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ARIZONA WATER ATLAS
VOLUME 3 –SOUTHEASTERN ARIZONA PLANNING AREA (Draft)

Preface

Volume 3, the Southeastern Arizona Planning Area, is the third in a series of nine volumes that 
comprise the Arizona Water Atlas.  The primary objectives in assembling the Atlas are to present an 
overview of water supply and demand conditions in Arizona, to provide water resource information 
for planning and resource development purposes, and help to identify the needs of communities. 

The Atlas divides Arizona into seven planning areas (Figure 3.0-1).  There is a separate Atlas 
volume for each planning area, an introductory volume composed of background information, and 
an executive summary volume.  “Planning areas” are an organizational concept that provide for a 
regional perspective on supply, demand and water resource issues.  A complete discussion of Atlas 
organization, purpose and scope is found in Volume 1.

There are additional, more detailed data available to those presented in this volume.  They may be 
obtained by contacting the Arizona Department of Water Resources’ Statewide Conservation and 
Strategic Planning Division. 
 

3.0 Overview of the Southeastern Arizona Planning Area

The Southeastern Arizona Planning Area is composed of 14 groundwater basins that vary 
significantly in size.  Elevation ranges from 10,713 feet at Mount Graham to 1,920 feet near 
Winkelman. Cochise County is entirely contained in the planning area as well as portions of seven 
other counties: Apache, Gila, Graham, Greenlee, Pima, Pinal and Santa Cruz counties.  Most of 
the San Carlos Apache Reservation, the fourth largest reservation in Arizona, is located within 
the planning area in parts of six basins: Aravaipa Canyon, Bonita Creek, Dripping Springs Wash, 
Lower San Pedro, Morenci and Safford Basins. The 2000 Census planning area population was 
approximately 186,600.  Basin population ranged from 21 in the Bonita Creek Basin to over 78,000 
in the Upper San Pedro Basin. Sierra Vista is the largest metropolitan area with about 38,000 
residents in the incorporated area and an additional 14,300 residents in the unincorporated area 
southeast of the city.  The agricultural water use sector is the largest user with significant agricultural 
use in the Douglas, Safford and Willcox Basins.  The Douglas Irrigation Non-expansion Area 
(INA), an area designated as having insufficient groundwater to provide a reasonably safe supply 
for irrigation, is located in the Douglas Basin. Major cities and towns, counties and the boundaries 
of the INA are shown on Figure 3.0-2.
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3.0.1 Geography

The Southeastern Arizona Planning Area includes geographically diverse groundwater basins in 
the southeastern corner of Arizona. Groundwater basins include: Aravaipa Canyon, Bonita Creek, 
Cienega Creek, Donnelly Wash, Douglas, Dripping Springs Wash, Duncan Valley, Lower San 
Pedro, Morenci, Safford, San Bernardino Valley, San Rafael, Upper San Pedro and Willcox. 

The planning area encompasses 16,072 sq. miles. It is bounded on the east by New Mexico, on the 
south by the international boundary with the state of Sonora, Mexico, on the west by the Active 
Management Area (AMA) Planning Area (Phoenix, Pinal, Santa Cruz and Tucson AMAs) and 
on the north by the Central Highlands Planning Area and a small portion of the Eastern Plateau 
Planning Area.  Most of the 2,900 sq. mile San Carlos Apache Reservation, (83.1% or about 2,400 
sq. miles), is located in the north central part of the planning area.

The majority of the planning area is within the Mexican Highland section of the Basin and Range 
physiographic province, which is characterized by northwest-southeast trending mountain ranges 
separated by broad alluvial valleys (See Volume 1, Figure 1-2). The Mexican Highland section is 
a higher elevation area of the province with valleys ranging from 2,500 to 4,000 feet above sea 
level and mountains and valleys covering about equal areas. The extreme northern portion of the 
planning area falls within the Central Highlands physiographic province, which is characterized by 
rugged mountains of igneous, metamorphic and sedimentary rocks.  The average elevation in the 
planning area is 4,500 feet.  Elevation ranges from 1,920 feet near Winkelman in the Lower San 
Pedro Basin to 10,713 feet at Mount Graham in the Pinaleño Mountains in the Safford Basin.

A unique feature of the planning area is mountain ranges that are isolated from each other by 
valleys of desert grasslands and desert scrub. These “sky islands” are part of a unique complex 
of about 27 mountain ranges in Arizona, New Mexico, and the Mexican States of Sonora and 
Chihuahua.  The southwestern sky island complex extends from subtropical to temperate latitudes, 
a condition found nowhere else. (Warshall, 2006)

The planning area includes drainages of the San Pedro River and Upper Gila River. The Gila 
River originates in western New Mexico and enters Arizona near Duncan in the Duncan Valley 
Basin.  The river generally flows west through the Safford Basin. The San Pedro River flows 
north from Mexico through the Upper and Lower San Pedro Basins and joins the Gila River at 
Winkelman. Surface water in the planning area flows into the Gila River except for the Willcox 
Basin, a “closed basin” with internal drainage, and several basins where drainage flows south into 
Mexico. These basins are the Douglas, San Rafael and San Bernardino Valley basins. The Santa 
Cruz River originates in the San Rafael Basin, flows south into Mexico, turns north and enters the 
Santa Cruz AMA east of Nogales. (ADWR, 1994a)
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3.0.2 Hydrology1

Groundwater Hydrology
The Southeastern Arizona Planning Area is generally characterized by alluvial basins with large 
reserves of groundwater in gently sloping valleys separated by mountain ranges. Anderson, Freethy 
and Tucci (1992) divided the alluvial basins of south-central Arizona into five groups based on 
similar hydrologic and geologic characteristics. One of these, the “Southeast Basins”, covers much 
of the planning area. The principal water-bearing deposits in southeast basins are moderately thick 
sediments deposited prior to the formation of the Basin and Range structure and an overlying 
layer of lower basin fill to depths of over 1,000 feet, derived from the subsequent partial erosion 
of the ranges.  Lower basin-fill sediments are composed of fine-grained to moderately fine-grained 
materials. Upper basin-fill deposits average about 300 feet in thickness and are composed of sands, 
gravels, silts, clays and some limestones. Thin layers of sand and gravel along major streams 
make up the stream alluvium.  Aquifers in this region often consist of two or more water-bearing 
units separated by a fine-grained unit that forms a leaky confining layer over the lower basin fill. 
Groundwater generally flows from the basin margins to the central axis of the basin where most of 
the groundwater discharge occurs. There are also occurrences of confined groundwater (artesian 
conditions) within the lower basin fill.  Artesian conditions occur in a number of locations in the 
planning area including: the vicinity of Artesia south of Safford, washes and terraces at the base of 
the Pinaleño Mountains, the vicinity of Saint David, in the San Bernardino Valley Basin and the 
Lower San Pedro Basin.

The major groundwater inflow components are mountain front recharge and stream infiltration 
with some underflow from adjacent up-gradient basins. Outflow consists of evapotranspiration, 
pumpage, discharge to streams as baseflow and some underflow to down-gradient basins, including 
into Mexico. 

The north and northeastern basins of the planning area (Bonita Creek, Dripping Springs Wash, 
Duncan Valley and Morenci) contain major aquifers composed of stream alluvium, basin fill, 
volcanic rock and sedimentary rock (Gila Formation). These basins contribute groundwater flow 
to the Safford Basin. The Safford Basin is composed of three sub-basins. The southernmost sub-
basin is the San Simon Valley sub-basin.  In this sub-basin, groundwater is found under artesian 
conditions in the lower aquifer.  The upper aquifer generally contains high total dissolved solids 
(TDS) and fluoride.  In the Gila Valley sub-basin, located in the middle part of the Safford Basin, 
the principal aquifer is the younger basin fill.  Groundwater is also utilized from the older basin 
fill, which generally is found under artesian conditions and where well discharges may be quite 
high. Groundwater in both the younger and older basin fill may be high in TDS in this sub-basin.  
The main water-bearing unit in the San Carlos Valley sub-basin, located in the northern part of the 
Safford Basin, is the younger stream alluvium.

In basins located on the western side of the planning area that are tributary to the San Pedro River 
(Aravaipa Canyon, Donnelly Wash, Lower and Upper San Pedro), groundwater is found in the 

1 Much of the information in this section is taken from the Arizona Water Resources Assessment, Volume 1, ADWR 
August, 1994.
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stream alluvium and in basin-fill sediments.  Both these aquifers are found in the Aravaipa Canyon 
Basin, while the principal aquifer in the Donnelly Wash Basin is a very narrow strip of basin fill 
alluvium. In the Upper San Pedro Basin, the basin fill is the principal aquifer although the stream 
alluvium is also utilized.  An interesting feature in this basin is a limestone aquifer in the Whetstone 
Mountains that contains a “live” or wet cave, Kartchner Caverns, a state park.  The water level in 
the cavern is about 700 feet higher than that of the underlying alluvial aquifer (ADWR, 2005a).   
In the Lower San Pedro Basin the hydrologic characteristics of the regional basin fill aquifer vary 
widely due to the amount of cementation and fine-grained layers.  Artesian conditions exist about 
five miles north to ten miles south of Mammoth in wells drilled deeper than 500 feet. Water quality 
is generally suitable for most uses in these basins.

Hydrogeologic conditions in the Cienega Creek Basin are complex. The basin has been divided into 
three groundwater sections based on the presence of a distinctive aquifer or set of aquifers: upper 
Cienega Creek, lower Cienega Creek and Sonoita Creek.  The main aquifer in the upper Cienega 
Creek section, which includes most of the basin’s central valley, is the basin fill alluvium. In the 
lower Cienega Creek section, which coincides with the surface water divide at “the Narrows” on 
Cienega Creek, north to the basin boundary, there are three aquifers: stream alluvium, basin fill 
and the Pantano formation. The main aquifer in this section is the stream alluvium. The basin-
fill alluvium is a poor aquifer in this section with relatively low well yields and interbedded clay 
layers that create a leaky, confined aquifer and artesian conditions.  The southwestern section of 
the basin is the Sonoita Creek section where the main aquifer is the stream alluvium that forms the 
floodplain of Sonoita Creek and its tributaries.  Groundwater quality is generally good throughout 
the basin.

The Willcox Basin is a “closed basin” with no groundwater inflow or outflow from adjacent basins. 
Groundwater is found in alluvial deposits consisting of stream and lake-bed deposits.  The stream 
deposits are the most productive water-bearing unit. The lake bed deposits are mainly clay that 
outcrop in the Willcox Playa. There they create localized artesian conditions.  Where the coarse-
grained stream deposits are underlain by the lake-bed deposits, perched groundwater conditions may 
occur.  Groundwater flow conditions have been altered significantly due to groundwater pumping.  
Declines in groundwater levels (in excess of 200 feet measured in nine wells between 1954 and 
1975), may have caused land subsidence in the basin (USGS, 2006a).  High TDS concentrations 
exist in some areas (ADWR, 1994b) and exceedences of fluoride and arsenic have been reported 
in a number of wells.

Groundwater from three basins (San Bernardino Valley, Douglas and San Rafael) flows into 
Mexico.  The Douglas and San Bernardino Valley Basins contain volcanic rock that serves as 
an aquifer material. There is a long alluvial valley in the Douglas Basin where the main aquifer 
is the basin fill. In the vicinity of Elfrida, groundwater flow directions have been altered due to 
agricultural pumpage.  The major aquifer in the San Rafael Basin is stream alluvium and basin 
fill, which are hydrologically connected. Groundwater quality is generally suitable for most uses 
in these basins. More detail on the hydrogeology of each basin is described in the groundwater 
conditions section for each basin.
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Surface Water Hydrology
Surface water in the planning area can generally be divided into four areas: the Upper Gila River 
drainage basins, the Middle Gila River/San Pedro River drainage, the Willcox Basin and areas that 
drain into Mexico.

The Upper Gila watershed drains about 7,400 square miles in the planning area above Coolidge 
Dam and is within the Morenci, Duncan Valley, Bonita Creek and Safford basins.  Major tributaries 
include the San Francisco River, Eagle Creek, Bonita Creek, San Simon Creek and the San Carlos 
River.  

An average of about 160,000 acre-feet per year of Gila River water flows into Arizona from New 
Mexico and over 40% of this flow typically occurs in the winter. Tributary inflows from the San 
Francisco River are significant, typically over 150,000 acre-feet per year (ADWR, 2006).  The 
San Francisco River is perennial with a number of hot springs located above Clifton. The Gila 
River has a 35-mile perennial stretch about 20 miles west of the New Mexico border. Flow in this 
stretch is maintained by tributary inflow and springs, including hot springs (ADWR, 1994b). Flow 
in the Gila River becomes intermittent farther downstream due to seasonal variations in flow and 
impoundment in San Carlos Reservoir.  Inflow to the San Carlos Reservoir from the Gila and San 
Carlos Rivers averages about 310,000 acre-feet per year. (ADWR, 2006).
 
The largest spring in the planning area is located in the Safford Basin.  Warm Springs, with a 
measured discharge of almost 3,400 gpm is located at the headwaters of the San Carlos River.  
There are also a number of large springs downstream from Pima near the Gila River (USGS, 
2006b).

Below Coolidge Dam, flow in the Gila River is from releases from the San Carlos Reservoir and 
flood flow from the San Pedro River, the only major tributary in this stretch of the Gila River 
located within the Southeastern Arizona Planning Area (ADWR, 1994b). Since 1936, an average 
of 260,000 acre-feet per year of reservoir storage and inflows have been released to the river below 
Coolidge Dam (ADWR, 2006).  Dripping Springs Wash and Donnelly Wash Basins are included 
in the Middle Gila River drainage as are the basins of the San Pedro River drainage.  Basins within 
the San Pedro River drainage include Aravaipa Canyon, and the Upper and Lower San Pedro 
Basins. The Cienega Creek and San Rafael groundwater basins contribute tributary surface water 
to the San Pedro River drainage (ADWR, 1991).   Surface water flow in the Cienega Creek Basin 
also drains to the Santa Cruz River.

Some stretches of the San Pedro River are perennial, although recent drought and delay of the 
summer monsoon has affected some previously perennial stretches for short periods of time, most 
notably at Charleston in the Upper San Pedro Basin.  Major tributaries to the San Pedro River are 
the Babocomari River and Aravaipa Creek.  In this drainage there are fairly productive springs 
in the Huachuca Mountains and in the vicinity of the San Pedro River in the Lower San Pedro 
Basin.
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Surface water drainage in the Willcox Basin is to the Willcox Playa, which occupies about 50 
square miles in the center of the basin. A playa is a nearly level area at the bottom of a closed desert 
basin, sometimes temporarily covered by water.  There are a few perennial streams in the basin that 
originate in the Pinaleño and the Chiricahua Mountains.  Perennial streams include Grant, Leslie, 
Turkey and Rucker Creeks.  There are no large springs identified in the basin.

The Douglas, San Bernardino Valley and San Rafael Valley basins generally drain south into 
Mexico.  Whitewater Draw is the major drainage in the Douglas Basin. Black Draw is the main 
surface water drainage in the San Bernardino Valley Basin and becomes perennial just north of the 
international boundary.  In this basin, artesian wells and springs support wetlands. The San Rafael 
Valley contains a surface water divide that separates the drainage into two watersheds. Most of the 
Valley is drained by the Santa Cruz River that flows south into Mexico, then north into Arizona 
east of Nogales.  The eastern part of the valley drains south to Mexico into the San Pedro River 
Watershed and San Pedro River, which flows north into the planning area.  There are no major 
springs (>10 gpm) identified in any of the three Mexican drainage basins.

3.0.3 Climate

Annual average precipitation in the planning area is 14.7 inches, with over 52% coming in July, 
August, and September (Figure 3.0-3).  This planning area receives the most summer precipitation 
in the state because of its proximity to the core monsoon region in Mexico.  The monsoon is 
strongest in northwestern Mexico, and Arizona usually only receives the northernmost fringes of 
precipitation.  However, Pool and Coes (1999) noted that trends in seasonal precipitation at four 
stations in the southern half of the Upper San Pedro Basin showed a general trend of increasing 
winter precipitation and decreasing wet-season (summer) precipitation during the period 1956-
1997.  Figure 3.0-4 shows seasonal precipitation averages for selected basins in the planning area 
that illustrates seasonal precipitation variability as well as climatic differences between basins.

Summer precipitation from thunderstorms is less hydrologically efficient than winter precipitation, 
because monsoon storm cells are spatially discontinuous and high summer temperatures result in 
high evaporation rates.  About 35% of planning area precipitation occurs during winter months 
(November – April), mostly from frontal storm systems.  At higher elevations, this precipitation 
falls as snow.  Slow water release from high elevation spring snowmelt and low evaporation rates 
make winter precipitation more hydrologically efficient because there is less runoff and greater 
gain to streams.
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Figure 3.0-3  Average monthly precipitation and temperature in the Southeastern 
Arizona Planning Area, 1930-2002

Data are from selected Western Regional Climate Center cooperative weather observation 
stations. Figure author:  Ben Crawford, CLIMAS.

As in other areas of Arizona, precipitation is extremely variable, both spatially and from year to year.  
For example, during the 2005-2006 winter, the planning area received 6.3 inches less precipitation 
than during the 2004-2005 winter.  This variability can also be observed on longer time scales.  The 
1950s were a relatively dry decade with an average annual precipitation deficit of -1.46 inches, 
while the 1980s were a relatively wet decade with an average annual precipitation surplus of 1.86 
inches (Figure 3.0-5).  Winter precipitation records dating to 1000 A.D. reconstructed from tree 
rings show extended periods of above and below average precipitation in every century (Figure 
3.0-6).
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Figure 3.0-4 Average annual precipitation for selected basins in the Southeastern 
Arizona Planning Area

These decadal and shorter time period shifts are related to circulation changes in the Pacific 
Ocean.  On time scales of 10-30 years, precipitation variability is likely related to shifts in Pacific 
Ocean circulation patterns, such as the El Niño-Southern Oscillation (ENSO) or the Pacific 
Decadal Oscillation (PDO).  On time scales of 2-7 years, the ENSO, with its phases of El Niño 
and La Niña, is associated with precipitation variations in the region, most notably during winter 
months (November-April).  During El Niño episodes, there are greater chances for above-average 
winter precipitation, while La Niña conditions are usually associated with below-average winter 
precipitation.  However, El Niño winters can also produce below-average precipitation.  Generally, 
La Niña conditions are associated with drought in the region. The ENSO phases also impact 
precipitation and monsoon strength in the region. 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Winter Spring Summer Fall

Pr
ec

ip
ita

tio
n 

(in
ch

es
)

Douglas
Lower San Pedro
Morenci
Safford
Upper San Pedro
Willcox



Section 3.0     Southeastern Arizona Planning Area Overview 	 	 	 	 											 							11
DRAFT

Arizona Water Atlas 
Volume 3

Figure 3.0-5 Average temperature (left) and total precipitation in the Southeastern 
Arizona Planning Area from 1930-2002   

Horizontal lines are average temperature (61.6 °F) and precipitation (14.7 inches), 
respectively.  Light lines are yearly values and highlighted lines are 5-year moving average 
values.  Data are from selected Western Regional Climate Center cooperative weather 
observation stations.  Figure author: Ben Crawford, CLIMAS.

Annual average temperature in the planning area is 61.6° F, compared to the statewide average of 
59.9° F.  As in other parts of Arizona, temperatures have been increasing the past several decades 
(Figure 3.0-5).  Temperature observations are consistent with global temperature trends; howev-
er, some warming may be attributed to changes in land-cover resulting from population growth.
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Figure 3.0-6 Arizona NOAA climate division 7 (southeastern Arizona; Graham, 
Greenlee, Cochise, Santa Cruz, and Pima Counties) winter (November-April) pre-
cipitation departures from average, 1000-1988, reconstructed from tree rings

Data are presented as a 20-year moving average to show variability on decadal time scales.  
Values shown for each year are centered on a 20 year period.  The average winter precipitation 
for 1000-1988 is 4.9 inches. Data: Fenbiao Ni, University of Arizona Laboratory of Tree-Ring 
Research and CLIMAS. Figure author: Ben Crawford, CLIMAS.

3.0.4 Environmental Conditions

Environmental conditions reflect the impacts of geography, climate and cultural activities and may 
be a critical consideration in water resource management and supply development.  Discussed in 
this section are historic conditions, the effect of cultural activities on environmental conditions, 
and actions undertaken to restore and protect water resources and habitat.

Biotic communities in the Southeastern Arizona Planning Area range from Upland Sonoran to 
Subalpine conifer forests.  Much of the area is semi-desert grassland and Chihuahuan desert.  
The sky island ecosystems of the planning area are relatively isolated from each other, and as a 
result there are a high number of endemic species in the planning area mountain ranges.  These 
ecosystems are of major interest to resource managers due to their biological diversity and distinct 
biogeography. (Warshall, 2006)
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The planning area has been substantially altered in many locations by grazing and farming 
activities. Cultural water use has lowered groundwater levels and surface water diversions and 
impoundments have impacted streamflow in a number of areas.  On Bonita Creek, woodcutting 
for mines, overgrazing, beaver trapping and a water conveyance system to Safford has reportedly 
reduced topsoil as much as 50% and down cut the creek as much as 12 feet (Tellman, et al, 1997).  
The Gila River, which once was perennial for most of its length in Arizona has been altered in the 
planning area by Coolidge dam and farming activities.  The San Pedro River was a broad river of 
cienegas (marshes) when first observed by Spanish expeditions in the 1600s and 1700s.  Stream 
entrenchment began in the 1880s and by the early 1890s had spread along the length of the river. 
The San Pedro River channel began to stabilize during the 1950s (ADWR, 2005a).  Historically, 
the San Simon River was a broad intermittent stream that meandered through the San Simon 
Valley.  Settlers channelized the river in the 1880s to control flooding and direct its flow until it 
eventually became a 60 mile long, 600 to 800 foot wide river, 10 to 30 feet deep.  Restoration 
efforts began in the 1930s and numerous erosion control structures have been built on the river. 
(Tellman, et al, 1997)

Arizona Water Protection Fund Programs
Forty riparian restoration projects in the Southeastern Arizona Planning Area have been funded by 
the Arizona Water Protection Fund Program (AWPF) through 2005. The objective of the AWPF 
program is to provide funds for protection and restoration of Arizona’s rivers and streams and 
associated riparian habitats.  There are funded projects in ten of the fourteen planning area basins.  
Most projects have been funded in the Safford, Upper San Pedro, Cienega Creek and Lower 
San Pedro Basins. Many of these projects were for the purpose of fencing, often in conjunction 
with water development, and for research.  A list of projects and types of projects funded in the 
Southeastern Arizona Planning Area through 2005 is found in Appendix A of this volume.  (A 
description of the program, a complete listing of all projects funded, and a reference map is found 
in Appendix C of Volume 1.)
 
Instream Flow Claims
An instream flow right is a non-diversionary appropriation of surface water for recreation and 
wildlife use.  Thirty-four applications for instream flow claims have been filed in the Southeastern 
Arizona Planning Area, listed in Table 3.0-1 and shown on Figure 3.0-7. Claims have been filed 
in nine of the fourteen planning area basins.  Certificates have been issued for claims on Aravaipa 
Creek in the Aravaipa Canyon and Lower San Pedro Basins; Bass Canyon in the Lower and Upper 
San Pedro Basins; Hot Springs Canyon and Wildcat Canyon in the Lower San Pedro Basin; Leslie 
Creek in the Douglas Basin; Mescal Creek in the Dripping Springs Wash Basin; and O’Donnell 
Creek, Ramsey Canyon and the San Pedro River in the Upper San Pedro Basin.  Other basins with 
instream flow applications are Bonita Creek, Duncan Valley, Morenci and Safford.
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Table 3.0-1 Instream Flow Claims in the Southeastern Arizona Planning Area 
            
Map 
Key Stream Applicant Application 

No.
Permit 

No.
Certificate 

No. Filing Date

1 Arava�pa	Creek BLM	(Phoen�x) 33-87114.0 87114 87114 6/1/1981

2 Arava�pa	Creek The	Nature	Conservancy 33-95488.0 95488 95488 10/31/1990

3 Arava�pa	Creek The	Nature	Conservancy 33-95489.0 95489 95489 10/31/1990

4 Arava�pa	Creek The	Nature	Conservancy 33-95490.0 95490 95490 10/31/1990

5 Arava�pa	Creek The	Nature	Conservancy 33-95771.0 95771 95771 10/31/1990

6 Babocomar�	R�ver BLM	(Safford) 33-95487.0 Pend�ng	 Pend�ng	 10/2/1990

7 Babocomar�	R�ver BLM	(Safford) 33-96167.0 Pend�ng	 Pend�ng	 2/3/1992

8 Bass	Canyon BLM	(Safford) 33-94371.0 94371 94371 12/1/1988

9 Bass	Canyon The	Nature	Conservancy 33-96278.0 96278 96278 12/1/1988

10 Bon�ta	Creek BLM	(Safford) 33-90250.0 Pend�ng	 Pend�ng	 10/21/1985

11 Buehman	Canyon Ar�zona	State	Land	
Department 33-90249.1 Pend�ng	 Pend�ng	 10/21/1985

12 Buehman	Creek The	Nature	Conservancy 33-96545.0 Pend�ng	 Pend�ng	 3/4/1997

13 G�la	R�ver BLM	(Safford) 33-94379.0 Pend�ng	 Pend�ng	 12/14/1988

14 Hot	Spr�ngs	
Canyon BLM	(Safford) 33-94372.0 94372 94372 12/1/1988

15 Hot	Spr�ngs	
Canyon The	Nature	Conservancy 33-96279.0 96279 96279 12/1/1988

16 Lesl�e	Creek U.S.	F�sh	&	W�ldl�fe	
Serv�ce 33-96176.0 96176 96176 3/20/1992

17 Mescal	Creek BLM	(Phoen�x) 33-90252.0 90252 90252 10/21/1985

18 M�ller	Canyon	Draw Coronado	Nat�onal	Forest 33-95366.0 Pend�ng	 Pend�ng	 12/29/1989

19 Oak	Grove	Canyon BLM	(Safford) 33-96811.0 Pend�ng	 Pend�ng	 7/21/2005

20 O’Donnell	Creek The	Nature	Conservancy 33-78421.0 78421 78421 6/27/1979

21 O’Donnell	Creek The	Nature	Conservancy 33-96449.0 96449 96449 2/21/1991

22 Peppersauce	Creek Murray,	W�ll�am	L. 33-96564.0 Pend�ng	 Pend�ng	 8/6/1997

23 Ramsey	Creek The	Nature	Conservancy 33-78419.0 78419 78419 6/27/1979
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Map 
Key Stream Applicant Application 

No.
Permit 

No.
Certificate 

No. Filing Date

24 Redfield�Canyon BLM	(Safford) 33-94369.0 Pend�ng	 Pend�ng	 12/1/1988

25 San	Franc�sco	
R�ver BLM	(Safford) 33-90251.0 Pend�ng	 Pend�ng	 10/21/1985

26 San	Franc�sco	
R�ver

Phelps	Dodge	
Corporat�on 33-96759.0 Pend�ng	 Pend�ng	 6/3/2004

27 San	Pedro	R�ver BLM	(Safford) 33-90103.1 90103 90103 8/12/1985

28 San	Pedro	R�ver BLM	(Safford) 33-95780.0 Pend�ng	 Pend�ng	 1/8/1991

29 San	Pedro	R�ver BLM	(Safford) 33-95789.0 Pend�ng	 Pend�ng	 4/1/1991

30 San	Pedro	R�ver BLM	(Safford) 33-96126.1 Pend�ng	 Pend�ng	 8/6/1991

31 San	Pedro	R�ver BLM	(Safford) 33-96127.1 Pend�ng	 Pend�ng	 8/6/1991

32 Spr�ng	Canyon	
Spr�ng BLM	(Safford) 33-96799.0 Pend�ng	 Pend�ng	 6/13/2005

33 Wet	Canyon Coronado	Nat�onal	Forest 33-96681.0 Pend�ng	 Pend�ng	 10/6/2000

34 W�ldcat	Canyon BLM	(Safford) 33-95454.0 95454 95454 6/6/1990

Source:	ADWR,	2005b										

Threatened and Endangered Species
A number of listed threatened and endangered species may be present in the Southeastern Arizona 
Planning Area. Those listed by the U.S. Fish and Wildlife Service (USFWS) as of May 2006 
are shown in Table 3.0-2.2  Presence of a listed species may be a critical consideration in water 
resource management and supply development in a particular area.  The USFWS should be 
contacted for details regarding the Endangered Species Act (ESA), designated critical habitat and 
current listings. 

Conservation Areas, Refuges and Preserves
The only two Riparian National Conservation Areas in the nation are found in the planning area the 
San Pedro Riparian National Conservation Area (SPRNCA) and the Gila Box Riparian National 
Conservation Area. The SPRNCA was established in November 1988 and contains about 40 miles 
of riparian area along the San Pedro River in the Upper San Pedro Basin.  It includes over 58,000 
acres of land between the international border with Mexico and the community of Saint David 
south of Benson. The primary purpose for the designation is to protect and enhance the desert 
riparian ecosystem (BLM, 2006a).  The 22,000 acre Gila Box Riparian National Conservation 
Area was established in November 1990 with the principle objective to “conserve, protect, and 
enhance” the riparian and associated values of the area. The conservation area is located within the 
Bonita Creek, Duncan Valley, Morenci and Safford Basins. Four perennial waterways, the Gila 

2 An “endangered species” is defined by the USFWS as “an animal or plant species in danger of extinction through-
out all or a significant portion of its range,”  while a “threatened species” is “an animal or plant species likely to 
become endangered within the foreseeable future throughout all or a significant portion of its range.”
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River, Bonita Creek, Eagle Creek, and San Francisco River are contained in the area.  A 15-mile 
segment of Bonita Creek and 23 miles of the Gila River are included in the conservation area.

The Las Cienegas National Conservation Area was established in December 2000 and encompasses 
about 45,000 acres.  Most of the conservation area is located between the Empire and Whetstone 
mountain ranges generally north of Sonoita within the Cienega Creek Basin.  A small part of the 
conservation area extends into the Upper San Pedro Basin. The conservation area was designated in 
order to protect a number of natural resources including aquatic, wildlife, vegetative and riparian. 
Livestock grazing and recreation are allowed to continue in “appropriate” areas.  Goals include 
protecting water quality and water quantity. (BLM, 2006c).  

A notable wilderness area, Aravaipa Canyon Wilderness Area, is located in the Aravaipa Canyon 
Basin. Administered by the Bureau of Land Management, it was designated in 1984 and includes 
19,700 acres along the 10-mile long central gorge of the canyon, which cuts through the northern 
end of the Galiuro Mountains. The Nature Conservancy’s (TNC) Aravaipa Canyon Preserve, 
consisting of about 7,000 acres, includes lands at both the east and west ends of Aravaipa Canyon 
as well as lands on the canyon’s south rim (TNC, 2006a).  

There are two National Wildlife Refuges (NWR) in the planning area, the San Bernardino NWR 
in the San Bernardino Valley Basin and Leslie Canyon NWR located in the Douglas and Willcox 
Basins. Both refuges were established in the 1980s to protect water resources and habitat for 
endangered native fishes and rare velvet ash-cottonwood-black willow gallery forest. (USFWS, 
2006b). 

The Nature Conservancy has acquired a number of properties in the planning area for habitat 
protection, particularly in the Lower San Pedro Basin.  In addition to the previously mentioned 
Aravaipa Canyon Preserve, TNC preserves include Buehman Canyon Preserve and the San Pedro 
River Preserve near Winkelman, all located in the Lower San Pedro Basin. Other TNC preserves 
include the Ramsey Canyon Preserve in the Huachuca Mountains in the Upper San Pedro Basin, 
and the Patagonia-Sonoita Creek Preserve in the Cienega Creek Basin. The Muleshoe Ranch 
Cooperative Management Area is a 49,000 acre preserve established to preserve native fish and 
grassland located in the Lower San Pedro, Upper San Pedro and Willcox Basins. This area is 
managed cooperatively by the TNC, BLM and USFS.

In addition to preserves, the TNC has acquired properties to establish conservation easements that 
retire irrigated agriculture and reduce groundwater pumping along the San Pedro River. These 
include the 2,150 acre Three Links Farm, located about 15 miles north of Benson in the Lower San 
Pedro Basin that contains more than six miles along the river, and a property near the San Pedro 
River Preserve.  Other TNC-facilitated areas with conservation easements are the 18,500 acre San 
Rafael Ranch Natural Area in the San Rafael Basin and the 909 acre Sylvester Ranch in Palominas 
in the Upper San Pedro Basin. (TNC, 2006b)

Pima County has acquired two ranches in the Lower San Pedro Basin as part of the Sonoran Desert 
Conservation Plan the A-7 Ranch located in the northeast corner of Pima County and the northwest 
corner of Cochise County, and the Six-Bar Ranch located ten miles south of San Manuel west of 
the San Pedro River.  These two conservation preserves total over 10,000 acres (Pima County, 
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with current annual demand averaging about 50,000 acre-feet over the average annual use from 
1991-2000.  A brief description of agricultural areas follows, listed generally in descending order 
of water demand.

Figure 3.0-12.  Agricultural Demand in the Duncan Valley, Douglas, Safford and 
Willcox Basins, 1991-2003

Source:	USGS,	2005;	ADWR,	2005f

Safford and Duncan Valley Basins
In the Safford Basin, agricultural irrigation occurs along the Gila River where cotton and wheat 
are the predominant crops and in the San Simon Valley in the southern part of the basin where 
predominant crops include cotton, chile, alfalfa, corn and nut orchards. The Gila Valley Irrigation 
District (GVID), incorporated in 1923, encompasses about 35,500 acres along the Gila River from 
the San Carlos Apache Reservation boundary to about 12 miles east of Safford. There are ten canal 
companies within the GVID that deliver water to farmers who also irrigate using privately owned 
wells. Surface water use in the Safford area is pursuant to the Gila River Decree (Globe Equity No. 
59 Decree) and when surface water is limited it is allocated to downstream users and not available 
for irrigation in the area.  During the period of 2001-2003, an average of 122,500 acre-feet of 
groundwater and 73,000 acre-feet of surface water were used annually in the Safford Basin.
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Table 3.0-3 Communities in the Southeastern Arizona Planning Area with a 2000 
Census population greater than 1,000

Communities Basin
1990 

Census 
Pop.

