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ABSTRACT 

The Arizona Nature Conservancy's Hassayampa River Preserve is 50 miles 
northwest of Phoenix near the town of Wickenburg. Four miles of the largely 
ephemeral Hassayampa River are perennial within the preserve, supporting 
one of the finest remaining cottonwood-willow forests in the state. Stream 
flows are affected by wells pumping ground water directly from the alluvial 
aquifer and may be influenced by wells which intercept lateral inflow from 
the regional basin-fill aquifer. Developing effective management strategies to 
protect base flow conditions (~4 cfs) depends on a clear understanding of the 
surface and ground-water systems in the preserve. Piezometers installed in 
conjunction with a continuously recording stream gage monitor riparian 
water-table elevations. Geologic cross-sections defining aquifer geometry 
have been developed from seismic refraction data, providing accurate 
estimates of sub-flow through the study area. Structural controls and 
changing evapotranspiration rates produce downstream variations and 
diminish base flow within the preserve. Ground-water hydrographs for wells 
within and near the alluvial aquifer have not exhibited significant declines in 
the last ten years, however, wells in the regional aquifer near Wickenburg 
have. Provided that ground water developers near Wickenburg recognize 
and incorporate the interconnected nature of each hydrologic system, 
perennial flow within the preserve is not believed to be immediately 
threatened. 
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CHAPTER ONE 

INTRODUCTION 

Arizona has lost more than 90% of the natural riparian, or stream side, 
habitat which used to exist in the state 100 years ago. Add to this the 
realization that at least 85% of the state's wildlife species are directly 
dependent upon that remaining 10% for their survival, and it is easy to 
understand why instream flow protection could be the single most important 
environmental issue facing Arizona today (Richter, 1987). 

The Arizona Nature Conservancy is committed to saving these naturally 
diverse riparian habitats and has purchased 333 acres of land bordering four 
short perennial miles of the largely ephemeral Hassayampa River in west-
central Arizona. The Hassayampa River Preserve (HRP) supports one of the 
state's finest remaining Fremont cottonwood-Goodding willow forests, North 
America's rarest forest type. The Conservancy's ability to preserve the 
riparian values found within the HRP will depend on the continued 
availability of instream flows and the effective management of floodplain 
and ground-water resources. 

Therefore, in an effort to help secure an instream flow appropriation 
and establish cooperative and environmentally sensitive water-resource 
development in the area, a multi-faceted water resource assessment was 
undertaken, and the results are presented in this thesis. 

PROJECT LOCATION 

The Hassayampa River, a tributary to the lower Gila River, is in west-
central Arizona. The reach examined in this investigation begins six miles 
north of the town of Wickenburg at the Box Canyon damsite, continues 
south-southeastward approximately 15 miles through town and the 
Hassayampa River Preserve, terminating at the Morristown gaging station 
(Figure 1). Specific features, wells, and gaging sites frequently referenced to in 
this report are shown in Figure 2. 
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SCOPE 

As first envisioned, this investigation proposed to develop a computer 
model which would simulate the hydrogeologic system found within the 
Nature Conservancy's Hassayampa River Preserve. Ideally, this numerical 
model would accurately describe and predict the flow of water through the 
preserve, both at the surface and underground. Researchers or preserve 
managers could simulate ground-water pumping from the Wickenburg well 
field today or fifty years from today and see with numeric clarity the impact 
on the perennial Hassayampa as it flows past the HRP Visitor Center. Since 
then I have realized that neither the basic hydrogeologic data nor a computer 
model sufficiently applicable to the conditions found at the study area is 
currently available. Thus, the scope of this project was redefined, shifting 
from a predictive numerical model toward a conceptual model. 

This project now approaches instream flow protection and 
preservation from a perspective which might be best described as "mosaic." It 
includes a wide variety of new investigations into the ground and surface 
water systems associated with the preserve. It then integrates each of these 
studies into a framework which may be used to develop water resource 
management strategies which are effective and consistent with the Nature 
Conservancy's stewardship goals. 

OBJECTIVES 

Five major objectives were identified for this project: 

1. Characterize the natural surface-water flow regime found within the 
Hassayampa River Preserve. 

2. Determine the natural ground-water flow regime found within the 
Hassayampa River Preserve. 

3. Develop an annual water budget for the Hassayampa River Preserve 
study area. 
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4. Discuss surface and ground water relationships and if possible 
determine to what extent stream flows within the HRP may be affected 
by wells pumping ground water directly from the alluvial aquifer and 
by wells intercepting lateral inflow from the regional basin-fill aquifer. 

5. Develop and recommend cooperative and environmentally sensitive 
water resource management strategies (in addition to a water right 
application), including land management alternatives, cooperative 
management alternatives, monitoring, and further research. 

APPROACH AND METHODS 

The first major objective, characterizing the natural surface water flow 
regime found within the Hassayampa River Preserve, is presented in Chapter 
2. This chapter examines the surface-water flow component in the preserve 
from a perspective consistent with the Arizona Department of Water 
Resources' (ADWR) preliminary guidelines for an instream flow application. 
It describes the watershed conditions found in the upper Hassayampa basin, 
summarizes gaging station conditions and records, illustrates the annual, 
monthly, and daily flow characteristics associated with each of these gages, 
presents an annually dispersed flow duration an .ysis for one location 
exhibiting perennial flow, and details base flow conditions existing within the 
HRP. Watershed, gaging station, and annual flow conditions are largely 
summarized from records collected and reports written by several federal and 
state agencies. The annually dispersed flow duration analysis was completed 
with assistance from ADWR. Base flow characterization was accomplished by 
installing a continuously recording stream gage and periodically gaging flows 
at several other locations within the preserve with pygmy flow meters. 

Chapter 3, Ground Water Assessments, focuses on the second major 
objective — determining the natural ground-water flow regime within the 
HRP. This chapter examines the preserve's geologic setting, quantifies the 
amount of ground water flowing beneath the preserve, assesses the stability of 
the local water table, and identifies the location of water wells in the study 
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area. Geologic descriptions are based on personal field trips with Michael 
Grubenski and his recent mapping efforts conducted for the Arizona Geologic 
Survey. The ground-water sub-flow component was estimated using the 
results from a seismic refraction investigation into the shape of the preserve's 
alluvial aquifer. This work was accomplished in cooperation with Michael 
Rucker from Sergent, Hauskins, and Beckwith, Geotechnical Engineers. Local 
ground water hydrographs were developed for wells monitored by the U. S. 
Geological Survey and for an alluvial aquifer piezometer installed for this 
project in conjunction with the HRP stream gage. And finally, wells were 
mapped using information provided by ADWR. 

An annual water budget for the study area is developed in Chapter 4. 
This water budget incorporates surface and ground-water flow data from the 
previous two chapters with municipal well production from Wickenburg's 
well field and effluent production from the town's Waste Water Treatment 
Plant. Evapotranspiration, irrigation, stock, mining, tributary wash, and 
regional aquifer estimates are also developed in this analysis. 

The ground and surface water interconnection assessments discussed 
in Chapter 5 are provided in an effort to qualitatively describe both 
stream/aquifer relationships in arid regions and the effects a pumping well 
has on a stream so that sound inferences may be made as to the threat ground 
water development poses to the perennial Hassayampa. The interconnection 
between the ground and surface-water systems in the preserve is further 
developed by applying the Goodfarb ruling. This ruling was proposed for the 
Gila River Adjudication to analytically distinguish between ground and 
surface waters. In addition, the results from a surface and ground-water 
chemistry investigation conducted in cooperation with the Arizona 
Department of Environmental Quality (ADEQ) are included in this chapter. 
It clearly exhibits stream / aquifer relationships based on water chemistry. 

Finally, Chapter 6 summarizes the results presented in this thesis and 
integrates these findings into specific conclusions and recommendations to 
the Arizona Nature Conservancy. 
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PREVIOUS INVESTIGATIONS 

Water-resource investigations in the upper Hassayampa basin are 
relatively few and far between and none specifically addresses the ground and 
surface-water interconnection and its significance to perennially flowing 
reaches within the Hassayampa River. Several locally significant reports, 
however, were located and have been useful in this investigation, as were 
two instream flow assessments recently completed for similar rivers in 
Arizona. 

Perhaps the most interesting hydrogeologic investigation completed on 
the upper Hassayampa River was the Bureau of Reclamation's proposed 
Hassayampa Project (U. S. Bureau of Reclamation, 1945). Although never 
constructed, the Hassayampa Project would have involved the construction 
of an earth and rockfill dam on the Hassayampa River at the Box Canyon 
Damsite about six miles upstream of Wickenburg. It also involved the 
construction of a 27 mile long conveyance to a lateral system which would 
serve 10,000 irrigable acres near the town of Wittman. What makes this so 
interesting is that reservoir releases were to be conveyed for the first 15 miles 
through a concrete pipeline, buried in the sands of the Hassayampa River 
channel, to avoid excessive water losses from evaporation and transpiration 
that would occur if the water were released directly into the river. If this 
project had been completed, the riparian conditions and values which 
motivate this thesis would have been destroyed 40 years ago! 

Maps produced by Sanger and Appel (1980) showing ground-water 
conditions in the Hassayampa area in 1978 have also been very informative. 
Information on these maps includes water-table elevation, depth to water, 
well depth, specific conductance, and fluoride concentration. 

Several locally significant reports provided valuable basic information 
used in this report. Two floodplain information studies (U. S. Army Corps of 
Engineers, 1965 and 1972) have been completed and detail the potential 
flooding risks near Wickenburg from the Hassayampa River and several of its 
tributary washes. A watershed work plan was also completed for the 
Wickenburg area to minimize floodwater and sediment damage to the town 
(Flood Control District of Maricopa County, 1974). In addition, several water 
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adequacy reports prepared by private consultants for planned developments 
in the upper basin provided basic hydrogeologic information (Manera, 1971 
and 1984; Gellhaus, 1986; Halpenny and Halpenny, 1988). 

Finally, two reports recently completed by the U. S. Bureau of Land 
Management for the San Pedro River (Jackson, and others, 1987) and the Bill 
Williams River (Long and Peck, 1988) proved invaluable to this thesis. These 
investigations, among the most comprehensive water-resource assessments 
supporting riparian values and instream flow water rights completed in the 
state to date, provided an excellent framework for the development and 
presentation of this research. 

PHYSICAL SETTING 

Features 
The Hassayampa River Preserve protects 333 acres of riparian habitat 

bordering four perennial miles of the river. The preserve is bounded by the 
Atchison, Topeka and Santa Fe railroad to the west and Arizona Highway 60 
to the east (Figure 2). The narrow river bottom lies in a topographic 
constriction between the Vulture Mountains to the southwest and the 
Wickenburg Mountains to the northeast. Noteworthy features frequently 
referenced in this report include from north to south the HRP stream gage, 
the Visitor Center and nearby Palm Lake, the Monarch Wash confluence, and 
the highway rest area or roadside park. Each of these sites is within the 
preserve. 

The larger study area examined in this thesis extends roughly fifteen 
miles southward from the Box Canyon Damsite and stream gage to the 
Morristown gage. Important features, again from north to south, include the 
Rincon Ranch well, Martinez Wash, Blue Tank Wash, the town of 
Wickenburg and its wells (Remuda Ranch, Barnette, Sols Wash, Mariposa, 
and Vulture Mine), Sols Wash which enters just upstream from the highway 
bridge, Calamity Wash and the highway substation, Cemetary Wash, the 
Wickenburg Waste Water Treatment Plant, Turtleback Wash, an unnamed 
drainage and the Woodfin well, the HRP and its features mentioned above, 
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the Dillard well, the San Domingo Wash confluence, and finally the 
Morristown gage. 

History 
Wickenburg was first settled in 1864 along the river in response to 

several rich gold mining strikes, including the famous Vulture Mine, which 
required water for their milling operations. The town grew steadily as the 
mines and local agriculture prospered; but in 1890, the town was essentially 
wiped out when the earthen Walnut Grove dam, located more than 30 miles 
upstream, collapsed after a heavy rainstorm. The flood left several feet of 
rock and debris over the once fertile valley. Eighty-four lives were lost (Flood 
Control District of Maricopa County, 1974). The town was gradually re
established on higher ground, primarily on the west bank of the river, and 
now has approximately 5,000 residents. The town is largely supported by 
tourism and is advertised as the "Dude Ranch Capitol of the World" (BRW, 
1988). 

Drainage 
The river, where it exits the study area at the Morristown gage, drains a 

774 square mile area (White and Garrett, 1985). The upper drainage basin is 
bounded on the north by the Date Creek, Weaver, and Bradshaw Mountains, 
the east by the Wickenburg Mountains, and the southwest by the Vulture 
Mountains. The entire drainage area ranges in elevation from about 1,830 
feet at the Morristown gage to about 7,700 feet near Mt. Union south of 
Prescott. The terrain consists of heavily forested mountains in the northern 
third of the basin, rolling hills in the central third, and a typical desert valley 
in the southern third. The Hassayampa River stream gradient ranges from 
about 400 feet per mile in the norther mountains to an average 20 feet per 
mile in the study area (U. S. Army Corps of Engineers, 1972). 

Climate 
The climate in the basin varies with latitude and elevation. The study 

area is in an arid, sub-tropical climatic zone characterized by hot summers, 
mild winters, and infrequent rainfall. The mean annual precipitation for the 
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upper basin ranges from about 30 inches in the higher mountains to less than 
11 inches in the study area and lower desert (U. S. Army Corps of Engineers, 
1972). The mean annual temperature at Wickenburg is 64.7T with mean 
minimum and mean maximum temperatures of 46.9" and 83.1*, respectively 
(BRW, 1988). The monthly maximum and minimum mean temperatures 
and mean precipitation values for Wickenburg are presented in Table 1. 

Table 1. Monthly temperature and precipitation characteristics for 
Wickenburg, 1875-1987 (from BRW, 1988). 

Climatic Characteristics 

Mean Temperature (*F) Precipitation 
Maximum Minimum (in.) 

