 24 feet per mile. The
change in channel slope is constant with the change of topographic
conditions of the drainage area found between gaging stations. For
drainage subareas and concentration points (identification numbers)

see Plates 1 and 2.

Vegetation:

Vegetation varies with latitude and elevation. In the northern portion

of the watershed, which is the mountanous area, heavy forest can be

found with chaparral cover prevailing as elevation descend. In the central
region, chaparral growth continues with juniper, palo verde, mesquite

and scrub oak type trees existing among the shrubs. The southern portion

is best characterized by typical desert terrain which is sparse and includes
cacti and other desert shrubs. Vegetation tends to be thicker adjacent

to the stream courses. Annual grasses occur after winter rains.

The soils within the watershed can generally be divided into two types;
those found on the gently sloping plains and alluvial fans, and those in
the mountains and low hills. The soils of the plains and alluvial fans
are mostly gravelly, sandy loams that range from shallow to very deep
depending on the slope of the topography. In the mountains and hilly
areas, the soils are shallow to very shallow, consisting of very gravelly,
sandy loams. Rock outcrops of granites and volcanics are common through-
out the area. Bedrock can often be found just below the surface and is
covered with only a few cobbles and stones in the process of disinte-

gration.

Runoff Characteristics:

Little stream flow occurs in the study area except during and immediately

following heavy precipitation. Climatic and drainage area characteristics



Runoff Characteristics: (cont'd)

are not conducive to continuous runoff. Stream flow increases rapidly
in response to effective rainfall. Base flow is negligible in the Wicken-

burg area. Snow melt does not add significant runoff to winter floods.

Structures Affecting Runoff:

Flood control dams have been constructed in 1976 by the Soil Conservation
Service on both Sunny Cove and Sunset Washes. Both dams are earthfill
structures with ungated outlets and are designed to control all flows
up to and including a 100-year flood (reference 11). The Sunny Cove
Dam has a drainage area of 1.35 square miles while Sunset Dam has a
drainage area of 0.60 square miles. The TR-20 computer input for this
study does not account for these structures for three reasons. First,
these structures, which control only 1.95 square miles of the total
drainage area, will have a very minimal effect at gaging station 95165
where the size of uncontrolled watershed is 774 square miles. Second,
these structures do not contribute directly or indirectly to Sols Wash,
the tributary being analyzed for hydrology in this study. Third, the
majority of the historical flood flows which have been utilized in the
statistical analysis to establish a discharge-frequency relationship

at gaging station 95165 occurred prior to the existence of these struc-

tures.

An earth embankment constructed across Sols Wash directs flow into a
channel leading out of the drainage area. This structure is located ad-
jacent to Sols Tank and intercepts a drainage area of approximately 58

square miles.

Based on field measurements and normal depth calculations, it is expected
that a discharge exceeding 4,000 cfs will overtop portions of the struc-
ture and eventually contribute to its failure. The United States Geolo-
gical Survey quadrangle map titled 'Congress SW, Arizona' and dated 1969,
shows the earth embankment structure. |Inquiries to Maricopa County,
Yavapai County, SCS, and the Town of Wickenburg have failed to reveal

the public agency or firm responsible for its construction or design



Structures Affecting Runoff: (cont'd)

specifications for the structure. Because of the many unknowns and
probable failure of the structure in a 100-year event, all hydrologic

computations in this study include this 58 square mile area.

HYDROLOGIC ANALYSIS

Log-Pearson Type lIl Analysis:

There exists no runoff data suitable for deriving direct discharge-
frequency relationships for Sols Wash. There does, however, exist
historic stream gage data for the Hassayampa River upstream and downstream
of the Sols Wash confluence. Utilizing this stream gage data a Log-
Pearson Type |l statistical analysis was performed. Thirty-eight (38)
years of records were investigated for the upstream stream gage station
95155 and twenty-five (25) years of records were investigated for the
dosntream station 95165. The results of the Log-Pearson analysis are
presented in Table 1. These results compare favorably with the Flood
Insurance Study for the Town of Wickenburg, published in July 1977,

which employed thirty (30) years of record for stream gage station 95155.
(see Table 1).