2000 
Census 

Pop.

Percent 
Change 

1990-2000

2005 
Pop. 

Estimate

Percent 
Change 

2000-2005

Projected 
2050 Pop.

S�erra	V�sta USP 32,983 37,775 14.5 43,690 15.7% 61,833
S�erra	V�sta	SE USP 9,237 14,348 55.3 NA --- 16,854

Douglas DOU 13,137 14,312 8.9 17,195 20.1 17,974
Safford SAF 7,359 9,232 25.5 9,360 1.4 18,776
B�sbee USP/DOU 6,288 6,090 -3.1 6,570 7.9 6,875

Benson USP 3,824 4,711 23.2 4,740 0.6 4,806
San	Manuel LSP 4,009 4,375 9.1 NA --- 5,102

Thatcher SAF 3,763 4,022 6.9 4,550 13.1 7,273
W�llcox WIL 3,122 3,733 19.6 3,885 4.1 4,281

San	Carlos SAF 2,918 3,716 2.7 NA --- 4,220
Oracle1 LSP 3,043 3,563 17.1 NA --- 9,883
Cl�fton MOR 2,840 2,596 -8.6 2,495 -3.9 4,101

Whetstone USP 1,289 2,354 82.6 NA --- 2,548
Kearny LSP 2,262 2,249 -0.6 2,185 -2.8 3,587

Sw�ft	Tra�l	Jct. SAF 1,203 2,195 82.5 NA --- 6,574
P�ma SAF 1,725 1,989 15.3 2,085 4.8 3,350

Morenc� MOR 1,799 1,879 4.4 NA --- 2,422
Huachuca	C�ty USP 1,782 1,751 -1.7 1,830 4.5 2,633

Mammoth LSP 1,845 1,762 -4.5 1,740 -1.2 2,312
St.	Dav�d USP 1,468 1,744 18.8 NA --- 2,928

Tombstone USP 1,220 1,504 23.3 1,610 7.0 1,789
Dudleyv�lle LSP 1,356 1,323 -2.4 NA --- 2,769

Per�dot SAF 957 1,266 32.3 NA --- 3,192
Total >1,000 109,429 128,489 17.4 NA --- 196,082

Other 46,236 58,123 25.7 NA --- 104,874
Total 155,665 186,612 19.9 NA --- 300,956

Source:		DES,	2005
Note:	2005	populat�on	est�mates	not	ava�lable	for	un�ncorporated	commun�t�es
1	The	commun�ty	of	Oracle	�s	located	�n	the	Lower	San	Pedro	Bas�n	but	�ts	water	supply	comes	from	wells	at	Oracle	
Junct�on	�n	the	Tucson	AMA.
USP=Upper	San	Pedro	Bas�n;	DOU=Douglas	Bas�n;	SAF=Safford	Bas�n;	WIL=W�llcox	Bas�n;	LSP=Lower	San	Pedro	
Bas�n;	MOR=Morenc�	Bas�n

Population Growth and Water Use
The state currently has limited mechanisms to address the connections between land use, population 
growth and water supply.  A legislative attempt to link growth and water management planning is 
the Growing Smarter Plus Act of 2000 (Act) which requires that counties with a population greater 
than 125,000 (2000 Census) include planning for water resources in their comprehensive plans.  
None of the counties in the planning area fit this population criterion.  However, Cochise County has 
incorporated water resource planning into its comprehensive plan, has adopted water use guidelines 
for certain area plans and is pursuing creation of an overlay district in the southern part of the 
Upper San Pedro Basin that would set water conservation standards for new developments.  The 
Act also requires that twenty-three communities outside AMAs include a water resources element 
in their general plans.  In the Southeastern Arizona Planning Area this includes the communities 
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of Benson, Douglas, Safford and Sierra Vista. References to completed plans are listed in basin 
references in this volume and may contain useful information for water resource planning.

The Department’s Water Adequacy Program also connects water supply and demand to growth to 
some extent but does not control growth. Developers of subdivisions outside of AMAs are required 
to obtain a determination of whether there is sufficient water of adequate quality available for 100 
years.  If the supply is inadequate, lots may still be sold, but the condition of the water supply 
must be disclosed in promotional materials and in sales documents. The service areas of the Cities 
of Benson, Douglas, Willcox, Safford and the Empirita Water Company have been designated as 
having an adequate water supply. If a subdivision is served by one of these water providers then 
a separate adequacy determination is not required. Basin adequacy determinations, including the 
reason for the inadequate determination, are provided in the basin sections of this volume and are 
summarized below. 

Table 3.0-4  Water Adequacy Determinations in the Southeastern Arizona 
Planning Area as of 5/2005

Basin Number of 
Subdivisions

Number of 
Lots Adequate Inadequate

Percent 
of Lots 

Inadequate
Arava�pa	Canyon none none none none none
Bon�ta	Creek none none none none none
C�enega	Creek 12 441 289 152 34
Donnelly	Wash 1 59 0 59 100
Douglas 6 415 65 350 84
Dr�pp�ng	Spr�ngs	Wash none none none none none
Duncan	Valley 3 268 61 207 77
Lower	San	Pedro 11 UNK 145 UNK UNK
Morenc� 9 1,759 1,725 34 19
Safford 20 731 139 592 81
San	Bernard�no	Valley none none none none none
San	Rafael none none none none none
Upper	San	Pedro 185 22,508 18,266 4,242 19
W�llcox 20 1,577 989 588 37
TOTAL 267 27,903 21,679 6,224 22

UNK	=	Unknown

3.0.6 Water Supply

Local aquifers are the primary water supply for the planning area for municipal, industrial and 
agricultural use.  Only about 18% of the cultural water demand is served by surface water.  Most 
of the surface water is for agricultural use, and includes diversion from the San Pedro River in 
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the Lower San Pedro and Upper San Pedro Basins, from Aravaipa Creek in the Aravaipa Canyon 
Basin and from the Gila River for use in the Duncan Valley and Safford Basins.  The Gila River 
diversions are substantial, accounting for 95% of all surface water diversions in the planning area. 
Small amounts of surface water are diverted for municipal use in the Morenci, Upper San Pedro 
and Willcox Basins and for industrial use in the Morenci Basin.  Some communities utilize effluent 
for golf course irrigation and for groundwater recharge.  Sites of environmental contamination 
may impact the availability of water supplies in some locations.

Legal availability of water supplies is an issues in the Southeastern Arizona Planning Area. The 
Arizona Water Rights Settlement Act of 2004 (P.L. 108-45) includes settlement of the Gila River 
Indian Community’s water rights claims in Title II of the Act.  This settlement affects the volume 
and utilization of groundwater and surface water upstream from the Community in parts of the 
planning area. (See ADWR, 2006).  

Surface Water
Surface water is a municipal supply for the City of Tombstone in the Upper San Pedro Basin, 
for the town of Morenci in the Morenci Basin and Fort Grant in the Willcox Basin.  The City of 
Safford uses water collected in an infiltration gallery along Bonita Creek but for the purposes of 
this report, the water is considered groundwater.  The City of Tombstone began using surface 
water from springs in the Huachuca Mountains west of Tombstone in 1881 and currently diverts 
water from Miller and Carr Springs.  This water is conveyed through a more than 25-mile, gravity 
fed, seven-inch diameter steel pipeline to Tombstone. Surface water is an industrial and municipal 
supply in the Morenci Basin at Morenci. 

Surface water is diverted from several rivers in the planning area for agricultural irrigation.  This 
supply may not always be available when needed.  For example, surface water from the San Pedro 
River in the vicinity of Saint David is typically only available during the period from November 
to May.  In addition to diversions from the San Pedro River in the Lower and Upper San Pedro 
Basins, there are small surface water diversions from Aravaipa Creek in the Aravaipa Canyon 
Basin, and larger diversions from the Gila River.  Water diverted from the Gila River is delivered 
to agricultural lands in the Safford and Duncan Valley Basins.  When sufficient surface water is 
not available, the shortfall is made up by additional groundwater withdrawals.  This shortfall may 
be dramatic. For example, the percentage of surface water used in the Safford and Duncan Valley 
Basins in 2000 was 27% compared to 60% in 1999. 

Phelps Dodge Corporation provides water to the Morenci Mine Complex and the town of Morenci 
in the Morenci Basin in part through complex exchange agreements involving several water 
sources, some of which are located outside the planning area.   Currently, Phelps Dodge utilizes 
exchange credits from both Horseshoe Reservoir on the Verde River and the Central Arizona 
Project through lease agreements with the San Carlos Apache Tribe, to divert water from the Black 
River at the Black River Pump Station in the Upper Salt River Basin. This water is pumped over 
the watershed divide into Willow and Eagle Creeks where it is transported for about 51 miles 
before being commingled with water from Phelps Dodge’s Upper Eagle Creek Well Field.  Phelps 
Dodge also uses water from Eagle Creek, Chase Creek and the San Francisco River (ADWR, 
2005c).  Historically, Phelps Dodge also had water exchange agreements involving Show Low 
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Lake and Blue Ridge Reservoir in the Little Colorado River Basin.  It relinquished its certificated 
rights to both water sources in 2005. 

The location of surface water resources are shown on maps entitled “Surface Water Conditions” 
and “Perennial/Intermittent Streams and Major (>10 gpm) Springs” for each basin and in basin 
tables containing data on streamflow, flood ALERT equipment, reservoirs, stockponds and springs 
in the Water Resource Characteristics sections.

Groundwater
Major aquifers supplying groundwater are basin fill, sedimentary rock (Gila Conglomerate), 
volcanic rock and recent stream alluvium. Groundwater supplies about 82% of the water demand 
in the planning area.  

Groundwater development in basins located in the north and northeastern part of the planning 
area (Bonita Creek, Dripping Springs Wash, Duncan Valley and Morenci) is primarily from wells 
that tap the younger basin fill or the Gila Formation. Basin fill is the major aquifer in all three 
sub-basins of the Safford Basin. In some areas of the Safford Basin the groundwater supply may 
contain high total dissolved solids (TDS) and fluoride, which may affect its suitability for use. 

In basins located on the western side of the planning area (Aravaipa Canyon, Donnelly Wash, 
Lower and Upper San Pedro), groundwater is pumped from the stream alluvium and from basin-
fill sediments.  Most irrigation wells are located in the stream alluvium while most industrial 
and domestic wells are located in the regional basin fill. The recent stream alluvium is the main 
source of water in the Aravaipa Canyon Basin for all uses and water quality is good.  There is 
very limited water development in the Donnelly Wash Basin.  In the Upper San Pedro Basin, most 
of the water used is pumped from aquifers. Artesian conditions in some areas support modest 
groundwater discharges for irrigation use in the Benson-Pomerene area, though to a lesser extent, 
and historically in the Palominas-Hereford area. Groundwater quality is generally good although 
there are some areas of local contamination including nitrate contamination near St. David.  In the 
Lower San Pedro Basin, most mining, industrial and domestic/municipal wells are located in the 
regional basin-fill aquifer while most irrigation wells are located in the stream alluvium. Water 
quality is generally suitable for most uses. 

Groundwater conditions in the Cienega Creek Basin are somewhat complex as described in Section 
3.0.2. Stream alluvium aquifers support stock and domestic uses in the northern part of the basin 
while basin fill is the principal aquifer in the central valley of the basin.   In the southwestern 
section of the basin, the stream alluvium aquifer supplies almost all groundwater used in the area 
for irrigation, domestic and stock purposes.  There are no serious water quality issues that affect 
the use of groundwater in the basin.

The principal source of groundwater for all purposes in the Willcox Basin is alluvial deposits. 
There has been heavy agricultural pumpage in some areas, resulting in changes in groundwater 
flow direction, supply depletion and possible land subsidence (USGS, 2006a).

The three basins with groundwater outflow to Mexico have differing groundwater supply 
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conditions. In the San Bernardino Valley Basin, groundwater is obtained from thin units of sand 
and gravel interbedded with basalt flows or from shallow alluvium. Most wells in the basin are 
located immediately north of the international border where water levels are generally less than 
100 feet below land surface. Artesian wells and springs support wetlands designated as the San 
Bernardino National Wildlife Refuge. The main aquifer in the Douglas Basin is basin fill, which 
supplies most of the large-capacity wells. In the City of Douglas area, groundwater is pumped 
from basin fill with interbedded volcanic rock.  The basin has been severely over drafted since 
the late 1940s and much of the basin is designated as an Irrigation Non-Expansion Area to restrict 
agricultural expansion.  Groundwater quality is generally suitable for most uses in the basin but 
high concentrations of fluoride occur locally, making some water marginal for domestic uses.  
There is very little groundwater development in the San Rafael Basin where ranching is the primary 
activity.  Groundwater is obtained from stream alluvium and basin fill.

Information on major aquifers, well yields, estimated natural recharge, estimated water in storage, 
aquifer flow direction, and water level changes are found in groundwater data tables, groundwater 
conditions maps, hydrographs and well yield maps for each basin in the Water Resource 
Characteristics sections.

Effluent
Effluent is utilized as a water supply in the Lower San Pedro, Safford, Upper San Pedro, and 
Willcox basins for golf course irrigation, agricultural irrigation and groundwater recharge. About 
3% of the water demand in the Upper San Pedro Basin is met by effluent.  In 2002, about 800 acre-
feet of effluent from the Sierra Vista, Fort Huachuca and Benson Wastewater Treatment Plants 
was delivered for golf course irrigation and almost 1,000 acre-feet of effluent was recharged to the 
aquifer at Fort Huachuca and at the Sierra Vista Recharge Facility.

Contamination Sites
Sites of environmental contamination may impact the availability of water supplies.  An inventory 
of Department of Defense (DOD), Superfund (Environmental Protection Agency designated sites), 
Water Quality Assurance Revolving Fund (WQARF, state designated sites), Voluntary Remediation 
Program (VRP) and Leaking Underground Storage Tank (LUST) sites was conducted for the 
planning area. 

Table 3.0-5 lists the DOD, Superfund, VRP and WQARF sites, the contaminant and affected media 
and the basin location of the site.  In addition, there are 203 active Leaking Underground Storage 
Tank (LUST) sites in the  planning area, most of which are located in the Safford Basin and the 
Upper San Pedro Basin. The location of all contamination sites is shown on Figure 3.0-8.
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Table 3.0-5 Active contamination sites in the Southeastern Arizona Planning Area

SITE NAME MEDIA AFFECTED AND 
CONTAMINANT

GROUNDWATER 
BASIN

Department of Defense (DOD) Sites

Fort	Huachuca Groundwater	and	so�l	–	leak�ng	underground	
storage	tanks	and	sol�d	waste	d�sposal Upper	San	Pedro

Safford	M�l�tary	Range So�l-lead Safford

Federal National Priority List (Superfund Sites)

Apache	Powder

Groundwater-arsenic,�fluoride,�nitrate,�
perchlorate	Surface	water-d�n�toglycer�ne	
(DNT)		So�l	–	arsen�c,	bar�um,	metals,	n�trate,	
vanad�um	pentox�de,	tr�n�troglycer�n	(TNT)

Upper	San	Pedro

Voluntary Remediation Sites

Ar�zona	Copper	Co So�l	–	metals	and	solvents Morenc�

B�sbee	Smelter So�l	and	groundwater	–	metals Douglas

Cl�fton	School	–	Phelps	Dodge So�l	-	smelter	fallout	metals Morenc�

Douglas	Parcel	408-18-025C So�l	–	arsen�c	and	copper Douglas

F�reb�rd	Fuel	Sp�ll So�l	-	Benzene,	Toluene,	Ethyl	Benzene,	
Xylene	(BTEX) Douglas

Jobb�ng	Warehouse So�l	–	arsen�c,	lead	and	copper Douglas

Phelps	Dodge	Amer�can	
Avenue So�l	–	metals Douglas

Shannon	H�lls	Smelter So�l	–	m�ne	ta�l�ngs,	arsen�c	and	copper Morenc�

Union�Pacific�Railroad�San�
S�mon	Depot Bunker	C	fuel	o�l Safford

WQARF Sites

Klondyke	Ta�l�ngs Groundwater,	surface	water	and	so�l	-	metals Arava�pa	Canyon

Sources:	ADEQ,	2006a;	ADEQ	2006b
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There are nine active VRP sites in the planning area. All sites in the Douglas and Morenci Basins are 
associated with mining-related activities.  There are also three mining-related sites in the Morenci 
Basin. The only other site is a fuel oil contamination site at San Simon in the Safford Basin.  The 
VRP is the state administered and funded voluntary cleanup program.  Any site that has soil and/
or groundwater contamination, provided that the site is not subject to an enforcement action by 
another remediation program, is eligible to participate.  To encourage participation ADEQ provides 
an expedited process and a single point of contact for projects that involve more than one program. 
(Environmental Law Institute, 2002)

The Apache Powder Superfund site located about 2.5 miles southwest of Saint David in the Upper 
San Pedro Basin is the only Superfund site in the planning area.  Apache Nitrogen Products (ANP) 
Inc., formerly known as Apache Powder Company, owns and operates a fertilizer and nitric acid 
manufacturing plant at the site.  Soil, groundwater and surface water contamination has occurred 
due to past manufacturing and disposal practices at the site.  Sampling has identified a nitrate plume 
affecting both groundwater and a short reach of the San Pedro River.  Additional contaminants of 
concern include arsenic, fluoride, perchlorates and metals.  

Cleanup efforts to date include removal of waste barrels and contaminated soils, and construction of 
a treatment wetland. A future cleanup schedule has been developed by ANP and remedial activities 
are being coordinated with the EPA and ADEQ (ADWR, 2005a).

DOD Installation Restoration Program funding has supported environmental cleanup of 
contaminated soils at Fort Huachuca in the Upper San Pedro Basin.  Groundwater monitoring 
wells have been installed at the South Range Landfill and East Range Mine Shaft to monitor 
contamination. Groundwater contamination has not been identified.  These sites are part of the 
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) cleanup 
program. (ADWR, 2005a)

3.0.7 Cultural Water Demand

Total cultural water demand in the Southeastern Arizona Planning Area averaged approximately 
550,000 acre-feet per year in the period from 2001-2003. The agricultural demand sector is by far 
the largest water demand sector with over 475,000 acre-feet of demand (see Figure 3.0-9).  This 
is primarily due to agricultural demand in 4 basins Willcox, Safford, Duncan Valley and Douglas, 
which account for 443,500 acre-feet, or 93% of the agricultural demand. About one-fifth of the 
agricultural demand is met with surface water.  

The volume of municipal water demand and industrial water demand is similar.  Municipal demand 
was approximately 37,800 acre-feet of primarily groundwater demand per year in the period 
from 2001-2003. Only about 800 acre-feet of surface water was reported for municipal purposes. 
Industrial demand, primarily from mining, is about 33,700 acre-feet per year.  Of this, about 500 
acre-feet of surface water is used.  The demand sector composition varies substantially from 
basin to basin as shown in the basin cultural demand tables.  For example, there is no agricultural 
irrigation in six of the basins and total demand ranges from less than 300 acre-feet in several basins 
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to almost 199,000 acre feet per year in the Safford Basin. (See Figure 3.0-10)

Detailed current information on San Carlos Apache Reservation water demand was not available 
to the Department.  The reservation population is approximately 10,000, primarily residing in 
the communities of San Carlos/Peridot and Bylas/Calva.  There is a golf course, hotel and casino 
complex (Apache Gold) west of the community of San Carlos.  Principal economic activities on 
the reservation include cattle ranching, forestry, recreation, and gemstone mining (San Carlos 
Apache Nation, 2006).  Farming has historically been important.  Total cultural use in the Gila 
River drainage portion of the reservation was estimated at 4,120 acre-feet in a Bureau of Indian 
Affairs (BIA) report from the early 1970s (BIA, 1974).  With the population increase since the 
BIA estimate and construction of the casino complex, and assuming that agricultural, livestock and 
industrial uses have remained constant, it is estimated that current demand is approximately 5,300 
acre-feet per year.

Figure 3.0-9 Southeastern Arizona Planning Area average annual cultural water 
demand by    sector,  2001-2003
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Provisions of the Arizona Water Rights Settlement Act of 2004 have implications for water use in 
the planning area.  Under Title II of the Act, Congress authorized a 2003 Settlement Agreement 
concerning  the Gila River Indian Community’s (GRIC) water rights.  The 2003 Settlement 
Agreement was amended to conform to the Settlement Act and becomes enforceable on or before 
December 31, 2007. The Settlement Agreement established an Upper Gila River Watershed 
Maintenance Program that was incorporated into state law in 2005 (H.B. 2728).  The program 
defines a Gila River Maintenance Area that covers much of the planning area except for the Willcox, 
Douglas and San Bernardino Valley Basins and portions of other basins in Cochise County.  There 
are certain restrictions within the area, subject to specific exemptions, including construction of 
new dams or enlargement of existing dams and irrigation of land is prohibited unless the land was 
previously irrigated between January 1, 2000 and August 12, 2005.  (ADWR, 2006)

Figure 3.0-10 Average total water demand by basin in acre-feet, 2001-2003
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The settlement agreement also established “Safe Harbor” areas within which the Gila River Indian 
Community, the San Carlos Irrigation and Drainage District and the United States “agree not 
to exercise their rights to challenge, object to or call certain water users based on their normal 
flow rights and stored water rights under the Globe Equity Decree.” (ADWR, 2006).  The Safe 
Harbor provisions establish three Impact Zones with specific conditions for each.  The impact 
zones are: 1) the San Pedro Ag and New Large Industrial Use Impact Zone, 2) the San Pedro M&I 
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and Domestic Purposes Impact Zone, and 3) the Gila River Impact Zone.  These zones are in the 
proximity of the Gila and San Pedro Rivers and include named tributaries.  For information on 
these provisions, refer to the Settlement Agreement and to the Technical Assessment of the Gila 
River Indian Community Water Rights Settlement (ADWR, 2006). 

Municipal Demand
Primary municipal demand centers are the Sierra Vista area (including Bisbee), Douglas, Safford/
Thatcher, Benson, San Manuel and Willcox. Groundwater is the primary water supply for 
municipal use throughout the planning area. Municipal water demand  in 2003 is summarized by 
groundwater basin in Table 3.0-6.  Mining demand and municipal demand cannot be accurately 
distinguished in the Morenci area and groundwater and surface water supplies are commingled.  
As a result, the demand shown in Table 3.0-6 for the Morenci Basin is an estimate and all water 
used is assumed to be groundwater. There is little population or municipal  demand in a number of 
basins in the planning area including Aravaipa Canyon, Bonita Creek, Cienega Creek, Donnelly 
Wash, Dripping Springs Wash, Duncan Valley, San Bernardino Valley and the San Rafael Basins.  
As shown, almost half of the municipal demand in the planning area is in the Upper San Pedro 
Basin.   Municipal demand on the San Carlos Apache Reservation is assumed to be relatively 
small. Community water systems serve the San Carlos-Peridot community and Bylas-Calva, all in 
the Safford Basin (BIA, 1974).  Based on population, a reasonable municipal demand estimate is 
1,000 to 1,250 acre-feet per year.
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Table 3.0-6  2003 municipal water demand in the Southeastern Arizona Planning 
Area 

Basin Groundwater
(acre-feet)

Surface Water
(acre-feet)

Effluent1

(acre-feet)
Arava�pa	Canyon <300 0 0
Bon�ta	Creek3 <300 0 0
C�enega	Creek 600 0 0
Donnelly	Wash <300 0 0
Douglas 5,700 0 0
Dr�pp�ng	Spr�ngs	Wash <300 0 0
Duncan	Valley 650 0 0
Lower	San	Pedro 2,000 0 NR
Morenc�2 1,100 NR 0
Safford3 6,000 0 500
San	Bernard�no	Valley <300 0 0
San	Rafael <300 0 0
Upper	San	Pedro 18,000 <300 800
W�llcox 2,700 <300 211
Total Municipal 37,500 <600 1,511
Sources:	ADEQ,	2005a;	ADWR,	2004;	ADWR,	2005d;	S.	Tadayon,		2004;	USGS,	2005

NR	=	Supply	ut�l�zed	but	not	reported
1Data�on�effluent�demand� is� taken� from�effluent�use� for�golf�
courses	�n	2005.
2	Surface	water	and	groundwater	are	comm�ngled	�n	th�s	bas�n	and	cannot	be	d�st�ngu�shed.
3		Shown	on	Table	3.0-6	�s	water	ut�l�zed	w�th�n	the	bas�n.		The	Cultural	Demand	Table	for	Bon�ta	Creek	
in�Section�3.2.8�reflects�water�withdrawn�in�the�basin.��Almost�all�of�the�approximately�3,200�acre-feet�
w�thdrawn	�n	the	Bon�ta	Creek	Bas�n	�s	conveyed	to	the	Safford	Bas�n.

Only eleven water providers in the planning area served 450 acre-feet or more in 2003. These 
providers and their demand in 1991 and 2000 are shown in Table 3.0-7.  Municipal gallon per 
capita per day (gpcd) rates are estimated to be about 125 gpcd in San Manuel, 157 gpcd in the 
Benson area, 168 gpcd in the Sierra Vista area, 177 gpcd in Safford, 225 gpcd in Douglas.
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Table 3.0-7   Water providers serving 450 acre-feet or more of water per year, ex-
cluding effluent, in the Southeastern Arizona Planning Area 
 

Basin/Water Provider 1991           
(acre-feet)

2000           
(acre-feet)

2003          
(acre-feet)

Douglas 	 	 	

Douglas	Water	Department 2,999 3,621 4,685

Lower San Pedro    

Ar�zona	Water	Company	San	Manuel 855 743 6131

Town	of	Kearny 483 648 489

Morenci    

Morenc�	Water	and	Electr�c 773 1,180 1,043

Safford    

C�ty	of	Safford 3,748 3,836 4,006

Graham	County	Ut�l�t�es,	Inc	-	P�ma	 298 435 476

Upper San Pedro    

Ar�zona	Water	Company	B�sbee 962 1,003 1,200

Ar�zona	Water	Company	S�erra	V�sta 862 1,109 1,255

Bella	V�sta	Water	Company	-	S�erra	V�sta 2,907 3,208 3,640

C�ty	of	Benson 545 728 912
Pueblo	del	Sol	Water	Company	-	S�erra	

V�sta 360 1,136 1,470

Sources:	ADWR	2005d;	Upper	G�la	Watershed	Partnersh�p,	2005;	WIFA,	2005;	USGS,	2006c
1	Data	prov�ded	�s	water	del�very	for	2005

 
There are few municipally-owned water providers in the planning area.  Municipal water utilities 
have more flexibility in setting water rates than private water companies, which are regulated by 
the Arizona Corporation Commission.  In addition, municipal utilities have the authority to enact 
water conservation ordinances.  These authorities enable municipal utilities to better manage water 
resources within water service areas.  Water provider issues are discussed in section 3.0.8.

Provisions of the Settlement Agreement described above include individual agreements with 
the City of Safford and with the Towns of  Duncan, Kearny, and Mammoth to resolve disputes 
regarding use of water for municipal and industrial purposes.  These agreements set limits on 
future annual water use although actual use can exceed these limits under certain conditions and/or 
by implementing mitigation measures. (ADWR, 2006)

There are several golf courses in the planning area that are served from a municipal water supply. 
They are shown in Table 3.0-8 with estimated demand and source of water and are discussed below. 
Demand estimates account for elevation of the facility and duration of the irrigation season.
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Table 3.0-8   Municipal golf course demand in the Southeastern Arizona Planning 
Area (c. 2004)

Facility Basin # of 
Holes

Demand
(acre-feet) Water Supply

Douglas	Mun�c�pal	Golf	Course Douglas 18 440 Groundwater

Hayden	Golf	Course Lower	San	Pedro 9 211 Groundwater

Mt.	Graham	Golf	Course Safford 18 500 Effluent

Mounta�n	V�ew	Golf	Course Upper	San	Pedro 18 370 Effluent

San	Pedro	Golf	Course Upper	San	Pedro 18 500 Effluent/Groundwater

Tw�n	Lakes	Mun�c�pal	Golf	Course W�llcox 9 211 Effluent

Source:	ADWR,	2005e

Effluent is a municipal supply in a number of communities.  As shown in Table 3.0-8, it is a supply 
for golf course irrigation in the Upper San Pedro, Safford and Willcox Basins. In the Upper San 
Pedro Basin, approximately 1,000 acre-feet of effluent were used in 2002 to irrigate three facilities: 
the Chaffee Parade Field (53 acre-feet) and Mountain View Golf Course at Fort Huachuca; and 
the San Pedro Golf Course at Benson.  Effluent is recharged to the aquifer in constructed recharge 
facilities at Fort Huachuca and by the City of Sierra Vista.  Between 2002 and 2005 a total of 
approximately 6,500 acre-feet of effluent was recharged at the Sierra Vista facility.  Fort Huachuca 
recharges about 500 acre-feet of effluent per year. Plans are underway to transport and recharge 200 
acre-feet/year of Huachuca City effluent at the Fort Huachuca recharge facility (ADWR, 2005a).  

Effluent is used for irrigation at Kearny, Safford, Fort Grant, Thatcher and Bisbee.  This irrigation is 
typically part of the effluent disposal method. There are two effluent treatment wetlands located in 
the Upper San Pedro Basin. The wetland at the Apache Nitrogen Products facility was constructed 
as part of the Superfund clean-up and the wetland at the Sierra Vista Treatment Plant is operated in 
conjunction with the recharge facility.  

The three separate wastewater treatment facilities that serve the Bisbee population centers of Old 
Bisbee, Warren and San Jose are in the process of being combined into a single plant at San Jose.  
In addition, the Bisbee collection system will be improved to reduce leakage and a substantial 
number of residents on septic systems will be connected to the sewer system.  Effluent from Old 
Bisbee (about 130,000 gpd) has historically been discharged to Mule Gulch in the Douglas Basin.  
Plans are to either deliver the treated effluent to an end user and/or recharge it (ADWR, 2005a). 
Estimates of effluent production are found in the Cultural Water Demand sections for each basin.
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Agricultural Demand

Agriculture is a large water use sector and an important segment of the economy in the planning 
area, particularly in the Safford, Willcox, Douglas and Duncan Valley Basins (Figure 3.0-11).  
Relatively recent declines in irrigated acreage have occurred in some planning area basins, 
including the Upper San Pedro Basin due to the establishment of the SPRNCA, urbanization and 
economic factors, and in the Lower San Pedro Basin due to land conservation efforts.  Some 
additional agricultural land reductions have occurred in both of these basins since 2003 that are not 
reflected in the cultural demand tables.

Figure 3.0-11 Average percentage of total agricultural demand in groundwater 
basins in the Southeastern Arizona Planning Area, 2001-2003
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Agricultural demand is stable or expanding in those basins with historically large agricultural 
demand (Figure 3.0-12).  Although expansion of irrigated agricultural land is not permitted within 
the Douglas Irrigation Non-Expansion area (INA), demand increased on existing farmland to an 
average of about 48,000 acre-feet a year during the period 2001-2003 compared to an average 
of about 35,000 acre-feet per year from 1991-2000.  In the Safford and Duncan Valley Basins, 
agricultural water demand has remained relatively stable since 1991, although the proportion of 
surface water available for use appears to have declined due to drought, leading to increased well 
pumpage in both basins. In the Willcox Basin, agricultural demand has declined significantly from 
the early 1970s when over 300,000 acre-feet per year was used. However, demand is now increasing 
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with current annual demand averaging about 50,000 acre-feet over the average annual use from 
1991-2000.  A brief description of agricultural areas follows, listed generally in descending order 
of water demand.

Figure 3.0-12.  Agricultural Demand in the Duncan Valley, Douglas, Safford and 

Willcox Basins, 1991-2003
Source:	USGS,	2005;	ADWR,	2005f

Safford and Duncan Valley Basins
In the Safford Basin, agricultural irrigation occurs along the Gila River where cotton and wheat 
are the predominant crops and in the San Simon Valley in the southern part of the basin where 
predominant crops include cotton, chile, alfalfa, corn and nut orchards. The Gila Valley Irrigation 
District (GVID), incorporated in 1923, encompasses about 35,500 acres along the Gila River from 
the San Carlos Apache Reservation boundary to about 12 miles east of Safford. There are ten canal 
companies within the GVID that deliver water to farmers who also irrigate using privately owned 
wells. Surface water use in the Safford area is pursuant to the Gila River Decree (Globe Equity No. 
59 Decree) and when surface water is limited it is allocated to downstream users and not available 
for irrigation in the area.  During the period of 2001-2003, an average of 122,500 acre-feet of 
groundwater and 73,000 acre-feet of surface water were used annually in the Safford Basin.
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Duncan Valley Basin agricultural irrigation is located southeast of the Town of Duncan in the 
Duncan Valley and northwest of Duncan in the York Valley area. Principal crops include alfalfa, 
cotton, corn and wheat and there is some commercial vegetable production.  The Franklin Irrigation 
District, also known as the Duncan Valley Irrigation District, serves farmers in the Duncan Valley. 
The district boundaries extend into New Mexico and irrigation wells in Arizona and New Mexico 
are used to irrigate lands in both states (Upper Gila Watershed Partnership, 2004).  The District 
was formed in 1922 and encompasses about 4,700 acres of Gila River bottom land. Surface water 
rights for use within this district are also specified in the Gila River Decree (ADWR, 1998).  In 
the Duncan Valley Basin, an average of 11,500 acre-feet of groundwater and 14,500 acre feet of 
surface water were used annually during the period 2001-2003.

