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Introduction

A baseline groundwater quality study 
of the Harquahala basin was conducted 
from 2009 to 2014 by the Arizona Depart-
ment of Environmental Quality (ADEQ) 
Ambient Groundwater Monitoring Pro-
gram. ADEQ carried out this task pursu-
ant to Arizona Revised Statutes §49-225 
that mandates monitoring of waters of 
the state including its aquifers. The fact 
sheet is a synopsis of the ADEQ Open File 
Report 14-04.1 

Located 60 miles west of Phoenix along 
Interstate 10, the Harquahala ground-
water basin contains approximately 766 
square miles within La Paz and Maricopa 
counties (Map 1).2 The basin consists of a 
broad alluvial plain bordered by rugged 
mountain ranges. Low-intensity livestock 
grazing is the predominant land use 
but there is irrigated agriculture in the 
northwest and, especially, in the south-
east portion within the Harquahala Valley 
Irrigation District (HVID). Land ownership 
consists of federal lands (62 percent) 
managed by the Bureau of Land Man-
agement, private land (25 percent), and 
State Trust lands (13 percent). There are 
no incorporated communities within the 
basin, which had a population of approxi-
mately 600 people in 2000.2

Hydrology

The basin is drained by Centennial Wash, 
a tributary of the Gila River. Centennial 
Wash enters the basin from the northwest 
at the Harrisburg Valley “Narrows,” and 
runs southeast until exiting at Mullens 
Cut.3 All washes are ephemeral, flowing 
only after heavy precipitation. Ground-
water is used for irrigation with minor 
amounts used for public water, domestic, 
industrial, and stock uses. Since 1985, 
water from the Colorado River delivered 
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Map 1 – Sample sites in the 
Harquahala basin are color-
coded according to their water 
quality status. Based on these 
water quality results, ground-
water in the basin is generally 
not suitable for drinking water 
use without proper treatment.

Figure 1 – Agriculture is the largest water use in the basin with most farmland located in the Harquahala Valley 
Irrigation District (HVID). Irrigation needs are met by a combination of groundwater and, since 1985, surface water 
from the Colorado River provided by the Central Arizona Project (CAP) lateral shown by the Eagletail Mountains. 

(Map by Douglas Towne)
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via the Central Arizona Project (CAP) has 
supplemented irrigation and stock uses 
and is also recharged at the Vidler Water 
facility (Figure 1).2

 
The main aquifer is basin-fill alluvium 
composed of heterogeneous deposits 
of clay, silt, sand, and gravel. The aquifer 
is especially productive in the south-
ern part of the basin where irrigation 
wells can yield up to 3,000 gallons per 
minute in the HVID (Figure 2).4 Basin-fill 
alluvium generally does not produce 
enough water for irrigation use in areas 
north of Interstate 10. In parts of the 
basin, overlying the coarse-grained de-
posits are fine-grained beds composed 
mainly of clay, which can exceed 1,000 
feet and create perched water zones.2 In 
the former agricultural area that is now 
part of the Vidler Recharge Project, wells 
produced water through alternating 
fine and coarse layers until encounter-
ing conglomerate about 900 feet below 
land surface (bls).4 In the northwest part 

from northwest to southeast parallel-
ing Centennial Wash and discharged 
from the basin at Mullens Cut.3 Irriga-
tion withdrawals halted groundwater 
outflow by 1957 and created a large 
cone of depression in the HVID by 1966. 
Declines in water level of as much as 
27 feet per year and 325 feet overall 
occurred in wells by 1980.4 The intro-
duction of CAP water in 1985 resulted 
in water level increases of up to 70 feet. 
The basin is still in hydrologic overdraft, 
however, because of limited recharge 
and the recent increase in groundwater 
pumping due to reduced availability of 
CAP water. Groundwater continues to 
move to the cone of depression from 
the edges of the basin (Figure 4). 2

Methods of Investigation

To characterize regional groundwater 
quality, samples were collected from 51 
wells. These were used for irrigation (32 
wells), domestic (eight wells), stock (six 
wells), public supply (three wells), and 
monitoring (two wells).  Samples for 
inorganic constituents and oxygen and 
deuterium isotopes were collected from 
all 51 wells. Other samples collected 

Figure 2 – Former ADEQ employee Susan Determann 
collects a sample from a 1,200 foot-deep irrigation 
well in the HVID. Groundwater pumping has recently 
increased in the HVID due to reduced availability of 
Colorado River water from the CAP.