January 63.3 30.0 1.00 
February 67.2 33.0 0.88 
March 71.5 37.1 1.09 
April 80.8 43.3 050 
May 90.1 57.9 1.12 
June 99.0 57.9 0.85 
July 103.6 69.7 1.21 
August 100.6 68.3 2.24 
September 96.4 59.3 1.04 
October 86.0 47.5 0.58 
November 73.3 36.5 0.75 
December 65.3 30.8 1.16 

Mean Average/Total 83.1 46.9 10.77 

Mean annual rainfall at Wickenburg is 10.77 inches and is usually 
distributed equally between the summer (May to September) and winter 
(November to February) months . The area is characterized by high intensity-
short duration thunderstorms during the summer months. These storms 
may produce rainfall exceeding one inch in one hour. Winter precipitation 
normally comes from general, low intensity rainfall; snowfall is limited to 
trace amounts (U. S. Army Corps of Engineers, 1972). Measurable 
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precipitation historically occurs about 70 days a year, with more than one inch 
of daily rainfall occurring in each of the months of January, February, June, 
August, and December. In August 1935, the all-time daily precipitation 
maximum measured 3.01 inches, creating an estimated 30,000 cfs flow at Box 
Canyon, the second largest flood on record (BRW, 1988). 
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CHAPTER TWO 

SURFACE WATER ASSESSMENTS 

The surface-water flow component is the first aspect of the Hassayampa 
River Preserve's hydrogeologic system examined in this report. It is an 
excellent place to start such an examination, because many of the 
characteristics described in the following sections are easily observed in the 
field study area. This chapter begins with a description of the upper 
Hassayampa River watershed and its stream gages. Annual, monthly, and 
daily flows are subsequently characterized at various locations within the 
study area. Flow durations, including annual daily and annually dispersed 
analyses, are also presented, showing the probability that specific instream 
flow requests will be satisfied. A brief section on flooding is included, 
followed by a detailed analysis of the perennial base flow conditions found in 
the HRP. 

WATERSHED DESCRIPTION 

The Hassayampa River is a relatively minor southward flowing 
tributary to the Gila River in westcentral Arizona. The headwaters of the 
river begin at about 7,700 feet in the Bradshaw Mountains south of Prescott. 
The river enters the study area flowing perennially at Box Canyon, flows 
ephemerally for several miles through the town of Wickenburg, then 
emerges as a perennial stream within the HRP, finally exiting the s^ dy area 
and the upper Hassayampa basin at the Morristown gage. Approximately 
four miles of this 15-mile reach flows perennially within the preserve. 

Surface flows in the Hassayampa River are supplied by both rainfall 
runoff and ground-water discharge. The highest monthly flows occur from 
January to April in response to winter rainfall and spring snowmelt. A 
secondary period of rainfall runoff occurs in August and September in 
response to short-duration, high intensity thunderstorms associated with the 
Arizona monsoon season. These flows are "flashy," characterized by 
extremely rapid rises, relatively high peak flow rates, and rapid declines back 
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to base-flow conditions. Annual low flows commonly occur in May and June 
and in the period from October to December. Base flows represent discharge 
from the younger alluvial or floodplain aquifer, which in turn is recharged 
both by the older regional or basin-fill alluvial aquifer system and by rainfall 
or snowmelt induced high flows. 

The river is perennial from a point below Wickenburg, about one half 
mile above the HRP stream gage, to an area between the roadside park and 
the Morristown gage. Perennial flow within this reach, as well as the reach in 
Box Canyon, is caused by an impermeable bedrock barrier which constricts the 
alluvial aquifer, forcing alluvial ground water to the surface. 

Discharge rates in the study area are influenced by the amount and 
timing of runoff and ground-water discharges. They are also affected by 
channel and floodplain morphology, losses to evaporation, vegetative 
transpiration, ground water recharge, and man-made diversions and 
pumping withdrawals. Large ground-water withdrawals in and near the 
alluvial floodplain aquifer probably influence the rate at which stream flows 
are lost to ground water. Large pumpers include Wickenburg's municipal 
well field, several minor municipal providers, and a few irrigation interests. 
One noteworthy man-made source of water which likely contributes to 
surface flows in the preserve is the effluent discharged by the Wickenburg 
Waste Water Treatment Plant one mile above the HRP. These factors will be 
discussed in more detail in following chapters. 

Stream Gages 
The U. S. Geological Survey has operated two stream gages in or 

adjacent to the study area at Box Damsite and near Morristown. The Box 
Damsite gage began continuous operation in 1947 but was discontinued in 
1982. The Morristown gage operated continuously from 1939 to 1946 and has 
only recorded flows greater than 500 cfs since then. Because the USGS gaging 
records are so limited and in response to ADWR's instream flow 
quantification requirements, the Arizona Nature Conservancy has installed a 
continuously recording stream gage within the preserve. These gaging 
stations are listed in Table 2 and are shown in Figure 2. 
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Table 2. Stream gages on or near the HRP study area. 

Gage Location Period of Record Drainage Area (mi.2) 

Box Damsite 
HRP 
Morristown 

1947-1982 
1988-present 

1939-1947 

421 
760 
813 

HASSAYAMPA RIVER FLOW CHARACTERISTICS 

Annual Flow Characteristics 
Mean annual discharge in the Hassayampa River at Box Damsite 

averaged about 24 cubic feet per second over the 35-year period of record. The 
mean annual discharge near Morristown (1939-1946) averaged 17 cfs (USGS, 
1988). Annual flows near Morristown are about 29% lower than Box Damsite. 
This value is somewhat interesting. Noting that the periods of record for 
these gages do not correspond, and understanding that the seven year 
Morristown record is extremely short, one might expect the annual 
Morristown discharges to be larger than those at Box Damsite, primarily 
because its contributing watershed is nearly double that found at the Box. An 
explanation for this, fully detailed in the annual water budget assessment 
provided in Chaper 4, involves large evapotranspiration rates, extraction by 
water wells, and the statistical differences between mean and median annual 
flow. 

An annual or monthly frequency distribution of daily flows on the 
Hassayampa River is highly skewed to the right. This means most daily flows 
are quite low, but infrequent flows may be extremely high. The mean is a 
measure of central tendency and is an arithmetic average of all flows in the 
period. In a skewed distribution, the mean is heavily influenced by a few 
large flow values. The median value of a set of measurements is the middle 
value when measurements are arranged in order of magnitude. Thus the 
median daily flow for a period of time is that flow rate which is exceeded 50% 
of the days in that period. In contrast, flows exceeding the mean in a highly 
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skewed distribution might actually be very uncommon. Mean flow rates are 
useful descriptors of runoff volumes and may be useful in analyzing water 
use, ground water recharge, and trends in runoff volume. Median flow rates 
are useful for describing "normal" flow conditions in the river or those 
conditions most likely to be encountered by a visitor to the river or by flow 
dependent wildlife and fishes (Jackson and others, 1987). 

A summary of mean, maximum, and minimum daily discharge (cfs) 
and total runoff volume (acre-feet) for the water years recorded at each gage is 
provided in Tables 3 and 4. 

Table 3. Annual daily flow data, Hassayampa River near Morristown. 

Water Mean Q Max. Q Min. Q Total Runoff 
Year (cfs) (cfs) (cfs) (acre-feet) 

1939 9.1 1,200 0 6,580 
1940 0.9 20 0 625 
1941 93.9 2,050 0 68,020 
1942 1.1 10 0 796 
1943 10.0 738 0 2,870 
1944 11.5 494 0 8,350 
1945 14.1 494 0 10,210 
1946 3.7 273 0 2,670 
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Table 4. Annual daily flow data, Hassayampa River at Box Damsite. 

Water Mean Q Max. Q Min. Q Total Runoff 
Year (cfs) (cfs) (cfs) (acre-feet) 

1947 2.6 123 0.9 1,870 
1948 2.8 539 0.5 2,050 
1949 16.0 485 0.3 11,590 
1950 7.5 1,170 0.8 5,400 
1951 33.5 8,470 0.8 24,250 
1952 29.0 491 0.6 21,080 
1953 3.8 148 1.2 2,780 
1954 12.7 1,760 0.9 9,210 
1955 13.0 792 1.0 9,440 
1956 2.7 174 1.0 1,930 
1957 3.2 355 0.5 2,290 
1958 23.8 1,270 0.4 17,200 
1959 6.8 1,000 0.5 4,930 
1960 9.5 745 0.6 6,910 
1961 2.6 138 0.2 1,870 
1962 1.2 151 0.2 896 
1963 2.3 367 0.1 1,680 
1964 1.8 142 0 1,300 
1965 30.5 1,200 0 22,050 
1966 54.3 1,700 1.5 39,310 
1967 5.8 1,040 1.6 4,200 
1968 24.2 2,280 0.1 17,530 
1969 12.6 800 0.2 9,120 
1970 19.8 5,000 1.1 14,300 
1971 3.6 60 0.7 2,280 
1972 2.2 70 1.1 1,580 
1973 79.9 846 1.1 57,840 
1974 6.3 700 0.5 4,560 
1975 2.0 50 0.2 1,450 
1976 14.9 1,390 0.6 10,790 
1977 1.9 25 1.0 1,400 
1978 127 6,480 1.1 92,290 
1979 113 2,520 1.0 81,920 
1980 169 6,670 1.7 123,000 
1981 6.9 64 0.8 5,000 
1982 30.8 1,370 1.5 22,270 
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Because of the limited discharge records for each of these sites, whether 
or not annual flows are changing over time can not be determined. 
Therefore, I will assume that overall surface runoff, while variable from year 
to year, has generally been constant in the basin over the past 50 years. 

Monthly Flow Characteristics 
Monthly flows in the Hassayampa River at the two gaging stations are 

bimodally distributed over the year. Figures 3 and 4 illustrate the monthly 
distribution of runoff as a percent of annual runoff. The highest monthly 
flows occur from January to April. A secondary high flow period occurs 
during August and September. The lowest flow months are in the May to 
July and October to December periods. Again, daily flow distributions -
particularly during the higher flow months — are highly skewed. Mean 
monthly flows during these periods are influenced strongly by a small 
number of extremely high flow days. 
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Figure 3. Percent of annual runoff at Box Damsite, 1947-1982. 
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Mean monthly mean discharges at Morristown gage, 1939-1946. 
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Additional graphs showing the minimum and maximum monthly 
mean flows at the Box Damsite and Morristown gages are provided in Figures 
7 to 10. These graphs reflect the relative minimum and maximum mean 
flow magnitudes for each gage. The minimum monthly mean discharges at 
Box Damsite range from 0.0 to 0.7 cfs (Figure 7); maximum values range from 
27 to 1,280 cfs (Figure 8). The minimum monthly mean discharges near 
Morristown range from 0.0 to 1.0 cfs (Figure 9); maximum values range from 
1.1 to 445 cfs (Figure 10). Note the no-flow period from May to November 
exhibited in Figure 9 for the Morristown gage, contrasting it with the Box 
Damsite minimums in Figure 7. These figures illustrate clearly the 
ephemeral nature of the Hassayampa near Morristown and its perennial 
nature at the Box. 
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Figure 7. Minimum monthly mean discharges at Box Damsite, 1947-1982. 
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Hassayampa River at Box Damsite, 1947-82 
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Figure 8. Maximum monthly mean discharges at Box Damsite, 1947-1982. 
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Figure 9. Minimum monthly mean discharges, Morristown gage, 1939-46. 
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Hassayampa River near Morristown, 1939-46 
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Figure 10. Maximum monthly mean discharges, Morristown gage, 1939-46. 

Flood Characteristics 
Floods are an important factor in the maintenance and rejuvenation of 

the cottonwood-willow riparian forest found in the Hassayampa River 
Preserve. This report will not discuss the relationships between flooding and 
riparian health, but will simply describe historical floods in the area and how 
they relate to the surface-water regime in the HRP. 

Damaging floods are known to have occurred near Wickenburg as 
early as 1890 (U. S. Army Corps of Engineers, 1972). In 1886 the Walnut Grove 
Water Storage Company began to construct a rockfill dam near Wagoner to 
fill the need for water and power at neighboring placer mines. It was 110 feet 
high and formed a 10,000 acre-foot capacity reservoir. The dam failed in 
February 1890, before the spillway was completed, after an extremely high 
runoff event. The resulting flood killed 76 people and caused substantial 
damage downstream. 

In September 1970, the largest recorded flood occurred on the 
Hassayampa River. The peak discharge from this flood at Box Canyon is 
estimated to be approximately 58,000 cubic feet per second. A complete listing 
of historical peak flows in the Hassayampa River Study Area from 1925 to 
1988 is provided in Table 6. Table 7 summarizes the magnitudes and 
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probabilities for instantaneous peak flows at both the Box Canyon and 
Morristown gages. 

Table 6. Historical peak flows in the Hassayampa River Study Area. 

Date Box Canyon Moms town Date Box Canyon Morristown 
Gage (cfs) Gage (cfs) Gage (cfs) Gage (cfs) 

9-19-25 25,500 2-16-27 27,100 
2-7-37 22,000 12-20-38 2700 
3-3-38 10,000 9-4-39 1,240 
9-6-39 6,200 9-12-39 1,600 
2-1-40 160 12-24-40 3,350 
2-25-41 2,600 3-2-41 6,100 
3-5-41 2,040 3-14-41 4,060 
4-11-41 3,020 4-15-41 1,320 
7-24-41 2,110 8-9-41 3,460 
8-5-42 100 8-3-43 7,700 
8-14-43 3,800 9-26-43 1,200 
10-18-43 2,420 2-24-44 1,510 
8-9-44 3,520 8-2-45 2,200 
8-10-45 1,110 7-22-46 664 1,510 
8-11-46 2,090 8-14-46 1,110 
9-17-46 2,310 8-8-47 2,300 6,000 
8-5-48 5,600 9-26-49 2,910 
1-13-49 651 1-25-49 708 
7-4-49 2,510 9-11-49 1,310 
9-14-49 970 10-18-49 5,500 
8-3-51 2,130 8-20-51 750 
8-26-51 4,910 8-29-51 27,000 
10-30-51 885 12-30-51 1,590 
1-18-52 590 3-11-52 1,410 
3-17-52 910 8-14-52 775 
9-20-52 580 7-18-53 865 
3-23-54 3,090 3-25-54 1,120 
9-2-54 2.760 6-13-55 1,340 
7-21-55 2,380 7-23-55 8,840 
7-24-55 643 7-31-55 2,310 
8-2-55 518 8-10-55 3,350 
8-14-55 1,070 8-21-55 6,710 
8-23-55 8,820 8-25-55 615 
10-4-55 792 7-25-56 685 
8-18-56 1,210 1-27-57 1,300 
8-10-57 1,980 8-12-57 947 
10-21-57 556 11-1-57 1,320 
11-3-57 935 2-4-58 1,580 
8-14-58 M20 8-15-58 800 
8-20-58 768 8-28-58 1,560 
9-5-58 10,600 9-12-58 3,450 
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Table 6. Historical peak flows in the Hassayampa River Study Area (cont.).. 