Conditions of the GRIC Water Rights Settlement would affect agricultural water use in the Duncan 
Valley and Safford Basins. Several provisions of the Upper Valley Districts (UVD) Agreement 
affect upper valley irrigators in several basins (and including those in New Mexico) and could 
potentially impact flows in the Gila River (ADWR, 2006).

Willcox Basin
There is significant irrigation throughout the Sulphur Springs Valley in the Willcox Basin.  North 
of the Town of Willcox are extensive orchards of apples and other fruits including U-pick orchards 
and vegetable farms.  One of Arizona’s few hydroponic tomato nurseries, Eurofresh Farms, a 
large, year-round producer of greenhouse tomatoes, is located in the northern part of the basin 
(Arizona Department of Agriculture, 2006). South of the Town of Willcox, irrigation is principally 
for alfalfa and corn. As in the Douglas Basin, groundwater withdrawals for agricultural irrigation in 
the Willcox Basin have resulted in large declines in groundwater levels and the formation of several 
large cones of depression.  These groundwater level declines may have caused land subsidence and 
surface fissures south of the Town of Willcox (USGS, 2006a).  Approximately 52,000 acres are 
currently irrigated, with about 174,000 acre-feet of groundwater demand per year.

Douglas Basin
Most of the Douglas Basin was designated as an INA in 1980 and as a result, agricultural irrigation 
is restricted to lands that were irrigated during the five-year period preceding designation.  A 
requirement within an INA is that groundwater withdrawals for irrigation on more than ten acres 
must be measured and annually reported to the Department.  These reports indicate that from 1984 
to 2000, annual groundwater withdrawals fluctuated between about 30,000 acre-feet per year to 
about 45,000 acre-feet per year. However, as mentioned previously, demand is increasing with 
almost 55,000 acre-feet withdrawn in 2003.  Irrigated acreage is located primarily in the central 
and northern part of the basin in the Sulfur Springs Valley. Currently, approximately 16,000 acres 
are being irrigated.  Principal crops are alfalfa and corn. Center-pivot irrigation is the predominant 
irrigation method in the basin.  Groundwater withdrawals for agricultural irrigation have resulted 
in significant declines in groundwater levels and a large cone of depression has formed in the 
northern part of the basin (USGS, 2006a).

Upper San Pedro Basin
In the Upper San Pedro Basin, almost all the remaining agriculture is in the Benson area.  In 2002, 
there were an estimated 2,200 acres in the Benson area and 800 acres in the Palominas area under 



Arizona Water Atlas 
Volume 3

Section 3.0     Southeastern Arizona Planning Area Overview 	 	 	 	 											 							38
DRAFT

irrigation with a demand of about 14,500 acre-feet of groundwater and 4,300 acre feet of surface 
water. Reportedly in 2006, approximately 500 acres of irrigation in the Palominas area were taken 
out of production.  There are two irrigation providers in the Benson area that deliver surface water 
from the San Pedro River: the Saint David Irrigation District (SDID) and the Pomerene Water 
Users Association (PWUA).  Approximately 39% of the currently irrigated lands in the Benson 
area are served by one of these two districts.  When insufficient surface water is available, SDID 
delivers groundwater pumped from two district wells. The PWUA does not operate groundwater 
wells to supplement the surface water supply although members use the canal system to deliver 
their own pumped water to their fields.  Principal crops in the basin are alfalfa and pasture. (ADWR, 
2005a) 

Lower San Pedro Basin
Agricultural demand in the Lower San Pedro Basin averaged about 11,000 acre-feet a year during 
the period 2000-2003.  Irrigated acreage is located along the San Pedro River throughout the 
length of the basin but primarily in the northern and southern portions of the basin. It is estimated 
that approximately 1,300 acres were irrigated in 2003 (USGS, 2005).  Groundwater is the primary 
water supply for irrigation. Surface water diversions from the San Pedro River account for less 
than 1,000 acre-feet per year of the total water supply.  Historically, principal crops have been 
pasture and small grains (ADWR, 1991).
 
Other Areas
There is currently limited vineyard irrigation in the Cienega Creek Basin in the Elgin area with 
some vineyard expansion planned.  It is estimated that there were about 170 acres of vineyards in 
2003 irrigated with groundwater.  Water demand is estimated to be relatively low since vineyards 
are typically drip irrigated.

According to a CLIMAS report, several hundred acres of hay irrigation are occurring on the San 
Carlos Apache Reservation and the tribe has plans for expansion. Farming has been a culturally 
important activity and was economically important during the early years of the reservation 
(CLIMAS, 2004).  According to a Bureau of Indian Affairs (BIA) study (1974), 1,900 acres 
were historically irrigated although flooding and inundation of lands by filling of the San Carlos 
Reservoir reduced the amount of irrigable acres. This study reported about 400-700 acres under 
irrigation, mostly alfalfa, hay and pasture, with a consumptive use of 3,500 acre-feet in the early 
1970s.  Most of the irrigable acreage was located along the San Carlos and Gila Rivers and was 
irrigated with surface water, supplemented with well water (Bookman-Edmonston Engineering, 
Inc., 1979).
 
Industrial Demand
Industrial water demand in the planning area includes mining, electrical power generation, 
dairies and feedlots, and golf course irrigation served by a facility water system. This demand is 
summarized in Table 3.0-9 for selected years. 
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Table 3.0-9   Industrial water demand in selected years in the Southeastern 
Arizona Planning Area 

 1991 2000 2003
Type/Basin/Source Water Use (acre-feet)
Mining Total 35,658 24,541 30,173
Cienega Creek 	 	 	

Groundwater <300 <300 <300
Lower San Pedro 	 	 	

Groundwater 18,000 4,800 18,500
Morenci 	 	 	

Surface	Water 1,782 1,004 1,085
Groundwater 14,500 18,000 10,000

Safford 	 	 	
Groundwater 700 450 300

Upper San Pedro 	 	 	
Groundwater 226 134 143

Willcox 	 	 	
Groundwater 300 153 145

Power Plant Total 6,600 6,000 6,100
Willcox 	 	 	

Groundwater 6,600 6,000 6,100
Golf Course Total 1,808 1,908 2,258
Duncan Valley 	 	 	

Groundwater 211 211 211
Lower San Pedro 	 	 	

Groundwater 422 422 422
Morenci 	 	 	

Groundwater 75 75 75
Upper San Pedro 	 	 	

Groundwater 1,100 1,200 1,550
Dairy/Feedlot Total 251 264 848
Duncan Valley 	 	 	

Groundwater 92 92 92
Upper San Pedro 	 	 	

Groundwater 42 42 42
Willcox 	 	 	

Groundwater 117 130 714
	 	 Sources:	USGS	2005;	ADWR	2005c;	ADEQ	2005b;	ADWR,	2005e

Mining is the largest industrial user in the planning area, primarily due to activities in the Lower 
San Pedro and Morenci Basins.  Major mining activities are discussed below.

The Morenci Mine in the Morenci Basin is North America’s largest producer of copper and one of 
the largest open pit mines in the world. The mine property covers about 60,000 acres and includes 
five pits, three of which are currently in operation, and SX/EW (solution extraction/electrowin-
ning) facilities.  Reportedly, almost all of the water used at Morenci is recycled, some of it many 
times (Info Mine, 2006).  Most of the water utilized by the mine and by the Morenci Water & Elec-
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tric Company (a subsidiary of Phelps Dodge) is diverted from the Black River in the Salt River 
Basin and transported into the basin, or is from the Upper Eagle Creek Well Field. Water diverted 
from Gila River tributaries typically accounts for about 10% of the total (ADWR, 2005c).  Phelps 
Dodge has a 50-year lease agreement with the San Carlos Apache Tribe pursuant to the San Carlos 
Apache Tribe Water Rights Settlement Act of 1992, as amended in 1997, to lease up to 14,000 
acre-feet per year of its allocation of CAP water by means of an exchange at the Black River. Un-
der the 1944 Horseshoe Exchange Agreement, Phelps Dodge also is entitled to diversions of up to 
250,000 acre-feet from the Black River.  As of 2003, Phelps Dodge had used almost 102,500 acre-
feet of Horseshoe Reservoir credits (ADWR, 2005c). Water from recovery wells installed in the 
mine area for dewatering purposes is also used at the mine, as is effluent from the Morenci Water 
& Electric Company.

In the Lower San Pedro Basin, the ASARCO Ray Complex includes a 250,000 ton/day open pit 
mine northwest of Kearney, a SX/EW operation and a smelter at Hayden.

There are two large copper mines in the planning area that are currently out of production. The 
BHP Billiton Base Metals in-situ copper leaching operations at San Manuel in the Lower San 
Pedro Basin closed in early 2002 and  underground mining at the site ceased in August 1999.  In 
February 2002, Pima County approved BHP’s request to redesignate some of its property for uses 
other than mining.  It is unknown to the Department at this time if any mining operations will 
resume in the future at this site. (ADWR, 2006)  

The Phelps Dodge Copper Queen mine in the Upper San Pedro and Douglas Basins currently 
consists of a small dump leaching and precipitation operation at the Lavender pit  (Arizona Mining 
Association, 2006). Open pit mining started in 1917 and continued, with some interruptions, at 
the Sacramento pit and Lavender pit until 1974.  All active mining stopped in 1984. Considerable 
dewatering of the mine workings was necessary with long-term groundwater production of about 
4,000 acre-feet/year (Southwest Ground-water Consultants, Inc., 2004).  

Phelps Dodge is developing a large open pit mining operation in the Safford Basin eight miles 
north of the town of Safford. The 3,400 acre Dos Pobres and San Juan operation is expected to 
be completed in 2008 and will include two open pits, one heap leach pad, one process solution 
pond, one evaporation pond, a SX/EW process plant and other infrastructure and support facilities  
(ADEQ, 2006c)  Average annual groundwater demand by the mine is projected to be about 5,500 
acre-feet per year (ADWR, 2006).

The only power plant in the planning area is the Arizona Electric Power Cooperative (AEPCO) 
Apache Station Generation Plant located in the Willcox Basin in Cochise, near Willcox. The plant 
is a gas-fired combined cycle plant built in 1963 that generates 520 megawatts of electric energy 
for its cooperative members, which are located throughout Arizona and California (AEPCO, 2006).
Groundwater demand in 2003 was similar to that in 1991 but demand can vary annually, from a 
low of 4,100 acre-feet in 1996 to a high of 6,600 acre-feet in 1991.

There are seven industrial golf courses in the planning area defined as those courses with their own 
facility water supply. They are shown in Table 3.0-10 with estimated demand and source of water. 
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Demand estimates account for the elevation of the facility and duration of the irrigation season.

Table 3.0-10 Industrial golf course demand in the Southeastern Arizona Planning 
Area (c. 2004) 	

Facility Basin # of 
Holes

Demand
(acre-feet)

Water 
Supply

Alp�ne	Country	Club Morenc� 18 75 Groundwater

Greenlee	Country	Club	 Duncan 9 211 Groundwater

Kearny	Golf	Course Lower	San	Pedro 9 211 Groundwater

Pueblo	del	Sol	Country	Club	
(S�erra	V�sta) Upper	San	Pedro 18 475 Groundwater

San	Manuel	Golf	Club Lower	San	Pedro 9 211 Groundwater

Turquo�se	H�lls	Country	Club	
(Benson) Upper	San	Pedro 18 475 Groundwater

Turquo�se	Valley	Country	
Club	(Naco) Upper	San	Pedro 18 500 Groundwater

Source:	ADWR	2005e

There is also a golf course on the San Carlos Apache Reservation, the Apache Stronghold Golf 
Club, located near the Junction of Highway 77 and 170 in the Safford Basin.  The water supply for 
this course is groundwater and effluent with an estimated use of 423 acre-feet, but it is not known 
if the service is from a municipal provider or from an industrial well.

Only two dairies have been identified in the planning area. There is a small, approximately 350 
animal dairy north of Benson in the Upper San Pedro Basin and a new, large dairy of about 5,000 
animals near Kansas Settlement in the Willcox Basin. Demand is about 42 acre-feet and 588 acre-
feet respectively.  There are also two feedlots in the Willcox Basin with a combined total of about 
4,000 animals and a demand of about 130 acre-feet in 2004. Development of dairies and feedlots 
typically results in increased agricultural irrigation for feed.

The Apache Nitrogen Products facility is an ammonium nitrate manufacturing plant located 
south of Benson in the Upper San Pedro Basin.  The facility has made efforts to reduce its water 
consumption, and in 2000 used 289 acre-feet of groundwater, a reduction of about 250 acre-feet 
since 1991. 

There are a number of sand and gravel facilities located throughout the planning area. Some of 
these are identified on the cultural demand maps for each basin. However, not all are identified 
in the source data used for the maps. Water is used for aggregate washing, dust control, vehicle 
washing and equipment cooling. Typically, there is relatively little water consumed at these sites 
since most facilities recycle wash water. The Department estimated that a typical sand and gravel 
facility in the Upper San Pedro Basin uses less than 50 acre-feet per year (ADWR, 2005a).
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3.0.8 Water Resource Issues in the Southeastern Arizona Planning Area

Population growth and associated concerns about sustainable water supplies, water level declines, 
increased agricultural demand and environmental protection activities have resulted in groundwater 
studies, regional planning activities, establishment of conservation easements and other activities 
in the planning area.

Water resource issues have been identified in the Southeastern Arizona Planning Area by community 
watershed groups, through the distribution of surveys, and from other sources.  Primary issues 
identified are the lack of sufficient data to make informed water management decisions, legal issues 
related to surface water availability and the legal nature of water supplies, endangered species act 
implications, and concerns about whether there will be sufficient water supplies to meet future 
demand.  A number of water systems reported concerns about aging infrastructure and the lack of 
financial resources to make capital improvements. 

Watershed Groups
Several watershed groups have formed in the planning area to address water resource issues.  
Groups currently active within the planning area are the Middle San Pedro Partnership, the 
Eagle Creek Partnership, the Upper Gila Watershed Partnership, the Lower San Pedro Watershed 
Partnership-Redington NRCD, and the Upper San Pedro Partnership.  A complete description of 
participants, activities and issues is found in Appendix B. Primary issues identified by these groups 
are summarized as follows:

Growth:
•	 Excessive growth in some areas
•	 Unregulated lot splits
•	 Desire to maintain rural setting, including agriculture, at current levels in Gila Valley

Water Supplies and Demand:
•	 Limited groundwater data
•	 Pumping impacts by Mexico on the San Pedro River and downstream users

Legal:
•	 Unresolved Indian water rights settlements 
•	 Unresolved surface water adjudication 
•	 Potential impact of adjudication court subflow definition
•	 Interbasin transfer prohibition

Water Quality:
•	 Poor quality groundwater and surface water in some areas
•	 Ability to meet new arsenic standard
•	 Concern about Superfund site and poor quality groundwater conditions

Environmental:
•	 Endangered Species Act (ESA) issues, critical habitat designation and mitigation efforts
•	 Impact of invasive species (Tamarisk) on surface water supply 
•	 Lawsuits from environmental groups
•	 Potential impacts on riparian areas by continuation of current pumping
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Funding:
•	 Limited funding resources for planning, projects, infrastructure and studies
•	 Extremely high cost of water augmentation projects

Drought:
•	 Drought impacts on surface water supplies, agriculture and cattle ranching

Other:
•	 Different perceptions of issues and goals in Benson community
•	 Difficulty in getting principle players to the table to discuss water
•	 Several high hazard unsafe dams in Gila Valley area
•	 Regular flooding in the Duncan-Virden area
•	 Opposition to government assistance to obtain groundwater information
•	 Potential loss of Fort Huachuca due to water/ESA issues
•	 Federal mandate to achieve sustainability by 2011 in the Sierra Vista subwatershed
•	 Political obstacles to potential water augmentation projects

Two of the partnerships in the planning area, the Upper Gila Watershed Partnership in the Safford 
Basin and the Upper San Pedro Partnership (USPP) in the Upper San Pedro Basin, have been 
organized for a number of years and have completed many projects. The Upper Gila Watershed 
Partnership initiated a Fluvial Geomorphology Study of the Upper Gila River that was funded 
through the Department’s Water Protection Fund Program (98-054WPF), Graham County and the 
Bureau of Reclamation.  The study area was of the Gila River from the boundary of the San Carlos 
Apache Reservation to the New Mexico Border.  Its purpose was to demonstrate ways to manage 
the river, taking into account the geomorphic processes that dominate the fluvial systems (BOR, 
2004).  It also produced a study on current and projected water demand for the watershed.  Both 
studies are posted on the Department’s website.

A number of water management practices have been implemented in the Sierra Vista subwatershed 
portion of the Upper San Pedro Basin and additional ones are planned.  These include groundwater 
recharge, direct effluent use, water conservation ordinances and municipal conservation programs.  
The USPP annually adopts and updates a water management and conservation plan for the Sierra 
Vista portion of the Basin.  In addition, beginning in 2004, the Partnership must annually prepare a 
report (referred to as the ‘321 Report’) on water use management and conservation measures that 
have been implemented and are needed to restore and maintain the sustainable yield of the regional 
aquifer by September 30, 2011 (Public Law 108-136). 

The USPP and its members have initiated many conservation programs in the Sierra Vista area 
including the Water Wise program, a toilet rebate program and water conservation ordinances. 
Fort Huachuca, a partnership member, has implemented aggressive conservation efforts at the 
Fort that have reduced on-post water consumption by almost 45% since 1993.  Cochise County 
has created a Water Conservation Office and requires comprehensive water conservation measures 
that apply when permitted land uses are intensified through rezonings, special uses and master 
development plans.  It is pursuing adoption of an overlay district allowing these measures to also 
apply to permitted uses (Cochise County, 2006).   The USPP is also evaluating water augmentation 
options including evaluating the costs and feasibility of constructing a pipeline to transport Central 
Arizona Project Water to the area.
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Because the Upper San Pedro groundwater basin extends into Mexico, the Partnership is interested 
in promoting research and cooperative efforts with Mexico. Conservation efforts in the Mexican 
portion of the basin have been underway, including establishment of the Ajos-Bavispe National 
Forest and Wildlife Refuge and a 10,000 acre private reserve in the watershed (Sierra Vista Herald, 
2006). (See the Upper San Pedro Partnership website for more information at www.usppartnership.
com.) 

In response to concerns of water planners, local citizens and environmental groups about the 
impacts of groundwater development, the Department, in collaboration with the USGS and 
funding from local partners, began conducting hydrogeologic investigations in 2005 to improve 
the understanding of water resources in two areas within the planning area: 1) the middle San Pedro 
Basin, which includes the Benson subwatershed and a portion of the Lower San Pedro Basin and 
2) the Willcox and Douglas Basins.  These investigations will assess the existing data collection 
networks and examine the current state of knowledge of the groundwater system, quantify the 
water budget for the area, including total water in storage, and establish a hydrologic monitoring 
network for on-going assessment of the aquifer.  The San Pedro investigation is expected to take 
seven years and will result in a groundwater flow model. The Willcox/Douglas investigations are 
scheduled for three years and include establishment of a monitoring network for each basin, an 
inventory of agricultural groundwater pumpage in each basin, and a preliminary assessment of 
subsidence in the Willcox Basin (USGS, 2006a).

Issue Surveys
The Department conducted a rural water resources survey in 2003 to compile information for the 
public and help identify the needs of growing communities. This survey was also intended to gather 
information on drought impacts for incorporation into the Arizona Drought Preparedness Plan, 
adopted in 2004.  Questionnaires were sent to almost 600 water providers, jurisdictions, counties 
and tribes.  A report of the findings from the survey was completed in 2004 by the Department.

There were 29 water provider and jurisdiction respondents in the Southeastern Arizona Planning 
Area, and 14 numerically ranked issues. Respondents were asked to rank eighteen issues, which can 
be compressed into three categories: infrastructure, water supply and water quality. Infrastructure 
issues, which include storage and well capacity problems, were ranked among the top five issues 
by a majority of respondents.  Water supply concerns also ranked relatively high, primarily due to 
concerns about adequate future supplies. In addition, about half of respondents noted at least one 
drought impact.  Primary drought impacts noted were increased demand, increased peak demand 
and lowered groundwater levels.
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Table 3.0-11 Water resource issues ranked by 2003 survey respondents in the 
Southeastern Arizona Planning Area (12 water providers and 2 jurisdictions) 

Issue Ranked as one of the 
top 5 issues (of 18)

Percent of 
respondents 

Inadequate	well	capac�ty	to	meet	peak	
demand	 7 50
Inadequate	water	suppl�es	to	meet	
future	demand 4 29

Infrastructure	�n	need	of	replacement 5 36
Inadequate	cap�tal	to	pay	for	
�nfrastructure	�mprovements 6 43

					Source:	ADWR,	2004

The Department conducted another, more concise survey of water providers in 2004.  This was 
done to supplement the information gathered in the previous year in support of developing the 
Arizona Water Atlas, and to reach a wider audience by directly contacting each water provider. 
Through this effort, 55 water providers in the Southeastern Arizona Planning Area, with a total of 
approximately 46,900 service connections, were willing to participate and provide information on 
water supply, demand, infrastructure and to rank a list of seven issues. 

In regard to the question of groundwater level trends in their service area, the 47 respondents 
reported as follows: 29 stable; 13 falling, 4 don’t know, 1 variable.  One water provider reported 
rising water levels.  Responses are shown for those basins with respondents in Table 3.0-12.

Table 3.0-12   Groundwater level trends reported by 2004 survey respondents by 
groundwater basin (47 respondents) 

Basin Stable Falling Rising Variable Unknown
Arava�pa	Canyon 1
C�enega	Creek 2 1
Douglas 2 2
Duncan 1 2 1
Lower	San	Pedro 2 1 1
Morenc� 1
Safford 3 2
Upper	San	Pedro 15 6 1 1
W�llcox 2

			Source:	ADWR,	2005h

Water providers were asked to rank issues from 0 to 4 with 0 = no concern, 1 = minor concern, 2 = 
moderate concern and 3 = major concern. Of the 55 water providers that responded to the survey, 
44 ranked issues. These respondents include many of the largest water providers in the planning 
area including Bella Vista Water Company (Sierra Vista), City of Benson, City of Douglas, Gila 
Resources/Safford, Town of Kearny, Pueblo del Sol Water Company (Sierra Vista) and the City of 
Willcox.  
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Although responses to the 2003 questionnaire are not directly comparable to the 2004 survey due 
to differences in the form and wording of the surveys, responses to issues are similar as shown 
in Table 3.0-13.  Responses indicate that inadequate capital for infrastructure improvements is an 
overwhelming concern in the planning area. Other infrastructure issues and drought also ranked 
high.  

Table 3.0-13   Water resource issues ranked by 2004 survey respondents in the 
Southeastern Arizona Planning Area (44 water providers) 

Issue Moderate 
concern

Major 
concern

Total Percent of respondents 
reporting issue was a 
moderate or major concern

Inadequate	storage	capac�ty	to	
meet	peak	demand 8 7 15 34

Inadequate	well	capac�ty	to	meet	
peak	demand	 6 5 11 25

Inadequate	water	suppl�es	to	
meet	current	demand 5 4 9 20

Inadequate	water	suppl�es	to	
meet	future	demand 5 9 14 32

Infrastructure	�n	need	of	
replacement 9 9 18 41

Inadequate	cap�tal	to	pay	for	
�nfrastructure	�mprovements 4 23 27 61

Drought	related	water	supply	
problems 9 8 17 39

Source:	ADWR,	2005h

Issue response from several basins was limited as shown in Table 3.0-14. However, drought, 
inadequate water supplies for future demand, infrastructure in need of repair and inadequate capital 
for infrastructure improvements, were listed as a major or moderate concern in almost all basins.
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Table 3.0-14 Number of 2004 survey respondents, by groundwater basin, that 
ranked the survey water resource issues a moderate or major concern (44 water 
providers) 

Issue ARA CCK DOU DUN LSP MOR SAF USP WIL
Inadequate	storage	
capac�ty	to	meet	peak	
demand

2 1 1 3 8

Inadequate	well	
capac�ty	to	meet	peak	
demand	

2 1 3 4 1

Inadequate	water	
suppl�es	to	meet	
current	demand

1 1 2 4 1

Inadequate	water	
suppl�es	to	meet	future	
demand

1 1 1 1 1 3 5 1

Infrastructure	�n	need	
of	replacement 3 1 1 1 2 8 2

Inadequate	cap�tal	to	
pay	for	�nfrastructure	
�mprovements

1 4 2 1 4 14 1

Drought	related	water	
supply	problems 1 1 2 2 1 1 4 4 1

Total	number	of	
respondents 1 1 4 3 1 2 6 24 2

Source:	ADWR,	2005h
ARA	=	Arava�pa	Canyon	Bas�n				 MOR	=	Morenc�	Bas�n
CCK	=	C�enega	Creek	Bas�n	 	 SAF	=	Safford	Bas�n
DOU	=	Douglas	Valley	Bas�n	 	 USP	=	Upper	San	Pedro	Bas�n
DUN	=		Duncan	Bas�n	 	 	 WIL	=	W�llcox	Bas�n
LSP	=	Lower	San	Pedro	Bas�n	 	

3.0.9 Groundwater Basin Water Resource Characteristics

Sections 3.1 through 3.14 that follow present data and maps on water resource characteristics of 
the fourteen groundwater basins in the Southeastern Arizona Planning Area.  A description of the 
data sources and methods used to derive this information is found in Section 1.3 of Volume 1 of the 
Atlas.  This section briefly describes general information  that applies to all of the basins and the 
purpose of the information.  This information is organized in the order in which the characteristics 
are discussed in Sections 3.1 through 3.14.

Geographic Features
Geographic feature maps are included to provide general orientation and show principal land 
features, roads, counties and cities, towns and places in the groundwater basin.
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Land Ownership
The distribution and type of land ownership in a basin has implications for land and water use. 
Large amounts of private land typically translate into opportunities for land development and 
associated water demand, whereas public lands are typically maintained for a specific purpose or 
multi-use with little associated water use. State owned land may be sold or traded, and is often 
leased for grazing and farming. State legislation set aside specific sections in each township to 
be held in trust by the state for educational purposes, and other specified purposes, which are 
identified for each basin (Arizona State Land Department, 2006). 

Climate
Climate data including temperature, rainfall and snowfall, and evaporation rates are critical factors 
in the hydrologic cycle and in water resource planning and management.  Annual averages and 
variability, seasonality, and  long-term trends are presented for each basin, as available, and may 
be useful in evaluating cultural water demands and supplies.

Surface Water Conditions
Depending on physical and legal availability, surface water may be an important water supply in 
some basins. Streamflow, flood gage, reservoir, stockpond and runoff contour data are presented 
for each basin, as available, and provide information on the physical availability of this supply.  
Seasonal and annual streamflows are an indication of the potential volume of surface water available 
for use. Stream gage stations are included in the basin tables if there is at least one year of record 
and annual streamflow statistics are included only if there are at least three years of record.  Flood 
gage information is presented to direct the reader to areas where flooding has been or may be a 
problem. Large reservoir storage information includes data on the amount of surface water stored 
in large reservoirs, its uses and ownership.  The number and capacity of small reservoirs is also 
provided as well as the number of stockponds in each basin. The number of stockponds is a general 
indicator of small-scale surface water capture and livestock demand. Runoff contours reflect the 
average annual runoff that can be expected in tributary streams over a particular area.

Perennial and Intermittent Streams and Major Springs
A map showing the approximate location of perennial and intermittent streams is provided for each 
basin. For some basins, more than one source of information was used.  Due to recent drought, 
stream designations may or may not reflect current flow conditions. Also shown on the map and 
listed in tables is information on the springs in each basin. Some of the springs and perennial 
and intermittent stream reaches provide a water supply for municipal, industrial and agricultural 
purposes. Springs provide important habitat for wildlife, plants and invertebrates and therefore are 
of interest to the environmental community.  

Groundwater Conditions
Groundwater is an important water supply for much of Arizona.  Several indicators of groundwater 
conditions are presented for each basin. 
 • Major aquifer type(s) can be a general indicator of aquifer storage and  
  productivity.  Basin fill and alluvial aquifers generally have greater water in  
  storage and produce more water to wells than consolidated rock (bedrock) 
  aquifers .
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 •    Well yields are a general indication of aquifer productivity.  Information for large 
  diameter wells is provided since it is assumed that their reported pump capacities 
  are indicative of the aquifer’s potential to yield water to a well.  However, many 
  factors can affect well yields including well design, pump size and condition and 
  the age of the well.
 • Natural aquifer recharge is a component of a basin’s water budget that is difficult  
  to quantify and is often estimated based on regional studies. This parameter is 
  important in evaluating the safe and sustainable yields of an aquifer system. 
 • Aquifer storage is an estimate of the amount of water stored in an aquifer that may 
  be available for future development and use. 
 •  Groundwater level data show the depth to water in measured wells and changes in  
  groundwater levels over time (hydrographs).  Depth to water measurements  
  are shown on mapped wells if there was a measurement taken during 2003-2004. 
  Depths to water are an indication of how deep wells must be drilled in an area and 
  potential costs to install and operate pumps.  Hydrographs show the variability in 
  groundwater depths at selected well sites and provide an indication of trends over 
  time.
 • Groundwater flow directions reflect the regional and long-term direction(s) of 
  aquifer flow in a basin that may reflect important areas of aquifer recharge and 
  discharge.  Local and temporary flow conditions, as may be caused by pumping, 
  are generally not shown, however flow directions in some basins indicate how  
  localized pumping has altered regional flow patterns.

Water Quality
Surface and groundwater quality data were compiled from a variety of sources as described in 
Volume 1 Section 1.3.  The data presented for each basin are an indication of areas where water 
quality exceedences have occurred and may affect current and future supplies. Additional areas of 
concern may exist where water quality samples have not been collected or sample results were not 
reviewed by the Department (e.g. samples collected in conjunction with ADEQ Aquifer Protection 
Permit Programs). It is important to note also that the exceedences shown may or may not reflect 
current surface and groundwater quality conditions or the quality of water currently used in the 
basin. 

Cultural Water Demand
Cultural water demand can be an important component of a basin’s water budget and may include 
well pumpage and/or surface water diversions for municipal, industrial and agricultural (irrigation) 
uses. Listed in a table for each basin are average annual water demands for the period 1971 through 
2003 and the number of new water supply wells drilled over this period. Also listed in the tables 
are population estimates and projections for the basin. Without mandatory metering and reporting 
of water uses, accurate demand data were not available for all basins or for all years, and uses were 
often estimated. Annual water demand estimates were averaged over a 3- or 5- year time period to 
provide an indication of trends but avoid a focus on potentially inaccurate years when data were 
incomplete. The location of major cultural water uses are shown on a map of each basin based 
on a 2004 land cover study by the USGS that was supplemented, as needed and known, by the 
Department. 
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Effluent generation data were compiled from several sources and presented for each basin. Effluent 
is potentially an important renewable resource for some areas, although its reuse may be difficult to 
achieve both logistically and economically, e.g. where a potential user is far from the wastewater 
treatment plant.

Water Adequacy Determinations
Developers of subdivisions outside AMAs are required to obtain a determination from the 
Department of whether there is sufficient water of adequate quality for 100 years.  If the supply 
is determined to be inadequate, lots may still be sold, but the condition of the water supply must 
be disclosed in promotional materials and in sales documents. In addition to these subdivision 
determinations, water providers may apply for adequacy designations for their entire service area.  
In the planning area the service areas of the Empirita Water Company and the Cities of Benson, 
Douglas, Willcox, and Safford have been designated as having an adequate water supply. If a 
subdivision is to be served water from one of these water providers, then a separate adequacy 
determination is not required. 

Water adequacy and inadequacy determinations are tabulated and shown on maps for subdivisions 
not served by a designated water provider. Data are presented for each basin and include the name 
and location of the subdivisions, the number of proposed building lots, the date and result of the 
Department’s determination, the reason(s) for inadequate determinations, and the water provider 
if listed at the time of the adequacy application. Among the reasons cited by the Department 
for inadequate determinations is a physical or legal lack of water, water quality concerns, and/or 
insufficient data for the Department to make its determination.
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3.1.1 Geography of the Aravaipa Canyon Basin

The Aravaipa Canyon Basin is a relatively small, 517 square mile basin in the center of the 
planning area. Geographic features and principal communities are shown on Figure 3.1-1.   The 
sparsely populated basin is characterized by medium-elevation mountain ranges, canyons, valleys 
and grasslands. 

•	 Principal geographic features shown on Figure 3.1-1 are: 
o	 Principal basin communities of Klondyke and Aravaipa  
o	 Aravaipa Creek, which runs north-south through Klondyke and turns west north of 

Klondyke where it enters Aravaipa Canyon
o	 Galiuro Mountains southwest of Klondyke, which contain the highest point in the 

basin at 7,540 feet 
o	 Black Hills south of Klondyke
o	 Aravaipa Valley south of Klondyke

•	 Not well shown on Figure 3.1-1 are the Santa Teresa Mountains west of Aravaipa and 
Klondyke on the western boundary of the basin. 
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3.1.2 Land Ownership in the Aravaipa Canyon Basin

Land ownership, including the percentage of ownership by category, for the Aravaipa Canyon 
Basin is shown in Figure 3.1-2.  Principal features of land ownership in this basin are the large 
amount of federal land holdings and a relative abundance of state trust lands.  A description of 
land ownership data sources and methods is found in Volume 1, Section 1.3.8.  Land ownership 
categories are discussed below in the order of percentage from largest to smallest in the basin.

State Trust Land
•	 38.3% of the land in this basin is held in trust for the public schools and 10 other beneficiaries 

under the State Trust Land system.
•	 Most state trust land is in two bands flanking the Klondyke and Klondyke-Bonita Roads 

and extending to national forest boundaries.
•	 Primary land use is for livestock grazing.