Figure 3 – ADEQ’s Elizabeth Boettcher collects a groundwater sample from Big Horn windmill. Located in the 
Big Horn Mountains, the well produces water that is piped to a former underground storage tank (UST) and 
subsequently distributed to troughs for use by livestock and wildlife. Water overflowing from the UST creates a 
micro-riparian habitat including a striking Palo Verde tree in blossom. 

of the basin are alternating layers of 
moderately coarse to coarse materials 
underlain by conglomerate.4 Agricul-
tural fields in the northwest are irrigated 
with groundwater produced from wells 
located near the “Narrows” that pre-
dominantly capture underflow from the 
adjacent McMullen Valley basin.3 Minor 
amounts of groundwater are found in 
mountain bedrock that surrounds the 
alluvium (Figure 3).2  

The basin has an estimated 15.5 million 
acre-feet of groundwater in storage 
above a depth of 1,200 feet bls. Natural 
recharge averages 1,000 acre-feet annu-
ally, occurring largely through infiltra-
tion of ephemeral flow in Centennial 
Wash.2 Additional recharge, estimated at 
almost 6,000 acre-feet per year, occurs 
via the CAP canal, which runs west to 
east across the basin.2 

Before irrigation development began 
in the early 1950s, groundwater moved 
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include nitrogen isotopes (34 wells), 
radon (31 wells) and radionuclide (10 
wells). Sampling protocol followed the 
ADEQ Quality Assurance Project Plan 
(see www.azdeq.gov/function/programs/
lab). The effects of sampling equipment 
and procedures were not significant 
based on quality assurance/quality 
control evaluations.   

Water Quality Sampling Results

Groundwater sample results were 
compared with the Safe Drinking Water 
Act (SDWA) health and aesthetics-based 
water quality standards.5 Of the 51 wells 
sampled, only two sites met all drinking 
water quality standards.  

Public drinking water systems must 
meet health-based, water quality stan-
dards, called Primary Maximum Con-
taminant Levels (MCLs), when supplying 
water to their customers. These enforce-
able standards are based on a lifetime 
(70 years) consumption of two liters per 
day.5 Primary MCLs were exceeded at 36 
of the 51 wells (76 percent). Constitu-
ents exceeding Primary MCLs include 
nitrate (24 wells), arsenic (19 wells), 
fluoride (five wells), and gross alpha and 
uranium (one well each).

Public drinking water systems are 
encouraged by the SDWA to meet 
unenforceable, aesthetics-based water 
quality guidelines, called Secondary 
MCLs, when supplying water to their 
customers. Water exceeding Secondary 
MCLs may be unpleasant to drink and/
or create unwanted cosmetic or laundry 
effects but is not considered a health 
concern.5 Secondary MCLs were ex-
ceeded at 48 of the 51 wells (94 percent). 
Constituents exceeding Secondary MCLs 
include total dissolved solids (TDS) (48 
wells), fluoride (38 wells), sulfate (19 
wells), chloride (17 wells), pH-field (two 
wells), and iron (one well).

Radon is a naturally occurring, inter-
mediate breakdown product from the 
radioactive decay of uranium-238 to 
lead-206. Of the 31 sites sampled for ra-
don, none exceeded the proposed 4,000 
picocuries per liter (pCi/L) standard 
that would apply if Arizona establishes 
a multimedia program to address the 
health risks from radon in indoor air.6 
Twenty-five sites (81 percent) exceeded 
the proposed 300 pCi/L standard that 
would apply if Arizona does not develop 
a multimedia program.6

Groundwater Composition

Groundwater chemistry in the basin is 
predominantly sodium-mixed (Figure 5). 
Other groundwater characteristics are 
summarized in Table 1. 

Figure 4 – ADEQ’s Douglas Towne collects a groundwater sample from an irrigation well in the southern portion 
of the HVID. The basin-fill aquifer in this area does not have the overlying fine-grained clay beds that create 
perched groundwater zones. 2 

Table 1. Groundwater characteristics 
of Harquahala basin samples 

pH-field

Slightly Alkaline (> 7 su) 51

Moderately Alkaline (>8 su) 20

TDS

Fresh (below 999 mg/L) 29

Slightly Saline (1,000 - 3,000 mg/L) 22

Hardness

Soft (< 75 mg/L) 13

Moderately Hard (76-150 mg/L) 13

Hard (151-300 mg/L) 11

Very Hard (301-600 mg/L) 7

Extremely Hard (> 600 mg/L) 7

Nitrate 7

Natural Background (< 0.2 mg/L) 0

May or May Not be from Human Influence
(0.2 – 3.0 mg/L)

1

May Result from Human Influence
(3.0 – 10 mg/L)

26

Probably Results from Human Influence
(> 10 mg/L)

24

Trace Elements

Detected at less than 33 
percent of sites

aluminum, antimony, beryl-
lium, cadmium, iron, lead, man-
ganese, mercury, nickel, silver, 
and thallium

Detected at more than 33 
percent of sites

arsenic, barium, boron, 
chromium, copper, fluoride, 
selenium, strontium, and zinc

Oxygen and deuterium isotope values 
in most samples are lighter than would 
be expected from recharge occurring 
at elevations within the basin. This 
suggests that much of the groundwa-
ter was recharged long ago (8,000 to 
12,000 years) during cooler climatic 
conditions.8 Isotope values did, how-
ever, have some variability that allowed 
them to be divided into three groups. 
Seven samples that experienced the 
most evaporation were characterized 
as younger, enriched water and were 
collected mostly from wells in or near 
bedrock areas. At the other end of the 
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spectrum were eight older, depleted 
samples that showed little evaporation.8 
Most samples (36 wells) appear to be 
a mixture of these younger and older 
recharge ages but still appear to reflect 
groundwater recharged during cooler 
climatic conditions. 