Date Box Canyon Morris town Date Box Canyon Morristown 
Gage (cfs) Gage (cfs) Gage (cfs) Gage (cfs) 

8-2-59 1,240 8-11-59 2,030 
8-21-59 1,100 8-24-59 5,110 
12-26-59 3,210 8-10-60 1,120 
8-23-60 2,780 9-2-60 926 
8-15-61 528 8-19-61 1,150 
-8-30-61 845 9-17-61 514 
9-21-62 1,510 8-17-63 2,150 
8-20-63 1,270 8-26-63 1,130 
7-12-64 4,000 7-14-64 1,230 
7-30-64 760 8-2-64 696 
9-14-64 535 4-4-65 1,370 
4-10-65 2,850 9-2-65 9,060 9,280 
9-4-65 5,240 11-23-65 1,400 
11-25-65 2,650 12-22-65 4,110 
12-30-65 2,540 9-13-66 3,210 
12-7-66 1,740 9-10-67 1,150 
12-19-67 11,200 4,800 7-27-68 1,690 
1-26-69 1,020 9-3-69 890 
9-13-69 4,630 650 3-2-70 1,930 
9-5-70 58,000 47,500 8-18-71 2,000 
8-25-71 556 8-27-72 800 700 
10-7-72 2,600 2,000 10-18-72 980 
2-22-73 784 3-13-73 1,130 
3-29-73 1,180 7-20-74 5,560 650 
8-5-74 2,480 7-28-75 154 
7-29-75 50 2-5-76 2,740 
2-9-76 4,560 800 4-16-76 752 
9-6-76 3,350 8-15-77 315 1,600 
1-15-78 863 1-17-78 1,320 
20-11-78 3,550 2-13-78 584 
3-1-78 7,710 3-2-78 16,000 18,000 
3-5-78 2,780 11-11-78 4,940 
12-18-78 9,200 9,600 1-17-79 3,390 
1-18-79 1,380 3-20-79 3,000 
3-21-79 2,050 3-28-79 9,640 
8-12-79 2,360 1-11-80 2340 
1-15-80 500 1-30-80 14,600 
2-14-80 7,740 2-15-80 5,690 
2-17-80 3,380 2-19-80 24,900 
2-20-80 17,000 2-21-80 7,440 
7-10-81 698 4,800 11-29-81 1,440 
2-11-82 2,050 3-13-82 1,540 
3-15-82 3,940 3-18-82 1,180 
7-26-82 994 3-3-83 2,520 
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Table 6. Historical peak flows in the Hassayampa River Study Area (cont.).. 
9-10-84 26,700 12-28-84 848 
11-26-85 2,740 11-18-86 714 
8-27-88 6,820 

Table 7. Magnitude and probability of instantaneous peak flows. 

Box Damsite 
Recurrence Exceedence 

Interval (yrs) Probability Peak Discharge (cfs) 
2 50% 3,340 
5 20% 8,860 
10 10% 14,400 
25 4% 23,700 
50 2% 32,400 

100 1% 42,600 

Morristown 
Recurrence Exceedence 

Interval (yrs) Probability Peak Discharge (cfs) 
2 50% 2,550 
5 20% 8,090 
10 10% 14,600 
25 4% 27,100 
50 2% 40,300 

100 1% 57,300 
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FLOW DURATION ANALYSES 

Annual Daily Flow Duration 
Annual mean daily flow duration curves were developed for the 

Hassayampa River at the Box Damsite and Morristown stream gages (Figures 
11 and 12). These curves show discharge plotted against the average percent 
of time (in terms of days in a year) that discharge was equaled or exceeded. 
Thus, the curves indicate the average duration of both high and low flows 
and show the 50 percent discharge value which is equivalent to the median 
daily discharge over a one year period. 

Median daily flows averaged 1.9 cfs at Box Damsite and 0.86 cfs near 
Morristown. At Box Damsite, discharge is less than 1.2 cfs about 20 percent of 
the time, and greater than 100 cfs less than 5 percent of the time. Near 
Morristown, discharge is less than 0.5 cfs about 40 percent of the time, and 
greater than 100 cfs less than 5 percent of the time. The flow duration curves 
again illustrate the highly skewed nature of daily flows and the 
predominance, over the year, of relatively low daily flows. 

Daily Mean Flow Duration Curve 
Box Damsite, 1947-82 •9 
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Figure 11. Daily mean flow duration curve for the Hassayampa River at 
Box Damsite, 1947-1982. 
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Daily Mean Flow Duration Curve 
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Figure 12. Daily mean flow duration curve for the Hassayampa River at 
the Morristown gage, 1939-1946. 

Annually Dispersed Flow Duration 
The "Draft Review of Hydrologic Assessment Guidelines for Instream 

Flow Requests" prepared by the Arizona Department of Water Resources' 
Instream Flow Task Force states: 

If the ISF [instream flow] request will effect or be interactive with 
prior vested rights (either surface water or ground water), 
develop a water supply assessment, if possible, showing the 
probable stream flow conditions under which the ISF request 
will be satisfied. Such an assessment may be best classified as a 
flow duration analysis of the stream reach associated with the 
ISF request (ADWR, 1988). 

An annually dispersed flow duration hydrograph for the Hassayampa 
River at Box Damsite (USGS station number 09515500) in cubic-feet per 
second is provided in Figure 13. These flow duration curves were modified 
from an analysis completed by Thomas Perry, a hydrologist with ADWR. Mr. 
Perry's analysis included monthly and annual rank order tabulations and 
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graphs, as well as an annually dispersed flow duration for low flow 
exceedence for water years 1946 to 1982. All flow data were given in acre-feet, 
and no interpolations were done to extract precise flow values from the flow 
duration tables used in the annually dispersed analysis. My analysis, 
however, does use linearly interpolated data, adding a bit more precision to 
the graphs, and provides flows in cubic-feet per second, a flow unit which 
may be easier to relate to field conditions. These data are provided in Table 8. 

Table 8. Data Used for Annually Dispersed Flow Duration Analysis at Box 
Damsite in cubic-feet per second (values represent monthly mean 
discharges). 

Exceedence Probability 
90% 70% 50% 30% 10% 

January 0.59 1.65 2.32 10.40 33.4 
February 1.31 1.89 3.14 16.00 113.09 
March 1.08 1.78 3.35 39.89 230.69 
April 0.90 1.82 3.03 15.19 96.96 
May 0.77 1.45 2.13 3.11 17.54 
June 0.55 1.18 1.54 2.06 4.42 
July 1.08 2.01 2.92 5.99 11.10 
August 1.81 3.39 6.33 13.60 23.83 
September 1.02 1.82 2.54 6.03 25.89 
October 0.49 1.30 1.85 2.08 4.12 
November 0.78 154 1.95 2.78 7.56 
December 0.70 1.69 1.98 4.00 46.32 

The flow duration curves shown in Figure 13 represent the likelihood 
that a given flow will be equaled or exceeded in a given month. For example, 
in August approximately 70% of the time monthly mean flows will exceed 
3.39 cfs; conversely, flows will be less than 3.39 cfs 30% of the time. 

It should be noted that Box Damsite is not in the exact stream reach 
associated with the ISF request. Box Damsite is located approximately 10 
miles upstream from the Hassayampa River Preserve's recently installed 
stream gage. Perennial stream flows at this site, like those found at the HRP, 
may be attributed to an impermeable bedrock exposure which constricts the 
alluvial aquifer, forcing ground water sub-flow to the surface. Based on the 
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flow differences between the Box Canyon and Morristown gages and the 
water balance presented in Chapter 4, this flow duration analysis may not 
sufficiently represent conditions found at the HRP to meet the water supply 
assessment requirement developed by ADWR at this time. However, if the 
Box Canyon gage were reinstalled, this flow duration analysis would be a 
useful indicator of what flows in the preserve will be like after accounting for 
flow reductions between the sites. 
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Figure 13. Annually dispersed flow duration hydrographs showing percent 
exceedence at Box Damsite in cubic-feet per second. 
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GAIN-LOSS ANALYSIS 

Base Flow Characteristics 
Base stream flows have been measured regularly during the past year at 

several locations within the preserve. These sites are at the HRP stream gage, 
the Visitor Center, below Palm Lake, at Monarch Wash, at the roadside park 
(highway rest area), and at the Morristown gage (Figure 2, page 3). These 
discharge measurements are provided in Table 9 and are graphically displayed 
in Figure 14. These data, showing the net gaining and losing base flow 
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reaches within the preserve, illustrate several important flow characteristics 
found at the HRP. 

Table 9. Base flow measurements (cfs) within the HRP at select locations 
and dates. 

7/3/88 7/9/88 8/6/88 11/4/88 1/28/89 2/1/89 
Emergence 0.0 0.0 0.0 0.0 — 

HRP stream gage 2.14 1.92 2.18 1.8 2.34 2.75 
Visitor Center 4.21 4.02 4.31 4.0 5.06 5.19 
Below Palm Lake — 4.06 3.79 4.4 — 6.08 
Above Monarch Wash 3.61 — — — — — 

At Monarch Wash — 2.62 — 4.9 7.09 7.19 
Below Monarch Wash 3.49 — Z43 — — — 

Below Roadside Park 1.81 0.9 1.03 4.5 6.59 5.96 
Morristown Gage " """ 4.44 4.97 

Base Stream Flows in HRP 
Base Q 7/3/88 

Base Q 7/8/88 

Base Q 8/6/88 

Base Q 11/4/88 

Base Q 1/28/89 

Base Q 2-1-89 

1 2  3  4  
Miles below Emergence of Perennial Row 

Figure 14. Base surface water discharges measured at select locations within 
the Hassayampa River Preserve in July, August, and November, 
1988, and January and February, 1989. 
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One striking feature is the consistency with which the perennial 
Hassayampa gains water at its initial emergence from the alluvial aquifer, 
past the HRP stream gage, down to the Visitor Center. Base flows at the HRP 
stream gage ranged from 1.8 cfs to 2.2 cfs, while base flows at the Visitor 
Center ranged from 4.0 cfs to 4.3 cfs in July, August, and November. Slightly 
higher values, 2.3 - 2.6 cfs and 5.1 - 5.2 cfs, were respectively observed in 
January and February at the HRP gage and Visitor Center immediately after a 
significant rainfall event. 

A second characteristic evident in this graph is the variable rate at which 
the reach looses water. From an average flow of 4.0 cfs at the Visitor Center, 
the Hassayampa looses water rapidly in the summer while maintaining or 
continuing to gain water in the winter. In fact, the stream completely 
submerges before reaching the Morristown narrows in the summer months 
while significant flow is observed in the winter. 

These rapid stream losses are due to the very high evapotranspiration 
rates fotmd in the hot summer months when the cottonwood-willow forest 
is fully foliaged. These fluctuations are also observed to a lesser extent 
diurnally. The flows at Monarch Wash and the roadside park on July 3rd 
were measured in the morning and are correspondingly higher than those 
measured on the afternoon of July 8th. Again, these diurnally fluctuating 
flows are primarily due to changing ET rates. 
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CHAPTER THREE 

GROUND WATER ASSESSMENTS 

The second major objective identified in this thesis is to characterize 
the natural ground-water flow regime found within the Hassayampa River 
Preserve and the surrounding study area. Understanding how existing 
ground-water conditions relate to the Hassayampa's surface-water system is 
essential in developing effective instream flow protection strategies at the 
HRP. The analyses and assessments presented in this chapter are based on 
existing hydrogeologic information as well as data collected from recent 
investigations undertaken as part of this research. This section begins with a 
brief summary of the hydrogeologic setting in the area. Ground-water 
elevations in the study area and water-table changes in select wells are then 
discussed. Finally, the results from a seismic refraction investigation to 
define the extent of the alluvial floodplain aquifer within the HRP are 
presented and are used to estimate the rate and volume of alluvial ground 
water moving through the preserve. This, combined with the surface water 
assessment, will form the basis for the water budget developed in Chapter 4. 

HYDROGEOLOGIC SETTING 

General Description 
The mountains surrounding the upper Hassayampa basin are largely 

composed of crystalline intrusive, metamorphic, and volcanic rocks with 
some consolidated breccias and well-cemented conglomerates. When 
present, the volcanic rocks generally overlie the intrusive and metamorphic 
rocks, but in places they may overlie sedimentary deposits. Where fractured, 
these rocks generally yield less than 10 gallons per minute (Sanger and Appel, 
1980). 

The upper Hassayampa basin north of the Vulture Mountains is the 
largest water-bearing unit in the area. The unit consists primarily of 
consolidated and unconsolidated sedimentary deposits of gravel, sand, silt, 
and clay, ranging in thickness from 1,100 feet near the town of Congress (15 
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miles north of Wickenburg) to less than 20 feet near surrounding mountain 
fronts. In a few areas along the Hassayampa River (Box Canyon and the 
HRP), where crystalline rocks are overlain by thin alluvial deposits, ground 
water is found at or near the surface. Wells drilled in this unit may yield a 
few tens to several hundred gallons per minute (Sanger and Appel, 1980). 
The basin may be divided into two hydrostratigraphic units in the study area 
- older basin-fill alluvium and younger floodplain alluvium. 

Tectonic and Geologic History 
The Hassayampa River study area is located within the Basin and 

Range province, adjacent to the Transition Zone. This area has been 
tectonically characterized by Rehrig and others (1980) as an intense zone of 
normal faults, trending north-northwest to northwest. These faults are of the 
listric normal type in the neighboring Vulture Mountain range and include 
tilted Tertiary volcanic units that dip steeply northeast. This rotational 
faulting extends with progressively less effect to the northeast into the 
Wickenburg and Buckhorn Mountains. In general, this broad area of 
northwest trending faults where crustal blocks have been repeatedly 
downdropped to the southwest and tilted northeastward during the late 
Tertiary period represents a major structural transition between the 
Mountain and Desert subprovences (Rehrig and others, 1980). 