National Forest and Wilderness
•	 25.6% of the land is federally owned and managed as national forest and wilderness.  
•	 All forest lands in the basin, although they are not contiguous, are in the Safford Ranger 

District of the Coronado National Forest.
•	 The western most national forest land contains a portion of the Galiuro Wilderness Area. 
•	 Land uses include grazing, recreation and timber production.

U.S. Bureau of Land Management (BLM)
•	 20.6% of the land is federally owned and managed by the Safford Field Office of the 

Bureau of Land Management.
•	 All BLM lands are in a block in the northwestern portion of the basin.
•	 Just over a quarter of the BLM land in the basin, 18,970 acres, is managed as the Aravaipa 

Canyon Wilderness located in T6S and T7S, R18E.
•	 Land uses include recreation and grazing.

Private
•	 14.2% of the land is private.
•	 Private land is interspersed throughout state trust, national forest and BLM lands.
•	 Most of the private land is along the major roads. 
•	 There are a number of private land in-holdings in the BLM land and one in the national 

forest land on the northeastern boundary of the basin.
•	 Primary land uses are domestic, ranching and farming.

Indian Reservations
•	 1.3% of the land is under ownership of the San Carlos Apache Tribe.
•	 Tribal lands are located in a small strip along the northern boundary of the basin.
•	 Primary land uses are grazing.



Arizona Water Atlas 
Volume 3

Section 3.1   Aravaipa Canyon Basin 	 	 	 	 	 	 												 										59
DRAFT

T 8S

R22E

T 6S

R20E
R18E

T10S

Aravaipa

Klondyke

PINAL
COUNTY

GRAHAM
COUNTY

CORONADO

NATIONAL

FOREST

CORONADO
NATIONAL

FOREST

CORONADO
NATIONAL

FOREST

SAN CARLOS INDIAN
RESERVATION

C
85

1

KLONDYKE
ROAD

KLO
NDYKE

B
O

N
ITA

ROAD

Aravaipa Canyon Basin
Land OwnershipSource: ALRIS , 2004

Land Ownership
(Percentage in Basin)

State Trust

Indian Reservations

National Forest & Wilderness

U.S. Bureau of Land Management

City, Town or Place

Private

(38.3%)
(25.6%)
(20.6%)

(14.2%)

(1.3%)

Major Road
COUNTY

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO

0 63
Miles

Figure 3.1-2



60	 	 	 	 	 	 Section 3.1    Aravaipa Canyon Basin
DRAFT

Arizona Water Atlas 
Volume 3

3.1.3 Climate of the Aravaipa Canyon Basin

The Aravaipa Canyon Basin does not contain any NOAA/NWS Coop Network, Evaporation Pan, 
AZMET or SNOTEL/Snowcourse stations.  The precipitation figures shown in Figure 3.1-3 are 
from the Spatial Climatic Analysis Service at Oregon State University.  A description of this and 
other climate data sources and methods is found in Volume 1, Section 1.3.3.

Average Annual Precipitation
•	 Average annual precipitation is as high as 26 inches in the Galiuro Mountains in the 

southwestern portion of the basin.
•	 Average annual precipitation is as low as 16 inches in the Aravaipa Canyon area in the 

northwestern portion of the basin.
•	 In general, precipitation increases as the elevation increases in this basin.  
•	 The range of 14 inches between areas of highest and lowest precipitation recorded is 

common for the planning area.
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

Average Total Precipitation (in inches)

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Average Temperature Range (in F)

None

Table 3.1-1. Climate Data for the Aravaipa Canyon Basin

Period of Record 
Used for 
Averages

Station Name Elevation
(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

None
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3.1.4 Surface Water Conditions in the Aravaipa Canyon Basin

There are no streamflow data or flood ALERT equipment in this basin.  Reservoir and stockpond 
data, including maximum storage or maximum surface area, are shown in Table 3.1-4.   The USGS 
annual runoff contours as well as stream channels are shown on Figure 3.1-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Reservoirs and Stockponds
•	 Refer to Table 3.1-4.
•	 Surface water is stored or could be stored in four small reservoirs in the basin.
•	 Total maximum storage for two of the small reservoirs is 117 acre-feet.  Total surface area 

for the other two small reservoirs is 38 acres.
•	 There are an estimated 349 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.1-4.
•	 Average annual runoff varies from 0.5 inches per year along Aravaipa Creek to one inch 

per year in the southwestern portion of the basin.
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Station Name Station ID Station Type Install Date Responsibility

Table 3.1-3 Flood ALERT Equipment in the Aravaipa Canyon Basin

None
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA 

(acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 2
Total maximum storage: 117 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 2
Total surface area: 38 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 349 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.1-4 Reservoirs and Stockponds in the Aravaipa Canyon Basin



Arizona Water Atlas 
Volume 3

Section 3.1   Aravaipa Canyon Basin 	 	 	 	 	 	 												 										67
DRAFT

0.5
1

T 8S

R22E

T 6S

R20E
R18E

T10S

A ravaipa Cre ek

PINAL
COUNTY

GRAHAM
COUNTY

Aravaipa

Klondyke
C

85
1

KLONDYKE
R

O
AD

KLO
NDYKE

BO
N

ITA
R

O
AD

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO

Aravaipa Canyon Basin
Surface Water Conditions

2

Stream Channel (width of line
reflects stream order)

USGS Annual Runoff Contour
for 1951-1980 (in inches)

Stream Data Source: ALRIS, 2005

COUNTY
Major Road

City, Town or Place

0 63
Miles

Figure 3.1-4



68	 	 	 	 	 	 Section 3.1    Aravaipa Canyon Basin
DRAFT

Arizona Water Atlas 
Volume 3

3.1.5 Perennial/Intermittent Streams and Major Springs in the Aravaipa Canyon 
Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.1-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.1-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are four perennial streams including, Aravaipa Canyon, Parsons Creek, Turkey Creek 
and Virgus Canyon.  All perennial streams are located in the northeastern portion of the 
basin.  

•	 A number of intermittent streams are located in the Galiuro Mountains along the southern 
boundary and on the eastern boundary.

•	 There are six major springs with a measured discharge of 10 gallons per minute (gpm) or 
greater at any time. 

•	 Listed discharge rates may not be indicative of current conditions.  Some of the measurements 
were taken prior to 1990.  For example, the most recent measurements for two major 
springs, Jackson and Saltuna, were less than 10 gpm.  Three major and 10 minor spring 
measurements post-date 1990.

•	 All but one major spring is located in the vicinity of Aravaipa Canyon.  The greatest 
discharge rate was measured at Hanging Spring, 100 gpm.

•	 All but one of the major springs discharges 30 gpm or less.
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.1-5.  There are 15 minor springs identified in this basin. 
•	 The total number of springs identified by the USGS varies from 87 to 116, depending on 

the database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude
1 Hang�ng 325507 1102620 100 04/1987
2 Goat 325250 1102743 30 11/2002
3 Jackson 325121 1102618 303 11/1999
4 Saltuna2 325439 1102715 153 04/1987
5 Warm	 325901 1102224 15 11/1/2002
6 McRae 325230 1102704 10 11/1/1999

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Brand�2,4 325052 1102624 6 02/2004

Natural	Boundary2,4 325512 1102648 6 04/1987

East	Booger2,4 325524 1102918 5 07/1986

Red	Basalt2,4 324859 1102734 4 06/1986

Janette2,4 325540 1102627 4 04/1991

#22,4 325833 1102511 3 11/2002

Wa�t	a	M�nute	Bush2,4 324839 1102714 3 03/2000

Oak	Grove2,4 325053 1102624 3 02/2004

W�llow2,4 325940 1102047 2 04/1996

Walnut2,4 324736 1102730 2 11/1951

Camm�e2,4 330009 1102100 2 04/1996

Upper	Boulder2,4 325856 1102524 15 12/1979

Jed2,4 324805 1102657 1 04/2001

Parsons	Grove2,4 324926 1102832 1 01/2001

Turkey	Creek2,4 325253 1102610 1 06/2001

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map
3Most	recent	measurement	<	10	gpm
4Locat�on	approx�mated	by	ADWR
5Most	recent	measurement	<	1	gpm

Table 3.1-5 Springs in the Aravaipa Canyon Basin

Map
Key Name Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALRIS, 2005 and NHD, 2006): 87 to 116

Name
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3.1.6 Groundwater Conditions of the Aravaipa Canyon Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.1-6.  Figure 3.1-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.1-7 
contains hydrographs for selected wells shown on Figure 3.1-6.  Figure 3.1-8 shows well yields 
in four yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.1-6 and Figure 3.1-6.
•	 Major aquifers in the basin include recent stream alluvium and basin fill.
•	 The recent stream alluvium is the primary source of water in the basin.
•	 Flow direction is generally from southeast to northwest.

Well Yields
•	 Refer to Table 3.1-6 and Figure 3.1-8.
•	 As shown on Figure 3.1-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 2,000 gpm. 
•	 One source of well yield information, based on 36 reported wells, indicates that the median 

well yield in this basin is 350 gpm.
•	 The highest reported well yields in the basin are located in unconsolidated sediments in the 

vicinity of the Klondyke and Klondyke-Bonita Roads. 

Natural Recharge
•	 Refer to Table 3.1-6.
•	 Principal sources of recharge are mountain-front recharge, streambed infiltration of runoff 

and direct infiltration of rainfall.
•	 Natural recharge estimates range from 7,000 acre-feet per year to 16,700 acre-feet per year.  

The most recent estimate is from a 1994 ADWR study.

Water in Storage
•	 Refer to Table 3.1-6.
•	 Storage estimates for this basin range from five million to 5.1 million acre-feet to a depth 

of 1,200 feet.  
•	 The predevelopment storage estimate is five million acre-feet.

Water Level
•	 Refer to Figure 3.1-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures three index wells in this basin. 
•	 In 1996, the year of the last water level sweep, 60 wells were measured. 
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•	 There are two wells with water depth reported in 2003-2004.  The wells are along the 
Klondyke and Klondyke-Bonita Roads and measure 39 feet and 64 feet to water. 

•	 Hydrographs corresponding to selected wells shown on Figure 3.1-6 but covering a longer 
time period are shown in Figure 3.1-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

7,000	-	16,700 ADWR	(1994)
Estimated Natural Recharge, in 

acre-feet/year:
7,000 Freethey	and	Anderson	(1986)

Table 3.1-6 Groundwater Data for the Aravaipa Canyon Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Bas�n	F�ll

517

Well Yields, in gal/min:

NA

Range	2-1,500
Med�an	350

(36	wells	reported)

1500

Range	0	-	2,500

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

3
1996	(60	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

5,000,000	-	5,100,000	(to	1,200	ft)

5,000,0001	(to	1,200	ft)

NA

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)
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3.1.7 Water Quality of the Aravaipa Canyon Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.1-7.  There are no data on impaired lakes and streams 
in this basin.  Figure 3.1-9 shows the location of exceedences keyed to Table 3.1-7A.  A description 
of water quality data sources and methods is found in Volume 1, Section 1.3.18.  Not all parameters 
were measured at all sites; selective sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.1-7A.
•	 Drinking water standard exceedences have been reported for eight wells in the basin.
•	 The parameter most frequently exceeded in the sites measured in this basin was arsenic.  

Other parameters exceeded included nitrates, beryllium, cadmium, copper, lead and 
fluoride.

•	 All areas where the parameter for arsenic was exceeded are along the Klondyke and 
Klondyke-Bonita Roads.
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3.1.8 Cultural Water Demands in the Aravaipa Canyon Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.1-8.  There is no recorded effluent generation in this basin. Figure 3.1-10 shows the location 
of demand centers.  A description of cultural water demand data sources and methods is found in 
Volume 1, Section 1.3.5.  More detailed information on cultural water demands is found in Section 
3.0.7.

Cultural Water Demands
•	 Refer to Table 3.1-8 and Figure 3.1-10.
•	 Population remained virtually unchanged from 1980 to 2000.  Projections suggest a slight 

increase in growth rate through 2050.
•	 Overall groundwater pumping is decreasing with an average of less than 1,300 acre-feet 

pumped per year in the period from 2001 – 2003.
•	 Information on surface water diversions is only available for the period of 1991 – 2003.  

During this period all surface water diversions have been for agriculture and were less than 
1,000 acre-feet per year.

•	 Municipal and industrial demand is minimal in this basin, less than 300 acre-feet per year.
•	 Total agricultural demand in the basin is less than 2,000 acre-feet per year.  
•	 The only agricultural lands shown on the map are located along the Klondyke Bonita Road 

in T9S, R21E.  Agricultural lands also historically existed in small pastures scattered along 
Aravaipa Creek.

•	 As of 2003 there were about 205 registered wells with a pumping capacity of less than 
or equal to 35 gallons per minute and 32 wells with a pumping capacity of more than 35 
gallons per minute.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 74
1981 79
1982 85
1983 90
1984 96
1985 101
1986 107
1987 112
1988 118
1989 123
 1990 129
1991 129
1992 130
1993 131
1994 131
1995 132
1996 133
1997 133
1998 134
1999 134
2000 135
2001 141
2002 146
2003 152
2010 191
2020 214
2030 240
2040 269
2050 302
ADDITIONAL WELLS:3 3

TOTALS: 205 32

Notes:
NR	-	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR NR <1,0000 <300 NR <1,000

USGS
(2005)
ADWR
(2005)15 1 <300 NR <1,000 NR NR <1,000

5

NR

5 0 <300 NR <1,000 NR NR <1,000

ADWR
(1994)

3,000 NR

1 1 2,000 NR

5 1 2,000

1712 292

3,000 NR

Table 3.1-8 Cultural Water Demands in the Aravaipa Canyon Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered 
Water Supply Wells 

Drilled

Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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3.1.9 Water Adequacy Determinations in the Aravaipa Canyon Basin

There are no water adequacy applications on file with the Department as of May, 2005 for the 
Aravaipa Canyon Basin.  A description of the Water Adequacy Program is found in Volume 1, 
Appendix A.  Adequacy determination data sources and methods are found in Volume 1, Section 
1.3.1.
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3.2.1 Geography of the Bonita Creek Basin

The Bonita Creek Basin is a relatively small, 457 square mile basin in the northeast portion of the 
planning area.  Geographic features and principal communities are shown on Figure 3.2-1.  The 
basin is characterized by medium-high elevation plains and mountain ranges as well as grasslands 
and woodland forests.

•	 Principal geographic features shown on Figure 3.2-1 are:
o	 Principal basin communities of Arsenic Tubs and Bonita Camp, both with very 

small populations
o	 Ash Flat, a medium-high elevation plain north of Arsenic Tubs
o	 Bonita Creek, which runs north-south through Bonita Camp
o	 South Fork Ash Creek west of Arsenic Tubs
o	 Nantac Rim along the northern boundary, with the highest point in the basin at 

7,292 feet

•	 Not well shown on Figure 3.2-1 are the Gila Mountains along the southern boundary of the 
basin.
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3.2.2 Land Ownership in the Bonita Creek Basin

Land ownership, including the percentage of ownership in each category, is shown for the Bonita 
Creek Basin in Figure 3.2-2.  The principal features of land ownership in this basin are the 
significant amount of San Carlos Apache tribal land, the largely solid portion of U.S. Bureau 
of Land Management lands in the south and the lack of diversity in land ownership types.  A 
description of land ownership data sources and methods is found in Volume 1, Section 1.3.8.  
The San Carlos Apache Indian Reservation was established in 1871, and covers three counties, 
Gila, Graham and Pinal.  This basin includes 403 of the 2,867 square mile reservation.  Land 
ownership categories are discussed below in the order of percentage from largest to smallest in 
the basin.
Indian Reservations

•	 88.4% of the land in this basin is under ownership of the San Carlos Apache Tribe.
•	 The Reservation in this basin includes two small communities, Arsenic Tubs and Bonita 

Camp.
•	 Primary land uses are domestic and grazing. 

U.S. Bureau of Land Management (BLM)
•	 11.0% of the land is federally owned and managed by the Safford Field Office of the 

Bureau of Land Management 
•	 The basin contains a portion of the Gila Box National Conservation Area in T5S, R27E 

and T6S, R28E.
•	 The majority of the BLM land is in the southern portion of the basin, however, there are 

a few very small portions of BLM land along the western boundary of the basin in T2S, 
R23E; T3S, R24E and T4S, R25E.

•	 Primary land use is grazing.

Private 
•	 0.4% of land is privately held.
•	 All private lands in this basin are in-holdings within BLM land.
•	 Primary land uses are domestic and grazing.

State Trust 
•	 0.2% of land in this basin is held in trust for public schools.
•	 The very small portion of state trust land can be found on the southeast basin boundary, 

T6S, R28E and on the western basin boundary T4S, R25E.
•	 Primary land use is grazing.
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3.2.3 Climate of the Bonita Creek Basin

The Bonita Creek Basin does not contain any NOAA/NWS Coop Network, Evaporation Pan, 
AZMET or SNOTEL/Snowcourse stations.  The precipitation figures shown in Figure 3.2-3 are 
from the Spatial Climatic Analysis Service at Oregon State University.  A description of this and 
other climate data sources and methods is found in Volume 1, Section 1.3.3.

Average Annual Precipitation
•	 Average annual precipitation is as high as 24 inches along the Nantac Rim in the northeastern 

part of the basin.
•	 Average annual precipitation is as low as 10 inches at the southern tip of the basin where 

the Gila Mountains meet the San Simon Valley.
•	 Precipitation generally decreases from north to south in the basin.
•	 The range of 14 inches between areas of highest and lowest precipitation recorded is 

common for the planning area.
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

Table 3.2-1. Climate Data for the Bonita Creek Basin

Period of Record 
Used for AveragesStation Name Elevation

(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

None

Average Total Precipitation (in inches)

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Average Temperature Range (in F)
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3.2.4 Surface Water Conditions in the Bonita Creek Basin

Streamflow data, including average seasonal flow, average annual flow and other information 
is shown in Table 3.2-2.  The basin does not contain flood ALERT equipment.  Reservoir and 
stockpond data, including maximum storage or maximum surface area of large reservoirs and type 
of use of the stored water, are shown in Table 3.2-4   The location of streamflow gages, using the 
USGS number, is shown on Figure 3.2-4.  The location of large reservoirs as well as USGS runoff 
contours are also shown on Figure 3.2-4.  A description of stream data sources and methods is 
found in Volume 1, Section 1.3.16.  A description of reservoir data sources and methods is found 
in Volume 1, Section 1.3.11.  A description of stockpond data sources and methods is found in 
Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.2-2.
•	 Data from one station located at Bonita Creek are shown on the table and on Figure 3.2-4.
•	 The average seasonal flow as a percentage of annual flow is highest in the Winter (January-

March) and lowest in the Spring (April-June). 
•	 Winter flow constitutes over half of the annual flow.
•	 Maximum annual flow was 60,395 acre-feet in 1993 and minimum annual flow was 2,129 

acre-feet in 2000.  There are 21 years of annual flow record for this station.

Reservoirs and Stockponds
•	 Refer to Table 3.2-4.
•	 Surface water is stored or could be stored in one large and 16 small reservoirs in the 

basin.
•	 Total maximum surface area for the large reservoir is 59 acres.
•	 The reservoir is used for fish and wildlife and as a water supply.
•	 Total maximum storage for two of the small reservoirs is 289 acre-feet.  Total surface area 

for the other 14 small reservoirs is 121 acres.
•	 There are an estimated 24 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.2-4.
•	 Average annual runoff is 0.5 inches per year in this basin. 



10
1	

	
S

ec
tio

n 
3.

2 
   

B
on

ita
 C

re
ek

 B
as

in
D

R
A

FT

A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

Ta
bl

e 
3.

2-
2 

St
re

am
flo

w
 D

at
a 

fo
r t

he
 B

on
ita

 C
re

ek
 B

as
in

W
in

te
r

Sp
rin

g
Su

m
m

er
Fa

ll
M

in
im

um
M

ed
ia

n
M

ea
n

M
ax

im
um

94
47

80
0

B
on

�ta
	C

re
ek

	n
ea

r	
M

or
en

c�
30

2
N

A
8/

19
81

-c
ur

re
nt

58
8

14
20

2,
12

9	
(2

00
0)

	
5,

42
4

9,
55

3
60

,3
95

	(1
99

3)
	

21

So
ur

ce
s:

	U
S

G
S

	N
W

IS
;	P

op
e	

et
	a

l,	
U

S
G

S
	1

99
8;

	a
nd

	F
�s

k	
et

	a
l.,

	U
S

G
S

	2
00

3.

N
ot

es
:

N
A

=N
ot

	a
va

�la
bl

e	
to

	A
D

W
R

S
ta

t�s
t�c

s	
ba

se
d	

on
	C

al
en

da
r	Y

ea
r

A
nn

ua
l	F

lo
w

	s
ta

t�s
t�c

s	
ba

se
d	

on
	m

on
th

ly
	v

al
ue

s
S

um
m

at
�o

n	
of

	A
ve

ra
ge

	A
nn

ua
l	F

lo
w

s	
m

ay
	n

ot
	e

qu
al

	1
00

	d
ue

	to
	ro

un
d�

ng
.

P
er

�o
d	

of
	re

co
rd

	m
ay

	n
ot

	e
qu

al
	Y

ea
r	o

f	R
ec

or
d	

us
ed

	fo
r	a

nn
ua

l	F
lo

w
/Y

ea
r	s

ta
t�s

t�c
s	

du
e	

to
	o

nl
y	

us
�n

g	
ye

ar
s	

w
�th

	a
	1

2	
m

on
th

	re
co

rd

A
nn

ua
l F

lo
w

/Y
ea

r (
in

 a
cr

e-
fe

et
)

Ye
ar

s 
of

 
A

nn
ua

l
Fl

ow
R

ec
or

d

U
SG

S 
St

at
io

n 
N

am
e

St
at

io
n

N
um

be
r

C
on

tr
ib

ut
in

g
D

ra
in

ag
e

A
re

a 
(in

 s
q.

 
m

ile
s)

M
ea

n 
B

as
in

 
El

ev
at

io
n 

(in
 fe

et
)

Pe
rio

d 
of

 
R

ec
or

d

A
ve

ra
ge

 S
ea

so
na

l F
lo

w
 (%

 o
f a

nn
ua

l f
lo

w
)



Section 3.2     Bonita Creek Basin  102
DRAFT

Arizona Water Atlas 
Volume 3

Station Name Station ID Station Type Install Date Responsibility

Table 3.2-3 Flood ALERT Equipment in the Bonita Creek Basin

None
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME (Name 
of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME (Name 
of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE

AREA (acres)
USE2 JURISDICTION

1 B�g	Bon�ta
(#1,2,3,&	4) San	Carlos	Apache	Tr�be 59 F,S Tr�bal

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 2
Total maximum storage: 289 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 14
Total surface area: 121 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 24 (from water rights filings

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR
2	F=f�sh	&	w�ldl�fe	pond;	S=water	supply

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.2-4 Reservoirs and Stockponds in the Bonita Creek Basin
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3.2.5 Perennial/Intermittent Streams and Major Springs in the Bonita Creek Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.2-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.2-5.  A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream, Bonita Creek, located in the southern portion of the basin.  
•	 The basin contains one major spring located on the northeastern boundary of the basin with 

a measured discharge of 20 gallons per minute (gpm) or greater at any time. 
•	 Listed discharge rates may not be indicative of current conditions.  The measurement for 

the major spring was taken in 1951 and only one of the four minor spring measurements 
post-date 1984.

•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 
in Table 3.2-5.  There are four minor springs identified in this basin. 

•	 The total number of springs identified by the USGS varies from 37 to 41, depending on the 
database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Tule 332036 1095338 20 3/20/1951

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Cottonwood2,3 325956 1093130 8 12/1981

L�on2,3 330014 1093143 3 08/1984
Hackberry 330016 1093110 3 04/1980

Farrell 330117 1093231 2 01/1991

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map
3Locat�on	approx�mated	by	ADWR

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 37 to 41 

Name
Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured

Table 3.2-5. Springs in the Bonita Creek Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Tule 332036 1095338 20 3/20/1951

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Cottonwood2,3 325956 1093130 8 12/1981

L�on2,3 330014 1093143 3 08/1984
Hackberry 330016 1093110 3 04/1980

Farrell 330117 1093231 2 01/1991

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map
3Locat�on	approx�mated	by	ADWR

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 37 to 41 

Name
Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured

Table 3.2-5. Springs in the Bonita Creek Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured
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3.2.6 Groundwater Conditions of the Bonita Creek Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.2-6.  Figure 3.2-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.2-7 
shows well yields in three yield categories.  A description of aquifer data sources and methods 
is found in Volume 1, Section 1.3.2.  A description of well data sources and methods, including 
water-level changes and well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.2-6 and Figure 3.2-6.
•	 Major aquifers in the basin include recent stream alluvium, basin fill and volcanic rock.
•	 Flow direction is generally from the northwest to the southeast of the basin.

Well Yields
•	 Refer to Table 3.2-6 and Figure 3.2-7.
•	 As shown on Figure 3.2-7 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 2,000 gpm. 
•	 One source of well yield information, based on 14 reported wells, indicates that the median 

well yield in this basin is 1,144.5 gpm.
•	 Other data sources indicate lower yields.

Natural Recharge
•	 Refer to Table 3.2-6.
•	 The only natural recharge estimate for this basin is 9,000 acre-feet per year.  This estimate 

is from 1986. 

Water in Storage
•	 Refer to Table 3.2-6.
•	 There are three storage estimates for this basin, ranging from one million acre-feet to two 

million acre-feet.  The most recent estimate, from a 1994 ADWR study, indicates the basin 
has 1.3 million acre-feet in storage to a depth of 1,200 feet. 

•	 The predevelopment storage estimate is one million acre-feet.

Water Level
•	 Refer to Figure 3.2-6. Water levels are shown for wells measured in 2003-2004.
•	 There are no index wells in this basin.  
•	 There are no recorded well sweeps in this basin.  
•	 There are three wells with water depth reported in 2003-2004.  Water level change data 

is not available.  All wells are in the same area near Bonita Creek and the depth to water 
ranges from four feet to 12 feet. 
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Basin Area, in square miles:

Estimated Natural Recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

Table 3.2-6 Groundwater Data for the Bonita Creek Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Bas�n	F�ll

Volcan�c	Rock

457

Well Yields, in gal/min:

NA

Range	3-1,426
Med�an	1,144.5

(14	wells	reported)

280

Range	0-500

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

9,000 Freethey	and	Anderson	(1986)

Estimated Water Currently in 
Storage, in acre-feet:

1,300,000	(to	1,200	ft)

1,000,0001	(to	1,200	ft)

2,000,000	(to	1,200	ft)

0
N/A

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)
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3.2.7 Water Quality of the Bonita Creek Basin

Data on drinking water standard exceedences in wells, springs and mine sites and impaired lakes 
and streams are not available for this basin.  A description of water quality data sources and methods 
is found in Volume 1, Section 1.3.18.  
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 5
1981 7
1982 8
1983 10
1984 11
1985 13
1986 14
1987 16
1988 17
1989 19
 1990 20
1991 20
1992 20
1993 21
1994 21
1995 21
1996 21
1997 21
1998 21
1999 21
2000 21
2001 21
2002 21
2003 21
2010 22
2020 23
2030 24
2040 25
2050 26

WELL TOTALS: 5 17

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
3 Est�mated	based	on	average	demand	1991-2003

NR NR NR

USGS
(2005)NR NR1 0 3,300 NR

0 0 3,200

NR

0 0 2,700 NR NR NR

USGS
(2005)

3,1003 NR

0 0 3,1003 NR

0 0 3,1003

42 172

3,1003 NR

Table 3.2-8 Cultural Water Demands in the Bonita Creek Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source

3.2.8 Cultural Water Demands in the Bonita Creek Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.2-8.  There is no recorded effluent generation in this basin.  Figure 3.2-8 shows the location 
of demand centers.  A description of cultural water demand data sources and methods is found in 
Volume 1, Section 1.3.5.  More detailed information on cultural water demands is found in Section 
3.0.7.

Cultural Water Demands
•	 Refer to Table 3.2-8 and Figure 3.2-8.
•	 Population in this basin is very small with 21 residents in 2000.  Projections suggest a 

slight increase in population through 2050.
•	 Overall groundwater pumping is relatively constant between 1971 and 2003 with an average 

of 3,200 acre-feet per year in the period from 2001-2003.
•	 Almost all groundwater demand in the basin is water collected in infiltration galleries near 

Bonita Creek and delivered to the Safford Basin for municipal use.  This water is considered 
to be groundwater in the Atlas.

•	 All water use in this basin is groundwater, there are no recorded surface water diversions.
•	 The only municipal demand center (USGS, 2004) is located near Highway 8 in T1S, 

R23E.
•	 As of 2003 there were five registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and 17 wells with a pumping capacity of more than 35 gallons per 
minute.  This is the smallest number of registered wells in a planning area basin.
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3.2.9 Water Adequacy Determinations in the Bonita Creek Basin 

There are no water adequacy applications on file with the Department as of May, 2005 for the 
Bonita Creek Basin.  A description of the Water Adequacy Program is found in Volume 1, Appendix 
A.  Adequacy determination data sources and methods are found in Volume 1, Section 1.3.1.
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3.3.1 Geography of the Cienega Creek Basin  

Cienega Creek is a small, 606 square mile basin in the southwest portion of the planning area.  
Geographic features and principal communities are shown on Figure 3.3-1.   The basin is 
characterized by a series of mid- to high-elevation mountain ranges, grasslands and woodlands.    

•	 Principal geographic features shown on Figure 3.3-1 are: 
o	 Principal basin communities of Patagonia, Sonoita and Elgin
o	 Cienega Creek, a spring-fed perennial creek that begins in T21S, R17E and flows 

north toward Interstate 10
o	 Sonoita Creek flowing along Highway 82 in the southern portion of the basin
o	 Redrock Canyon north of Patagonia
o	 Gardner Canyon north of Sonoita

•	 Not well shown on Figure 3.3-1 are:
o	 Santa Rita Mountain range along the southwestern boundary, which include Mt. 

Wrightson, the highest point in the basin at 9,453 feet
o	 Empire Mountains in the northwest
o	 Whetstone Mountains in the northeast 
o	 Patagonia Mountains on the southwestern boundary
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3.3.2 Land Ownership in the Cienega Creek Basin

Land ownership, including the percentage of ownership in each category, is shown for the Cienega 
Creek Basin in Figure 3.3-2.   Principal features of land ownership are the national forest lands 
along the boundaries of the basin and relatively large portions of contiguous private and state trust 
lands. A description of land ownership data sources and methods is found in Volume 1, Section 
1.3.8.  Land ownership categories are discussed below in the order of percentage from largest to 
smallest in the basin.

National Forest and Wilderness
•	 41.4% of land is federally owned and managed as national forest and wilderness.
•	 All forest lands in the basin, although they are not contiguous, are in the Coronado National 

Forest.  There are two ranger districts in the basin, Nogales Ranger District west of Patagonia 
and Sierra Vista Ranger District east of Patagonia and northeast of Sonoita.

•	 A portion of the Mt. Wrightson Wilderness area is located in T19S and T20S, R15E.
•	 Primary land uses are grazing, recreation and timber production.

State Trust
•	 23.5% of land in this basin is held in trust for public schools, penitentiaries and state 

charitable penal reform.
•	 The majority of the state land ownership is contiguous, but there are a number of small 

isolated parcels in the southern portion of the basin.
•	 Primary land use is grazing.  

Private
•	 23.2% of land is private.
•	 Most private land in the basin is contiguous and located in the vicinity of the three principal 

basin communities of Sonoita, Patagonia and Elgin.
•	 A number of private land in-holdings exist in national forest land in the Nogales Ranger 

District west of Patagonia and in the southern portion of the Sierra Vista Ranger District 
east of Patagonia.

•	 Primary land uses are domestic, ranching and farming.

U.S. Bureau of Land Management (BLM)
•	 11.8% of land is federally owned and managed by the Safford Field Office of the Bureau 

of Land Management. 
•	 The majority of the BLM land in this basin is the Las Cienegas National Conservation 

Area, a 42,000 acre area north of Sonoita along Cienega Creek.
•	 Primary land uses are recreation and grazing.

Parks, Monuments, Historical and Recreational Sites
•	 0.1% is federally owned and managed by the National Park Service.
•	 All park lands in this basin are in a very small portion of Saguaro National Park at the 

northern tip in T17S, R18E.
•	 Primary land use is recreation.
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Land OwnershipSource: ALRIS , 2004
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3.3.3 Climate of the Cienega Creek Basin

The Cienega Creek Basin does not contain any NOAA/NWS Coop Network, Evaporation Pan, 
AZMET or SNOTEL/Snowcourse stations.  The precipitation figures shown in Figure 3.3-3 are 
from the Spatial Climatic Analysis Service at Oregon State University.  A description of this and 
other climate data sources and methods is found in Volume 1, Section 1.3.3.

Average Annual Precipitation
•	 Average annual precipitation is as high as 40 inches in the vicinity of McCleary Peak in the 

Santa Rita Mountains.
•	 Average annual precipitation is as low as 16 inches at the Mescal Arroyo north of Interstate 

10.
•	 Rainfall in this basin increases as elevation increases with the highest precipitation occurring 

in the Santa Rita Mountains.
•	 Compared to other basins in the planning area, the Cienega Creek Basin has a high overall 

average annual precipitation with the lowest averages higher than 14 inches. 
•	 The range of 26 inches between areas of highest and lowest precipitation recorded is larger 

than most other basins in the planning area.
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

Average Total Precipitation (in inches)

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Average Temperature Range (in F)

None

Table 3.3-1 Climate Data for the Cienega Creek Basin

Period of Record 
Used for AveragesStation Name Elevation

(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

None
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3.3.4 Surface Water Conditions in the Cienega Creek Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.3-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.3-3.  Reservoir and stockpond data, including maximum storage or maximum surface area, 
are shown in Table 3.3-4.   The location of streamflow gages, using the USGS number, is shown 
on Figure 3.3-4.  The location of large reservoirs as well as USGS runoff contours are also shown 
on Figure 3.3-4.  A description of stream data sources and methods is found in Volume 1, Section 
1.3.16.  A description of reservoir data sources and methods is found in Volume 1, Section 1.3.11.  
A description of stockpond data sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.3-2.
•	 Data from two stations located at Cienega Creek are shown on the table and on Figure 3.3-

4.
•	 One station was discontinued in 1975 and the other station contains less than three years of 

data, therefore no statistics were run.
•	 The average seasonal flow for the discontinued Pantano station is highest in the Summer 

(July-September) when 93% of the annual average seasonal flow occurs.  The average 
seasonal flow is lowest in the Spring (April-June) and the Fall (October-December).