Groundwater Patterns

Groundwater constituent concentra-
tions varied by land use and recharge 
age.8 Constituents such as temperature, 
pH, specific conductivity (SC), TDS 
(Figure 6), sodium, bicarbonate, chlo-
ride, sulfate, nitrate, barium, chromium, 
strontium, oxygen, and deuterium 
had significantly different concentra-
tions among sites located in the HVID, 
in other irrigated lands located by the 
“Narrows”, and lands with no irrigation. 
Constituents such as temperature, SC, 
TDS, sodium (Figure 7), and chloride had 
significantly higher constituent con-
centrations at sites with older, depleted 
samples than at sites with younger, 
enriched samples (Kruskal-Wallis and 
Tukey test, p ≤ 0.05).

Figure 5 – Samples collected in the Harquahala basin are predominantly of sodium-mixed chemistry which is 
reflective of older groundwater with a long aquifer residence time.7 Samples above (or north of) the HVID have 
slightly higher calcium and bicarbonate concentrations, which are characteristic of more recent recharge. 10

Figure 7 – Groundwater samples of different ages as judged 
by isotope analysis have significantly different sodium 
concentrations (Kruskal-Wallis and Tukey tests, p ≤ 0.01). 
Low sodium concentrations typically occur in younger 
groundwater and increase with aquifer residence time as 
the result of silicate weathering, halite dissolution, and ion 
exchange. 10

Figure 8 – Elevated arsenic concentrations are influenced by 
factors such as an oxidizing environment, lithology, and a 
long aquifer residence time, which also tends to increase pH 
values.10 Reactions with hydroxyl ions appear to influence 
arsenic in the basin as there is a significant positive correla-
tion between arsenic concentrations and pH values.

Figure 6 – Samples collected from wells in the HVID and 
other irrigated areas have significantly higher TDS concen-
trations than samples collected from wells where there is no 
irrigation (Kruskal-Wallis and Tukey tests, p ≤ 0.01). This pat-
tern is likely the result of excess irrigation water containing a 
large salt load recharging the aquifer. 10

Discussion

Groundwater in the Harquahala basin is 
generally not suitable for drinking water 
use without proper treatment based 
on results from this ADEQ study. The 
quality of water, however, is generally 
suitable for irrigation, which is the major 
water use in the basin. Of the 51 sites 
sampled, only two sites met all health 
and aesthetic drinking water quality 
standards. Health-based exceedances 
included nitrate, arsenic, fluoride, gross 
alpha, and uranium, all of which com-
monly have elevated concentrations in 
Arizona.9

These constituents appear to be natu-
rally occurring in the basin, with the 
possible exception of nitrate.  Nitrogen 
isotopes suggest the main source of ni-
trate is naturally occurring organic mat-
ter.10 Percolating groundwater, which 
occurs with irrigation or recharge proj-
ects, likely facilitates moving nitrogen to 
the aquifer. Nitrate concentrations are 
significantly correlated with irrigated 
agriculture; however, suggesting human 
activities also contribute nitrogen to 
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groundwater. Anthropomorphic sources 
contributing to nitrate concentrations 
in groundwater is also supported by 
previous studies.7 More research in the 
Sonoran desert is needed to definitively 
determine the relative contributions of 
nitrate from different sources.

Arsenic concentrations are affected by 
reactions with hydroxyl ions and by 
factors such as aquifer residence time, 
an oxidizing environment, and lithology 
(Figure 8).11 Fluoride concentrations are 
often controlled by calcium through pre-
cipitation or dissolution of the mineral 
fluorite. Sites only partially depleted in 
calcium may be controlled by other pro-
cesses such as hydroxyl ion exchange or 
sorption-desorption reactions.11 The lone 
gross alpha and uranium exceedance 
occurred at a well located in granitic 
geology which is often associated with 
elevated radionuclide concentrations in 
groundwater.12 

Elevated concentrations of nitrate, 
arsenic, and fluoride have been cited 
in previous reports as occurring in 
the basin. Fluoride, however, had a 
much higher frequency of exceeding 
health-based water quality standards in 
previous reports.2,3,4 This may be due to 
previous studies using 1.4 mg/L as the 
health-based water quality standard, 
based partially on an outdated method 
that factors in air temperature.3 Previous 
studies also had limited health-based 
exceedances of chromium, lead, and 
mercury that were not confirmed in this 
ADEQ study.2 Aquifer characteristics 
suggest elevated chromium concentra-
tions may occasionally occur. The lead 
and mercury exceedances, however, 
were likely caused by sample contami-
nation or lab error.

Previous studies have noted that 
concentrations of some constituents, 
particularly TDS and nitrate, were el-
evated in irrigation wells which partially 
drew water from perched aquifers in the 
HVID.3,4  Field observations support this 
conclusion though positively identify-
ing all such wells was not accomplished 
because of the unavailability of well logs 

and the difficulty of revisiting irrigation 
wells when they are idle to check for 
cascading water. Still, within the HVID, 
many constituent concentrations may 
be controlled more by whether the ir-
rigation well is screened in the perched 
aquifer than by its location. 
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