Recent geologic mapping by Grubenski and others (1987) has shown 
that the eastern Vulture Mountains contain more than 1,500 meters of 
middle Tertiary volcanic and sedimentary rocks that rest unconformably on 
Proterozoic metamorphic and granitic rocks and late Cretaceous 
granodiorites. The Tertiary volcanic rocks have been dissected by middle 
Miocene faulting into a series of north-northwest striking homoclines that 
dip steeply to the northeast or are vertical to slightly overturned. A copy of 
the map produced by Grubenski and others (1987) is included in Appendix 2. 
This map shows the geology immediately adjacent to the Hassayampa River 
Preserve in great detail, and it forms the basis for many geologic distinctions 
made later in this report. 
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LOCAL GROUND WATER ELEVATIONS AND TRENDS 

In 1980, Sanger and Appel used water-level measurements collected in 
the winter of 1978 to construct a map showing water level altitude, depth to 
water, and well depth in the Hassayampa area, including the upper basin 
referred to in this report, an unnamed basin to the north near Wagoner, and 
the Hassayampa Plain to the south. Ground-water elevations from wells in 
the HRP study area were used to prepare the map shown in Figure 15 (USGS, 
1980). It clearly illustrates how perennial reaches are directly related to local 
ground-water conditions. 
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Hassayampa River Study Area 
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Figure 15. Ground-water elevations in the Hassayampa River study area, 
1978, riverbed elevations in italics (from USGS, 1980). 
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Since very few ground-water level measurements have been made in 
the past, it is difficult to tell whether or not the ground-water system has 
experienced significant change. Sanger and Appel (1980) stated that available 
data indicates little or no change in regional water levels; however, they do 
note well owners that report large short-term water level changes in shallow 
wells near the Hassayampa and in upland draws due to variations in 
precipitation and stream flow. Figure 16 presents hydrographs for the few 
wells in the area having historical water-level measurements. Well (9-5)35 is 
about three miles northwest of Box Canyon, wells (8-5)19 and (8-5)18 are about 
seven miles northwest of Wickenburg, wells (7-5)3 are about two miles west 
of Wickenburg, well (7-4)7 is one half mile below the Hassayampa highway 
bridge, and well (7-4)18 is 1.5 miles below the bridge. Generally, these 
hydrographs show stable or slightly increasing water levels. Rising levels 
may be influenced by the greater than average precipitation the area and the 
state in general has experienced in the last decade. 
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Figure 16. Ground-water elevation trends in select wells. 
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ALLUVIAL AQUIFER GEOMETRY ASSESSMENT 

A seismic refraction investigation was conducted within the 
Hassayampa River study area to determine the depth to bedrock and define 
the alluvial aquifer geometry at three select valley bottom cross-sections. A 
Nimbus ES-1210, 12 channel signal enhancement seismograph with a 300 
foot, 12 position geophone cable was used in this investigation. The energy 
source consisted of a 12 lb. sledge hammer striking a metal target plate. The 
seismic refraction and geologic interpretation completed with assistance from 
Mike Rucker (1988) is summarized below and illustrated in Figures 17,18, and 
19. Rucker's preliminary interpretation with cross-sections is included in 
Appendix in. 

The geologic materials found at these three cross-sections exhibit 
velocities which range from approximately 1000 ft/s to approximately 12,100 
ft/s. Those materials with velocities less than 2000 ft/s are believed to be 
unconsolidated sands and gravels which may be either saturated or 
unsaturated. These units will be termed "youngest alluvium" in this 
investigation. Materials whose velocity ranges between 5300 and 7100 ft/s are 
believed to be comprised of unconsolidated to partly consolidated sands and 
gravels and will be referred to as "younger alluvium." Units with velocities 
greater than 8000 ft/s are considered bedrock. Those with velocities between 
8000 and 10,000 ft/s are believed to be Tertiary volcanic and sedimentary 
rocks, and those with velocities greater than 10,000 ft/s are likely to be 
Proterozoic schists and granites based on recent geologic mapping efforts 
completed by Grubenski and others (1987). 

(Note: The terms "youngest" and "younger" alluvium, collectively 
referred to as "young" alluvium, refer to the alluvial aquifer or floodplain 
aquifer associated with the modern stream channel. "Older" alluvium will 
refer to basin-fill deposits associated with the regional aquifer. This 
convention will be used in this report to avoid confusion with other 
researchers who have used the term "older" alluvium for some stream bank 
deposits which are older than the active stream channel but much younger 
than the neighboring regional basin-fill aquifer.) 
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The first cross-section is within the narrow, canyon channel 
perpendicular to the Morristown gage (Figure 17). This section exhibits a 
relatively thick (20 to 25 feet) youngest alluvium unit bounded by bedrock. 
Braided stream flows less than one cfs existed at the time of this investigation, 
suggesting that the unconsolidated sands and gravels were completely 
saturated. The underlying bedrock unit is believed to be the same as the 
Tertiary rhyolitic San Domingo volcanics which form the steep canyon walls 
at this site. 
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Alluvial Aquifer Cross-Section at Morristown Gage 
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Figure 17. Cross-section through alluvial aquifer showing surface, alluvial 
channel, and bedrock topography at the Morristown gage. 

The second cross-section is immediately downstream from the HRP 
Visitor Center and is shown in Figure 18. This section is significantly more 
complicated than the simple, two-unit section found at the Morristown gage. 
It appears to consist of two alluvial units, an incised channel, possibly two 
bedrock units, and a possible fault. The youngest alluvial unit exhibits 
velocities ranging from 1000 to 1800 ft/s and forms a 5 to 15 foot thick mantle 
across the entire valley bottom. A 75 foot deep incised channel is apparent 
beneath the modern stream bed and is believed to be composed of younger 
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alluvium with velocities ranging from 5300 to 6900 ft/s. A second, and 
possibly older incised channel may exist farther to the east beneath Palm Lake 
and its tributary spring. Bedrock velocities generally range from 10,500 ft/s to 
12,100 ft/s and are likely to be similar to the Proterozoic schists and granites 
which outcrop along both banks of the river here. A portion of the bedrock 
channel which exhibits 8900 ft/s velocities may be composed of one of the 
Tertiary volcanic units found in the area. A fault may be inferred between 
the incised channels where bedrock is found at a very shallow depth (10 feet). 
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Figure 18. Cross-section through alluvial aquifer showing surface, alluvial 
channel, and bedrock topography at the HRP Visitor Center. 

The third cross-section is across from the recently installed HRP stream 
gage and is presented in Figure 19. Like the Visitor Center, this section 
exhibits a 5 to 15 foot thick mantle of youngest alluvium with consistent 1100 
ft/s velocities. An incised channel is also present with younger alluvial 
velocities ranging from 5500 to 6500 ft/s. Bedrock velocities are greater than 
7000 ft/s and less than 10,000 ft/s suggesting possible Tertiary conglomerates 
and sandstones like those cropping out along the western bank or Tertiary 
dacitic rocks which crop out at the gage site. A shallow bedrock high may 
exist near the piezometer. 
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Figure 19. Cross-section through alluvial aquifer showing surface, alluvial 
channel, and bedrock topography at the HRP stream gage. 

GROUND WATER SUBFLOW ASSESSMENT 

One of the primary purposes for conducting the previous geophysical 
investigation was to determine the geometry and cross-sectional area of the 
alluvial aquifer beneath the Hassayampa River Preserve. By knowing the 
changes in cross-sectional area between the HRP stream gage and the Visitor 
Center, in conjunction with the changes in surface-water discharge between 
these two points, an estimate of the effective hydraulic conductivity of the 
aquifer and an estimate of ground-water sub-flow may be determined using 
Darcy's Law: AQ=KAAdh/dl, where AQ is the change in surface-water 
discharge, K is the effective hydraulic conductivity, AA is the change in cross-
sectional area, and dh/dl is the hydraulic gradient. 

For this analysis, it is assumed that the increase in surface flow between 
the HRP stream gage and the Visitor Center is due to a constricting alluvial 
aquifer and not due to significant lateral ground-water inflow from the 
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neighboring regional aquifer nor from tributary alluvial aquifers. This 
assumption is reasonable given the relatively short distance between these 
two stations (-2800 ft.)/ the absence of any tributary streams in this reach, and 
the very small hydraulic conductivities which the neighboring Tertiary 
volcanics and Proterozoic schists and granites are likely to have. This analysis 
also assumes that evapotranspiration losses in this reach are negligible—a fair 
assumption if winter base flow stream discharge measurements are used and 
if one realizes that this assumption produces conservatively low conductivity 
estimates. 

Stream discharge and alluvial aquifer areas are summarized in Tables 10 
and 11, respectively. In computing the cross-sectional area of the alluvial 
aquifer, it is assumed that the upper boundary is defined by a horizontal water 
table at the level of the flowing stream. The lateral and lower boundaries are 
defined by the bedrock channel most closely associated with the stream. 

Table 10. Base flows at the HRP stream gage and the Visitor Center (cfs). 

HRP Stream Gage Visitor Center AO 
7/3/88 
7/8/88 
8/6/88 
11/4/88 
1/28/88 

2/1/89 

2.1 
1.9 
2.2 
1.8 
2.3 
2.8 

4.2 
4.0 
4.3 
3.6 
5.1 
5.2 

2.1 
2.1 

2.1 

1.8 

2.8 
2.4 
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Table 11. Cross-sectional areas of the alluvial aquifer within the HRP (ft2). 

If the average change in surface flow is 2.2 cfs, the difference in cross-
sectional area is 13,675 ft2, and the hydraulic gradient is 0.0036, then the 
effective hydraulic conductivity (or composit hydraulic conductivity 
representing both the youngest and younger alluvium) is approximately 0.04 
ft/s (0.01 m/s or 864 m/day). This value is consistent with hydraulic 
conductivity values provided by Freeze and Cherry (1979) whose estimates for 
clean sand range from approximately 10*5 to 10*2 m/s and gravel range from 
10"3 to 1.0 m/s. (Stanley Davis, my thesis advisor, believes this is an 
unreasonably high hydraulic conductivity value in his experience and 
proposes an upper limit of 0.017 ft/s. This K value would reduce the 
following sub-flow estimates roughly by a factor of 2.) 

Similarly, if the effective hydraulic conductivity is 0.04 ft/s, the 
hydraulic gradient is 0.0036, and the total cross-sectional areas are 28,275 ft2 

and 14,600 ft2, then the ground-water sub-flow past the HRP stream gage and 
Visitor Center is approximately 4,1 and 2.1 cfs, respectively. This is a 
considerable amount of water when viewed in relation to the surface base 
flows in the preserve. 

Saturated Alluvium 

HRP Stream Gage 
Visitor Center 
Morristown Gage 

Youngest Younger 
3075 25,200 
1100 13,500 
3365 — 

Total 
28,275 
14,600 
3,365 
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CHAPTER FOUR 

ANNUAL WATER BUDGET ASSESSMENT 

In this chapter, a simple water budget is developed to provide a rather 
basic understanding of the relative amounts of water entering and exiting the 
study area as surface flow, alluvial aquifer subflow, municipal well discharge, 
effluent recharge, and losses to evapotranspiration. The budget is developed 
using mean annual flow information at the Box Damsite and Morristown 
gages. 

Surface Flow Component 
The following data based on U. S. Geological Survey records are used in 

this analysis. 

Surface flow at Box Damsite (cfs) (ac-ft/yr) 
Mean 24 17,345 

Surface flow near Morristown 

Alluvial Aquifer Subflow Component 
The amount of water entering and exiting the study area via subflow 

within the alluvial or floodplain aquifer is based on the ground-water 
investigation reported in Chapter 3. Assuming the following, hydraulic 
conductivity, K=0.04 ft/s, Box Damsite cross-sectional area, A=ll,355 ft2 (from 
boring logs, U. S. Bureau of Reclamation, 1945), Morristown cross-sectional 
area, A=3,365 ft2, and hydraulic gradient, 1=0.0036, then the ground-water 
subflow components may be determined using Darcy's Law. The following 
values are used in this analysis. 

Mean 17 12,286 

Ground-water subflow at Box Damsite 
Ground-water subflow near Morristown 

(cfs) 
1.6 

0.5 

(ac-ft/yr) 
1,182 

361 
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Town of Wickenburg Well Production 
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Figure 20. Town of Wickenburg Well Production, July 1979 to August 1988. 

Municipal Ground Water Withdrawals 
Ground water withdrawn from several Wickenburg wells are believed 

to pump water stored in the Hassayampa River's alluvial aquifer. This 
hypothesis is largely supported by the water chemistry assessment described 
in the following ground and surface-water interconnection chapter. 
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Therefore, this water balance will assume that 100% of the water pumped 
from the Remuda Ranch, Barnette, and Sols Wash wells is supplied by the 
alluvial aquifer. In 1987 these wells pumped a total of approximately 215 
million gallons of water. Figure 20 shows the amount of water pumped 
monthly from each of Wickenburg's municipal wells from 1980 to 1988; 
tabular data are provided in Table 12. The following values are used in this 
balance. 

Waste Water Treatment Plant Discharges 
In 1987 the Wickenburg Waste Water Treatment Plant discharged 

approximately 75 million gallons of effluent into a series of infiltration ponds 
located about 2,000 feet from the Hassayampa River. These ponds are 
underlain by alluvial sediments and are believed to be in close hydrologic 
connection with the Hassayampa River system. Therefore, this effluent will 
be considered an input to the following water balance. Figures 21 and 22 
show the amount of effluent produced by the Wickenburg Waste Water 
Treatment Plant from 1981 to 1988 as well as this effluent as a fraction of total 
municipal well production. Raw data are provided in Table 12. 

Municipal eround-water withdrawals 
(cfs) 
0.9 

(ac-ft/yr) 
650 

Effluent discharges 
(cfs) 
0.3 

(ac-ft/yr) 
217 
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Effluent Production, 1981 to 1984 Effluent 
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Figure 21. Effluent produced by the Wickenburg WWTP and effluent as a 
fraction of total municipal well production, 1981-1984. 