•	 Maximum annual flow was 4,496 acre-feet in 1974 and minimum annual flow was 608 
acre-feet in 1968 at the station near Pantano.  

Flood ALERT Equipment
•	 Refer to Table 3.3-3.
•	 There are seven stations in the basin as of October 2005, all but one is located in Pima 

County.  
•	 Four stations are precipitation only, one station is a weather station, one station is a 

precipitation/stage station and one is a repeater/precipitation station.  

Reservoirs and Stockponds
•	 Refer to Table 3.3-4.
•	 Surface water is stored or could be stored in four small reservoirs in the basin.
•	 Total maximum storage for two of the small reservoirs is 68 acre-feet.  Total surface area 

for the other two small reservoirs is 10 acres. 
•	 There are an estimated 426 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.3-4.
•	 Average annual runoff is two inches per year in the northwestern portion of the basin and 

decreases to 0.5 inches per year in the central and southern part of the basin. 
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE

AREA (acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 2
Total maximum storage:  68 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 2
Total surface area: 10 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 426 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.3-4 Reservoirs and Stockponds in the Cienega Creek Basin
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3.3.5 Perennial/Intermittent Streams and Major Springs in the Cienega Creek 
Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.3-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.3-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are three streams with perennial reaches, Sonoita Creek, Cienega Creek and Redrock 
Canyon.  Perennial reaches of Sonoita Creek and Redrock Canyon are located in the 
southern portion of the basin and perennial reaches of Cienega Creek are located in the 
north-central portion of the basin.  There is also a perennial reach of Cienega Creek just 
north of Interstate 10 on the northwest boundary.

•	 There are a number of intermittent streams as well as intermittent reaches of perennial 
streams in the basin. 

•	 There are seven major springs with a measured discharge of 10 gallons per minute (gpm) 
or greater at any time. 

•	 Listed discharge rates may not be indicative of current conditions.  All of the spring 
measurements in the basin were taken prior to 1983.  

•	 The major springs are located throughout most of the basin. The greatest discharge rates 
are south of Sonoita (Monkey, 430 gpm and Cottonwood, 150 gpm). 

•	 Most of the major springs discharge 40 gpm or greater. 
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.3-5.  There are two minor springs identified in this basin. 
•	 The total number of springs identified by the USGS is 78.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Monkey 313803 1104212 430 NA

2 Cottonwood 313910 1104225 150 3/18/1982

3 Apache 314310 1104450 90 04/1941

4 Unnamed 313158 1104553 70 4/1/1982

5 Unnamed 314716 1103820 40 3/25/1982

6 Unnamed 313135 1104740 14 4/1/1982

7 Barrell 315203 1104054 13 3/31/1981

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Apache 315012 1102926 4 3/24/1982

Bootlegger 315424 1103252 3 12/23/1981

Notes:
NA	=	Not	Ava�lable
1Most	recent	measurement	�dent�f�ed	by	ADWR

Table 3.3-5 Springs in the Cienega Creek Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALRIS, 2005 and NHD, 2006): 78

Name
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Monkey 313803 1104212 430 NA

2 Cottonwood 313910 1104225 150 3/18/1982

3 Apache 314310 1104450 90 04/1941

4 Unnamed 313158 1104553 70 4/1/1982

5 Unnamed 314716 1103820 40 3/25/1982

6 Unnamed 313135 1104740 14 4/1/1982

7 Barrell 315203 1104054 13 3/31/1981

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Apache 315012 1102926 4 3/24/1982

Bootlegger 315424 1103252 3 12/23/1981

Notes:
NA	=	Not	Ava�lable
1Most	recent	measurement	�dent�f�ed	by	ADWR

Table 3.3-5 Springs in the Cienega Creek Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALRIS, 2005 and NHD, 2006): 78

Name
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3.3.6 Groundwater Conditions of the Cienega Creek Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.3-6.  Figure 3.3-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.3-7 
contains hydrographs for selected wells shown on Figure 3.3-6.  Figure 3.3-8 shows well yields 
in four yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.3-6 and Figure 3.3-6.
•	 Major aquifers in the basin include recent stream alluvium and basin fill.
•	 The basin consists of three groundwater sections, upper Cienega Creek, lower Cienega 

Creek and Sonoita Creek.  
•	 In the central valley, in the upper Cienega Creek section, the principal aquifer is the basin 

fill alluvium. 
•	 From “the Narrows” south of Interstate 10 where the central valley narrows to the northern 

basin boundary in the lower Cienega Creek section, there are three aquifers: stream 
alluvium, basin fill and the Pantano formation. The main aquifer in this section is the 
stream alluvium. 

•	 In the southwestern portion of the basin, in the Sonoita Creek section, the main aquifer is 
the stream alluvium that forms the floodplain of Sonoita Creek and its tributaries.  

•	 Flow direction south of Sonoita is generally from north to southwest and north of Sonoita 
it is from the southwest to the northeast.

Well Yields
•	 Refer to Table 3.3-6 and Figure 3.3-8.
•	 As shown on Figure 3.3-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 2,000 gpm. 
•	 One source of well yield information, based on 35 reported wells, indicates that the median 

well yield in this basin is 250 gpm.
•	 Well yields vary throughout the basin.

Natural Recharge
•	 Refer to Table 3.3-6.
•	 There are two natural recharge estimates for this basin, 11,000 acre-feet per year and 8,500 

to 25,500 acre-feet per year.  The latter, from a 1994 ADWR study, is the most recent. 

Water in Storage
•	 Refer to Table 3.3-6.
•	 There are three storage estimates for this basin, ranging from 5.1 million acre-feet to 11 

million acre-feet.  The most recent estimate, from a 1994 ADWR study, indicates the basin 
has 5.1 million acre-feet in storage to a depth of 1,200 feet.

•	 The predevelopment storage estimate is six million acre-feet.
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Water Level
•	 Refer to Figure 3.3-6. Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 13 index wells in this basin. 
•	 In 2005, the year of the last water level sweep, 13 wells were measured. 
•	 The deepest recorded water level in 2003-2004 is 207 feet in Sonoita and the shallowest is 

21 feet in the vicinity of Elgin. 
•	 Hydrographs corresponding to selected wells shown on Figure 3.3-6 but covering a longer 

time period are shown in Figure 3.3-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

13
2005	(118	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

5,100,000	(to	1,200	ft)

6,000,0001	(to	1,200	ft)

11,000,000	(to	1,200	ft)

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

N/A

Range	25-600
Med�an	250

(35	wells	reported)

Range	2-1,500

Range	0-2,500

Table 3.3-6 Groundwater Data for the Cienega Creek Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Bas�n	F�ll	

606

8,500	-	25,500 ADWR	(1994)
Estimated Natural Recharge, in 

acre-feet:
11,000 Freethey	and	Anderson	(1986)



Arizona Water Atlas 
Volume 3

145	 	 	 	 	 	 												 Section  3.3     Cienega Creek Basin										
DRAFT

R16E

T16S

T18S

T20S

T22S

R18E

PIMA
COUNTY

SANTA CRUZ
COUNTY

COCHISE
COUNTY

82

83

10

82

83

Sonoita

Patagonia

Elgin

25

48

21

171

152207

29203

139

99

CB

A

Cienega Creek Basin
Groundwater Conditions

0 63
Miles

Interstate Highway

Generalized Flow Direction

COUNTY

Major Road
City, Town or Place

Water-level change in feet between
1990-1991 and 2003-2004

Between -15 and -1

Change Data Not Available

Between -1 and +1
Between +1 and +15

H
375

number is depth to water in feet
letter is hydrograph

Consolidated Crystalline &
Sedimentary Rocks
Unconsolidated Sediments

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO
Figure 3.3-6



Section 3.3     Cienega Creek Basin  146
DRAFT

Arizona Water Atlas 
Volume 3

D
ep

th
 T

o 
W

at
er

 In
 F

ee
t B

el
ow

 L
an

d 
Su

rf
ac

e
        CIENEGA CREEK BASIN
HYDROGRAPHS SHOWING DEPTH
 TO WATER IN SELECTED WELLS

YEAR

-50

0

D-19-17 17BBD

1975 1985 1995 2005

A WELL DEPTH:  845 ft
USE:  STOCK

200

250

D-20-16 24DAD2

1975 1985 1995 2005

B WELL DEPTH: 341 ft
USE:  DOMESTIC

125

175

D-20-17 24CDD

1975 1985 1995 2005

C WELL DEPTH:  230 ft
USE:  STOCK

basin fill

basin fill

basin fill

Figure 3.3-7
Cienega Creek Basin

Hydrographs Showing Depth to Water in Selected Wells



Arizona Water Atlas 
Volume 3

147	 	 	 	 	 	 												 Section  3.3     Cienega Creek Basin										
DRAFT

R16E

T16S

T18S

T20S

T22S

R18E

82

Sonoita

Elgin

Patagonia

10

82

83

Cienega Creek Basin
Well Yields

0 63
Miles

Interststate Highway
COUNTY

Major Road
City, Town or Place

Well Yields

Consolidated Crystalline &
Sedimentary Rocks
Unconsolidated Sediments

Between 1000 and 2000 gals/min

Between 500 and 1000 gals/min

Between 100 and 500 gals/min

Less than 100 gals/min

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO
Figure 3.3-8



Section 3.3     Cienega Creek Basin  148
DRAFT

Arizona Water Atlas 
Volume 3

3.3.7 Water Quality of the Cienega Creek Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.3-7A.  Impaired lakes and streams with site type, name, 
length of impaired stream reach, area of impaired lake, designated use standard and parameter(s) 
exceeded is shown in Table 3.3-7B.  Figure 3.3-9 shows the location of exceedences and impairment 
keyed to Table 3.3-7.  A description of water quality data sources and methods is found in Volume 
1, Section 1.3.18.  Not all parameters were measured at all sites; selective sampling for particular 
constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.3-7A.
•	 Drinking water standard exceedences in wells, springs and at mine sites have been reported 

for 46 sites in the basin.
•	 The parameters most frequently exceeded in the sites measured in this basin were cadmium 

and copper.  Almost all of these sites are in the vicinity of Patagonia.
•	 Other parameters that were commonly exceeded in the sites measured in this basin were 

arsenic, fluoride and lead.

Lakes and Streams
•	 Refer to Table 3.3-7B.
•	 Water quality standards were exceeded in two reaches of Alum Gulch, the entire length of 

Harshaw Creek, a tributary of the Endless Mine tributary and Humbolt Canyon.
•	 The parameters exceeded in every stream were copper and pH levels.  Other parameters 

exceeded include cadmium and zinc.
•	 The longest impaired reach was 14 miles of Harshaw Creek. 
•	 Harshaw Creek and Alum Gulch are part of the ADEQ water quality improvement effort 

called the Total Maximum Daily Load  (TMDL) program.  The TMDL report for both 
streams was accepted by the EPA in 2003.  No implementation plans or activities are  
occurring at this time.

•	 There is one small portion of Sonoita Creek in the vicinity of Patagonia that is effluent 
dependent.
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3.3.8 Cultural Water Demands in the Cienega Creek Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.3-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.3-9.  Figure 
3.3-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands
•	 Refer to Table 3.3-8 and Figure 3.3-10.
•	 Population in this basin is small but has more than doubled since 1980, increasing from 

1,695 in 1980 to 4,108 in 2000.   Projections suggest a higher rate of growth through 
2050.

•	 Overall groundwater pumping is estimated to be comparable to historic pumping with an 
annual average of about 1,200 acre-feet per year from 2001-2003.

•	 All water use in this basin is groundwater, there are no recorded surface water diversions.
•	 Most concentrations of municipal and industrial demand are either around Patagonia or 

along Interstate 10 along the Cochise County line. 
•	 Both municipal and industrial groundwater demand has remained fairly constant since 

1991, with municipal demand about 550 acre-feet per year and industrial demand less than 
300 acre-feet per year. 

•	 Agricultural demand has also remained relatively constant since 1992 with less than 500 
acre-feet per year.  The only agricultural demand center shown on the map is located along 
Highway 83 in T21S, R16E.

•	 In addition to the agricultural demand center shown on the map there are approximately 
160 acres of vineyards in this basin.  Most vineyards are located in the Elgin area and all 
are irrigated with groundwater.

•	 As of 2003 there were 1,831 registered wells with a pumping capacity of less than or equal 
to 35 gallons per minute and 99 wells with a pumping capacity of more than 35 gallons per 
minute.

Effluent Generation
•	 Refer to Table 3.3-9.
•	 There is one wastewater treatment facility, the Patagonia Wastewater Treatment Facility, 

located at Patagonia.
•	 945 people are served by this facility.
•	 73 acre-feet of effluent per year is generated by the facility and discharged into Sonoita 

Creek.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 1,695
1981 1,792
1982 1,888
1983 1,985
1984 2,082
1985 2,178
1986 2,275
1987 2,372
1988 2,468
1989 2,565
 1990 2,662
1991 2,806
1992 2,951
1993 3,096
1994 3,240
1995 3,385
1996 3,529
1997 3,674
1998 3,819
1999 3,963
2000 4,108
2001 4,160
2002 4,212
2003 4,265
2010 4,630
2020 4,681
2030 4,854
2040 5,160
2050 5,650

ADDITIONAL WELLS: 3 70
WELL TOTALS: 1,831 99

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

<300 500 NR

USGS
(2005)
ADWR
(2005)500 NR229 5 550 <300

63 4 600

NR

213 3 500 <300 500 NR

ADWR
(1994)
USGS
(2005)

1,200		 NR

186 3 1,200 NR

173 5 1,200

8972 792

1,200 NR

Table 3.3-8 Cultural Water Demands in the Cienega Creek Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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83

82
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Figure 3.3-10
Cienega Creek Basin

Cultural Water Demands
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3.3.9 Water Adequacy Determinations in the Cienega Creek Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.3-10.  Figure 3.3-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1.

•	 A total of 12 water adequacy determinations have been made through May, 2005.
•	 Eight determinations of inadequacy have been made, all in the vicinity of Sonoita and 

Patagonia.
•	 All eight determinations of inadequacy were because the applicant chose not to submit 

necessary information and/or available hydrologic data was insufficient to make a 
determination.

•	 One inadequacy determination was also due to poor water quality.
•	 The number of lots receiving a water adequacy determination, by county, are:

County
Number of 

Subdivision 
Lots

Number of Lots 
Determined to 
be Adequate

Percent 
Adequate

Cochise 269 269 100
Santa Cruz 172 20 12
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3.4.1 Geography of the Donnelly Wash Basin

The Donnelly Wash Basin is a small, 293 square mile basin in the northwestern portion of the 
planning area.  Geographic features and principal communities are shown on Figure 3.4-1.  The 
basin is characterized by low elevation hills, washes, canyons and desert scrub vegetation.

•	 Principal geographic features shown on Figure 3.4-1 are: 
o	 Principal basin locations of Cochran and Beehive Tank.  This basin does not contain 

any documented population centers, therefore two prominent places are used as 
geographic references.  

o	 Gila River, which runs east-west through Cochran
o	 Box Canyon and Walnut Canyon entering from the north and terminating at the 

Gila River
o	 Donnelly Wash, Cottonwood Wash and Box Wash, which run roughly parallel to 

each other south of Cochran

•	 Not well shown on Figure 3.4-1 are the Ninety-Six Hills along the southwest boundary, 
which include the highest point in the basin at 4,420 feet.
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3.4.2 Land Ownership in the Donnelly Wash Basin

Land ownership, including the percentage of ownership in each category, is shown for the Donnelly 
Wash Basin in Figure 3.4-2.   Principal features of land ownership in this basin are the significant 
amount of state trust land, the band of Bureau of Reclamation land and the scattered Bureau of 
Land Management lands.  A description of land ownership data sources and methods is found in 
Volume 1, Section 1.3.8.  Land ownership categories are discussed below in the order of percentage 
from largest to smallest in the basin.

State Trust
•	 50.5% of land in this basin is held in trust predominantly for public schools and to a lesser 

extent the hospital for disabled miners.
•	 The southern portion of the basin contains a sizeable contiguous portion of state owned 

land.
•	 The center and northern portion of the basin contain trust lands that are in more of a 

checkerboard pattern among Bureau of Land Management and Bureau of Reclamation 
lands.

•	 Primary land use is grazing.

U.S. Bureau of Land Management (BLM)
•	 30.2% of land is federally owned and managed by the Safford Field Office of the Bureau 

of Land Management.
•	 Primary land use is grazing

Other (Game and Fish, County and Bureau of Reclamation Lands)
•	 11.5% of land is federally owned and managed by the Bureau of Reclamation.
•	 This land flanks the Gila River and extends south of Cochran.
•	 Primary land use is for water delivery.

Private
•	 6.2% of land is private.
•	 Private land is scattered in small parcels throughout the basin, with a few in-holdings in 

BLM lands in the northern portion of the basin.
•	 Primary land uses are domestic and ranching.

National Forest and Wilderness
•	 1.6% of the land is federally owned and managed as national forest and wilderness.
•	 The basin includes the Globe Ranger District in the Tonto National Forest.
•	 Primary land uses are grazing and recreation.
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

Table 3.4-1. Climate Data for the Donnelly Wash Basin

Period of Record 
Used for 
Averages

Station Name Elevation
(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

None

Average Total Precipitation (in inches)

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Average Temperature Range (in F)

3.4.3 Climate of the Donnelly Wash Basin

The Donnelly Wash Basin does not contain any NOAA/NWS Coop Network, Evaporation Pan, 
AZMET or SNOTEL/Snowcourse stations.  The precipitation figures shown in Figure 3.4-3 are 
from the Spatial Climatic Analysis Service at Oregon State University.  A description of this and 
other climate data sources and methods is found in Volume 1, Section 1.3.3.

Average Annual Precipitation
•	 Average annual precipitation is as high as 20 inches at the northeastern-most tip of the 

basin.
•	 Average annual precipitation is as low as 12 inches in the vicinity of the Gila River.
•	 Rainfall is lowest in and around the Gila River and increases north and south of the River. 
•	 This basin contains a relatively small range of precipitation, only about 12 inches separates 

areas of highest precipitation from the lowest.
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

Table 3.4-1. Climate Data for the Donnelly Wash Basin

Period of Record 
Used for 
Averages

Station Name Elevation
(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

None

Average Total Precipitation (in inches)

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Average Temperature Range (in F)
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3.4.4 Surface Water Conditions in the Donnelly Wash Basin

There are no streamflow data or flood ALERT equipment in this basin.  Reservoir and stockpond 
data, including maximum storage or maximum surface area, are shown in Table 3.4-4.   The USGS 
annual runoff contours as well as stream channels are shown on Figure 3.4-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Reservoirs and Stockponds
•	 Refer to Table 3.4-4.
•	 Surface water is stored or could be stored in two small reservoirs in the basin.
•	 Total surface area for the reservoirs is 10 acres.
•	 There are an estimated 89 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.4-4.
•	 Average annual runoff is 0.5 inches per year in this basin. 
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Table 3.4-3 Flood ALERT Equipment in the Donnelly Wash Basin

Station Name Station ID Station Type Install Date Responsibility

None
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA

(acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 0
Total maximum storage: 0 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 2
Total surface area: 10 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 89 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.4-4 Reservoirs and Stockponds in the Donnelly Wash Basin
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 12 to 14

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Name
Locat�on D�scharge

(�n	gpm)
Date	D�scharge	

Measured

Table 3.4-5 Springs in the Donnelly Wash Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)

Date	D�scharge	
Measured

3.4.5 Perennial/Intermittent Streams and Major Springs in the Donnelly Wash 
Basin

The locations of perennial and intermittent streams are shown on Figure 3.4-5.  There are no 
identified major or minor springs in this basin.  A description of data sources and methods for 
intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are no perennial streams in this basin.  
•	 There are a number of intermittent streams, including the Gila River, in the northern 

portion of the basin. The Gila River is considered an intermittent stream because its flow is 
controlled by releases from Coolidge Dam to meet legal obligations.

•	 No major or minor springs have been identified by the Department at this time. 
•	 The total number of springs identified by the USGS varies from 12 to 14, depending on the 

database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 12 to 14

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Name
Locat�on D�scharge

(�n	gpm)
Date	D�scharge	

Measured

Table 3.4-5 Springs in the Donnelly Wash Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)

Date	D�scharge	
Measured
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3.4.6 Groundwater Conditions of the Donnelly Wash Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.4-6.  Figure 3.4-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.4-7 
contains hydrographs for selected wells shown on Figure 3.4-6.  Figure 3.4-8 shows well yields in   
three yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.4-6 and Figure 3.4-6.
•	 The major aquifer in the basin is a narrow strip of basin fill.
•	 Flow direction is from the southeast to the northwest.

Well Yields
•	 Refer to Table 3.4-6 and Figure 3.4-8.
•	 As shown on Figure 3.4-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 1,000 gpm. 
•	 One source of well yield information, based on four reported wells, indicates that the 

median well yield in this basin is 62.5 gpm.

Natural Recharge
•	 Refer to Table 3.4-6.
•	 The only natural recharge estimate for this basin is 3,000 acre-feet per year.  This estimate 

is from 1986. 

Water in Storage
•	 Refer to Table 3.4-6.
•	 There are three storage estimates for this basin, ranging from 140,000 acre-feet to two 

million acre-feet to a depth of 1,200 feet.  The most recent estimate, from a 1994 ADWR 
study, indicates the basin has 140,000 acre-feet in storage to a depth of 1,200 feet.

•	 The predevelopment storage estimate is less than one million acre-feet.

Water Level
•	 Refer to Figure 3.4-6.  Water level is shown for a well measured in 2003-2004.
•	 There are no index wells in this basin.
•	 In 1996, the year of the last water level sweep, 25 wells were measured. 
•	 The only 2003-2004 recorded water level in the basin is 35 feet northwest of Beehive 

Tank.
•	 A hydrograph corresponding to this well is shown in Figure 3.4-7. 
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Basin Area, in square miles:

Estimated Natural Recharge, in 
acre-feet:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

0
1996	(25	wells	measured)

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

3,000 Freethey	and	Anderson	(1986)

Estimated Water Currently in 
Storage, in acre-feet:

140,000	(to	1,200	ft)

<1,000,0001	(to	1,200	ft)

2,000,000	(to	1,200	ft)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1990	and	1994)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

NA

Range	3	-	2,600
Med�an	62.5

(4	wells	reprted)

NA

Range	0	-	500

Table 3.4-6 Groundwater Data for the Donnelly Wash Basin

Major Aquifer(s):

Name and/or Geologic Units

Bas�n	F�ll

293
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NA	=	Not	Ava�lable
1Predevelopment	Est�mate
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1996	(25	wells	measured)

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

3,000 Freethey	and	Anderson	(1986)

Estimated Water Currently in 
Storage, in acre-feet:

140,000	(to	1,200	ft)

<1,000,0001	(to	1,200	ft)

2,000,000	(to	1,200	ft)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1990	and	1994)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

NA

Range	3	-	2,600
Med�an	62.5

(4	wells	reprted)

NA

Range	0	-	500

Table 3.4-6 Groundwater Data for the Donnelly Wash Basin

Major Aquifer(s):

Name and/or Geologic Units

Bas�n	F�ll

293



186	 	 	 Section 3.4    Donnelly Wash Basin
DRAFT

Arizona Water Atlas 
Volume 3

0

50

D-06-12 04ADA1

1975 1985 1995 2005

       DONNELLY WASH BASIN
HYDROGRAPH SHOWING DEPTH
 TO WATER IN SELECTED WELLS

D
ep

th
 T

o 
W

at
er

 In
 F

ee
t B

el
ow

 L
an

d 
Su

rf
ac

e

A recent stream alluviumWELL DEPTH:  26.6 ft
USE:  UNUSED

YEAR

Figure 3.4-7
Donnelly Wash Basin

Hydrographs Showing Depth to Water in Selected Wells



Arizona Water Atlas 
Volume 3

Section  3.4    Donnelly Wash Basin 	 	 	 	 	 	 												 										187
DRAFT

R12E

T 4S

T 2S

T 6S

R14E

Florenc e-
Ke

lvin
H

w
y

PINAL
COUNTY

Cochran

Beehive Tank

177

Donnelly Wash Basin
Well Yields

0 63
Miles

Major Road

City, Town or Place

Well Yields

Consolidated Crystalline &
Sedimentary Rocks
Unconsolidated Sediments

Between 500 and 1000 gals/min

Between 100 and 500 gals/min

Less than 100 gals/min

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO
Figure 3.4-8



188	 	 	 Section 3.4    Donnelly Wash Basin
DRAFT

Arizona Water Atlas 
Volume 3

3.4.7 Water Quality of the Donnelly Wash Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.4-7A.  There are no data on impaired lakes and streams 
in this basin.  Figure 3.4-9 shows the location of exceedences keyed to Table 3.4-7A.   A description 
of water quality data sources and methods is found in Volume 1, Section 1.3.18.  Not all parameters 
were measured at all sites; selective sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.4-7A.
•	 Drinking water standard exceedences in wells and springs have been reported for five sites 

in the basin.
•	 Three of the water standard exceedences were at wells and two were at springs.
•	 The parameters exceeded in the sites measured in this basin were arsenic, fluoride and 

nitrates.  The sites are distributed throughout the basin.
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3.4.8 Cultural Water Demands in the Donnelly Wash Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.4-8.  There is no recorded effluent generation in this basin.  The USGS National Gap 
Analysis Program, the source of cultural demand map data, showed no demand centers for this 
basin.  A description of cultural water demand data sources and methods is found in Volume 1, 
Section 1.3.5.  More detailed information on cultural water demands is found in Section 3.0.7.

Cultural Water Demands
•	 Refer to Table 3.4-8.
•	 Population in this basin is small, with 165 residents in 2000.  Projections suggest an increase 

in population through 2050.
•	 Groundwater pumping remained constant from 1971 to 2003 with less than 300 acre-feet 

pumped per year. 
•	 All water use in this basin is groundwater, there are no recorded surface-water diversions.
•	 Municipal demand is the only water demand in this basin and is minimal, less than 300 

acre-feet per year.
•	 As of 2003 there were 112 registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and seven wells with a pumping capacity of more than 35 gallons 
per minute.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 27
1981 35
1982 43
1983 52
1984 60
1985 68
1986 76
1987 85
1988 93
1989 101
 1990 109
1991 115
1992 120
1993 126
1994 132
1995 137
1996 143
1997 148
1998 154
1999 159
2000 165
2001 169
2002 173
2003 177
2010 205
2020 245
2030 285
2040 325
2050 365

ADDITIONAL WELLS: 3 1
WELL TOTALS: 112 7

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR NR NR

USGS
(2005)NR NR12 0 <300 NR

5 0 <300

NR

8 0 <300 NR NR NR

ADWR
(1994)
USGS
(2005)

<300 NR

2 0 <300 NR

0 0 <300

842 72

<300 NR

Table 3.4-8 Cultural Water Demands in the Donnelly Wash Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions
Data

Source
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3.4.9 Water Adequacy Determinations in the Donnelly Wash Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.4-10.  Figure 3.4-10 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1

•	 One water adequacy determination has been made in this basin through May, 2005.
•	 This determination was of inadequacy near the center of the basin south of the Florence-

Kelvin Highway
•	 The reason for determination of inadequacy for this 59 lot subdivision is unknown at this 

time because the Department was unable to locate records.  
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3.5.1 Geography of the Douglas Basin

The Douglas Basin is a medium-size, 949 square mile basin located in the southern portion of the 
planning area.  Geographic features and principal communities are shown on Figure 3.5-1.   The 
basin is characterized by a large valley, grasslands and desert scrub vegetation.

•	 Principal geographic features shown on Figure 3.5-1  are:
o	 Principal basin communities of Douglas, Bisbee, Pirtleville and Elfrida  
o	 Whitewater Draw running north-south down the center of the basin to Douglas

•	 Not well shown on Figure 3.5-1 are:
o	 Sulphur Springs Valley running north-south down the center of the basin
o	 Mule Mountains along the southwestern basin boundary near Bisbee 
o	 Dragoon Mountains west of Elfrida, which include the highest point in the basin at 

6,966 feet
o	 Perilla Mountains east of Elfrida and Douglas
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3.5.2 Land Ownership in the Douglas Basin

Land ownership, including the percentage of ownership in each category, is shown for the Douglas 
Basin in Figure 3.5-2.   Principal features of land ownership in this basin are the significant amount 
of private land interspersed with state trust lands. A description of land ownership data sources and 
methods is found in Volume 1, Section 1.3.8.  Land ownership categories are discussed below in 
the order of percentage from largest to smallest in the basin.  

Private
•	 62.6% of the land is held privately.
•	 The largest concentration of private lands is along Highway 191, the major route through 

the basin.
•	 This basin contains the largest percentage of private land ownership of any basin in the 

planning area.  
•	 Primary land uses are farming, domestic, commercial and mining.

State Trust
•	 32.1% of the land in this basin is held in trust for public schools and 13 other beneficiaries 

under the State Trust Land system.
•	 State land ownership in this basin is relatively fragmented.
•	 Primary land use is grazing.

U.S. Bureau of Land Management (BLM)
•	 3.8% of land is federally owned and managed by the Safford Office of the Bureau of Land 

Management.
•	 BLM lands are interspersed throughout the private and state owned lands in this basin and 

there is little continuity.
•	 Primary land use is grazing.

National Forest and Wilderness
•	 0.7% of land is federally owned and managed as national forest and wilderness.  
•	 All forest lands in the basin are in the Douglas Ranger District of the Coronado National 

Forest.
•	 Primary land uses are recreation, grazing and timber production.

U.S. Fish and Wildlife Service
•	 0.4% of land is federally owned and managed by the U.S. Fish and Wildlife Service
•	 All Fish and Wildlife Service lands are within the Leslie Canyon National Wildlife Refuge.  

The refuge also includes private and state trust lands.
•	 Primary land uses are wildlife protection and recreation.
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Other
•	 0.4% of land is state owned and managed by the Arizona Game and Fish Department.
•	 All Game and Fish lands are within the Whitewater Draw Wildlife Area.
•	 Primary land uses are wildlife protection and recreation.

U.S. Military
•	 0.1% of the land is federally owned and managed by the U.S. Military.
•	 Primary land use is for military activities.
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3.5.3 Climate of the Douglas Basin

Climate data from NOAA/ NWS Coop Network stations are complied in Table 3.5-1 and their 
locations are shown on Figure 3.5-3.  The Douglas Basin does not contain Evaporation Pan, 
AZMET or SNOTEL/Snowcourse stations.  A description of the climate data sources and methods 
is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.5-1.
•	 There are four NOAA/NWS Coop network climate stations in the basin. 
•	 Of the four stations, data from different periods of record may be used as shown. The 

variety of dates may be due to discontinued measurements, date of installation or other 
availability issues.

•	 All four stations are concentrated in the southern portion of the basin.
•	 Station elevations range from 4,040 at Douglas to 5,350 feet at Bisbee.
•	 Maximum average temperatures occur in July and range from 76.5°F at Bisbee to 80.4°F 

at Douglas Smelter.
•	 Minimum temperatures for all four stations are about 46°F.
•	 Average annual precipitation is varied with the highest, 22.75 inches, at Bisbee and the 

lowest, 13.76 inches, at Douglas FAA AP.
•	 All stations report highest average precipitation in the summer (July - September) and 

lowest in the spring (April – June).
•	 Additional annual precipitation data shows rainfall as high as 26 inches at the Mule 

Mountains north of the town of Bisbee and as low as 10 inches at the Sulphur Springs 
Valley in the vicinity of Elfrida.

•	 Precipitation increases as elevation increases in this basin.  The range of 16 inches between 
areas of highest and lowest precipitation recorded is common for the planning area.
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Table 3.5-1 Climate Data for the Douglas Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

B�sbee 5,350 1892-19851 76.5/Jul 45.8/Jan 4.94 1.66 10.54 5.62 22.75

Douglas 4,040 1948-20041 79.3/Jul 45.9/Dec 2.16 1.56 8.51 3.12 15.36

Douglas	FAA	AP 4,100 1971-2000 79.0/Jul 45.8/Jan 1.85 1.16 7.65 3.10 13.76

Douglas	Smelter 3,970 1903-19731 80.4/Jul 45.5/Jan 1.43 1.28 8.09 3.47 14.27

Source: WRCC,	2003.

Notes:
FAA	AP	=	Federal	Av�at�on	Adm�n�strat�on	A�rport
1Average	temperature	for	per�od	of	record	shown;	average	prec�p�tat�on	from	1971-2000

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Avg. Annual Evap
(in inches)

Source: WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

Station Name Elevation
(in feet)

Average Temperature Range (in F) Average Total Precipitation (in inches)Period of Record 
Used for Averages

None

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)
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Table 3.5-1 Climate Data for the Douglas Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

B�sbee 5,350 1892-19851 76.5/Jul 45.8/Jan 4.94 1.66 10.54 5.62 22.75

Douglas 4,040 1948-20041 79.3/Jul 45.9/Dec 2.16 1.56 8.51 3.12 15.36

Douglas	FAA	AP 4,100 1971-2000 79.0/Jul 45.8/Jan 1.85 1.16 7.65 3.10 13.76

Douglas	Smelter 3,970 1903-19731 80.4/Jul 45.5/Jan 1.43 1.28 8.09 3.47 14.27

Source: WRCC,	2003.