Watershed Modeling Technique, TR-20:

Upon having established a discharge-frequency relationship for the Hassay-
ampa stream gage stations, SCS TR-20 watershed modeling techniques were
utilized and a rainfall/runoff analysis was performed for the Hassayampa
River watershed. |In this technique, an attempt was made to reconstruct
discharge-frequency relationships which were previously established by

the Log-Pearson statistical analysis. The results of this rainfall/

runoff analysis were evaluated and curve numbers were adjusted as necessary

in this iterative reconstitution process.

The TR-20 technique produced an extremely close reconstruction of the dis-
charge-frequency relationship for upstream station 95155. The technique,

however, produced discharge-frequency relationships with consistent higher
peaks for the downstream station 95165. The consistent higher peaks appears

to be a result of techniques capability limitation. The TR-20 program



TABLE 1

SUMMARY OF DISCHARGES

DRAINAGE
FLOODING AREA PEAK DISCHARGES (cfs)
SOURCE METHOD LOCATION sq. mi. 10-year 50-year 100-year
Hassayampa Log-Pearson Type IIII Gaging Sta. 95155 L7 20,000 51,000 71,000
i 2
Ll Toups TR-20 Gaging Sta. 95155 b7 25,000 54,000 #1,000
Regression Equation3 Gaging Sta. 95155 417 13,000 32,000 41,000
Flood Ins. Studyh Wickenburg upstream
corporate limit 564 14,500 47,000 71,000
Hassayampa Log-Pearson Type IIl] Gaging Sta. 95165 774 17,000 56,000 85,000
River Toups TR=20% Gaging Sta. 95165 774 36,000 77,000 100,000
Regression Equation3 Gaging Sta. 95165 774 25,000 68,000 91,000
Flood Ins. Studyh Wickenburg downstream
corporate limit 671 14,000 46,000 70,000
Sols Wash Toups TR-ZO2 Confluence with
Hassayampa 145 5,400 11,200 14,700
Regression Equation3 Confluence with
Hassayampa 145 6,800 20,000 29,000
Flood Ins. StudyI+ Confluence with
Hassayampa 145 4,000 16,500 24,000
SCS5 Confluence with
Hassayampa 145 7,500 12,100 14,400
I = Log-Pearson Type ||| computer input-output in Appendi x
2 - Toups TR-20 computer input-output in Appendix
3 - Regression Equation calculations in Appendix
L - Discharge values from Flood Insurance Study - Town of Wickenburg, July, 1977 (reference 5)
5 - 10-year and 50-year values extrapolated holding 100-year and 25-year value of 9,750 cfs (reference 11)



Watershed Modeling Technique, TR-20: (cont'd)

is not able to model infiltration losses which may occur during the

routing of flood flows within a given reach. |In this analysis, for instance,
in a reach length of approximately 15 miles, from station 95155 to station
95165, where the channel gradient is very flat and the floodplain is

fairly wide, the TR-20 program did not account for any infiltration losses.
It should be noted that a flat channel gradient and wider floodplain

allows higher infiltration losses.

Although the TR-20 computer model was higher in discharge-frequency

values for gaging station 95165, the values associated with Sols Wash

are consistently lower, except for the 10-year event, than those presented
in the July 1977 Flood Insurance Study (Plate 4). Efforts were not under-
taken to manipulate the computer program to duplicate the statistical
discharge-frequency values. The computer values for Sols Wash are in

general agreement with those presented by SCS.

On August 17, 1971, a major flood peak occurred in Sols Wash. Based on
slope area measurements, SCS estimated a peak discharge of 9,500 cfs.

USGS also made slope area measurements of this flow and estimated a

peak discharge of 10,600 cfs with the measurement being rated poor. The
25-year discharge using the TR-20 program was calculated by SCS to be 9,750
cfs (reference 11). A peak discharge of 14,400 cfs is given by SCS as

the 100-year flood peak for Sols Wash (reference 5). These two values

were plotted on probability paper with 10-year and 50-year values being

extrapolated and entered into Table 1.

Regression Equations:

Regression equations were also used to estimate the magnitude and fre-
quency of floods for the Hassayampa River and Sols Wash (reference 8).
Methods outlined in the Arizona Department of transportation Report,
"ADOT-RS-14 [121] Final Report'', were used to estimate the flows for the
10-, 50-, and 100-year flood event (see Table 1). Compared to the Log-
Pearson Type |l1 results, the results of the regression equation generally

varied. For gaging station 95155, the results are considerably lower



Regression Equations: (cont'd)

while, for gaging station 95165, the results are higher than the Log-
Pearson results. Because of the failure to closely model results of
the Log-Pearson Type [1l analysis, use of the regression equations for

Sols Wash are not supported by this report.