Effluent Production, 1985 to 1988 a Effluent 
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Figure 22. Effluent produced by the Wickenburg WWTP and effluent as a 
fraction of total municipal well production, 1985-1988. 
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Evapotianspiration Losses 
The Hassayampa River stream channel and floodplain comprise about 

1,200 acres between the Box Damsite and Morristown-gages. Cottonwood 
trees and other vegetation species grow in varying densities along this reach. 
In the lower perennial reach through the preserve approximately 350 acres 
exhibit a 90% vegetation density. In the reach between Wickenburg and the 
preserve there are approximately 350 acres exhibiting 50% vegetation density, 
and in the 500 or so acres between the Box Damsite and town only 20% of the 
area is covered by vegetation. If the combined evaporation from the stream 
and wetted sands and the transpiration from 100% vegetation density is 
assumed to be 5.4 acre-feet of water per acre per year (Jackson, and others, 
1987), and if this rate is reduced by 0.9 feet per year for normal rainfall, then a 
composite evapotranspiration rate of 4.5 acre-feet of water per year may be 
applied along this reach. The total amount of water lost to evaporation in 
this balance is computed by multiplying each section by its characteristic 
phreatophyte density. Therefore, (4.5 acre-feet/acre/year) [(350 acres)(0.9) + 
(350 acres)(0.5) + (500 acres)(0.2)] = 2,655 acre-feet/year = 3.7 cfs. 

Irrigation, Stock, and Mining Losses 
Significant, but as yet, unquantified volumes of water are being used 

for irrigation, stock watering, and mining operations in the study area. 
Consumptive losses totalling 578 acre-feet per year will be assumed for this 
analysis. Though this value is not unreasonable, based on a cursory review of 
water rights held in the upper basin, it must be considered a gross 
approximation until a more thorough analysis is completed. 

Evapotranspiration losses 
(cfs) 
3.7 

(ac-ft/yr) 
2,655 

Miscellaneous losses 
(cfs) 
0.8 

(ac-ft/yr) 
578 
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Tributary Wash and Regional Aquifer Components 
Variable amounts of water are likely moving into and out of the 

alluvial floodplain aquifer via the Hassayampa's numerous tributary washes 
and the neighboring regional basin-fill aquifer. Martinez and Sols washes do 
contribute small surficial flows during heavy rainfall events and may also 
contribute alluvial ground water from their small floodplain aquifers; 
however, because no gaging records exist and contributions are probably 
relatively small, these inputs will be neglected in this analysis. Similarly, net 
losses or contributions from the regional basin-fill aquifer will be omitted 
along the study reach at this time, because insufficient data are available to 
quantify such changes. However, the relationships between the regional and 
floodplain aquifers will be addressed in Chapter 5. 

Mean Annual Water Budget (Box Damsite to Morristown Gages) 
Accountable Inputs (cfs) (ac-ft/yr) (%) 

Surface Discharge at Box Damsite 24 17,345 93% 
Alluvial Subflow at Box Damsite 1.6 1,156 6% 
Effluent Returns 0.3 217 1% 

Total Accountable Inputs 25.9 18,718 100% 

Accountable Outputs 
Surface Discharge at Morristown 17 12,286 66% 
Alluvial Subflow at Morristown 0.5 361 2% 
Municipal Well Withdrawals 0.9 650 3% 

Evapotranspiration Losses 3.7 2,655 14% 
Irrigation, Stock, and Mining 0.8 578 3% 

Unaccountable Outputs 3.0 2,188 12% 

Total Outputs 25.9 18,718 100% 

Balance (Input - Output) 0.0 0.0 



Table 12. Wickenburg municipal well production, Waste Water Treatment Plant influent, and effluent as a 
percentage of pumpage in millions of gallons. 

Mo-Yr Barnette Sols Wash Mariposa Vulture Remuda Airport Total Influent % Pumpage 
Iul-79 19.15 9.37 17.81 46.33 
Aug-79 34.82 0.00 12.52 47.35 
Sep-79 20.04 1.33 12.84 34.21 
Oct-79 6.36 10.42 10.88 27.67 
Nov-79 12.28 0.00 8.45 20.73 
Dec-79 10.70 0.03 7.19 17.92 
Jan-80 9.39 0.03 6.00 15.41 
Feb-80 9.12 0.00 5.84 14.95 
Mar-80 10.07 0.00 7.08 17.16 
Apr-80 14.31 0.00 9.45 23.77 
May-80 15.28 0.00 10.85 26.13 
Jun-80 13.35 10.03 3.56 26.94 
Jul-80 1.95 24.97 0.04 17.03 44.00 
Aug-80 0.25 22.55 0.03 14.19 37.02 
Sep-80 15.83 3.36 0.00 13.88 33.07 
0ct-80 16.14 0.03 0.00 12.05 28.21 
Nov-80 12.97 0.00 0.00 9.75 22.73 
Dec-80 3.09 8.39 0.14 8.44 20.06 
Jan-81 0.00 10.51 0.00 8.28 18.79 6.72 35.74% 
Feb-81 0.00 10.98 0.00 11.86 22.83 6.58 28.82% 
Mar-81 0.00 10.43 0.01 9.05 19.49 6.88 35.29% 
Apr-81 7.40 8.24 0.00 12.71 28.35 6.42 22.63% 
May-81 19.56 0.00 0.00 14.74 34.30 6.41 18.69% 
Jun-81 8.30 0.00 0.00 18.77 27.07 6.08 22.45% 
Jul-81 11.21 0.03 18.37 0.34 29.96 6.34 21.16% 
Aug-81 22.45 0.00 0.00 17.73 40.18 6.45 16.05% 
Sep-81 18.33 0.00 0.00 14.27 32.60 6.39 19.60% 
Oct-81 0.10 13.72 0.00 11.73 25.55 7.22 28.27% 
Nov-81 0.33 13.42 0.01 10.35 24.12 6.98 28.95% 
Dec-81 0.14 11.46 0.00 8.37 19.97 7.18 35.94% 



Table 12. Wickenburg municipal well production, Waste Water Treatment Plant influent, and effluent as a 
percentage of pumpage in millions of gallons (cont.). 

Mo-Yr Barnette Sols Wash Mariposa Vulture Remuda Airport Total Influent % Pumpage 
Jan-82 0.21 10.20 0.00 7.75 18.16 7.46 41.06% 
Feb-82 0.11 10.30 0.00 7.40 17.81 6.64 37.28% 
Mar-82 0.09 11.51 0.00 8.02 19.62 7.21 36.76% 
Apr-82 0.00 14.92 0.00 11.74 26.66 6.89 25.83% 
May-82 0.56 12.12 0.00 20.76 33.43 6.45 19.30% 
Jun-82 14.88 4.91 0.14 25.28 45.21 6.01 13.30% 
]ul-82 18.47 0.00 0.00 24.79 43.27 6.23 14.40% 
Aug-82 14.37 0.14 0.00 22.83 37.34 6.60 17.66% 
Sep-82 12.48 0.00 0.00 22.19 34.67 6.52 18.80% 
Oct-82 9.47 0.00 0.00 21.24 30.71 6.58 21.44% 
Nov-82 3.57 0.00 0.00 16.79 20.35 6.41 31.52% 
Dec-82 2.20 0.00 0.00 15.70 17.90 6.41 35.83% 
Jan-83 3.30 0.00 0.00 16.54 19.83 6.59 33.21% 
Feb-83 2.25 0.00 0.00 14.67 16.91 6.69 39.55% 
Mar-83 3.02 0.00 0.08 15.30 1.42 19.82 7.35 37.09% 
Apr-83 11.91 0.00 0.02 10.92 1.76 24.61 6.27 25.46% 
May-83 17.46 0.00 0.04 16.93 2.80 37.23 6.00 16.12% 
Jun-83 2.33 18.24 0.06 19.51 3.35 43.49 5.08 11.67% 
Jul-83 4.24 16.32 0.06 20.97 3.47 45.05 5.62 12.48% 
Aug-&3 13.87 0.88 0.06 14.20 2.36 31.37 5.77 18.40% 
Sep-83 14.50 0.00 0.07 1359 2.73 30.89 5.82 18.84% 
Oct-83 12.37 0.00 0.05 1150 2.09 26.01 6.02 23.16% 
Nov-83 11.35 0.02 0.03 10.80 1.90 24.10 6.13 25.46% 
Dec-83 8.68 0.01 0.03 8.84 1.62 19.18 7.18 37.44% 
Jan-84 9.36 0.01 0.02 9.30 1.90 20.59 5.88 28.54% 
Feb-84 9.84 0.02 0.05 10.49 2.40 22.80 5.47 23.98% 
Mar-84 12.70 0.00 0.03 14.18 2.85 1.07 30.83 6.20 20.11% 
Apr-84 3.43 0.01 0.03 14.96 2.50 4.05 24.98 5.58 22.35% 
May-84 0.00 0.01 0.05 19.20 3.28 4.16 26.70 5.85 21.91% 
Jurt-84 0.00 0.02 0.04 19.73 3.16 7.00 29.95 5.38 17.97% 



Table 12. Wickenburg municipal well production, Waste Water Treatment Plant influent, and effluent as a 
percentage of pumpage in millions of gallons (cont.). 

Mo-Yr Barnette Sols Wash Mariposa Vulture Remuda Airport Total Influent % Pumpage 
Jul-84 0.00 0.02 0.03 17.72 2.84 6.33 26.94 5.45 20.24% 
Aug-84 9.52 7.10 0.03 17.37 2.76 6.14 42.91 5.55 12.93% 
Sep-84 1.63 12.18 0.04 15.07 2.26 2.22 33.40 6.25 18.72% 
Ocl-84 0.87 11.12 0.05 13.42 2.02 1.81 29.28 6.33 21.62% 
Nov-84 11.83 0.08 0.05 11.96 1.94 0.00 25.86 6.49 25.10% 
Dec-84 8.66 0.01 0.03 9.21 1.62 0.00 19.53 6.41 32.83% 
Jan-85 8.30 0.02 0.04 8.56 1.74 0.00 18.66 5.41 29.00% 
Feb-85 8.80 0.00 0.00 9.18 1.72 2.36 22.06 5.03 22.78% 
Mar-85 10.77 0.02 0.04 11.07 2.07 2.32 26.28 5.34 20.32% 
Apr-85 14.89 0.02 0.05 14.47 2.54 1.97 33.92 5.04 14.85% 
May-85 18.32 0.02 0.04 17.41 2.80 2.58 41.16 5.15 12.51% 
Jun-85 22.09 0.02 0.03 23.49 3.61 2.59 51.83 4.14 7.98% 
Jul-85 22.25 0.02 0.04 22.05 3.69 2.34 50.38 4.43 8.80% 
Aug-85 20.46 0.00 1.25 20.02 3.57 2.36 47.67 4.20 8.81% 
Sep-85 14.38 0.20 0.00 15.86 2.84 2.16 35.44 4.72 13.31% 
Oct-85 12.30 0.03 0.06 13.02 2.00 1.88 29.28 4.67 15.94% 
Nov-85 4.15 5.67 0.00 11.46 1.81 1.30 24.39 4.57 18.73% 
Dec-85 4.29 4.46 0.03 10.86 1.64 2.05 23.33 4.88 20.92% 
Jan-86 9.99 0.03 0.02 13.69 2.00 1.40 27.12 5.23 19.28% 
Feb-86 8.48 0.41 0.02 10.99 1.82 21.73 4.86 22.37% 
Mar-86 1.23 10.54 0.03 14.18 2.50 28.47 5.41 19.01% 
Apr-86 14.96 0.01 0.00 17.21 2.59 34.78 4.92 14.14% 
May-86 20.16 0.02 0.00 21.39 3.09 44.65 5.08 11.38% 
Jun-86 21.76 0.01 0.00 20.06 3.05 44.88 0.00% 
Jul-86 21.56 0.01 0.00 20.10 3.03 44.70 5.51 12.32% 
Aug-86 19.38 0.01 0.03 19.03 3.10 41.55 6.16 14.83% 
Sep-86 10.86 3.22 0.02 14.89 2.71 31.69 5.84 18.44% 
Oct-86 0.02 12.40 0.03 13.28 2.30 28.03 6.08 21.70% 
Nov-86 0.01 11.20 0.04 11.30 2.20 24.76 6.20 25.02% 
Dec-86 0.01 9.60 0.03 9.80 1.85 21.30 6.51 30.55% 



Table 12. Wickenburg municipal well production, Waste Water Treatment Plant influent, and effluent as a 
percentage of pumpage in millions of gallons (cont.). 

Mo-Yr Barnette Sols Wash Mariposa Vulture Remuda Airport Total Influent % Pumpage 
Jan-87 0.01 10.42 0.01 10.40 1.93 22.77 6.37 27.96% 
Feb-87 0.02 11.18 0.04 10.04 2.07 23.35 6.08 26.02% 
Mar-87 0.01 12.45 0.01 11.62 2.30 26.40 6.74 25.54% 
Apr-87 1.07 15.34 0.03 ' 15.27 2.77 34.48 6.00 17.41% 
May-87 15.91 0.00 0.05 1757 3.27 36.80 5.82 15.80% 
Jun-87 6.70 14.50 0.04 21.56 3.75 46.54 5.47 11.75% 
jul-87 21.53 0.00 0.04 22.31 3.75 47.62 5.80 12.18% 
Aug-87 2.64 16.86 0.05 2054 3.28 43.36 5.94 13.69% 
Sep-87 13.40 3.02 0.04 18.18 2.63 37.28 6.22 16.70% 
Oct-87 14.40 0.50 0.21 15.13 2.77 33.01 6.62 20.06% 
Nov-87 11.13 0.00 1.54 8.88 2.64 24.19 7.08 29.27% 
Dec-87 10.74 0.01 0.04 9.79 2.01 2259 7.18 31.78% 
Jan-88 0.00 6.85 
Feb-88 3.38 7.80 0.04 10.35 2.14 23.70 7.03 29.64% 
Mar-88 0.00 14.11 0.04 1354 2.55 30.23 7.57 25.05% 
Apr-88 11.03 2.43 0.04 14.12 2.61 30.24 6.57 21.73% 
May-88 1.51 16.93 0.05 18.23 3.13 39.85 6.29 15.80% 
]un-88 21.73 0.79 0.06 22.49 3.54 48.61 5.87 12.08% 
Jul-88 12.09 11.61 0.05 23.66 3.73 51.14 
Aug-88 19.31 0.81 0.05 19.08 2.93 42.17 
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CHAPTER FIVE 

GROUND AND SURFACE WATER INTERCONNECTION ASSESSMENTS 

The fourth major objective identified in this thesis is to examine the 
surface and ground-water relationships at the Hassayampa River Preserve 
and to determine, if possible, to what degree perennial stream flow in the 
HRP may be affected by wells pumping ground water directly from the 
alluvial aquifer and by wells intercepting lateral inflow from the regional 
basin-fill aquifer. This chapter will integrate the surface and ground-water 
information described in the previous chapters into a coherent hydrogeologic 
model in several steps. First, it will develop a basic hydrogeologic framework, 
characterizing the study area's large scale features, in an effort to understand 
how regional conditions influence the HRP flow regime. This section will 
graphically illustrate the gross stream/aquifer relationships found in the area, 
focusing on how perennial stream flow is produced at the HRP. Second, the 
direct, indirect, and delayed effects that a pumping well has on stream flow 
are examined in theory, and third, are then directly related to specific 
conditions found in the study area. Fourth, specific wells which may impact 
stream flow in the preserve are identified based on the Goodfarb ruling to the 
general adjudication of the Gila River system. And finally, the results from a 
ground and surface-water chemistry investigation are discussed and used to 
support surface and ground-water relationships in the study area. 