Notes:
FAA	AP	=	Federal	Av�at�on	Adm�n�strat�on	A�rport
1Average	temperature	for	per�od	of	record	shown;	average	prec�p�tat�on	from	1971-2000

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Avg. Annual Evap
(in inches)

Source: WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

Station Name Elevation
(in feet)

Average Temperature Range (in F) Average Total Precipitation (in inches)Period of Record 
Used for Averages

None

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)
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3.5.4 Surface Water Conditions in the Douglas Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.5-2.  This basin does not contain Flood ALERT equipment.  Reservoir and 
stockpond data, including maximum storage or maximum surface area, are shown in Table 3.5-4.   
The location of streamflow gages, using the USGS number, is shown on Figure 3.5-4.  The location 
of large reservoirs as well as USGS runoff contours are also shown on Figure 3.5-4.  A description 
of stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.5-2.
•	 Data from one station located at Whitewater Draw are shown on the table and on Figure 

3.5-4.
•	 The average seasonal flow as a percentage of annual flow is highest in the Summer (July-

September) and lowest in the Winter (January-March) and Spring (April-June). 
•	 Summer flow constitutes 89% of the annual flow.
•	 Maximum annual flow was 22,304 acre-feet in 1980 and minimum annual flow was 232 

acre-feet in 1955.  There are 46 years of annual flow record from this station.

Reservoirs and Stockponds
•	 Refer to Table 3.5-4.
•	 Surface water is stored or could be stored in three small reservoirs in the basin.
•	 Total maximum surface area for these reservoirs is 28 acres.
•	 There are an estimated 254 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.5-4.
•	 Average annual runoff varies from 0.2 inches per year east and north of Whitewater Draw 

to one inch per year west of Whitewater Draw. 
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Station Name Station ID Station Type Install Date Responsibility

Table 3.5-3 Flood ALERT Equipment in the Douglas Basin

None
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE

AREA (acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 0
Total maximum storage: 0 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 3
Total surface area: 28 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 254 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.5-4 Reservoirs and Stockponds in the Douglas Basin
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3.5.5 Perennial/Intermittent Streams and Major Springs in the Douglas Basin

Minor springs with discharge rates and date of measurement, and the total number of springs in the 
basin are shown in Table 3.5-5.  There are no major springs in this basin. The locations of perennial 
and intermittent streams are shown on Figure 3.5-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream in this basin, Leslie Creek, located on the eastern boundary 
of the basin. 

•	 There are six minor springs in the basin. 
•	 Listed discharge rates may not be indicative of current conditions.  All of the spring 

measurements were taken prior to 1982 and most were taken in 1951. 
•	 The total number of springs identified by the USGS varies from 6 to 10, depending on the 

database reference.  This is the smallest number of springs in a basin in the planning area.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Unnamed2 312923 1095603 4 9/20/1951
Walnut	#1 314908 1095343 2 09/1951

Unnamed2 313149 1095604 2 9/19/1951

Unnamed2 313035 1095438 2 9/20/1951

Unnamed2 312940 1095344 2 9/20/1951
Antelope 314025 1095405 1 On	or	before	1982

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map

D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 6 to 10

Table 3.5-5 Springs in the Douglas Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)

Date	D�scharge	
Measured

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Name
Locat�on



Arizona Water Atlas 
Volume 3

Section  3.5    Douglas Basin 	 	 	 	 	 	 												 										219
DRAFT

T20S

T22S

R28ER24E

T18S

T24S

R26E

Leslie Creek

80

MEXICO

COCHISE
COUNTY

191

80

191

181

Bisbee

Douglas

Elfrida

Pirtleville

Douglas Basin
Perennial/Intermittent Streams
and Major (>10 gpm) Springs

0 63
Miles

International Boundary

City, Town or Place

Major Road

Perennial Streams

Stream Data Source: AGFD, 1993 & 1997

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO

Figure 3.5-5

A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Unnamed2 312923 1095603 4 9/20/1951
Walnut	#1 314908 1095343 2 09/1951

Unnamed2 313149 1095604 2 9/19/1951

Unnamed2 313035 1095438 2 9/20/1951

Unnamed2 312940 1095344 2 9/20/1951
Antelope 314025 1095405 1 On	or	before	1982

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map

D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 6 to 10

Table 3.5-5 Springs in the Douglas Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)

Date	D�scharge	
Measured

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Name
Locat�on
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3.5.6 Groundwater Conditions of the Douglas Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.5-6.  Figure 3.5-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.5-7 
contains hydrographs for selected wells shown on Figure 3.5-6.  Figure 3.5-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.5-6 and Figure 3.5-6.
•	 The major aquifers in the basin are basin fill and basin fill with interbedded volcanic rock 

in the Douglas area.
•	 As seen on Figure 3.5-6, in the vicinity of Elfrida, groundwater flow directions have been 

altered due to agricultural pumpage.
•	 Flow direction is generally from north to south and east to west south of Elfrida

Well Yields
•	 Refer to Table 3.5-6 and Figure 3.5-8.
•	 As shown on Figure 3.5-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 656 reported wells, indicates that the median 

well yield in this basin is 600 gpm.
•	 In general, the highest well yields are north of Elfrida and west of Pirtleville.  All well 

yields in the vicinity of Bisbee are less than 100 gpm.

Natural Recharge
•	 Refer to Table 3.5-6.
•	 The principal source of recharge for this basin is mountain-front precipitation.
•	 There are three natural recharge estimates for this basin ranging from 15,500 acre-feet per 

year to 22,000 acre-feet per year. The most recent estimate is 15,500 acre-feet per year and 
is from 1995. 

Water in Storage
•	 Refer to Table 3.5-6.
•	 There are three storage estimates for this basin, ranging from 26 million acre-feet to 32 

million acre-feet.  The most recent estimate, from a 1994 ADWR study, indicates the basin 
has 32 million acre-feet in storage to a depth of 1,200 feet.

•	 The predevelopment storage estimate is 30 million acre-feet.
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Water Level
•	 Refer to Figure 3.5-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 27 index wells in this basin.  
•	 In 2004, the year of the last water level sweep, 387 wells were measured. 
•	 The deepest recorded water level in 2004-2004 in the basin is 337 feet north of Elfrida and 

the shallowest is 65 feet northwest of Pirtleville.
•	 The area of most significant decline is north of Elfrida.  A few wells southwest of Elfrida 

have water level rises of more than a foot.
•	 Hydrographs corresponding to selected wells shown on Figure 3.5-6 but covering a longer 

time period are shown in Figure 3.5-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
1Predevelopment	Est�mate

27
2004	(387	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

32,000,000	(to	1,200	ft)

30,000,0001	(to	1,200	ft)

26,000,000	(to	1,200	ft)

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1990	and	1994)

Rascona,	ADWR	(1993)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

Range	144	-	1,068
Med�an		717.5

(64	wells	measured)
Range	3	-	2,600

Med�an	600
(656	wells	reported)

Range	50	-	2,000

Range	<1,000-1,600

Range	0	-	2,500

Table 3.5-6 Groundwater Data for the Douglas Basin

Major Aquifer(s):

Name and/or Geologic Units

Bas�n	F�ll

Bas�n	F�ll	w�th	Interbedded	Volcan�c	Rock	(c�ty	of	Douglas	area)

949

Estimated Natural Recharge, in 
acre-feet/year:

20,000 Freethey	and	Anderson	(1986)

15,500

22,000

Anderson	and	Freethey	(1995)

ADWR	(1994)
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3.5.7 Water Quality of the Douglas Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.5-7A.  Impaired lakes and streams with site type, name, 
length of impaired stream reach, area of impaired lake, designated use standard and parameter(s) 
exceeded is shown in Table 3.5-7B.  Figure 3.5-9 shows the location of exceedences and impairment 
keyed to Table 3.5-7.  A description of water quality data sources and methods is found in Volume 
1, Section 1.3.18.  Not all parameters were measured at all sites; selective sampling for particular 
constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.5-7A.
•	 Drinking water standard exceedences have been reported for 49 wells in the basin.
•	 North of Elfrida the parameter exceeded in almost all of the sites measured was fluoride.
•	 South of Elfrida the most common parameter exceeded in the sites measured was arsenic.
•	 The parameters most frequently exceeded in this basin were fluoride and arsenic. 
•	 Another parameter commonly exceeded in this basin was nitrate.  

Lakes and Streams
•	 Refer to Table 3.5-7B.
•	 Water quality standards were exceeded in three reaches of Mule Gulch and one reach of 

Brewery Gulch. 
•	 The parameter exceeded in every reach was copper.  Other parameters exceeded included 

cadmium, zinc and pH levels. 
•	 There is one reach of Mule Gulch, in the vicinity of Bisbee, that is effluent dependent.
•	 All impaired stream reaches in this basin are part of the ADEQ water quality improvement 

effort called the Total Maximum Daily Load  (TMDL) program.  In all four stream reaches 
modeling has been completed, but additional sampling is needed to create the final TMDL 
report. 
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3.5.8 Cultural Water Demands in the Douglas Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.5-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.5-9.  Figure 
3.5-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.5-8 and Figure 3.5-10.
•	 Population increased by an average of 500 people per year between 1980 and 2000.  

Projections suggest a more rapid growth rate through 2050.  
•	 Total groundwater use decreased significantly in this basin from 1971 to 1990.  From 1990 

to 2003, however, total groundwater has increased although not to the same level as in 
1971.

•	 All water use in this basin is groundwater, there are no surface water diversions on 
record. 

•	 The highest concentration of municipal and industrial demand is found near Douglas and 
Pirtleville with smaller centers north of Pirtleville along Highway 191 north of Elfrida and 
west of Douglas along Highway 80.

•	 The majority of the agricultural demand in the basin is in the vicinity of Highway 191 and 
north of Elfrida.

•	 Over three-fourths of the water demand in this basin is for agriculture. 
•	 There are large mine facilities, including the Copper Queen Mine and the Paul Spur Quarry 

located along Highway 80.  There is, however, no recorded industrial water use in this 
basin after 1990. 

•	 As of 2003 there were 1,647 registered wells with a pumping capacity of less than or equal 
to 35 gallons per minute and 679 wells with a pumping capacity of more than 35 gallons 
per minute.

Effluent Generation
•	 Refer to Table 3.5-9.
•	 There is one wastewater treatment facility, the Douglas Wastewater Treatment Facility, 

located at Douglas.
•	 About 18,000 people are served by this facility.
•	 Almost 1,400 acre-feet of effluent per year is generated by the facility and discharged to 

Mexico where it is used for agricultural irrigation.



Arizona Water Atlas 
Volume 3

Section 3.5    Douglas Basin 	 	 	 	 	 	 												 										233
DRAFT

Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 16,600
1981 17,359
1982 18,119
1983 18,878
1984 19,637
1985 20,397
1986 21,156
1987 21,915
1988 22,674
1989 23,434
 1990 24,193
1991 24,396
1992 24,598
1993 24,801
1994 25,003
1995 25,206
1996 25,408
1997 25,611
1998 25,813
1999 26,016
2000 26,218
2001 26,994
2002 27,770
2003 28,546
2010 33,979
2020 34,267
2030 34,850
2040 35,547
2050 36,524

ADDITIONAL WELLS:3 25
WELL TOTALS: 1,647 679

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR 48,000 NR

USGS
(2005)37,000 NR168 3 6,200 NR

61 3 5,700

NR

97 3 5,400 NR 33,000 NR

ADWR
(1994)

90,000 NR

107 21 61,000 NR

117 5 38,000

1,0722 6442

110,000 NR

Tables 3.5-8 Cultural Water Demands in the Douglas Basin 1

Year

Recent
(Census)

and
Projected

(DES)
Population

Number of Registered 
Water Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions
Data

Source
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Figure 3.5-10
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3.5.9 Water Adequacy Determinations in the Douglas Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.5-10.  Figure 3.5-11 shows the locations 
of subdivisions keyed to the Table. A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1.

•	 Six water adequacy determinations have been made in this basin through May, 2005.
•	 Three determinations of inadequacy have been made, one in the vicinity of Bisbee and two 

in the northern portion of the basin.
•	 All three determinations of inadequacy were made because the applicant chose not to 

submit necessary information and/or available hydrologic data was insufficient to make a 
determination.

•	 All lots receiving an adequacy determination are in Cochise County.  Of the 315 lots, 65 
lots or 18% were determined to be adequate.



S
ec

tio
n 

3.
5 

   
D

ou
gl

as
 B

as
in

 	
	

	
	

	
	

			
			

			
			

			
			

			
	2

37
D

R
A

FT

A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

To
w

ns
hi

p
R

an
ge

Se
ct

io
n

1
C

oc
h�

se
	In

du
st

r�a
l	P

ar
k

C
oc

h�
se

23
	S

ou
th

27
	E

as
t

35
22

A
de

qu
at

e
08

/1
1/

81
D

ry
	L

ot
	S

ub
d�

v�
s�

on

2
H

ar
bo

ur
	P

ro
pe

rty
C

oc
h�

se
21

	S
ou

th
26

	E
as

t
2

33
A

de
qu

at
e

02
/0

4/
82

D
ry

	L
ot

	S
ub

d�
v�

s�
on

3
P

ue
bl

o	
C

ou
rt	

C
on

do
m

�n
�u

m
s

C
oc

h�
se

23
	S

ou
th

24
	E

as
t

7
10

In
ad

eq
ua

te
A

1
02

/0
4/

88
A

r�z
on

a	
W

at
er

	
C

om
pa

ny

4
R

an
ch

o	
A

le
gr

e	
E

st
at

es
,

1-
10

C
oc

h�
se

24
	S

ou
th

28
	E

as
t

15
10

22
-4

00
05

1
A

de
qu

at
e

04
/2

1/
99

D
ry

	L
ot

	S
ub

d�
v�

s�
on

5
S

un
s�

te
s	

R
an

ch
es

C
oc

h�
se

18
	S

ou
th

24
	E

as
t

14
,	2

2,
	2

4
26

22
-3

00
03

7
In

ad
eq

ua
te

A
1

07
/2

8/
95

D
ry

	L
ot

	S
ub

d�
v�

s�
on

19
	S

ou
th

26
	E

as
t

1,
	1

3,
	2

4,
	2

5

19
	S

ou
th

27
	E

as
t

28
,	2

9,
	3

0,
	

31
,	3

2

20
	S

ou
th

27
	E

as
t

4,
	5

,	6
,	7

,	9
,	

18
,	2

9

N
ot

es
:

			
			

			
			

	1
E

ac
h	

de
te

rm
�n

at
�o

n	
of

	th
e	

ad
eq

ua
cy

	o
f	w

at
er

	s
up

pl
�e

s	
av

a�
la

bl
e	

to
	a

	s
ub

d�
v�

s�
on

	�s
	b

as
ed

	o
n	

th
e	

�n
fo

rm
at

�o
n	

av
a�

la
bl

e	
to

	A
D

W
R

	a
nd

	th
e	

st
an

da
rd

s	
of

	re
v�

ew
	a

nd
	p

ol
�c

�e
s	

�n
	e

ffe
ct

	a
t	t

he
	t�

m
e	

th
e	

de
te

rm
�n

at
�o

n	
w

as
	m

ad
e.

In
	s

om
e	

	c
as

es
,	A

D
W

R
	m

�g
ht

	m
ak

e	
a	

d�
ffe

re
nt

	d
et

er
m

�n
at

�o
n	

�f	
a	

s�
m

�la
r	a

pp
l�c

at
�o

n	
w

er
e	

su
bm

�tt
ed

	to
da

y,
	b

as
ed

	o
n	

th
e	

hy
dr

ol
og

�c
	d

at
a	

an
d	

ot
he

r	�
nf

or
m

at
�o

n	
cu

rr
en

tly
	a

va
�la

bl
e,

	a
s	

w
el

l	a
s	

cu
rr

en
t	r

ul
es

	a
nd

	p
ol

�c
�e

s.
2 		P

r�o
r	t

o	
Fe

br
ua

ry
	1

99
5,

	A
D

W
R

	d
�d

	n
ot

	a
ss

�g
n	

f�l
e	

nu
m

be
rs

	to
	a

pp
l�c

at
�o

ns
	fo

r	a
de

qu
ac

y	
de

te
rm

�n
at

�o
n.

3
A

.		
P

hy
s�

ca
l/C

on
t�n

uo
us

	
			

1)
		I

ns
uf

f�c
�e

nt
	D

at
a	

(a
pp

l�c
an

t	c
ho

se
	n

ot
	to

	s
ub

m
�t	

ne
ce

ss
ar

y	
�n

fo
rm

at
�o

n,
	a

nd
/o

r	a
va

�la
bl

e	
hy

dr
ol

og
�c

	d
at

a	
�n

su
ff�

c�
en

t	t
o	

m
ak

e	
de

te
rm

�n
at

�o
n)

			
2)

		I
ns

uf
f�c

�e
nt

	S
up

pl
y	

(e
x�

st
�n

g	
w

at
er

	s
up

pl
y	

un
re

l�a
bl

e	
or

	p
hy

s�
ca

lly
	u

na
va

�b
le

;fo
r	g

ro
un

dw
at

er
,	d

ep
th

-to
-w

at
er

	e
xc

ee
ds

	c
r�t

er
�a

)
			

3)
		I

ns
uf

f�c
�e

nt
	In

fra
st

ru
ct

ur
e	

(d
�s

tr�
bu

t�o
n	

sy
st

em
	�s

	�n
su

ff�
c�

en
t	t

o	
m

ee
t	d

em
an

ds
	o

r	a
pp

l�c
an

t	p
ro

po
se

d	
w

at
er

	h
au

l�n
g)

			
			

			
			

	B
.		

Le
ga

l	(
ap

pl
�c

an
t	f

a�
le

d	
to

	d
em

on
st

ra
te

	a
	le

ga
l	r

�g
ht

	to
	u

se
	th

e	
w

at
er

	o
r	f

a�
le

d	
to

	d
em

on
st

ra
te

	th
e	

pr
ov

�d
er

's
	le

ga
l	a

ut
ho

r�t
y	

to
	s

er
ve

	th
e	

su
bd

�v
�s

�o
n)

			
			

			
			

	C
.		

W
at

er
	Q

ua
l�t

y	
			

			
			

			
	D

.		
U

na
bl

e	
to

	lo
ca

te
	re

co
rd

s

D
ry

	L
ot

	S
ub

d�
v�

s�
on

C
oc

h�
se

S
un

s�
te

s	
R

an
ch

es
,	U

n�
ts

	
Tw

o	
&

	F
ou

r

D
at

e 
of

 
D

et
er

m
in

at
io

n

A
1

07
/0

9/
96

W
at

er
 P

ro
vi

de
r a

t 
th

e 
Ti

m
e 

of
 

A
pp

lic
at

io
n

6
31

4
22

-3
00

15
7

In
ad

eq
ua

te

Ta
bl

e 
3.

5-
10

 A
de

qu
ac

y 
D

et
er

m
in

at
io

ns
 in

 th
e 

D
ou

gl
as

 B
as

in
1

M
ap

K
ey

Su
bd

iv
is

io
n 

N
am

e
C

ou
nt

y
Lo

ca
tio

n
N

o.
 o

f 
Lo

ts
A

D
W

R
 F

ile
 

N
o.

2

A
D

W
R

A
de

qu
ac

y
D

et
er

m
in

at
io

n

R
ea

so
n(

s)
 fo

r 
In

ad
eq

ua
cy

D
et

er
m

in
at

io
n3



238	 	 	 Section  3.5    Douglas Basin
DRAFT

Arizona Water Atlas 
Volume 3

T20S

T22S

R28ER24E

T18S

T24S

R26E

Elfrida

Bisbee

80

Douglas

Pirtleville

6

6

6

5

4

3

2

1

COCHISE
COUNTY

191

80

191

181

Douglas Basin
Adequacy DeterminationsARIZONA

DEPARTMENT
OF WATER
RESOURCES

cO Major Road
City, Town or Place

Consolidated Crystalline &
Sedimentary Rocks

Unconsolidated Sediments

Adequacy Determinations

Adequate
Inadequate

International Boundary

MEXICO

0 63
Miles

Figure 3.5-11



Arizona Water Atlas 
Volume 3

Section 3.5    Douglas Basin 	 	 	 	 	 	 												 										239
DRAFT

DOUGLAS BASIN 
References and Supplemental Reading

References

A
�Anderson, T.W., and Freethey, G.W., 1995, Simulation of groundwater flow in alluvial 

basins in south central Arizona and parts of adjacent states: USGS Professional Paper 
1406-D.

*Anning, D.W. and Duet, N.R., 1994, Summary of ground-water conditions in Arizona, 1987-90, 
USGS Open-file Report 94-476.

Arizona Corporation Commission, 2005, Annual reports, Private Sewer companies, 1990 to 
2005: ACC Utilities Division.

_____, 2005, Annual reports, Small water providers, 1990 to 2005: ACC Utilities Division.
*Arizona Department of Economic Security, 2005, Workforce Informer: Data file, accessed 

August 2005, http://www.workforce.az.gov.
Arizona Department of Environmental Quality, 2005, Active dairy farms & feedlots:  Data file, 

received October 2005.
*____, 2005, ADEQSWI: Data file, received September 2005.
*____, 2005, ADEQWATP: Data file, received May 2005.
*____, 2005, ADEQWWTP: Data file, received August 2005. 
*____, 2005, Azurite: Data file, received September 2005. 
*____, 2005, Effluent dependent waters: GIS cover, received December 2005.
*____, 2005, Impaired lakes and reaches: GIS cover, received January 2006.
_____, 2005, Surface water sources used by water providers: Data file, received June 2005.
*____, 2005, WWTP and permit files: Miscellaneous working files, received July 2005. 
*____, 2004, Water providers with arsenic concentrations in wells over 10ppb: Data file, 

received August 2004.
*____, 2004, Water quality exceedences by watershed: Data file, received June 2004.
*____, 2004, Water quality exceedences for drinking water providers in Arizona: Data file, 

received September 2004.
Arizona Department of Mines and Mineral Resources (ADMMR), 2005, Active mines in 

Arizona: Database, accessed at http:// www.admmr.state.az.us.
*Arizona Department of Water Resources, 2006, Assured and adequate water supply 

applications: Project files, ADWR Hydrology Division.
_____, 2005, Agricultural Surface Water Use Estimates: Unpublished analysis, ADWR Office of 

Resource Assessment Planning.
*____, 2005, Automated recorder sites: Data files, ADWR Basic Data Unit.
_____, 2005, 2004 rural water provider questionnaire: Data files, ADWR Office of Resource 

Assessment Planning.  
*____, 2005, Assured and adequate water supply determinations: Database, ADWR Office of 

Assured and Adequate Water Supply.

�All references marked with an asterisk contain information that was directly used in the basin summaries, tables or 
maps.  



240	 	 Section 3.5    Douglas Basin
DRAFT

Arizona Water Atlas 
Volume 3

_____, 2005, Flood warning gages: Database, ADWR Office of Water Engineering.
_____, 2005, Inspected dams: Database, ADWR Office of Dam Safety.
_____, 2005, Non-jurisdictional dams: Database, ADWR Office of Dam Safety.
*____, 2005, Groundwater Site Inventory (GWSI): Database, ADWR Hydrology Division.
_____, 2005, Registry of surface water rights: ADWR Office of Water Management.
*____, 2005, Water use by golf courses in rural Arizona: Unpublished analysis, ADWR Office of 

Regional Strategic Planning.
*____, 2005, Wells55: Database.
_____, 2004, Rural Water Resources 2003 Questionnaire Report: Rural water resources study, 
 ADWR Office of Regional Strategic Planning.
*____, 2002, Groundwater quality exceedences in rural Arizona from 1975 to 2001: Data 

file, ADWR Office of  Regional Strategic Planning.
*____, 1994, Arizona Water Resources Assessment, Vol. I, Inventory and Analysis.
*____, 1994, Arizona Water Resources Assessment, Vol. II, Hydrologic Summary. 
*Arizona Game and Fish Department, 2005, Arizona Waterways: Data file, received April 2005.
*____, 1997 & 1993, Statewide riparian inventory and mapping project: GIS cover.
_____, 1982, Arizona Lakes Classification Study. 
* Arizona Land Resource Information System (ALRIS), 2005, Surface Beneficiaries, GIS cover, 

accessed September 2006 at http://sco.az.gov/website/parcels/viewer.htm
*____, 2005,  Springs: GIS cover, accessed January 2006 at http://www.land.state.az. 

us/alris/index.html.
*____, 2005,  Streams: GIS cover, accessed 2005 at http://www.land.state. az.us/alris/index.html. 
*____, 2005, Water features: GIS cover, accessed July 2005 at http://www.land.state. az.us/alris/

index.html.
*____, 2004, Land ownership: GIS cover, accessed in 2004 at http://www.land.state. 

az.us/ alris/index.html.
Arizona Meteorological Network (AZMET), 2005, Arizona climate stations: Pan evaporation 

date, accessed December 2005 at http://www.ag.arizona.edu/ azmet/locate.html.
*Arizona Water Commission, 1975, Summary, Phase I, Arizona State Water Plan, Inventory of 

resource and uses.

B
Bureau of Geology and Mineral Resources, 1982, Geothermal Resources of Arizona: University 
 of Arizona, map.

D
Diroll, M., and Marsh, D., 2006, Status of water quality in Arizona-2004 integrated 305(b) 

assessment and 303(d) listing report: ADEQ report.

E
Environmental Protection Agency, 2005, Surf Your Watershed: Facility reports, accessed April 

2005 at http://oaspub.epa.gov/enviro/ef_home2.water.
_____, 2005, 2000 and 1996, Clean Watershed Needs Survey: datasets, accessed March 2005 at 

http://www.epa.gov/owm/mtb/ cwns/index.htm.
*____, 2003, Wastewater systems improvements project environmental assessment, City of 



Arizona Water Atlas 
Volume 3

Section 3.5    Douglas Basin 	 	 	 	 	 	 												 										241
DRAFT

Bisbee, Cochise County Arizona. 

F
*Fisk, G.G., Duet, D.W., Evans, C.E., Angernoth, N.K., and Longsworth, S.A., 2004, 

Water Resources Data, Arizona Water Year 2003: USGS Water-Data Report AZ-03-1.
*Freethey, G.W. and Anderson, T.W. 1986, Predevelopment hydrologic conditions in the alluvial 

basins of Arizona and adjacent parts of California and New Mexico: USGS Hydrologic 
Investigations Atlas-HA664.

K
Konieczki, A.D. and Wilson, R.P., 1992, Annual summary of ground-water conditions in 

Arizona, spring 1986 to spring 1987: USGS Open File Report 92-54.

M
McCormack, H.F., Fisk, G.G., Duet, N.R., Evans, D.W., Roberts, W.P., and Castillo, N.K., 2002, 

Water resources data Arizona, water year 2002: USGS Water Data Report AZ-02-1.

N
Natural Resources Conservation Service (NRCS), 2005, SNOTEL (Snowpack Telemetry) 

stations: Data file, accessed December 2005 at http://www3.wcc.nrcs.usda.gov /nwcc/
sntlsites.jsp?state=AZ.

_____, 2005, Snow Course stations: Data file, accessed December 2005 at http://www.wcc.nrcs.
usda.gov/nwcc/snow-course-sites.jsp?state=AZ

O
* Oregon State University, Spatial Climate Analysis Service (SCAS), 2006, Average annual 

precipitation in Arizona for 1961-1990: PRISM GIS cover, accessed in 2006 at www.ocs.
orst.edu/prism.

P
* Pope, G.L., Rigas, P.D., and Smith, C.F., 1998, Statistical summaries of streamflow data and 

characteristics of drainage basins for selected streamflow-gaging stations in Arizona 
through water year 1996:  USGS Water Resources Investigations Report 98-4225.

R
*Rascona, S.J., 1993, Maps showing groundwater conditions in the Douglas basin, Cochise 
 County, Arizona 1989: ADWR Hydrologic Map Series Number 26.

S
Sundie, D.W., 1990, Draft outline of basin profiles for the state water assessment: ADWR 

Statewide Planning Division, Memorandum to L. Linser, January, 16, 1990.

T
*Tadayon, S., 2004, Water withdrawals for irrigation, municipal, mining, thermoelectric-power, 

and drainage uses in Arizona outside of the active management areas, 1991-2000: USGS 



242	 	 Section 3.5    Douglas Basin
DRAFT

Arizona Water Atlas 
Volume 3

Scientific Investigations Report 2004-5293, 27 pp.
*Towne, D., 1999, Ambient groundwater quality in the Douglas basin: A 1995-1996 baseline 
 study: ADEQ Open File Report 99-11.

U
US Army Corps of Engineers, 2004 and 2005, National Inventory of Dams: Arizona Dataset, 
 accessed November 2004 to April 2005 at http://crunch.tec.army.mil/nid /webpages/nid.\
 cfm
* US Geological Survey, 2006, Average annual runoff in the United States, 1951-1980: Data file, 

accessed March 2006 at http://aa179.cr.usgs.gov/ metadata/wrdmeta/runoff.htm.
*____, 2006, Springs and spring discharges: Dataset, received November 2004 and January 2006 

from USGS office in Tucson, AZ. 
*____, 2006, National Hydrography Dataset: Arizona dataset, accessed at http://nhd.usgs.gov/.
*____, 2005, National Water Information System (NWIS): Arizona dataset, accessed December 

2005 at http://waterdata.usgs.gov/nwis.
*____, 2005, Water withdrawals for irrigation, municipal, mining, thermoelectric-power, 

and drainage uses in Arizona outside of the active management areas, 2000-2005: Data file, 
received December 2005.

*____, 2004, Southwest Regional Gap analysis study- land cover descriptions: Electronic file, 
accessed January 2005 at http://earth.gis.usu.edu/swgap.

*____, 1981, Geographic digital data for 1:500,000 scale maps: USGS National Mapping 
Program Data Users Guide.

V
Valencia, R.A., Wennerlund, J.A., Winstead, R.A., Woods, S., Riley, L., Swanson, E., and Olson, 
 S., 1993, Arizona riparian inventory and mapping project: Arizona Game and Fish 
 Department. 

W
Wahl, C.R., Boe, S.R., Wennerlund, R.A., Winstead, R.A., Allison, L.J., Kubly, D.M., 1997, 
 Remote sensing mapping of Arizona intermittent stream riparian areas: Arizona Game 
 and Fish Technical Report 112.
Water Infrastructure Finance Authority of Arizona (WIFA), 2005, Clean Watershed Needs 

Survey-2004: Unpublished data sheets, received July 2005.
Western Regional Climate Center (WRCC), 2005, Pan evaporation stations: Data file accessed 

December 2005 at http://www4.ncdc.noaa.gov/cgiwin/wwcgi. dll?wwDI~GetCity~USA.
*____, 2005, Precipitation and temperature stations: Data file, accessed December 2005 

at http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwDI~GetCity~USA.
Wilson, R.P., 1992, Summary of groundwater conditions in Arizona 1985 to 1986: USGS Water 
 Resources Investigation Report, 90-4179.

Supplemental Reading

City of Douglas, 2002, General Plan Water Resources Element, adopted September 2002. 



Arizona Water Atlas 
Volume 3

Section 3.5    Douglas Basin 	 	 	 	 	 	 												 										243
DRAFT

Gebler, J. B., 1998, Water quality of selected effluent dependent stream reaches in  southern 
 Arizona as indicated by concentrations of periphytic chlorophyll a and aquatic 
 invertebrate communities: USGS Water Resources Investigations Report 98-4199, 12 pp.

Leenhouts, J., Anderson, T.A. 2005, Sustainability of groundwater use in the Sierra Vista 
subwatershed, Cochise County, Arizona, 2005: Conservation and Innovation in Water 
Management: Proceedings of the 18th annual Arizona Hydrological Society Symposium, 
Flagstaff, Arizona, September, 2005. 

Littin, G. R., 1987, Groundwater resources of the Bisbee-Naco area, Cochise County, Arizona: 
 USGS Water Resources Investigations Report 87-4103.

Robertson, F.N.,1991, Geochemistry of groundwater in alluvial basins of Arizona and adjacent 
 parts of Nevada, New Mexico and California: USGS Professional Paper 1406-C, 87 pp.

Santec Consulting and JE Fuller/ Hydrology & Geomorphology, Inc., 2000, Small and minor 
 watercourses analysis  for Cochise County, Arizona, Arizona State Land Department, 
 Final Report.

Weiskopf, T., Axelrod, P., Savci, G., 2001, Remediation strategy along the Mule Gulch channel 
 in the Warren Mining District: Proceedings from the 14th annual Arizona Hydrological 
 Society Symposium, September 2001, Tucson, Arizona, p.83.

.



244	 	 Section 3.5    Douglas Basin
DRAFT

Arizona Water Atlas 
Volume 3

Douglas Basin Index to Section 3.0

Geography    4

Hydrogeology    6, 8

Environmental Conditions 
Instream Flow Claims    13
Conservation Areas, Refuges and Preserves  19

Population    20, 21

Water Supply 
Groundwater  25

Contamination Sites  26, 28

Cultural Water Demand    28
Municipal Demand    31, 32, 33, 34, 49
Agricultural Demand   1, 36-37
Industrial Demand   39

Water Resource Issues in the Southeastern Arizona Planning Area 
Watershed Groups   44
Issue Surveys    45, 47



245

c

Section 3.6
Dripping Springs Wash Basin



246	 	 	 Section 3.6    Dripping Springs Wash Basin
DRAFT

Arizona Water Atlas 
Volume 3

3.6.1 Geography of the Dripping Springs Wash Basin

The Dripping Springs Wash Basin is a small, 378 square mile basin in the northeastern portion 
of the planning area.  Geographic features and principal communities are shown on Figure 3.6-
1.   The basin is characterized by a mid-elevation mountain range, desert scrub, grassland and 
chaparral vegetation.