CONCLUSIONS AND RECOMMENDATIONS

This report presents a hydrologic analysis of Sols Wash, a tributary to
the Hassayampa River, in the Town of Wickenburg to determine peak flood
discharges in accordance with the Guidelines of the Federal Emergency
Management Agency (FEMA). The results of this analysis and other per-
tinent hydrologic data developed by the Soil Conservation Service as

well as the Corps of Engineers in preparation of the 1975 Flood Insurance
Study for Wickenburg have been presented in Table 1, Summary of Discharges.
The discharge values reported in Table 1, compared, show an extremely
close agreement in flood peaks between the results of this analysis and

that of the SCS study.

The analysis presented in this report is based on establishing discharge-
frequency relationships for two stream gage stations on the Hassayampa
River in accordance with FEMA guidelines. Utilizing these relationships
as a guide, a rainfall/runoff model was created to reconstitute the same
discharge-value relationships. This modeling required optimization of
hydrologic parameters in order to produce the desired reconstitution.
Through this process, hydrologic parameters of the entire watershed were
optimized including those of Sols Wash. It is, therefore, believed

that the peak discharges for Sols Wash presented in this report are

based on the "best-fit" hydrologic parameters and the rainfall/runoff

process which is most likely to occur over the Sols Wash watershed.

Furthermore, the results of this analysis compares very favorably with

those of the SCS study presented in reference 11.



Vi,

It is, therefore, recommended that the results of this study be submitted
to FEMA for their review and approval in connection with revising the
hydrology for Sols Wash and that portion of the Flood Insurance Study
that is affected.
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A " D 15 169.81 i 207 TTL20 T T NLUN T T4LEN T 24,00 C33897,22 T 15.6% IOl 2.07 gy —— i
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3 1 3 21 363,140 1 2 .20 0.U0 4.20 24,00 65738.04 15.66 0,00 2.08 183,65
T, \ 1 3 25 53,40 1 2 .21 n.00 u,2n 24,00 20765.90 13.39 0,00 2.23 379.51
O T 23 ulh.an 12 T TTTTLan T T J00 W20 2h000 T Tyod T8 1645 0.00  woLif T ivosus - T
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2 1 in 85,10 1 2 .20 0.30 2,43 24,00 2B74,98 18.04 0.00 .61 33,78 -
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> 2 52 688,70 1 2 .20 0,00 333 24,00 Tz411.18 20.48 3,09 1.61 106:59
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2 > 15 24,80 1 2 .20 N.00 3,95 24,00 2B855.93 15.70 0,00 1,40 11516 s
N S b 774,00 ; - e s S U385 T AT TATE AT T RO T L seT—— g9l —— %,
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REGRESSION EQUATIONS: CALCULATIONS



ESTIMATING THE MAGNITUDE AND FREQUENCY OF FLOODS

(Reference 8)

Basis Hydrologic Parameters:

E P
A MEAN WATERSHED  MEAN ANNUAL
FLOOD FREQUENCY DRAINAGE AREA  ELEVATION IN PRECIPITATION

STREAM REGION (sq.mi.) THOUSANDS IN INCHES
Hassayampa River

@ Gage Sta. 95155 3 417 4.75 19.3

@ Gage Sta. 95165 3 774 319 16.9
Sols Wash

above Hassayampa

River confluence 3 145 2.75 10.0

The following regression equations are applicable for region 3.

-638 _].0 497]

Q]O =74.7 A E p cfs
.61 -1.22 =933

Q50 = 329 A / E P cfs
.610 =~ 1 33 915

QIOO = 553 A E p cfs



RESULTS OF REGRESSION EQUATIONS

FLOOD PEAKS IN cfs
STREAM 10-Year 50-Year 100-Year

Hassayampa River

@ Gage Sta. 95155 13,078 32,187 41,428
@ Gage Sta. 95165 25,399 67,693 90,851
Sols Wash

above Hassayampa '
River confluence 6,825 20,268 28,745