REGIONAL STREAM / AQUIFER RELATIONSHIPS AT THE HRP 

Several very important stream/aquifer relationships are found in the 
Hassayampa River study area and are represented schematically in Figure 23. 
Recall the Hassayampa River's surface-water flow regime in the study area, 
specifically where it flows perennially at Box Canyon and the Hassayampa 
River Preserve, and ephemerally between these these two points. The 
features and conditions associated with each of these reaches are generally 
like those shown in Figure 23, where point "A" corresponds to Box Canyon, 
the "alluvial basin" represents the ephemeral reach, and point "B" 
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exemplifies the HRP. The impermeable "bedrock highlands" represent the 
surrounding Vulture, Wickenburg, Bradshaw, and Date Creek mountains. 

A. Aerial View 
Bedrock Highlands 

Perennial Reach 

Alluvial Basin 

B. Cross-Scction 

A B 

Water Table 
Land Surface 

Alluvial Basin 

Figure 23. Schematic aerial view and cross-section of a non-tributary 
alluvial aquifer producing perennial flow above a bedrock 
constriction (after ADWR, 1987 b). 
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Looking at the cross-section, ephemeral flow is evident where the 
water table lies below the land surface. Here, the Hassayampa only discharges 
water in response to precipitation events or snowmelt and does not have a 
base-flow component at any time during the year. Furthermore, this 
ephemeral reach is always losing water to the alluvial aquifer and possibly the 
regional ground-water system. Perennial flow is exhibited where the water 
table intersects the land surface at point B, discharging water continuously 
throughout the year. Here, the water-table elevation is largely controlled by 
the underlying bedrock rise which in effect dams ground water in the alluvial 
basin above. Thus, the perennial supply is comprised of both direct runoff 
from precipitation events and snowmelt, and base flow derived from ground 
water discharging into the stream as springs or seeps in the bed and banks of 
the stream. 

Figures 24 and 25 schematically illustrate how the Hassayampa and 
associated aquifers might look in cross-section perpendicular to the stream 
reach. Figure 24 shows both a young alluvial floodplain aquifer and an older 
regional basin-fill aquifer underlain by impermeable bedrock. These features 
are probably found along the ephemeral reach above Wickenburg. Note that 
this figure shows the regional water table at or above the stream bed, thus 
producing intermittent or perennial flow in the river not observed in the 
area. In all likelihood, the actual water table is below the stream bed, similar 
to those conditions described in Figure 23. Figure 25 illustrates those 
conditions in the HRP where the Hassayampa begins to flow perennially. 
Like the cross-sections developed in the geophysical investigation, this cross-
section shows only a simple alluvial aquifer bounded by bedrock and no 
regional basin-fill aquifer. In this case, ground water is forced to the surface, 
sustaining perennial base flow, because the effective cross-sectional area of the 
aquifer has been sufficiently constricted. 
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Regional Basin-Fill 
Aquifer 

Alluvial 
Aquifer 

Water Table 
Stream 

Impermeable Bedrock 

Figure 24. Schematic cross-section showing both a young alluvial aquifer 
and an older regional basin fill aquifer underlain by 
impermeable bedrock (after ADWR, 1987 b). 

Stream Water Table 

Impermeable / 
Bedrock Barrier 

Alluvial 
Aquifer 

Figure 25. Schematic cross-section showing a simplified alluvial aquifer 
bounded by impermeable bedrock (after ADWR, 1987 b). 
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In summary, the Hassayampa River enters the study area perennially 
at the Box Canyon damsite in a narrow alluvial channel composed of 
unconsolidated sand and gravel. This young alluvial aquifer is bounded on 
the sides and from below by impermeable bedrock producing conditions 
typified in Figure 25. Immediately below the damsite, the river ceases to flow 
perennially. At this point bedrock is no longer expressed at the surface and is 
found at much greater depth. In this reach surface flows are discharged 
through the stream bed into a larger floodplain aquifer and the upper basin's 
regional aquifer similar to those shown in Figure 24. Surface flow exists only 
ephemerally for the next several miles, resulting from precipitation and 
snowmelt events upstream. As the river channel passes Wickenburg and 
nears the HRP it topographically intersects the regional water table which is 
maintained by the bedrock rise shown in Figure 23. Perennial base flow 
emerges at this point and increases downstream in the preserve as the 
regional aquifer pinches out and the alluvial aquifer is constricted by the 
bedrock exposed in the Vulture and Wickenburg Mountains (Figure 25). 
Detailed geophysical cross-sections in the HRP were provided in Figures 17, 
18, and 19 and are partly responsible for the base flow variations observed 
through the preserve. As the river exits the study area and enters the lower 
Hassayampa plain, the underlying bedrock drops away and perennial flow 
submerges like it did below Box Canyon. 

EFFECTS OF PUMPING A WELL ON STREAM FLOW 

In the previous section the surface-water flow regime of the 
Hassayampa River was described relative to the natural hydrogeologic 
controls found in the study area. Perennial flow in this case is only 
threatened by an extended period of drought. The primary objective in this 
chapter, however, is to determine how perennial flow in the HRP may be 
threatened by man-made influences, namely ground-water pumping in and 
near the river. This section will therefore examine how stream flows may 
theoretically be affected by a pumping well. 

From a basic technical perspective, when a well is pumped, ground 
water is initially withdrawn from aquifer storage in the well's immediate 
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vicinity. This creates a cone of depression in the water table around the well 
and induces radial ground-water flow toward the well. The areal extent and 
depth of the cone of depression varies with the transmissivity and storativity 
of the aquifer, the pumping rate, and the total time the well is pumped. If the 
well is pumped for a sufficiently long time, the cone of depression will 
expand outward until it intercepts areas which recharge or discharge the 
aquifer. At this point, additional recharge may be induced or the natural 
discharge may reduced by the quantity of water necessary to continuously 
supply the well (ADWR, 1987 b). 

Pumping a well located relatively close to a stream may interfere with 
it in two ways. Direct interference between a well and a stream, illustrated in 
Figure 26, occurs when the pumping well's cone of depression intercepts the 
streambed and induces surface water to flow away from the stream toward the 
well. Indirect interference occurs when the cone of depression intercepts not 
the stream, but the natural hydraulic gradient toward the stream, reducing 
the amount of ground water discharged into the stream (Figure 26). In this 
case, a stream may experience indirect interference from pumped ground 
water and still be gaining, though at a lesser rate than before over a given 
reach. 
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Pumping Well 

Stream 

Direct Interference 

Pumping Well 

Stream 

Indirect Interference 

•>- Regional Ground Water Gradient »-

Figure 26. Schematic cross-section showing direct and indirect interference 
between a pumping well and a stream (after ADWR, 1987 b). 

The effects of a pumping well on a stream may also be delayed for quite 
a while, sometimes long after pumping has stopped. Figure 27 illustrates 
how delayed indirect interference affects a stream. In this example, ground
water pumping reduces the hydraulic gradient and subsequently the amount 
of water discharged to the stream long after pumping has ceased. Figure 28 
shows these delayed effects graphically. In this case the maximum stream 
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flow depletion rate occurs after the well has stopped pumping and continues 
to deplete the stream for an extended time thereafter. Obviously, these 
delayed effects greatly complicate efforts to quantify a well's impact on a 
neighboring stream. 

Pumping Weil 

A. As Pumping Starts 

B. After Pumping Stops 

Figure 27. Schematic delayed indirect interference cross-sections showing 
no interference while pumping (A) and interference after 
pumping has stopped. Thin line indicates the water table surface 
prior to pumping (after ADWR, 1987 b). 

4 
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Delayed Effects of a Pumping Well on a Stream 
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Figure 28. Example of delayed stream depletion effects produced by a well 
pumping ten acre-feet per day for 35 days (after ADWR, 1987 b). 

QUANTIFYING GROUND AND SURFACE WATER INTERACTIONS 

Previous sections have discussed the large scale hydrogeologic 
conditions in the Hassayampa River study area in relation to general ground 
and surface-water interactions. This and following sections, by comparison, 
will begin to quantitatively focus on the ground water/surface-water 
interconnection at the HRP from a site specific and time dependent 
perspective. 

Previous Investigations 
Several analytic methods have been developed to analyze the 

relationships between a pumping well and the resulting depletion of a nearby 
stream. Theis (1941) published the first stream-aquifer analysis and 
determined that stream flow depletion due to a pumping well is directly 
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proportional to pumping duration and aquifer transmissivity, and inversely 
proportional to the aquifer storage coefficient and the distance squared 
between the well and the stream. Similar analytic methods for very simple 
stream-aquifer systems were developed by Glover and Balmer (1954) and 
Jenkins (1970). Additional techniques developed to account for specific 
exceptions to the simplest case include, limiting aquifer boundaries (Glover, 
1960), imperfect stream/aquifer connections (Hantush, 1965), stream bends 
(Hantush, 1967), and tributary stream confluences (Glover, 1973). 

The stream/aquifer analyses developed in this report rely heavily on 
four previous investigations. The analytical basis is provided by Jenkins' 
(1970) "Computation of Rate and Volume of Stream Depletion by Wells." 
Guidelines for utilizing this technique in Arizona's unique geohydrologic 
environment were provided in reports by ADWR (1987b), "Gila River 
System Groundwater/Surface Water Interaction Study;" Halpenny (1987), 
"Groundwater and Surface Water Interconnection in Arizona;" and 
Halpenny (1988), "Groundwater Contribution to Surface Flow, Gila River 
Adjudication." 

Limiting Assumptions 
The analytic method described by Jenkins (1970) employs several 

limiting assumptions: 
1) The aquifer is isotropic, homogeneous, and semi-infinite in areal 

extent. 
2) The aquifer transmissivity is constant. Thus, for an unconfined 

aquifer, drawdown is considered negligible when compared to the 
saturated thickness. 

3) The temperature of the stream is constant and the same as the water in 
the aquifer. 

4) The stream boundary is straight and fully penetrates the aquifer. 
5) Water is released instantaneously from storage. 
6) The well is open to the full saturated thickness of the aquifer. 
7) The pumping rate is constant. 
8) Flow is predominantly horizontal. 
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Clearly, field conditions never fully meet the idealized conditions 
described by these assumptions. The method fails to estimate streamflow 
depletion accurately when the pumping well is near an impermeable 
boundary. In fact, the volume of streamflow depletion can be underestimated 
by 50% of that predicted when an impermeable boundary is considered 
(ADWR, 1987b). It also fails when the well is in an area where the aquifer 
transmissivity and storativity vary greatly in space. The usefulness of the 
method, however, can be maximized if the user recognizes specific departures 
from ideal conditions and understands how these departures effect predicted 
values. For example, lowering the water table in a floodplain may capture 
substantial amounts of water that would otherwise be transpired. The effect 
is similar to intercepting another recharge boundary, and the resulting 
proportion of stream depletion is decreased (Jenkins, 1970). 

Example 
The following example, showing the effect pumping an older basin-fill 

alluvial well has on surface water in the younger alluvium, is summarized 
from an analysis performed by Halpenny (1987). In this analysis, Halpenny 
combined the pumping patterns from several individual wells into a single 
pumping center and expressed the result as a percentage of the total water 
produced at the pumping center taken from the younger alluvial aquifer 
directly associated with the stream. 

A. Parameters 
1. Distance from combined center of pumping by one or more 

water users to nearest edge of younger alluvium, a = 34,000 feet. 
2. Combined continuous rate of ground-water withdrawal at the center of 

pumping, Q = 2,089 gallons per minute. 
3. Time of continuous operation at 2,089 gpm, t = 10 years (3,650 days). 
4. Coefficient of transmissivity, T = 49,700 gpd/ft. 
5. Coefficient of storage, S = 0.12 

B. Computations (using graphs and formulas in Jenkins, 1970) 
1. Determination of transmissivity divided by storage in ft2/day: 

T = (49,700 gpd/ft)/(7.48 gallons/ft3) = 6,644 ft2/day 
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T/S = (6,644 ft2/day)/0.12 = 55,370 ft2/day 
2. Determination of stream depletion factor, sdf: 

sdf = (a2)/(T/S) = (34,000 ft)2/55,370 ft2/day = 20,878 days 
3. Determination of factor t/sdf: 

t/sdf = 3,650 days/20,878 days = 0.17 
4. Determination of factor v/Qt, from curve B, Figure 1 in Jenkins (1970) 

v/Qt = 0.026 = 2.6% 

This analysis indicates that 2.6 percent of the total water produced at 
the pumping center after ten years is taken from the river and the younger 
alluvial aquifer while the remainder is taken from the basin-fill aquifer. 

APPLICATION IN THE HASSAYAMPA RIVER STUDY AREA 

Several vitally important factors must be clarified before the previously 
described methodology can be applied to the Hassayampa River study area. 
First, to what extent are the limiting assumptions violated in the study area? 
Second, has a standard that identifies the allowable impact a well may have 
upon streamflow during a specified period of time been developed? And 
third, what specific data requirements are needed to usefully apply this 
method in the study area? These questions are discussed below. 

Departure from Ideal Conditions 
The analytical method described by Jenkins (1970) specifically applies to 

an aquifer in free connection with a stream. This condition is not met in the 
study area in the ephemeral reach above the HRP where the basin-fill and 
alluvial aquifers are not tributary to the river. Halpenny (1987), testifying in 
the Arizona State Superior Court on the general adjudication of all rights to 
use water in the Gila River system and source, has recommended that the 
court make a clear distinction between water produced in the younger and 
older alluvium. He suggested that all water produced from the younger 
alluvium should be considered as appropriable and adjudicated as surface 
water. Furthermore, he believes the degree to which those users producing 
water from the older alluvium are impacting surface water can be estimated 
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using the Jenkins methodology. Therefore, given these suggestions, the 
methodology can be modified so that the limits of the younger alluvium are 
now considered the edge of the stream, thus relaxing the requirement that the 
stream be perennial. This is precisely what was done in the analytic example 
presented above. 