•	 Principal geographic features shown on Figure 3.6-1 include:
o	 Principal basin community of Christmas, with a population of less than 100
o	 The Tablelands, southeast of Christmas
o	 Deer Creek and Ash Creek running roughly parallel to one another southeast of 

Christmas
o	 Dripping Springs Wash northwest of Christmas, a tributary of the Gila River
o	 Gila River, running east-west creating the boundary between Pinal and Gila 

Counties

•	 Not well shown on Figure 3.6-1 are the Dripping Springs Mountains to the west, which 
include the highest point in the basin at 5,515 feet, and the Mescal Mountains to the east.
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3.6.2 Land Ownership in the Dripping Springs Wash Basin

Land ownership, including the percentage of ownership in each category, is shown for the Dripping 
Springs Wash Basin in Figure 3.6-2.   Principal features include a significant amount of tribal 
lands and scattered state owned, Bureau of Land Management and private lands.  A description of 
land ownership data sources and methods is found in Volume 1, Section 1.3.8.  Land ownership 
categories are discussed below in the order of percentage from largest to smallest in the basin. 

Indian Reservations
•	 57.8% of the land is under ownership of the San Carlos Apache Tribe.
•	 The tribal lands contain a number of private in-holdings.
•	 Primary land use is grazing.

U.S. Bureau of Land Management (BLM)
•	 22.0% of land is federally owned and managed by the Safford Field Office of the Bureau 

of Land Management.
•	 BLM land is located primarily in the northern portion of the basin and is interspersed 

with state owned and private lands.
•	 Primary land uses are grazing and mining.

State Trust
•	 11.5% of land in this basin is held in trust for public schools.
•	 The majority of the state owned land, including a sizable contiguous parcel, is in the 

northwestern portion of the basin.
•	 Primary land use is grazing.

Private
•	 7.4% of land is private.
•	 Private land is scattered in small parcels throughout the basin with a number of in-

holdings within the San Carlos Apace Indian Reservation.
•	 Primary land uses are mining, domestic and grazing.

National Forest and Wilderness
•	 1.3% of land is federally owned and managed as national forest and wilderness.
•	 The portion of national forest in this basin is in the Tonto National Forest, Globe Ranger 

District.
•	 Primary land uses are grazing and recreation.
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3.6.3 Climate of the Dripping Springs Wash Basin

Climate data from NOAA/NWS Coop Network and Evaporation Pan stations are complied in 
Table 3.6-1 and their locations are shown on Figure 3.6-3.  The Dripping Springs Wash Basin does 
not contain AZMET and SNOTEL/Snowcourse stations.  A description of the climate data sources 
and methods is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.6-1A
•	 There is one NOAA/NWS Coop network climate station in the basin at San Carlos Reservoir 

located at 2,530 feet.
•	 Average maximum temperature at the station is 86.6°F and average minimum temperature 

is 46.4°F.
•	 Annual average precipitation at the station is 15.87 inches.  
•	 Winter, summer and fall season precipitation is similar; 5.36 inches, 5.07 inches and 4.36 

inches respectively.  
•	 The dry season is in the spring (April-June) when an average of 1.08 inches is recorded.
•	 Other precipitation data shows rainfall as high as 30 inches at the northernmost tip of 

the basin in the Dripping Springs Mountains, and as low as 12 inches in the vicinity of 
Christmas.

•	 Altitude is a factor in precipitation in this basin with rainfall generally increasing as elevation 
increases.  The range of 28 inches between areas of highest and lowest precipitation recorded 
is relatively high for the planning area.

Evaporation Pan
•	 Refer to Table 3.6-1B
•	 There is one site in the basin, at San Carlos Reservoir located at 2,530 feet.
•	 Average annual pan evaporation from this site is 91.45 inches.
•	 The only other evaporation pan station in the planning area is at the Safford Agricultural 

Center, with an annual average evaporation of 98.05 inches at an elevation of 2,950 feet.  
Usually evaporation decreases as elevation increases, however, evaporation at the Safford 
pan is seven inches higher than the San Carlos Reservoir pan.  Location of the evaporation 
pan and the period of record may be the reason for this discrepancy.  
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Table 3.6-1 Climate Data for the Dripping Springs Wash Basin
A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

San	Carlos	Reservo�r 2,530 1971-2000 86.6/Jul 46.4/Jan 5.36 1.08 5.07 4.36 15.87

Source: WRCC,	2003.

B. Evaporation Pan: 

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Avg. Annual Evap
(in inches)

San	Carlos	Reservo�r 2,530 1948	-	2002 91.45

Source: WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name Elevation
(in feet)

Period of Record 
Used for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)

Average Total Precipitation (in inches)
Station Name Elevation

(in feet)
Period of Record 

Used for Averages
Average Temperature Range (in F)
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3.6.4 Surface Water Conditions in the Dripping Springs Wash Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.6-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.6-3.  Reservoir and stockpond data are shown in Table 3.6-4.   The location of streamflow 
gages, using the USGS number, is shown on Figure 3.6-4.  The location of large reservoirs as well 
as USGS runoff contours are also shown on Figure 3.6-4.  A description of stream data sources and 
methods is found in Volume 1, Section 1.3.16.  A description of reservoir data sources and methods 
is found in Volume 1, Section 1.3.11.  A description of stockpond data sources and methods is 
found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.6-2.
•	 Data from one station located at the Gila River below Coolidge Dam are shown on the table 

and on Figure 3.6-4.
•	 The average seasonal flow as a percentage of annual flow is similar in the Winter (January-

March), Spring (April-June) and Summer (July-September).  The similarity between 
seasons is primarily due to the controlled release of water from Coolidge Dam. 

•	 Maximum annual flow was 1,681,500 acre-feet in 1993 and minimum annual flow was 
27,590 acre-feet in 1929.  There are 90 years of annual flow record for this station.  

Flood ALERT Equipment
•	 Refer to Table 3.6-3.
•	 There is one station in the basin as of October 2005 located at the streamflow gaging station 

on the Gila River below Coolidge Dam. 
•	 This station is a precipitation/stage station.  

Reservoirs and Stockponds
•	 Refer to Table 3.6-4.
•	 There are no reservoirs in this basin.
•	 There are an estimated 79 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.6-4.
•	 Average annual runoff is 0.5 inches in this basin. 
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA 

(acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 0
Total maximum storage: 0 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 0
Total surface area: 0 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 79 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.6-4 Reservoirs and Stockponds in the Dripping Springs Wash Basin

None	�dent�f�ed	by	ADWR	at	th�s	t�me
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3.6.5 Perennial/Intermittent Streams and Major Springs in the Dripping Springs 
Wash Basin

Major springs with discharge rates and date of measurement, and the total number of springs in the 
basin are shown in Table 3.6-5.  The locations of major springs as well as perennial and intermittent 
streams are shown on Figure 3.6-5.  A description of data sources and methods for intermittent and 
perennial reaches is found in Volume 1, 1.3.16.  A description of spring data sources and methods 
is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream, Mescal Creek, a tributary to the Gila River.  
•	 The Gila River is considered an intermittent stream through this basin because its flow is 

controlled by releases from Coolidge Dam to meet legal obligations.
•	 There are two major springs with a measured discharge of 10 gallons per minute (gpm) or 

greater at any time. 
•	 Listed discharge rates may not be indicative of current conditions.  Both of the major spring 

measurements were taken prior to 1985.  
•	 Both major springs are located in the vicinity of the Gila River.  The Mescal Warm Spring 

discharges 200 gpm and the Coolidge Dam Warm Spring discharges 165 gpm. 
•	 There are no minor springs identified at this time. 
•	 The total number of springs identified by the USGS varies from 76 to 99, depending on the 

database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Mescal	Warm 330918 1103815 200 On	or	before	
1982

2 Cool�dge	Dam	Warm 331016 1103139 165 On	or	before	
1982

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR

D�scharge
(�n	gpm)

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS (see 
ALRIS, 2005 and NHD, 2006): 76 to 99

Table 3.6-5 Springs in the Dripping Springs Wash Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Name
Locat�on
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3.6.6 Groundwater Conditions of the Dripping Springs Wash Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.6-6.  Figure 3.6-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.6-7 
contains hydrographs for selected wells shown on Figure 3.6-6.  Figure 3.6-8 shows well yields 
in four yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.6-6 and Figure 3.6-6.
•	 The major aquifers in the basin are recent stream alluvium, consisting of mostly sand and 

silt, and Gila Conglomerate sedimentary rock.
•	 The recent stream alluvium is the principal water-producing unit.
•	 Flow direction is generally from the northwest to the southeast. 

Well Yields
•	 Refer to Table 3.6-6 and Figure 3.6-8.
•	 As shown on Figure 3.6-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 2,000 gpm. 
•	 One source of well yield information, based on 12 reported wells, indicates that the median 

well yield in this basin is 394.5 gpm.

Natural Recharge
•	 Refer to Table 3.6-6.
•	 There are two natural recharge estimates for this basin of 3,000 acre-feet per year and 9,000 

acre-feet per year. The former, from a 1994 ADWR study, is the most recent estimate.

Water in Storage
•	 Refer to Table 3.6-6.
•	 There are two storage estimates for this basin, 150,000 acre-feet and less than one million 

acre-feet to a depth of 1,200 feet.  
•	 The predevelopment storage estimate is less than one million acre-feet. 

Water Level
•	 Refer to Figure 3.6-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures two index wells in this basin.  
•	 In 1996, the year of the last water level sweep, 34 wells were measured. 
•	 There are only two water levels recorded in this basin during 2003-2004.  The wells are 

close to each other and measure 87 feet and 98 feet to water. 
•	 Water levels in both declined one to 15 feet between 1990-1991 and 2003-2004. 
•	 A hydrograph corresponding to one well shown on Figure 3.6-6 but covering a longer time 

period is shown in Figure 3.6-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

Table 3.6-6 Groundwater Data for the Dripping Springs Wash Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Sed�mentary	Rock	(G�la	Conglomerate)

378

Well Yields, in gal/min:

NA

Range	12	-	1,200
Med�an		394.5

(12	wells	reported)

<2

Range	0	-	500

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

2
1996	(34	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

150,000	(to	1,200	ft)

<1,000,0001

NA

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

Estimated Natural Recharge, in 
acre-feet/year:

3,000 ADWR	(1994)

9,000 Freethey	and	Anderson	(1986)
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3.6.7 Water Quality of the Dripping Springs Wash Basin

Data on drinking water standard exceedences in wells, springs and mine sites and impaired lakes 
and streams are not available for this basin.  A description of water quality data sources and methods 
is found in Volume 1, Section 1.3.18.  



A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

S
ec

tio
n 

3.
6 

   
D

rip
pi

ng
 S

pr
in

gs
 W

as
h 

B
as

in
 	

	
	

	
	

	
			

			
			

			
			

			
			

	2
67

D
R

A
FT

A
.  

W
el

ls
, S

pr
in

gs
 a

nd
 M

in
es

To
w

ns
hi

p
R

an
ge

Se
ct

io
n

B
.  

La
ke

s 
an

d 
St

re
am

sTa
bl

e 
3.

6-
7 

W
at

er
 Q

ua
lit

y 
Ex

ce
ed

en
ce

s 
in

 th
e 

 D
rip

pi
ng

 S
pr

in
gs

 B
as

in

M
ap

 K
ey

Si
te

 T
yp

e
Si

te
 L

oc
at

io
n

Pa
ra

m
et

er
(s

) E
xc

ee
di

ng
 D

rin
ki

ng
 W

at
er

 
St

an
da

rd Pa
ra

m
et

er
(s

)
Ex

ce
ed

in
g 

U
se

 

N
on

e	
�d

en
t�f

�e
d	

by
	A

D
W

R
	a

t	t
h�

s	
t�m

e

N
on

e	
�d

en
t�f

�e
d	

by
	A

D
W

R
	a

t	t
h�

s	
t�m

e

M
ap

 K
ey

Si
te

 T
yp

e
Si

te
 N

am
e

Le
ng

th
 o

f I
m

pa
ire

d 
St

re
am

 R
ea

ch
 (i

n 
m

ile
s)

A
re

a 
of

 Im
pa

ire
d 

La
ke

 (i
n 

ac
re

s)
D

es
ig

na
te

d 
U

se
 

St
an

da
rd



268	 	 	 Section 3.6    Dripping Springs Wash Basin
DRAFT

Arizona Water Atlas 
Volume 3

3.6.8 Cultural Water Demands in the Dripping Springs Wash Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.6-8.  Effluent generation including facility ownership and location is shown on Table 3.6-
9. A description of cultural water demand data sources and methods is found in Volume 1, Section 
1.3.5.  More detailed information on cultural water demands is found in Section 3.0.7.

Cultural Water Demands
•	 Refer to Table 3.6-8 and Figure 3.6-10.
•	 Population decreased significantly between 1980 and 2003.  Projected population was 

assumed to remain stable through 2050.
•	 Groundwater pumping has decreased since 1971 and remained constant from 1990 to 2003, 

with less than 300 acre-feet pumped per year during this time. 
•	 All water use in this basin is groundwater, there are no surface water diversions reported. 
•	 Municipal demand is less than 300 acre-feet per year.
•	 High intensity municipal and industrial demand is found in the vicinity of Highway 77.
•	 There are several inactive mines including the Christmas Mine, New Year Mine and the 

San Bernardo Jr. Mine in the vicinity of Christmas.
•	 As of 2003 there were 124 registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and 24 wells with a pumping capacity of more than 35 gallons per 
minute.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 329
1981 318
1982 307
1983 295
1984 284
1985 273
1986 262
1987 251
1988 239
1989 228
 1990 217
1991 213
1992 209
1993 205
1994 201
1995 197
1996 193
1997 189
1998 185
1999 181
2000 177
2001 63
2002 63
2003 63
2010 63
2020 63
2030 63
2040 63
2050 63

ADDITIONAL WELLS: 3 4 2
WELL TOTALS: 124 24

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR NR NR

USGS
(2005)NR NR5 1 <300 NR

1 1 <300

NR

10 0 <300 NR NR NR

ADWR
(1994)

<1,000 NR

19 0 <1,000 NR

0 0 <1,000

852 202

<1,000 NR

Table 3.6-8 Cultural Water Demands in the Dripping Springs Wash Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered 
Water Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions
Data

Source
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3.6.9 Water Adequacy Determinations in the Dripping Springs Wash Basin

There are no water adequacy applications on file with the Department as of May, 2005 for the 
Dripping Springs Wash Basin.  A description of the Water Adequacy Program is found in Volume 
1, Appendix A.  Adequacy determination data sources and methods are found in Volume 1, Section 
1.3.1.
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DRIPPING SPRINGS BASIN 
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3.7.1 Geography of the Duncan Valley Basin

The Duncan Valley Basin is a relatively small, 550 square mile basin on the eastern edge of the 
planning area.  Geographic features and principal communities are shown on Figure 3.7-1.  The 
basin is characterized by mid-elevation mountain ranges, desert scrub and grassland vegetation.

•	 Principal geographic features shown on Figure 3.7-1 are:
o	 Principal basin community of Duncan
o	 Gila River, flowing north from New Mexico in the vicinity of Duncan and exiting 

the basin west of Guthrie
o	 Cold Creek, Linden Creek, Apache Creek and Bitter Creek northeast of Duncan
o	 The Peloncillo Mountains west of Duncan along the basin boundary

•	 Not well shown on Figure 3.7-1 are:
o	 Big Lue Mountains along the northern boundary, which include the highest point in 

the basin at 7,022 feet
o	 Summit Mountains along the northeastern boundary with New Mexico
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3.7.2 Land Ownership in the Duncan Valley Basin

Land ownership, including the percentage of ownership in each category, is shown for the 
Duncan Valley Basin in Figure 3.7-2.   Principal features of land ownership in this basin are 
the two contiguous sections of State Trust Lands and a significant amount of Bureau of Land 
Management lands. A description of land ownership data sources and methods is found in 
Volume 1, Section 1.3.8.  Land ownership categories are discussed below in the order of 
percentage from largest to smallest in the basin. 

State Trust
•	 44.5% of land in this basin is held in trust for public schools and to a lesser extent the 

University of Arizona and the hospital for disabled miners.
•	 State land ownership in this basin consists of two largely contiguous parcels, north and 

south of Duncan.
•	 Primary land use is grazing.

U.S. Bureau of Land Management (BLM) 
•	 37.8% of land is federally owned and managed by the Safford Office of the Bureau of 

Land Management.
•	 There are two conservation areas in the basin.  The Gila Box National Conservation Area 

in the northwest corner of the basin and the Peloncillo Mountains Wilderness area in 
T12S, R32E.

•	 Primary land uses are grazing and recreation.

Private
•	 11.9% of land ownership is private.
•	 The majority of private land in this basin is around the town of Duncan and along State 

Highway 75.
•	 There are a few private land in-holdings within BLM and national forest lands.
•	 Primary land uses are domestic, commercial and ranching.

National Forest and Wilderness
•	 5.8% of land is federally owned and managed as national forest and wilderness.
•	 All national forest land in this basin is in the Apache-Sitgreaves National Forest, Clifton 

Ranger District. 
•	 Primary land uses are timber production and recreation.
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3.7.3 Climate of the Duncan Valley Basin

Climate data from a NOAA/NWS Coop Network station is complied in Table 3.7-1  and the location 
is shown on Figure 3.7-3.  The Duncan Valley Basin does not contain Evaporation Pan, AZMET 
and SNOTEL/Snowcourse stations.  A description of the climate data sources and methods is 
found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.7-1A.
•	 There is one NOAA/NWS Coop network station in the basin at Duncan located at 3,660 

feet.
•	 Average maximum temperature at the station is 80.2°F and average minimum temperature 

is 41.3°F.
•	 Annual average precipitation is 12.28 inches.  
•	 The highest seasonal precipitation at this station, 5.50 inches, occurs in the summer (July-

September) and the lowest, 1.00 inches, occurs in the spring (April-June). 
•	 Other precipitation data shows rainfall as high as 20 inches in the Peloncillo Mountains and 

the Big Lue Mountains and as low as 12 inches in the vicinity of Duncan.
•	 In general, precipitation increases as the altitude increases.  This basin contains the smallest 

variation in precipitation in the planning area, only 10 inches separates the areas of highest 
average annual precipitation from the lowest.



Section 3.7    Duncan Valley Basin  286
DRAFT

Arizona Water Atlas 
Volume 3

Table 3.7-1 Climate Data for the Duncan Valley Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Duncan 3,660 1971-2000 80.2/Jul 41.3/Dec 2.52 1.00 5.50 3.26 12.28

Source:	WRCC,	2003.

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of 
Record Used 
for Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of 
Record Used 
for Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name Elevation
(in feet)

Period of 
Record Used 
for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content 
(Number of measurements to calculate average)

Average Total Precipitation (in inches)
Station Name Elevation

(in feet)

Period of 
Record Used 
for Averages

Average Temperature Range (in F)
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3.7.4 Surface Water Conditions in the Duncan Valley Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.7-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.7-3.  Reservoir and stockpond data, including maximum storage or maximum surface area 
of large reservoirs and type of use of the stored water, are shown in Table 3.7-4.   The location 
of streamflow gages, using the USGS number, is shown on Figure 3.7-4.  The location of large 
reservoirs as well as USGS runoff contours are also shown on Figure 3.7-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.7-2.
•	 Data from two stations located at the Gila River are shown on the table and on Figure 3.7-

4.
•	 The average seasonal flow as a percentage of annual flow is highest in the Winter (January-

March) and lowest in the Spring (April-June). 
•	 Only one station, Clifton, has more than one year of annual flow record.  At this station, 

maximum annual flow was 480,118 acre-feet in 1915 and minimum annual flow was 17,670 
acre-feet in 1956.  There are 69 years of annual flow record for this station.  

Flood ALERT Equipment
•	 Refer to Table 3.7-3.
•	 There is one station in the basin as of October 2005.  
•	 This station is a precipitation station.  

Reservoirs and Stockponds
•	 Refer to Table 3.7-4.
•	 There is one large reservoir and two small reservoirs in this basin.
•	 The large reservoir has a maximum surface area of 124 acres.  This reservoir is used for fire 

protection or is a stock/farm pond.
•	 The two small reservoirs have a total surface area of 38 acres.
•	 There are an estimated 373 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.7-4.
•	 Average annual runoff varies from 0.5 inches at the northern tip of the basin to 0.2 inches 

in the southern portion of the basin. 
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA 

(acres)
USE2 JURISDICTION

1 Lost Pr�vate 124 P Landowner

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 0
Total maximum storage: 0 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 2
Total surface area: 38 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 373 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR
2P=f�re	protect�on,	stock	or	farm	pond

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.7-4 Reservoirs and Stockponds in the Duncan Valley Basin
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3.7.5 Perennial/Intermittent Streams and Major Springs in the Duncan Valley 
Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.7-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.7-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream, the Gila River, in the northern portion of the basin.
•	 Several intermittent streams are located in the northeastern portion and along the western 

boundary of the basin. The Gila River is also an intermittent stream through a portion of 
the basin.

•	 There are two major springs with a measured discharge of 10 gallons per minute (gpm) or 
greater at any time. 

•	 Listed discharge rates may not be indicative of current conditions.  Most of the measurements 
were taken prior to 1983.  Only the minor spring measurement post-dates 1983.

•	 Both major springs are located in the northern portion of the basin. The greatest discharge 
rate was measured at Gillard Hot Spring, 30 gpm.

•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 
in Table 3.7-5.  There is one minor spring identified in this basin. 

•	 The total number of springs identified by the USGS varies from 30 to 36, depending on the 
database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 G�llard	Hot 325823 1092059 30 03/1981

2 Bert's	Shack 325654 1090347 15 04/1981

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Zwan2 325708 1091655 6 07/1992

Notes:
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Locat�on	approx�mated	by	ADWR

Table 3.7-5 Springs in the Duncan Valley Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 30 to 36

Name
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3.7.6 Groundwater Conditions of the Duncan Valley Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.7-6.  Figure 3.7-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.7-7 
contains hydrographs for selected wells shown on Figure 3.7-6.  Figure 3.7-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.7-6 and Figure 3.7-6.
•	 The major aquifers in the basin are recent stream alluvium, consisting of gravel and sand 

underlain by clay, and Gila Formation sedimentary rock, consisting of poorly consolidated 
sand, silt and gravel. 

•	 The principal source of groundwater is the recent stream alluvium.
•	 Flow direction is generally from the south to the northwest. 

Well Yields
•	 Refer to Table 3.7-6 and Figure 3.7-8.
•	 As shown on Figure 3.7-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 160 reported wells, indicates that the median 

well yield in this basin is 850 gpm.
•	 Well yields are varied in this basin. 

Natural Recharge
•	 Refer to Table 3.7-6.
•	 There are three natural recharge estimates for this basin ranging from 6,000 acre-feet per 

year to 14,200 acre-feet per year. The latter, from a 1994 ADWR study, is the most recent.
 

Water in Storage
•	 Refer to Table 3.7-6.
•	 There are three storage estimates for this basin ranging from nine million acre-feet to 19 

million acre-feet to a depth of 1,200 feet.  The latter, from a 1994 ADWR study, is the most 
recent.

•	 The predevelopment storage estimate is nine million acre-feet.

Water Level
•	 Refer to Figure 3.7-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 12 index wells in this basin.  
•	 In 1987, the year of the last water level sweep, 182 wells were measured. 
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•	 Depth to water varies in this basin with the deepest recorded water level measured during 
2003-2004 at 504 feet at the northwestern basin boundary and the shallowest at 21 feet in 
the vicinity of Duncan. 

•	 All recorded wells in this basin have declined between 1 and 15 feet between 1990-1991 
and 2003-2004.

•	 Hydrographs corresponding to selected wells shown on Figure 3.7-6 but covering a longer 
time period are shown in Figure 3.7-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

Estimated Natural Recharge, in 
acre-feet/year:

14,200 ADWR	(1994)

8,000 Ar�zona	Water	Comm�ss�on	(1975)

6,000 Freethey	and	Anderson	(1986)

12
1987	(182	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

19,000,000	(to	1,200	ft)

9,000,0001	(to	1,200	ft)

19,000,000	(to	1,200	ft)

ADWR	(1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

NA

Range	4	-	4,000
Med�an	850

(165	wells	reported)

Range	few	-	2,350

Range	0	-	2,500

Table 3.7-6 Groundwater Data for the Duncan Valley Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Sed�mentary	Rock	(G�la	Format�on)

550
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3.7.7 Water Quality of the Duncan Valley Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.7-7A.  Impaired lakes and streams with site type, name, 
length of impaired stream reach, area of impaired lake, designated use standard and parameter(s) 
exceeded is shown in Table 3.7-7B.  Figure 3.7-9 shows the location of exceedences and impairment 
keyed to Table 3.7-7.  A description of water quality data sources and methods is found in Volume 
1, Section 1.3.18.  Not all parameters were measured at all sites; selective sampling for particular 
constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.7-7A.
•	 Drinking water standard exceedences have been reported for 37 wells in the basin.
•	 In the vicinity of Duncan almost all of the parameter exceedences in the sites measured 

were fluoride and arsenic. 
•	 The parameter most frequently exceeded in this basin was arsenic. 
•	 Other parameters exceeded in the sites measured in this basin included nitrate, total 

dissolved solids, mercury, cadmium and radionuclides.  

Lakes and Streams
•	 Refer to Table 3.7-7B.
•	 Water quality standards were exceeded in one 15 mile reach of the Gila River.
•	 The parameter exceeded in this reach was selenium. 
•	 There are no Total Daily Maximum Load (TMDL) reports for this impaired reach.
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3.7.8 Cultural Water Demands in the Duncan Valley Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.7-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.7-9.  Figure 
3.7-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.7-8 and Figure 3.7-10.
•	 Population increased only minimally between 1980 and 2000.  Projections suggest a more 

rapid growth rate through 2050.  
•	 Total groundwater use has fluctuated between 1971 and 2003.  The highest average annual 

groundwater use in this basin was from 1976 to 1980 at 24,000 acre-feet per year.  
•	 Surface water diversions have also fluctuated between 1971 and 2003.  The highest average 

annual surface-water diversions were from 1981 to 1985 at 22,000 acre-feet per year.
•	 Years with lower surface-water diversions coincide with years of increased groundwater 

use. 
•	 All surface water demand between 1991 and 2003 has been for agriculture.
•	 The majority of agricultural demand is in the vicinity of Duncan with other small blocks of 

agricultural demand along Highway 75.
•	 The highest concentration of municipal and industrial demand, including a golf course, is 

along Highway 75 near the small town of York.
•	 Industrial demand in this basin is comparable to historic levels with an average of 300 acre-

feet per year for the period from 1991-2003.
•	 Municipal demand has remained relatively constant as well, with an average of 650 acre-

feet per year for the period from 2001-2003.
•	 As of 2003 there were 893 registered wells with a pumping capacity of less than or equal to 

35 gallons per minute and 263 wells with a pumping capacity of more than 35 gallons per 
minute.

Effluent Generation
•	 Refer to Table 3.7-9.
•	 There is one wastewater treatment facility, the Duncan Wastewater Treatment Facility, 

located at Duncan.
•	 600 people are served by the facility.
•	 45 acre-feet of effluent per year is generated by the facility and disposed of in an evaporation 

pond. 
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 3,225
1981 3,210
1982 3,195
1983 3,181
1984 3,166
1985 3,151
1986 3,136
1987 3,122
1988 3,107
1989 3,092
 1990 3,077
1991 3,162
1992 3,247
1993 3,332
1994 3,417
1995 3,502
1996 3,587
1997 3,672
1998 3,757
1999 3,842
2000 3,927
2001 3,948
2002 3,969
2003 3,989
2010 4,135
2020 4,420
2030 4,787
2040 5,185
2050 5,667

ADDITIONAL WELLS: 3 11
WELL TOTALS: 893 263

Notes:
NR=Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR NR 14,5004 650 300 11,500

USGS
(2005)

G�la	Water	
Comm�s-

s�oner
(2006)

46 4 800 300 8,300 NR NR 18,500

15

20,000

42 0 650 300 5,900 NR NR 21,500

ADWR
(1994)

24,000 16,000

75 6 12,000 22,000

18 4 7,000

6862 2452

21,000 13,000

Table 3.7-8 Cultural Water Demands in the Duncan Valley Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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T6S
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T10S

R30E
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T12S
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COUNTY
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COUNTY

70

75

191
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Duncan Valley Basin
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Primary Data Source: USGS National Gap Analysis Program, 2004

Figure 3.7-10



Section 3.7    Duncan Valley Basin  310
DRAFT

Arizona Water Atlas 
Volume 3

3.7.9 Water Adequacy Determinations in the Duncan Valley Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.7-10.  Figure 3.7-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1

•	 Three water adequacy determinations have been made in this basin through May, 2005.
•	 One determination of inadequacy has been made in the northern portion of the basin near 

Highway 78.
•	 The determination of inadequacy was because the applicant chose not to submit necessary 

information and/or available hydrologic data was insufficient to make a determination.
•	 All lots receiving a water adequacy determination are in Greenlee County.  Of the 263 lots, 

61 lots or 23% were determined to be adequate. 
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3.8.1 Geography of the Lower San Pedro Basin

The Lower San Pedro Basin is a medium-size, 1,624 square mile basin on the western side of the 
planning area.  Geographic features and principal communities are shown on Figure 3.8-1.  The 
basin is characterized by high-elevation mountain ranges, washes and a diversity of vegetation 
types such as semi-desert grassland, evergreen woodland, desert scrub, chaparral and conifer 
forest.

•	 Principal geographic features shown on Figure 3.8-1 are:
o	 Principal basin communities of Winkelman, Kearny, San Manuel, Mammoth and 

Hayden
o	 Smaller basin communities of Redington and Cascabel in the southern half of the 

basin
o	 San Pedro River running northward from south of Cascabel to Winkleman where it 

joins the Gila River
o	 Gila River in the vicinity of Kearny and Hayden
o	 Peppersauce, Hot Springs, Buehman, Redfield and Kielberg Canyons south of San 

Manuel
o	 Tortilla Mountains to the west of Kearny and Hayden

•	 Geographic features not well shown on Figure 3.8-1 are:
o	 Santa Catalina Mountains to the west  and southwest of San Manuel
o	 Rincon Mountains along the southwestern boundary, which include the highest 

point in the basin at 7,960 feet
o	 Dripping Springs Mountains to the northeast
o	 Galiuro Mountains to the southeast.
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3.8.2 Land Ownership in the Lower San Pedro Basin

Land ownership, including the percentage of ownership in each category, is shown for the 
Lower San Pedro in Figure 3.8-2.  Principal features of land ownership in this basin include 
the large variety of land ownership types, seven total, and the high proportion of state trust 
lands.  A description of land ownership data sources and methods is found in Volume 1, Section 
1.3.8.  Land ownership categories are discussed below in the order of percentage from largest to 
smallest in the basin. 

State Trust
•	 51.9% of land in this basin is held in trust for public schools and 13 other beneficiaries 

under the State Trust Land system.
•	 The majority of the land in state ownership is contiguous and located throughout the 

basin.
•	 Primary land use is grazing.

Private
•	 20.9% of land ownership is private.
•	 Private land is largely fragmented in this basin with one nearly continuous strip running 

along the two highways in the region, 177 and 77, and the San Pedro River. A sizable 
portion of private land ownership also exists around the town of San Manuel.

•	 There are a few private land in-holdings in the Coronado National Forest and U.S. Bureau 
of Land Management lands.

•	 Primary land uses are farming, mining, domestic and commercial.

National Forest and Wilderness
•	 15.3% of the land is federally owned and managed as national forest and wilderness.
•	 The basin contains two forest districts and three ranger districts, the Tonto National Forest, 

Globe Ranger District and the Coronado National Forest, Santa Catalina Ranger District in 
the west and the Safford Ranger District in the east.

•	 The basin contains portions of two wilderness areas, the Rincon Mountain Wilderness area, 
which surrounds Saguaro National Park and the Galiuro Wilderness area in the Safford 
Ranger District.

•	 Primary land uses are recreation, grazing and timber production.

U.S. Bureau of Land Management (BLM)
•	 9.3% of land is federally owned and managed by the Safford Field Office of the Bureau of 

Land Management.
•	 BLM ownership is dispersed in small parcels throughout most of the basin.
•	 The Redfield Canyon Wilderness area, managed by the BLM, is located in T11S, R20E.
•	 Primary land uses are grazing and recreation.
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Indian Reservations
•	 1.6% of land is under ownership of the San Carlos Apache Tribe.
•	 The small portion of the San Carlos Apache Indian Reservation is located east of 

Dudleyville.
•	 Primary land use is grazing.

Parks, Monuments, Historical and Recreational Sites
•	 0.8% of land is federally owned and managed by the National Park Service.
•	 A small portion of Saguaro National Park is in the southwestern corner of the basin.
•	 Primary land use is recreation.

Other (Game and Fish, County and Bureau of Reclamation Lands)
•	 0.2% of land is owned by the Bureau of Reclamation
•	 This land is not visible on the map but is located in T4S, R14E.
•	 Primary land use is for water delivery.
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3.8.3 Climate of the Lower San Pedro Basin

Climate data from NOAA/ NWS Coop Network stations are complied in Table 3.8-1 and their 
locations are shown on Figure 3.8-3.  The Lower San Pedro Basin does not contain Evaporation 
Pan, AZMET and SNOTEL/Snowcourse stations.  A description of the climate data sources and 
methods is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.8-1A
•	 There are six NOAA/NWS Coop network climate stations in the basin. 
•	 Of the six stations, data from different periods of record may be used as shown in the 

table.  The variety of dates may be due to discontinued measurements, date of installation 
or other availability issues.

•	 The six stations are distributed throughout the basin. 
•	 Station elevations range from 2,080 feet at Winkleman 6 S to 7,960 feet at Palisade Ranger 

Station in the Santa Catalina Mountains.
•	 Maximum average temperatures range from 64.9°F at Palisade Ranger Station to 86.4°F 

at Winkleman 6 S.
•	 Minimum average temperatures range from 34.5°F at Palisade Ranger Station to 47.6°F at 

Cascabel. 
•	 Average annual precipitation is varied with the highest, 32.24 inches, at Palisade Ranger 

Station and the lowest, 14.33 inches, at Cascabel.  
•	 All stations report highest average precipitation in the summer (July - September) and 

lowest in the spring (April – June).
•	 Additional precipitation data shows rainfall as high as 36 inches at the Santa Catalina 

Mountains southwest of San Manuel and as low as 14 inches at the San Pedro River Valley 
in the vicinity of Dudleyville.