The analytic method is also compromised within the preserve where 
impermeable bedrock borders the stream course. This limitation, however, is 
largely academic if Halpenny's recommendations are adopted. The perennial 
stream reach through the Hassayampa River Preserve is only associated with 
the single, younger alluvial aquifer whose water is now assumed to be 
surficial. Therefore, wells pumping along this reach are considered 
appropriable and may be adjudicated as surface water. 

Finally, the method assumes aquifer homogeneity when in fact the 
geology in the study area is extremely variable (Appendix I). This limitation 
could be significantly minimized if aquifer tests were performed on specific 
wells in the study area, yielding reliable aquifer parameter estimates. 
However, since very little data is available, this analysis must make the best 
of what exists and view the results with healthy skepticism. 

The Goodfarb Ruling 
On September 9, 1988, Arizona Superior Court Judge Stanley Goodfarb 

ruled on the inclusion of wells pumping "percolating ground water" in the 
general adjudication of the Gila River system (Goodfarb, 1988). One aspect of 
this ruling, known as the 50 percent/90-day test, provides specific guidelines 
to ADWR and its investigation of wells which may be pumping appropriable 
stream flow. Goodfarb stated that "the court must include in appropriable 
water not only the surface flow of a stream but also the sub-surface flow 
which supports and is connected to the surface flow." Furthermore, he 
accepted the suggestion of Leonard Halpenny "that at least those wells which 
withdraw water from the 'younger alluvium' of the tributary stream's basin 
should be presumed to be pumping sub-flow" provided in part that "wells 
located in or close to that younger alluvium, the volume of stream depletion 
would reach 50% or more of the total volume pumped during one growing 
season for agricultural wells or during a typical cycle of pumpage for 
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industrial, municipal, mining, or other uses, assuming in all instances and 
for all types of use that the period of withdrawal is equivalent to 90 days of 
continuous pumping for purposes of technical calculation." 

Given this ruling and the method proposed by Halpenny (1987) to 
evaluate the effect pumping a well in the older alluvivun has upon the water 
supply in the younger alluvium associated with a stream, the distance that a 
well in the older alluvium must be from the nearest edge of the water table in 
the younger alluvium for an effect of 50 percent after 90 days of continuous 
pumping may be determined by working backwards (Halpenny, 1988). 
Halpenny refers to this distance as the "Bright Red Line." An example of how 
the distance to this line is determined is presented below. 

A. Criteria 
1. Transmissivity, T = 100,000 gpd/ft = 13,351 ft2/day 
2. Storage coefficient, S = 0.12 
3. Pumping duration, t = 90 days 
4. Effect upon younger alluvium = 50 percent 

B. Computations 
1. v/Qt = 0.50 
2. t/sdf = 3.1 (interpolated from Table 1, page 5 in Jenkins, 1970) 
3. T/S = 13,351/0.12 = 111,258 ft2/day 
4. sdf = t/3.1 = 90 days/3.1 = 29 days 
5. sdf = a2/(T/S) 
6. a2 = (sdf)(T/S) = (29 days)(lll,258 ft2/day) = 3,226,482 ft2 

7. a = 1,796 feet 

The "Bright Red Line" in the Hassayampa River Study Area 
We may now apply the methodology first described by Jenkins (1970) in 

the Hassayampa River study area using only two variables — the aquifer's 
coefficients of transmissivity and storage — to determine the 50%/90-day 
distance. A thorough literature search was conducted in this investigation to 
determine transmissivity and storage coefficient values in the area. This 
information is summarized in Table 13. 
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Several calculations were completed using a combination of low, 
moderate, and high transmissivity and storativity values and are provided in 
Table 14. These data clearly demonstrate how the position of the line 
described by Halpenny is dependent on the aquifer coefficients applicable to 
the zone for which the critical distance is to be applied. An examination of 
the aquifer parameter magnitudes summarized in Table 13 suggests that the 
young alluvial aquifer in the study area is characterized by high 
transmissivities and high storativities. In contrast, the older alluvium has 
characteristically low transmissivities and low to moderate storativities. 
Now, if corresponding T and S values are identified in Table 14, the critical 
distance from the stream or young alluvium is easily identified. These data 
indicate that wells pumping in the older alluvium roughly within 600 feet 
from the younger alluvium are depleting surface water given the numerous 
assumptions previously described. The younger alluvial boundary and the 
distance producing a 50 percent depletion after 90 days of continuous 
pumping are shown in Appendix I. 

Table 14. "Bright Red Line" distance from younger alluvium using 50/90 
ruling and variable T and S coefficients (after Halpenny, 1988). 

T (gpd/ft) S Distance (ft) Remarks 

10,000 0.18 464 Low T, High S 
10,000 0.12 568 Low T, Med. S 
10,000 0.06 804 Low T, Low S 
100,000 0.18 1,468 High T, High S 
100,000 0.12 1,796 High T, Med. S 
100,000 0.06 2,542 High T, Low S 
250,000 0.18 2,319 Very High T, High S 



Table 13. Estimated Transmissivity and Storage Coefficients in the Hassayampa River Study Area 

Well Name 

Remuda Ranch 

Barnette 

Sols Wash 

Mariposa 

Vulture Mine 

Wickenburg Inn 
#1 

#2 

#3 

#4 

Lfepd/ft) 

240,000 
272,000 

232,000 

114,000 

12,600 

12,700 
21,200 

Specific Yield 

704 
600 

240 

2,664 
5,920 

2,873 
3,600 

0.10 

Comments 

Located in younger alluvium, 600 feet from Hassayampa River; based 
on specific capacity x 2,000 (Yost and Gardner, 1985) 

Located in younger alluvium, 1,400 feet from Hassayampa River; 
based on specific capacity x 2,000 (Yost and Gardner, 1985) 

Located in younger alluvium, 200 feet from Sols Wash, 2,400 feet from 
Hassayampa River; based on specific capacity x 2,000 (Yost and 
Gardner, 1985) 

Located in older alluvium, 60,000 feet from Hassayampa River; based 
on specific capacity x 2,000 (Yost and Gardner, 1985) 

Located in older alluvium, 2 miles from Hassayampa River; based on 
specific capacity x 2,000 (Yost and Gardner, 1985) 

Located in older alluvium, 3 miles from Hassayampa River; first T 
based on recovery analysis, second T based on specific capacity x 2,000 
(Manera, 1984); Sy (Johnson, 1967) 

Located in older alluvium, 2.75 miles from Hassayampa; based on 
specific capacity x 2,000 (Manera, 1984) 

Located in older alluvium, 2.25 miles from Hassayampa River; based 
on recovery test and specific capacity x 2,000 (Manera, 1984) 

Located in older alluvium, 4 miles from Hassayampa River; based on 
recovery test and specific capacity x 2,000 (Manera, 1984) 
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ALLUVIAL AQUIFER AND STREAMFLOW RELATIONSHIPS 

The riparian zone bordering the Hassayampa River is contained within 
the alluvial or floodplain aquifer. As previously discussed, this alluvial 
aquifer is a very porous, highly transmissive, sand and gravel unit, whose 
hydraulic conductivity may be 10 times greater than the basin-fill deposits 
(Jackson and others, 1987). This section examines how ground water in the 
alluvial aquifer relates to stream flow in the Hassayampa River. 

One piezometer or well point was installed approximately 600 feet 
from the HRP stream gage within the floodplain sediments as a means of 
evaluating ground and surface-water relationships. The piezometer was 
hand driven 13-feet and encountered ground water approximately 8-feet 
below the surface in the alluvium. 

Figure 29 illustrates a simple relationship between the depth to ground 
water in the alluvial aquifer and stream discharges in the neighboring 
Hassayampa. Brian Richter has emphasized that this relationship is a critical 
element in the Nature Conservancy's amended Instream Flow Application. 

Riparian evapotranspiration is dependent upon existing water table 
conditions, and these levels are directly supported by existing streamflows. If 
the Nature Conservancy defines benificial use at the HRP as that water 
consumed by riparian evapotranspiration, then the information shown 
below clearly links riparian ET to surface-water discharges in the Hassayampa 
River. 
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Figure 29. Depth to ground water in the alluvial aquifer piezometer and 
stream discharge at the HRP gage. 

WATER QUALITY ASSESSMENT 

On February 1, 1989, twenty surface and ground-water samples were 
collected in the Hassayampa River study area in an effort to quantify baseline 
water quality in the region and examine potential surface and ground-water 
relationships based on water chemistry. Samples were collected cooperatively 
with help from the Arizona Department of Environmental Quality's Water 
Assessment Section, the Town of Wickenburg, and the Nature Conservancy. 
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Table 15. Preliminary field results from the Hassayampa River study area 
water quality assessment. 

Local ID Location. T, air T, water EC pH DO %Sat 
CO CQ (liS/cm) (SU) (mg/1) (%) 

Surface Water 
Box Damsite (B-8-4)7cbd 18 23.5 457 8.55 9.6 123 
HRPgage (B-7-4)20bbd 20 19.5 672 7.86 5.1 60 
Below Palm Lk. (B-7-4)29aaa 20 18.8 673 7.98 7.7 89 
Rest Area (B-7-4)33acc 14 14.0 749 8.24 11.5 120 
Spring (B-7-4)20dbb 18.0 598 6.94 2.0 23 
Effluent (B-7-4)12ddb 21 16.0 908 7.11 1.3 14 
Morristown gage (B-6-4)3dcc 15 17.0 625 8.15 8.4 94 
Palm Lake (B-7-4)20dbb 18.8 690 7.33 10.2 116 
Hwy. Substation (B-7-4)7cbd 20 21.5 535 8.35 8.4 104 
Monarch Wash (B-7-4)28cad 18 22.0 583 8.19 8.1 100 
Visitor Center (B-7-4)20cad 15 17.5 614 7.42 6.2 71 

Ground Water 
Remuda Ranch (B-7-5)2dbc 19 19.8 506 
Barnette (B-7-5)lcca 19 18.0 495 
Sols Wash (B-7-5)lccb 18 21.0 637 
Mariposa (B-7-5)llabb 18 21.9 339 
Vulture Mine (B-7-5)3bcb 18 27.0 355 
WWTP (B-7-5)3bcb 19 20.0 722 6.94 
Rincon Ranch (B-8-5)35caa 22 21.0 488 7.86 
Woodfin <B-7-4)17cbb 22 20.5 642 7.18 
Dillard (B-7-4)28dbc 22 18.0 1035 7.24 

Ground-water samples were collected from nine wells; surface-water 
samples were collected at eight sites along the river, as well as Palm Lake and 
its spring. One effluent sample was also collected from the waste water 
treatment plant (WWTP). These locations are shown in Figure 2. Table 15 
summarizes the preliminary field results, and Appendix IV contains the 
complete laboratory results. Each sample was analyzed for fluoride, total 
nitrite/nitrate, total alkalinity, pH, sulfate, total dissolved solids, total 
suspended solids, turbidity, carbonate, bicarbonate, chloride, specific 
conductivity, potassium, magnesium, sodium, arsenic, calcium, and bromide. 
In addition, the ground-water samples were analyzed for volatile organic 
compounds using USEPA Method 601/602. 
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Table 16. Relative ionic percentages used in Piper plot shown in Figure 30. 

Local ID Ca iv% Na+K SO4 HCO3 CI 

Surface Water 
Box Damsite 51 23 26 16 74 10 
HRPgage 48 23 28 18 69 13 
Below Palm Lk. 47 24 29 18 68 14 
Rest Area 48 22 30 18 67 14 
Spring 51 23 26 17 70 12 
Effluent 31 19 49 18 55 27 
Morristown gage 46 24 30 19 66 16 
Palm Lake 52 23 25 36 53 11 
Hwy. Substation 53 24 23 16 73 11 
Monarch Wash 49 23 28 18 68 14 
Visitor Center 49 24 27 18 68 14 

Ground Water 
Remuda Ranch 52 24 24 19 72 9 
Barnette 53 25 22 18 73 9 
Sols Wash 46 28 26 15 74 11 
Mariposa 29 28 43 5 86 9 
Vulture Mine 28 28 44 6 85 9 
WWTP 47 25 28 17 71 13 
Rincon Ranch 50 25 25 15 75 10 
Woodfin 49 23 28 18 70 12 
Dillard 34 34 31 21 56 23 

Each water sample's relative ionic concentration is plotted on the 
following multiple-fcrilinear diagram or Piper plot, using the data 
summarized in Table 16. Figure 30 shows a graphic procedure which 
effectively segregates analytical data for critical study with respect to sources of 
dissolved constituents in waters, modifications in the character of a water as it 
passes through an area, and related geochemical problems (Piper, 1944). In 
this study it is used to identify similar ionic concentrations in surface and 
ground-water samples from the Hassayampa River study area, thus providing 
strong evidence that these waters are in direct hydrologic connection. 

The percentages reacting values of the three cation groups (Ca, Mg, and 
Na) are plotted as a single point in the lower left triangular field. The three 
anion groups (HCO3, SO4, and CI) are similarly plotted in the triangular field 

the lower right. The over-all chemical character of the water is represented 
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by a third point in the diamond-shaped field. This plotting position indicates 
the relative composition of a water in terms of the cation-anion pairs that 
correspond to the field's four vertices (Piper, 1944). 

A quick glimpse of this diagram clearly indicates that 15 sample 
locations show essentially no differences in ionic composition. These sites 
include all eight river samples, six of the nine wells, and the spring feeding 
Palm Lake. Each of the six wells (ie. Remuda Ranch, Barnett, Sols Wash, 
WWTP, Rincon Ranch, and Woodfin) is drilled in or very close to the 
Hassayampa's alluvial or floodplain aquifer. Thus, one might conclude that 
surface and ground-water chemistry, as measured by ionic composition, is 
similar along the Hassayampa's reach in the study area (Ellingson, 1989). 
Furthermore, one volume of water is moving down the valley, freely 
exchanging between surface and subsurface flow. This is very strong evidence 
that wells tapping the young alluvial aquifer in the study area are in direct 
hydraulic connection with the Hassayampa River and should be adjudicated 
as such. 

Water quality in the Vulture Mine, Mariposa, and Dillard wells are 
significantly different from the river, as are Palm Lake and the WWTP 
effluent. The Vulture Mine and Mariposa wells are relatively far from the 
river and tap low conductivity ground water from the regional or basin-fill 
aquifer. Therefore, it's likely that these wells are not in direct hydrologic 
connection with the Hassayampa and should not be considered surface-water 
diverters. The water chemistry differences exhibited in the Palm Lake and 
effluent samples are as one might expect, but water from the Dillard well is 
unusual. It is highly mineralized and less strongly dominated by calcium and 
alkalinity (Ellingson, 1989). This degraded condition may be related to the 
gravel washing practices used at the sand and gravel pit located there and 
possibly wash from cement trucks. 
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CHAPTER SIX 

RECOMMENDATIONS FOR INSTREAM FLOW MAINTENANCE 

Perennial stream flow in the Hassayampa River Preserve is a 
threatened resource. The unique hydrogeologic conditions which support 
base flows in the river today, may prove inadequate in the future. The town 
of Wickenburg, whose settlement was directly supported by the Hassayampa's 
abundant waters, lies above the HRP, strategically positioned to intercept the 
alluvial ground water which sustains one of Arizona's finest remaining 
riparian areas. 

This research project was intended to assist the Nature Conservancy in 
its effort to secure an instream flow appropriation within the Hassayampa 
River Preserve and to help initiate cooperative and environmentally 
sensitive water resource development in the area. This report has 
characterized the natural surface and ground-water flow regimes found 
within the Hassayampa River study area. It has presented a preliminary 
annual water budget in the area and has discussed surface and ground-water 
relationships and their importance to perennial flow. And in conclusion, it 
will outline a number of recommendations or options the Conservancy may 
want to consider, and it suggests future monitoring and research projects. 

RECOMMENDATIONS 

Develop Alternative Pumping Scenarios with Wickenburg; The primary 
source of water sustaining perennial flow in the HRP is found in the alluvial 
aquifer, therefore, management strategies should concentrate on maximizing 
the amount of water stored in this aquifer, especially during prolonged low 
runoff periods. Alluvial aquifer storage might be preserved by shifting 
municipal pumping away from alluvial wells like Sols Wash, Barnette, and 
Remuda Ranch to more regional wells like Vulture Mine and Mariposa, 
especially during the critical low surface flow period from May to July. 
Ideally, municipal pumping would then shift back to the alluvial aquifer and 
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take advantage of the high surface flow periods from January to April and 
August to September. 

Though pumping in the regional aquifer is likely to intercept alluvial 
aquifer recharge in the future, it will probably do so in a much more 
attenuated manner. Looking at the condition and health of the Hassayampa 
River Preserve today, I feel a certain hydrologic stasis is in effect. Though 
increasing slightly in the last 10 years, ground-water pumping does not seem 
to have impacted perennial flow at this time. However, I do think the river 
is dangerously threatened if certain factors imbalance the system. 
Significantly increased ground-water development and a sustain drought are 
two very real possibilities. 

Wickenburg's 1985 water report and master plan update, prepared by 
Yost and Gardner Engineers, briefly describes the water distribution system in 
Wickenburg and its capacity. This firm is intimately associated with past 
water development in Wickenburg, and I am sure they have an 
understanding for possible water futures. The Nature Conservancy may wish 
to consult with Yost and Gardner and the town of Wickenburg to see if 
environmentally sensitive pumping patterns (ones that minimize alluvial 
aquifer overdraft during low flow conditions) can be achieved. To what 
degree will the town rely on expanded pumping from the Remuda Ranch 
well to meet future water demands? Is the distribution system in town 
capable of shifting pumping centers away from the river when flows are 
threatened? If not, what would it take to enable it? 

Negotiate with the town of Wickenburg for rights to their effluent: A recent 
court decision has said that municipalities have a right to sell their effluent. 
The Wickenburg Waste Water Treatment Plant is hydrologically significant 
and in an extremely advantageous location relative to the HRP. If any change 
from the current discharge practice is thought possible, especially one which 
transfers effluent to a highly consumptive use (ie. golf courses or irrigated 
agriculture), then the Nature Conservancy may want to discuss these impacts 
with the town and seek other solutions for providing water to such 
consumptive uses, while protecting the benefits of the effluent to 
downstream flows in the river. 
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Increase effluent discharged with respect to municipal ground water pumped: 
Only a small percentage of water pumped from the Wickenburg Municipal 
Wellfield ever reaches the Waste Water Treatment Plant (Figures 21 and 22). 
The Nature Conservancy might initiate efforts to increase this percentage as a 
means to ensure that water diverted from alluvial aquifer has an opportunity 
to re-enter the system above the preserve. Several reasons have been offered 
to explain why so little municipal water makes it into the WWTP. They 
include the fact that a very large part of Wickenburg that receives water from 
these wells is not part of the sewer service. Efforts could be undertaken to see 
that Wickenburg expands its sewer service and that the number of residences 
utilizing septic tanks is reduced. Other factors might include a very leaky 
distribution system and the possibility that an inordinately large amount of 
water is being used in a highly consumptive and possibly wasteful manner. 
These statements are purely speculative and further research into actual 
water uses in Wickenburg is needed. 

Watershed Management: The Nature Conservancy should actively support 
and encourage any effort to manage the upper Hassayampa River drainage in 
a manner which enhances or maintains water conditions and water 
dependent values in the HRP. Improved watershed conditions which 
increase runoff volume and augment alluvial aquifer recharge are important. 
Special attention and support could be given to the Bureau of Land 
Management in their attempt to acquire an instream flow right in the upper 
basin. Any effort which saves or produces additional water in the basin above 
Box Canyon will be reflected in greater flows into the area examined in this 
report and should be enthusiastically supported. 

Manage floodplain recharge potential: The Nature Conservancy may wish to 
become involved in any effort to manage or alter the Hassayampa River 
floodplain upstream from the preserve. The floodplain, as it exists in its most 
natural condition, is an important mechanism in recharging surface water 
flow to the alluvial aquifer system which directly supports and sustains base 
flow conditions in the HRP. The Conservancy might consider opposing any 
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attempt to reduce the river channels surface area and thereby reduce its 
infiltration capacity. Channel enhancement and erosion control structures 
which significantly alter natural river processes are considered suspect. 
Water control structures intended to detain runoff and induce sediment 
deposition may improve the river's infiltration and alluvial aquifer storage 
capacity. Jackson and others (1987) recommended against their use on the San 
Pedro River, but did acknowledge that carefully designed and located 
detention structures could augment base flows with stored storm water 
runoff in the event that ground water tables decline to the point where the 
resource is critically threatened. 

Reactivate the Box Canyon Damsite Stream Gage: The Nature Conservancy 
might want to request that the U. S. Geological Survey reinstall the Box 
Canyon stream gage and continuously monitor surface discharges, especially 
during base flow periods. Stream flow records at the Box are critically 
important to the Hassayampa River Preserve for several reasons. 

First, stream discharges at the Box recorded cotemporaneously with 
discharges at the HRP gage will provide very useful statistical information. 
By correlating stream flows at both locations it might be possible to extend the 
short-term record at the HRP gage using the technique described in ADWR's 
revised memorandum on instream flow hydrologic assessments (ADWR, 
1989). An extended record at the HRP gage would then enable the Nature 
Conservancy to perform a flow duration analysis for the stream reach within 
the preserve and significantly refine specific instream flow requests in its 
water right application. 

In addition, current discharge measurements at the Box will provide 
valuable information to the BLM in their effort to secure an instream flow 
right in the upper basin, may be helpful in identifying critical changes in 
water yielded from the upper basin, and be used to refine the volume of water 
input to the water balance developed in Chapter 4. 

Support further investigations into the interconnection between ground and 
surface waters: The Goodfarb Ruling is currently being challenged in the 
Arizona Supreme Court. I have made several inquiries into what specific 
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aspects of the ruling are being challenged and what one might expect in the 
court's final determination, but all knowledgeable parties are prohibited from 
commenting while it is before the court. Though I am not specifically 
recommending support for the Goodfarb ruling, I do believe it is in the 
Nature Conservancy's best interest to defend certain aspects of the ruling if 
possible. Halpenny's recommendation that all wells located in the younger 
alluvium be adjudicated as surface water is one such aspect. This is a 
relatively simple determination to make based on suificial geologic 
examination and is consistent with the hydrogeologic reality that alluvial 
subflow and surface base flow are very closely connected. The 50%/90-day 
aspect, however, is problematic and may be refined in future legislation. 
Specific problems include stream reaches which are not perennial and large 
production wells that might easily dry a small river like the Hassayampa up 
without ever actually deriving 50% of its pumped volume from the river 
itself. The Nature Conservancy may wish to reexamine these issues once a 
final ruling is handed down by the court. 

MONITORING AND ADDITIONAL RESEARCH 

One of the more significant lessons I learned while conducting this 
research project is the need to very clearly define and limit any scope of work 
undertaken. This was the first study of its kind I have been involved in, and 
it was the first time such a study was conducted on the Hassayampa River. As 
a result, the scope of the project seemed to continuously change and expand 
and its completion delayed as I learned more about the hydrogeologic 
characteristics in the area and their relationship to emerging instream flow 
policies in Arizona. Therefore, I think it would be in the Nature 
Conservancy's best interest to narrowly define and limit future research 
efforts to specific aspects and issues associated with protecting perennial flow 
at the HRP. With this in mind I would like to suggest several "bite size" 
research projects which will help refine the work I have begun. 

Monitor Groundwater Levels and Trends: It is critical that the Nature 
Conservancy support an expanded and regular ground-water monitoring 
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program, focusing on Wickenburg's municipal well field, wells in or 
immediately adjacent to the HRP, and regional wells in the upper basin. This 
monitoring program might solicit help from and coordinate efforts between 
Wickenburg, the USGS, ADWR, and the BLM. 

Wickenburg sorely lacks basic information on historic ground-water 
levels in its wells. This information is essential to quantitatively assess the 
impact hydrologic development may be having on this resource. As water 
transfer, environmental protection, and assured water supply questions are 
addressed, the town needs to more fully understand the hydrologic systems it 
relies on. Are ground water levels stable near Wickenburg, or are they 
recovering in some areas and declining in others? In an effort to answer this 
question, the town could begin a regular ground-water monitoring program. 
At a minimum, water elevations should be measured in all town wells 
biannually, once in the winter and once in the summer to define seasonal 
variations and suggest long-term trends. Since so little historic data are 
available, it might be worthwhile to collect monthly measurements so that 
anomalous levels could be statistically filtered out and potential trends 
identified sooner. The Nature Conservancy might find it worthwhile to 
support the town in these efforts. 

In 1978 the USGS prepared a map showing ground-water conditions in 
the Hassayampa area. The Nature Conservancy might approach the USGS to 
see whether a second mapping effort could be undertaken. A second 
mapping effort, conducted about 12 years after the first, would be extremely 
valuable to both the town and the preserve. By comparing the water levels in 
1978 to today, critically declining, stable, and positively recovering areas can be 
defined. This project would be a relatively simple and inexpensive data 
collection effort. It should be undertaken this winter in order to collect data 
seasonally similar to the first. It could be conducted with the help of a 
graduate student and ideally would take less than one month to complete. 

The following wells, each of which has about a 10-year historical record 
(Figure 16), should continue to be monitored at least annually, preferably 
more often if possible: 

a) B-09-05 35 dbb 
b) B-08-0519 cbc 
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c) B-08-0518 ccc 
d) B-07-05 03 bcc2 
e) B-07-05 03 dbc 
f) B-07-04 07 bcc 
g> B-07-0418 acal 

Closely monitor and correlate Wickenburg's specific pumping patterns with 
stream flows at the HRP gage. Cooperatively develop a research project with 
the town of Wickenburg in which specific pumping times and rates are 
identified for the Remuda, Barnette, and Sols Wash wells for one month 
when low base flow conditions are evident in the HRP. This information 
could then be correlated with stream flows at the HRP gage for the same 
period of record as a means to identify specific impacts these large capacity 
municipal wells may have on surface discharge downstream. Ideally, hourly 
(or at least daily) pumping information can be collected while specific 
pumping patterns are manipulated. For example, week-1 might examine 
normal or standard well pumping schedules, week-2 would examine 
minimal or no pumping from these wells, week-3 would then examine 
heavy or all out pumping, and week 4 would return to normal pumping. 
Hopefully, the information collected in this study would identify whether or 
not and to what degree these wells affect base flows in the preserve. 

Closely monitor the condition or health of vegetation in the downstream 
portion of the preserve as an indication of instream flow adequacy. In 
conjunction with the research currently underway with Duncan Patton, the 
vitality of the lower HRP riparian vegetation should be monitored. If the 
lower riparian plant community's general condition begins to degrade, it 
might be an indication that current instream flows are inadequate to meet the 
entire riparian community needs. 

Conduct a hands on inventory of wells within the immediate river preserve 
corridor to accurately estimate groundwater withdrawals in the reach. The 
Conservancy may wish to determine the exact number, location, and current 
use of wells bordering the HRP. ADWR's well records are not adequate to 



9 2  

accurately estimate the volume of ground water withdrawn from or very 
near the young alluvial aquifer. Every effort should be made to quantify how 
much water is being pumped, especially for those wells that supply highly 
consumptive endeavors. These wells can then be prioritized for future 
purchase and retirement based on their relative potential to impact the 
preserve. 

Conduct aquifer tests in wells to better define aquifer parameter estimates. 
The analytical methods used to estimate a pumping well's impact on stream 
flow need accurate aquifer transmissivity and storativity estimates for them 
to specifically identify wells harmful to perennial flow. The Nature 
Conservancy could work with Wickenburg to conduct aquifer tests on their 
wells and possibly other agricultural wells between the town and Box Canyon. 
This information can be used to identify specific impacts from these wells and 
more closely estimate impacts from neighboring wells. 

Continue periodic surface water quality monitoring. The Nature 
Conservancy should continue to work with the Arizona Department of 
Environmental Quality and monitor surface water quality in the study area at 
least annually. 

Examine the water chemistry of additional wells in the area and compare 
them to the Hassayampa River. The Nature Conservancy may wish to 
approach ADEQ again and see if they would be willing to expand last year's 
ground water quality evaluation. This may prove to be an effective and cost 
efficient way to link additional ground water wells to the Hassayampa River 
in the upcoming general adjudication. 
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