•	 Precipitation increases as elevation increases in this basin. The range of 24 inches between 
areas of highest and lowest precipitation recorded is relatively high for the planning area.
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Table 3.8-1 Climate Data for the Lower San Pedro Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Cascabel 3,140 1971-2000 82.5/Jul 47.6/Dec 3.41 1.08 6.56 3.28 14.33

Oracle	2	SE 4,510 1971-2000 79.5/Jul 45.5/Dec 7.59 1.93 9.31 6.09 24.92

Pal�sade	Ranger	Stat�on 7,960 1965-19811 64.9/Jul 34.5/Jan 9.26 2.80 12.31 7.88 32.24

San	Manuel 3,460 1954-20041 83.3/Jul 47.3/Jan 3.76 1.56 6.51 3.25 14.75

W�llow	Spr�ngs	Ranch 3,690 1949-19781 81.2/Jul 45.2/Jan 2.86 1.67 5.79 5.46 15.77

W�nkelman	6	S 2,080 1942-19801 86.4/Jul 46.9/Dec 4.48 1.54 5.43 4.76 16.22

Source:	WRCC,	2003.

Notes:
1Average	temperature	for	per�od	of	record	shown;	average	prec�p�tat�on	from	1971-2000

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse: 

Jan. Feb. March April May June

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages )

None

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)

Average Total Precipitation (in inches)
Station Name Elevation

(in feet)

Period of Record 
Used for 
Averages

Average Temperature Range (in F)
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3.8.4 Surface Water Conditions in the Lower San Pedro Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.8-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.8-3.  Reservoir and stockpond data, including maximum storage or maximum surface area, 
are shown in Table 3.8-4.   The location of streamflow gages, using the USGS number, is shown 
on Figure 3.8-4.  The location of large reservoirs as well as USGS runoff contours are also shown 
on Figure 3.8-4.  A description of stream data sources and methods is found in Volume 1, Section 
1.3.16.  A description of reservoir data sources and methods is found in Volume 1, Section 1.3.11.  
A description of stockpond data sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.8-2.
•	 Data from 11 stations, including eight discontinued stations, are shown on the table and on 

Figure 3.8-4.
•	 These stations are located on the Gila River, the San Pedro River, the Peck Canyon tributary 

and Aravaipa Creek.
•	 The average seasonal flow as a percentage of annual flow for most of the stations is highest 

in the Summer (July-September) and lowest in the Spring (April-June).
•	 High Winter (January-March) percentages were found at three stations and one station’s 

average seasonal flow is almost equal for the Winter, Spring and Summer due to the 
controlled release of water from Coolidge Dam.

•	 Maximum annual flow in this basin was 2,375,696 acre-feet in 1993 on the Gila River.  
Minimum annual flow was 17 acre-feet in 1969 on the Peck Canyon tributary.  

Flood ALERT Equipment
•	 Refer to Table 3.8-3.
•	 There are four stations in the basin as of October 2005.  
•	 Two stations are precipitation stations, one is a precipitation/stage station and one is a 

repeater/precipitation station.  

Reservoirs and Stockponds
•	 Refer to Table 3.8-4.
•	 There are seven small reservoirs in this basin.
•	 Four of the small reservoirs have a maximum storage capacity of 360 acre-feet.  The 

remaining three small reservoirs have a total surface area of 33 acres. 
•	 There are an estimated 648 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.8-4.
•	 Average annual runoff varies from 0.5 inches per year in the vicinity of the San Pedro River 

to one inch per year on the eastern and western boundaries of the basin. 
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE JURISDICTION

B. Other Large Reservoirs (50 acre surface area or greater)1

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA 

(acres)
USE JURISDICTION

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 4
Total maximum storage: 360 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)1

Total number: 3
Total surface area: 33 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 648 (from water right filings)

Notes:
1Capac�ty	data	not	ava�lable	to	ADWR

None	�dent�f�ed	by	ADWR	at	th�s	t�me

None	�dent�f�ed	by	ADWR	at	th�s	t�me

Table 3.8-4 Reservoirs and Stockponds in the Lower San Pedro Basin
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3.8.5 Perennial/Intermittent Streams and Major Springs in the Lower San Pedro 
Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.8-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.8-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are a number of perennial streams located throughout the basin. 
•	 Numerous intermittent streams are also located throughout the basin. 
•	 The San Pedro River is predominantly an intermittent stream in the basin with small sections 

where it is perennial south of Dudleyville and in the vicinity of the Pima County/Cochise 
County line.

•	 The Gila River through this basin is considered an intermittent stream because its flow is 
controlled by releases from Coolidge Dam to meet legal obligations.

•	 There are 14 major springs with a measured discharge of 10 gallons per minute (gpm) or 
greater at any time. 

•	 Listed discharge rates may not be indicative of current conditions.  Most of the measurements 
were taken prior to 1990 and many of the major spring measurements were taken in the 
1950’s.  Only four minor spring measurements post-date 1990.

•	 There are two clusters of major springs, one north of Mammoth and the other in the 
southeastern portion of the basin.  The greatest discharge rate was measured at the 
beginning of a perennial reach of the San Pedro River south of Dudleyville (Cooks Lake, 
1,000 gpm).  

•	 Over half of the major springs discharge less than 40 gpm.
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.8-5.  There are 31 minor springs identified in this basin. 
•	 The total number of springs identified by the USGS varies from 203 to 209, depending on 

the database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Cooks	Lake 325144 1104301 1,000 2/9/1951

2 B�ngham2 322724 1102910 494 4/18/1968

3 V	S2 324847 1104206 150 2/15/1951

4 Putnam 324931 1104510 112 6/16/1978

5 Unnamed 321548 1101623 40 03/1946

6 Unnamed2 322026 1101438 35 11/1950

7 Unnamed2 321535 1101739 25 03/1936

8 Unnamed2 321527 1101508 20 2/24/1951

9 Unnamed2 322019 1102507 15 10/1950

10 Unnamed2 322000 1101956 15 11/17/1950

11 P�per 325901 1104333 15 2/14/1951

12 Upper	Walnut2 322537 1102027 11 1/18/1989

13
Swamp	Spr�ng	

Canyon2,3 322609 1101709 104 06/1984

14 Sycamore	Saddle 324921 1102944 104 08/1986

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Horse	Camp 324154 1102631 8 NA

Unnamed 324319 1103000 7 03/1950

Copper	Creek 324522 1102844 6 10/2002

Unnamed 324416 1103104 5 11/27/1972

Dav�s 322722 1103824 5 7/10/1952

Red 325328 1103746 4 04/1951

Carr�zo2 325326 1103631 4 2/13/1951

Peasley 322913 1104017 4 10/1949

Unnamed2 322558 1102251 4 01/1951

Barrel	Hoop2,3 322624 1101542 4 04/1986

Stratton 322757 1104439 3 10/1949

Unnamed2 322807 1104337 3 NA

Alder	Box 322748 1104211 3 10/1949

Lost	Tra�l2,3 322604 1101732 3 11/2002

Table 3.8-5 Springs in the Lower San Pedro Basin

Map	Key Name
Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured

Name
Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured
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B. Minor Springs (con't.):

Lat�tude Long�tude

Unnamed 325745 1103935 2 06/1950

Carr�co 325334 1103723 2 02/1951

Oak 325029 1103158 2 04/1951

Red	Horse 322951 1104047 2 08/1951

Unnamed 325745 1103935 2 06/1950

T�o	Cruz 322457 1101527 25 08/1986

M�ller2,3 322737 1101708 2 09/1993

Buddy	Op�c 322809 1104005 2 10/1949

Old	Ranch2,3 322750 1101721 2 01/1993

Norton 324344 1102640 2 NA

Rock	Wall 322951 1104225 1 11/1949

Juan 322821 1104017 1 10/1949

Add�ngton 324338 1103114 1 04/1951

Unnamed2 324724 1103211 1 04/1950

Walnut2,3 322552 1102018 1 01/1989

R�m	Slope3 322549 1101541 1 NA

Roble 321610 1102655 15 01/1951

Notes:
NA	=	Not	Ava�lable
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map
3Locat�on	approx�mated	by	ADWR
4Most	recent	measurement	<	10	gpm
5Most	recent	measurement	<	1	gpm

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALRIS, 2005 and NHD, 2006): 203 to 209

Table 3.8-5 Springs in the Lower San Pedro Basin (Con't)

Name
Locat�on D�scharge

(�n	gpm)1
Date	D�scharge	

Measured
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3.8.6 Groundwater Conditions of the Lower San Pedro Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.8-6.  Figure 3.8-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.8-7 
contains hydrographs for selected wells shown on Figure 3.8-6.  Figure 3.8-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.8-6 and Figure 3.8-6.
•	 The major aquifers in the basin are basin fill, consisting of younger basin fill, older basin 

fill and basal conglomerate, and recent stream alluvium and basin fill.
•	 Artesian conditions exist about five miles north to ten miles south of Mammoth in wells 

drilled deeper than 500 feet.
•	 Flow direction is generally from southeast to northwest.

Well Yields
•	 Refer to Table 3.8-6 and Figure 3.8-8.
•	 As shown on Figure 3.8-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 181 reported wells, indicates that the median 

well yield in this basin is 1,000 gpm.
•	 In general, well yields along the San Pedro River are high.  All well yields in consolidated 

crystalline and sedimentary rocks are less than 100 gpm.

Natural Recharge
•	 Refer to Table 3.8-6.
•	 Principal sources of recharge in this basin are mountain-front recharge and streambed 

infiltration.
•	 There are three natural recharge estimates for this basin ranging from 24,000 acre-feet per 

year to 29,000 acre-feet per year. The latter, from a 1995 Anderson and Freethey study, is 
the most recent estimate. 

Water in Storage
•	 Refer to Table 3.8-6.  Water levels are shown for wells measured in 2003-2004.
•	 There are three storage estimates for this basin ranging from 11 million acre-feet to more 

than 27 million acre-feet.  The most recent estimate, from ADWR reports in 1990 and 
1994, indicates that estimated storage is between 12 million and 25.6 million acre-feet to a 
depth of 1,200 feet. 

•	 The predevelopment water storage estimate is 11 million acre-feet.
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Water Level
•	 Refer to Figure 3.8-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 19 index wells in this basin.  
•	 In 1994, the year of the last water level sweep, 274 wells were measured. 
•	 Depth to water varies in this basin with the deepest recorded water level in 2003-2004 at 

503 feet south of Mammoth and the shallowest at 17 feet north of Mammoth. 
•	 The majority of water level changes between 1990-1991 and 2003-2004 have been a one 

foot to 15 feet decline.
•	 Hydrographs corresponding to selected wells shown on Figure 3.8-6 but covering a longer 

time period are shown in Figure 3.8-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

1Predevelopment	Est�mate

19
1994	(274	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

12,000,000	-	25,600,000	(to	1,200	
ft/not	g�ven)

11,000,0001	(to	1,200	ft)

>27,000,000

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1994)

Ann�ng	and	Duet,	USGS	(1994)

Well Yields, in gal/min:

Range	628	-	1,910
Med�an	1295

(10	wells	measured)
Range	1	-	4,000
Med�an		1,000

(181	wells	reported)

Range	70	-	2,700

Range	0	-	2,500

Table 3.8-6 Groundwater Data for the Lower San Pedro Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Bas�n	F�ll

1,624

29,000 Anderson	and	Freethey	(1995)

Estimated Natural Recharge, in 
acre-feet/year:

24,000 Freethey	and	Anderson	(1986)

25,000 ADWR	(1994)
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3.8.7 Water Quality of the Lower San Pedro Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.8-7A.  Impaired lakes and streams with site type, name, 
length of impaired stream reach, area of impaired lake, designated use standard and parameter(s) 
exceeded is shown in Table 3.8-7B.  Figure 3.8-9 shows the location of exceedences and impairment 
keyed to Table 3.8-7.  A description of water quality data sources and methods is found in Volume 
1, Section 1.3.18.  Not all parameters were measured at all sites; selective sampling for particular 
constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.8-7A.
•	 Drinking water standard exceedences were reported for 56 wells in the basin.
•	 Unlike most other basins there was a diverse assortment of parameters exceeding drinking 

water standards in this basin.  The parameter most frequently exceeded in this basin was 
fluoride.

•	 In the vicinity of Hayden and Dudleyville the most frequently exceeded parameter in the 
sites measured was cadmium.

•	 In the vicinity of Mammoth the most frequently exceeded parameters in the sites measured 
were arsenic and fluoride.  

•	 Other parameters that were commonly exceeded are nitrates, total dissolved solids, lead, 
antimony, beryllium and radionuclides. 

Lakes and Streams
•	 Refer to Table 3.8-7B.
•	 Water quality standards were exceeded in one reach of Mineral Creek and in one reach of 

the San Pedro River. 
•	 The parameters exceeded in Mineral Creek included copper and selenium. 
•	 The parameters exceeded in the San Pedro River were E. coli and selenium.
•	 The longest impaired reach was 15 miles of the San Pedro River. 
•	 Mineral Creek is part of the ADEQ water quality improvement effort called the Total 

Maximum Daily Load  (TMDL) program.  The TMDL report has not yet been completed 
for this stream, however, cleanup by the mining company ASARCO is ongoing. 

•	 There is one small portion of an unnamed tributary to Alder Creek that is effluent dependent.  
The source of the effluent is from the Summerhaven wastewater treatment facility located 
in the Tucson AMA.
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3.8.8 Cultural Water Demands in the Lower San Pedro Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.8-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.8-9.  Figure 
3.8-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.8-8 and Figure 3.8-10.
•	 Population decreased in this basin by about 340 residents a year from 1980 to 1990 and 

increased only minimally between 1991 and 2000.  Projections suggest a more rapid growth 
rate through 2050.  

•	 Total groundwater demand has decreased from 1971 to 2003 with an average of 32,000 
acre-feet pumped per year in the period from 2001-2003. 

•	 Surface water diversions have also decreased from 1971 to 2003 with less than 1,000 acre-
feet diverted per year in the period from 1991 – 2003. 

•	 All surface water demand between 1991 and 2003 has been for agriculture, however, over 
90% of the agricultural water supply is groundwater.

•	 The majority of agricultural demand is along Highway 177, Highway 77 and along the San 
Pedro River in Pima and Cochise Counties. 

•	 The largest single demand for groundwater is industrial with an average of 19,000 acre-feet 
per year pumped in the period from 2001-2003.  

•	 Industrial water demand in this basin is the highest in the planning area.
•	 There are numerous mines in the basin.  The active Ray Mine north of Kearney, a small 

inactive mine in the vicinity of Hayden and numerous inactive mines including the 
Mammoth Mine and San Manuel Mine in the vicinity of Mammoth.

•	 Municipal demand has remained relatively constant with an average of 2,000 acre-feet 
per year pumped in the period from 2001-2003.  The town of Oracle is located at the 
western boundary of the basin.  Wells associated with this town are in the Tucson Active 
Management Area at Oracle Junction.

•	 As of 2003 there were 1,589 registered wells with a pumping capacity of less than or equal 
to 35 gallons per minute and 1,088 wells with a pumping capacity of more than 35 gallons 
per minute.

Effluent Generation
•	 Refer to Table 3.8-9.
•	 There are five wastewater treatment facilities in the basin.  
•	 Almost 8,000 people are served by these facilities.
•	 400 acre-feet of effluent per year are generated in this basin. 
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•	 One facility, the Kearney Wastewater Treatment Facility, discharges wastewater for 
irrigation.

•	 Discharge from one facility, the Mammoth Wastewater Treatment Facility, recharges the 
aquifer through an unlined impoundment.  This facility is not permitted by the Department 
as an Underground Storage Facility. 
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 19,300
1981 18,960
1982 18,620
1983 18,279
1984 17,939
1985 17,599
1986 17,259
1987 16,919
1988 16,578
1989 16,238
 1990 15,898
1991 15,968
1992 16,037
1993 16,107
1994 16,177
1995 16,247
1996 16,316
1997 16,386
1998 16,456
1999 16,525
2000 16,595
2001 16,706
2002 16,817
2003 16,929
2010 17,707
2020 21,124
2030 23,786
2040 25,665
2050 27,333

ADDITIONAL WELLS: 3 51
WELL TOTALS: 1589 269

Notes:
NR=Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR NR <1,0000 2,000 19,000 11,000

USGS
(2005)
ADWR
(2005)97 1 2,500 14,000 13,000 NR NR <1,000

33

6,000

112 6 2,500 18,500 13,000 NR NR <1,000

ADWR
(1994)

56,000 6,000

68 18 47,000 6,000

86 9 40,000

1,1422 2352

56,000 6,000

Table 3.8-8 Cultural Water Demands in the Lower San Pedro Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered 
Water Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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3.8.9 Water Adequacy Determinations in the Lower San Pedro Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.8-10.  Figure 3.8-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1

•	 11 water adequacy determinations have been made in this basin through May, 2005.
•	 Three determinations of inadequacy have been made.  These determinations are scattered 

throughout the basin with one in the vicinity of San Manuel, one in the vicinity of Mammoth 
and the third at the northernmost tip of the basin.

•	 All determinations of inadequacy were because the applicant chose not to submit necessary 
information and/or available hydrologic data was insufficient to make a determination.

•	 The total number of lots receiving a water adequacy determination is not available.  
Available information by county is:

County
Number of 

Subdivision 
Lots

Number of Lots 
Determined to 
be Adequate

Percent 
Adequate

Cochise 0 0 NA
Gila 7 7 100
Graham 0 0 NA
Pima 0 0 NA
Pinal 138+ 138+ NA
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3.9.1 Geography of the Morenci Basin

The Morenci Basin is a medium-size, 1,599 square mile basin in the northeast portion of the 
planning area.  Geographic features and principal communities are shown on Figure 3.9-1.  The 
basin is characterized by high-elevation mountain ranges, grasslands, desert scrub, conifer forests 
and evergreen woodlands.

•	 Principal geographic features shown on Figure 3.9-1 are:
o	 Principal basin communities of Clifton and Morenci
o	 Smaller White Mountain community of Alpine in the extreme north and Point of 

Pines in the western portion of the basin
o	 San Francisco River running from the west to the east in Apache County and from 

the east to the south near Clifton
o	 Blue River south of the Apache County line, which flows south through the basin 

and joins the San Francisco River
o	 Eagle Creek in the vicinity of the boundary between Graham and Greenlee 

Counties

•	 Not well shown on Figure 3.9-1 is the Mogollon Rim, which includes the highest point in 
the basin at 9,346 feet. 
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3.9.2 Land Ownership in the Morenci Basin

Land ownership, including the percentage of ownership in each category, is shown for the 
Morenci Basin in Figure  3.9-2.   Primary land ownership features are the large block of national 
forest land, a significant amount of tribal land and the relatively large contiguous portion of 
private land around Morenci used predominantly for mining activities.  A description of land 
ownership data sources and methods is found in Volume 1, Section 1.3.8.  

A key land ownership feature of this basin is the large amount of National Forest Service land in 
the Apache-Sitgreaves National Forest.  This basin contains a one-third of the two million acre 
forest.  This forest is unique in Arizona because it contains more than 680 miles of rivers and 
streams and 34 lakes and reservoirs, more than any other Southwestern National Forest.  The 
basin also includes the entire 172,762 acre Blue Range Primitive Area, the only primitive area in 
the United States (USFS, 2006).  Land ownership categories are discussed below in the order of 
percentage from largest to smallest in the basin. 

National Forest and Wilderness
•	 67.6% of the land is federally owned and managed as national forest and wilderness.
•	 All national forest land in the basin is in the Apache-Sitgreaves National Forest in two 

ranger districts, the Alpine Ranger District in the northern portion of the basin and the 
Clifton Ranger District in the southern portion of the basin.

•	 Primary land uses are recreation, wildlife protection and timber production.

Indian Reservations
•	 21.7% of the land is under ownership of the San Carlos Apache Tribe.
•	 Primary land use is grazing.

Private
•	 5.8% of land is private.
•	 The majority of private land is surrounding Morenci. 
•	 Private in-holdings are scattered throughout the National Forest lands. 
•	 Primary land uses are mining, domestic and commercial.

U.S. Bureau of Land Management (BLM)
•	 3.8% of land is federally owned and managed by the Safford Field Office of the Bureau 

of Land Management.
•	 The basin contains a small portion of the Gila Box Riparian National Conservation Area 

in T5S, R29E.
•	 All BLM land is in the southern-most tip of the basin and is interspersed with private and 

state trust lands.
•	 Primary land use is grazing.
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State Trust
•	 1.6% of land in this basin is held in trust for public schools and to a lesser extent the 

University of Arizona, hospital for disabled miners and the Arizona Hospital.
•	 All state owned land is in the southernmost-tip of the basin and is interspersed with BLM 

and private lands.
•	 Primary land use is grazing.
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3.9.3 Climate of the Morenci Basin

Climate data from NOAA/NWS Coop Network and SNOTEL/Snowcourse stations are complied 
in Table 3.9-1 and the locations are shown on Figure 3.9-3.  The Morenci Basin does not contain 
Evaporation Pan and AZMET stations.  A description of the climate data sources and methods is 
found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.9-1A.
•	 There are four NOAA/NWS Coop Network stations in the basin.
•	 Of the four stations, data from different periods of record may be used as shown.  This may 

be due to discontinued measurements, date of installation or other availability issues.
•	 Stations are located throughout the basin.
•	 Station elevation ranges from 3,480 feet at Clifton to 8,050 feet at Alpine.
•	 Maximum average temperatures range from 61.6°F in Alpine to 84.7°F in Clifton.
•	 Minimum average temperatures range from 29.1°F in Alpine to 45.8°F in Clifton.
•	 Station precipitation varies with an annual average precipitation range of 13.29 inches in 

Morenci to 21.66 inches in Alpine.
•	 Three of the stations, Alpine, Blue and Clifton, report the highest average precipitation 

in the summer season (July –September).  One station, Granville, reports highest average 
precipitation in the Fall (October – December).

•	 The driest season at all stations is spring (April – June).
•	 Additional precipitation information shows rainfall as high as 32 inches along the Mogollon 

Rim near Highway 191 and as low as 12 inches in the vicinity of Clifton. 
•	 Altitude is the principal factor in precipitation in this basin.�  The range of 20 inches between 

areas of highest and lowest precipitation is relatively high for the planning area.

SNOTEL/Snowcourse
•	 Refer to table 3.9-1D.
•	 The Morenci Basin is the only basin in the planning area with SNOTEL/Snowcourse 

data.
•	 There are five snow measurement sites in the basin.  Snow pack is measured in inches of 

snow water content.  Ten inches of fresh snow can contain as little as 0.10 inches of water 
or up to 4 inches depending on a number of factors. The majority of U.S. snows fall with a 
water-to-snow ratio of between 0.04 and 0.10. (NSIDC, 2006) 

•	 The site elevation range is narrow, from 7,990 feet at Beaverhead SNOTEL to 8,500 feet at 
Nutrioso.

•	 Four sites, Beaverhead, Beaverhead SNOTEL, Coronado Trail and Hannagan Meadows, 
record highest snow pack in March. Two sites, Coronado Trail SNOTEL and Nutrioso, 

�  There is a discrepancy between the average annual precipitation shown on the map and the average annual 
precipitation indicated from the NOAA/NWS Coop station for the Granville area.  The map shows precipitation 
between 22 and 24 inches for the area whereas the average annual precipitation at the station is 17.19 inches.  This 
discrepancy may be caused by different periods of record displayed for the station and that used to construct the 
precipitation contours.
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report highest snow pack in February.
•	 Highest average snow pack is 9.8 inches at Hannagan Meadows.  
•	 In general there is a correlation between elevation and average snow pack in the month 

with the highest snow pack.  Location of the site and the period of record affect snow pack 
accumulation averages.
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Table 3.9-1 Climate Data for the Morenci Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer Fall Annual

Alp�ne 8050 1971-2000 61.6/Jul 29.1/Jan 3.94 2.24 10.31 5.17 21.66

Blue 5420 1971-2000 70.5/Jul 36.0/Dec 4.37 1.86 9.82 5.09 21.14

Granv�lle 6800 1955-19751 70.2/Jul 34.7/Jan 3.03 3.25 5.73 6.47 17.19

Cl�fton 3480 1971-2000 84.7/Jul 45.8/Dec 3.00 1.10 5.77 3.42 13.29

Source:	WRCC,	2003.

Notes:
1Average	temperature	for	per�od	of	record	shown;	average	prec�p�tat�on	from	1971-2000

B. Evaporation Pan:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Avg. Annual Evap
(in inches)

Source:	WRCC,	2003.

C. AZMET:

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Source: Ar�zona	Meteorolog�cal	Network,	2005

D. SNOTEL/Snowcourse:

Jan. Feb. March April May June

Beaverhead 8,000 1938	-	current 1.5	(25) 2.7 (65) 2.8 (66) 1.2 (62) 0.4 (1) 0 (0)

Coronado	Tra�l 8,350 1938	-	current 1.4	(27) 2.8 (67) 2.9 (67) 1.0 (63) 0 (1) 0 (0)

Coronado	Tra�l	
SNOTEL 8,400 1983	-	current 1.8	(22) 3.1 (22) 3.0 (22) 0.4 (21) 0 (22) 0 (22)

Hannagan	Meadows 9,090 1964	-	2000 4.5	(23) 7.3 (36) 9.8 (36) 9.3 (36) 8.1 (36) 0 (0)

Nutr�oso 8,500 1938	-	current 1.0	(27) 1.9 (67) 1.8 (67) 0.6 (67) 0 (1) 0 (0)

Source:	Natural	Resources	Conservat�on	Serv�ce,	2005

None

Average Annual Reference Evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name Elevation
(in feet)

Period of Record 
Used for 
Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content 
(Number of measurements to calculate average)

Average Total Precipitation (in inches)
Station Name Elevation

(in feet)

Period of Record 
Used for 
Averages

Average Temperature Range (in F)
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3.9.4 Surface Water Conditions in the Morenci Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.9-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.9-3.  Reservoir and stockpond data, including maximum storage or maximum surface area 
of large reservoirs and type of use of the stored water, are shown in Table 3.9-4.   The location 
of streamflow gages, using the USGS number, is shown on Figure 3.9-4.  The location of large 
reservoirs as well as USGS runoff contours are also shown on Figure 3.9-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.9-2.
•	 Data from six stations, including three discontinued stations, are shown on the table and on 

Figure 3.9-2.
•	 These stations are located on the Blue River, the San Francisco River, Willow Creek and 

Eagle Creek. 
•	 The average seasonal flow as a percentage of annual flow for most of the stations is highest 

in the Winter (January-March) and lowest in the Spring (April-June) or Summer (July-
September).

•	 The two stations on Willow Creek report highest average seasonal flow in the Summer 
(July-September), however flows during the rest of the year are comparable to the summer 
flows. 

•	 Maximum annual flow in this basin was 678,755 acre-feet in 1915 on the San Francisco 
River.  Minimum annual flow was 724 acre-feet in 1964 on Willow Creek. 

Flood ALERT Equipment
•	 Refer to Table 3.9-3.
•	 There are seven stations in the basin as of October 2005.  
•	 Four stations are precipitation stations, two stations are precipitation/stage stations and one 

station is a weather station.  

Reservoirs and Stockponds
•	 Refer to Table 3.9-4
•	 There are four large and 16 small reservoirs in this basin.
•	 The largest reservoir, the Silver Basin, has a maximum storage capacity of 5,200 acre-

feet.
•	 The reservoirs are used for irrigation, recreation and other purposes.
•	 Four of the small reservoirs have a maximum storage capacity of 1,327 acre-feet.  The 

remaining 12 small reservoirs have a total surface area of 138 acres. 
•	 There are an estimated 673 stockponds in this basin.
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Runoff Contour
•	 Refer to Figure 3.9-4.
•	 Average annual runoff increases from 0.5 inches in the vicinity of Clifton and Morenci to 

two inches as you move north toward the Mogollon Rim.  Runoff is one inch in the far 
northern part of the basin. 
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A. Large Reservoirs (500 acre-feet capacity and greater)

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR MAXIMUM

STORAGE (AF) USE1 JURISDICTION

1 S�lver	Bas�n Phelps	Dodge-Morenc� 5,200 O State

2 Luna	 Luna	Irr�gat�on 1,800 I State

3 Columb�ne Phelps	Dodge-Morenc� 5222 O State

B. Other Large Reservoirs (50 acre surface area or greater)3

MAP
KEY

RESERVOIR/LAKE NAME 
(Name of dam, if different) OWNER/OPERATOR

MAXIMUM
SURFACE AREA 

(acres)
USE1 JURISDICTION

4 Dry	 San	Carlos	Apache	Tr�be 229 R Tr�bal

C. Small Reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 4
Total maximum storage: 1,327 acre-feet

D. Other Small Reservoirs (between 5 and 50 acres surface area)3

Total number: 12
Total surface area: 138 acres

E. Stockponds (up to 15 acre-feet capacity)
Total number: 673 (from water right filings)

Notes:
1I=�rr�gat�on;	O=other;	R=recreat�on	
2Normal	capac�ty	<	500acre-feet
3Capac�ty	data	not	ava�lable	to	ADWR

Table 3.9-4 Reservoirs and Stockponds in the Morenci Basin
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3.9.5 Perennial/Intermittent Streams and Major Springs in the Morenci Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.9-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.9-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are many perennial stream reaches located throughout the basin. Some of these 
streams are the San Francisco River, Blue River, Grant Creek, Strayhorse Creek, KP Creek, 
Willow Creek, Cienega Creek and Eagle Creek.

•	 Numerous intermittent streams are also located throughout the basin. 
•	 There are nine major springs with a measured discharge of 10 gallons per minute (gpm) or 

greater at any time. 
•	 Listed discharge rates may not be indicative of current conditions.  All springs measurements 

are over 10 years old; seven springs were measured before 1982 and one has no date.
•	 Major springs are found throughout most of the basin.  The greatest discharge rate was 

measured along the Blue River north of Clifton (unnamed spring, 200 gpm).  
•	 Three-quarters of the major springs have discharges greater than or equal to 50 gpm.
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.9-5.  There are eight minor springs identified in this basin. 
•	 The total number of springs identified by the USGS varies from 308 to 358, depending on 

the database reference.
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A. Major Springs (10 gpm or greater):

Lat�tude Long�tude

1 Unnamed2 331603 1091053 200 6/16/1978

2 Unnamed2 331922 1091123 100 NA

3 Unnamed 331735 1091603 100 6/16/1978

4 Eagle	Creek	Hot	 330249 1092623 50 On	or	before	
1982

5 Hannah 332401 1090907 50 On	or	before	
1982

6 KP	C�enega	(mult�ple) 333428 1092116 50 6/26/1973

7 Rock	Bas�n 331302 1090748 20 On	or	before	
1982

8 Smuggler2 325653 1092041 20 07/1992

9 Unnamed2 334448 1090404 10 6/14/1978

B. Minor Springs (1 to 10 gpm):

Lat�tude Long�tude

Coronado 331002 1092202 5 6/17/1978

Gulch2,3 331000 1092109 3 04/1980

Sycamore	Gulch2,3 330854 1091837 3 12/1981

Metcalf 2,3 331047 1092050 2 04/1980

Judges2,3 330919 1092249 2 12/1991

Strayhorse 332638 1092131 2 6/26/1978

Sycamore2,3 330026 1091857 1 04/1980

Burnt	Corral 333124 1091808 1 6/26/1978

Notes:
NA	=	Not	Ava�lable
1Most	recent	measurement	�dent�f�ed	by	ADWR
2Spr�ng	not	d�splayed	on	current	USGS	topo	map
3Locat�on	approx�mated	by	ADWR

Table 3.9-5 Springs in the Morenci Basin

Map
Key Name

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

Locat�on D�scharge
(�n	gpm)1

Date	D�scharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALRIS, 2005 and NHD, 2006): 308 to 358

Name
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3.9.6 Groundwater Conditions of the Morenci Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.9-6.  Figure 3.9-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.9-7 
contains hydrographs for selected wells shown on Figure 3.9-6.  Figure 3.9-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.9-6 and Figure 3.9-6.
•	 The major aquifers in this basin are recent stream alluvium and volcanic rock.
•	 Flow direction is generally from north to south. 

Well Yields
•	 Refer to Table 3.9-6 and Figure 3.9-8.
•	 As shown on Figure 3.9-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 53 reported wells, indicates that the median 

well yield in this basin is 600 gpm.

Natural Recharge
•	 Refer to Table 3.9-6.
•	 The only natural recharge estimate in this basin is 15,000 acre-feet per year from a 1986 

Freethey and Anderson study. 

Water in Storage
•	 Refer to Table 3.9-6.
•	 The only storage estimate is a predevelopment estimate of 3 million acre-feet to a depth of 

1,200 feet.
 

Water Level
•	 Refer to Figure 3.9-6.  Water levels are shown for wells measured in 2003-2004. 
•	 The Department annually measures two index wells in this basin.  
•	 In 1978, the year of the last water level sweep, six wells were measured. 
•	 The deepest recorded water level in the basin in 2003-2004 is 78 feet and the shallowest is 

eight feet.  All recorded water level changes are in the vicinity of Alpine. 
•	 Of the three recorded wells in the basin, water level in one has decreased between one and 

15 feet, one has increased between 15 and 30 feet and the third lacks change data. 
•	 Hydrographs corresponding to selected wells shown on Figure 3.9-6 but covering a longer 

time period are shown in Figure 3.9-7. 
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Basin Area, in square miles:

Estimated Natural Recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Ava�lable
1Predevelopment	Est�mate

15,000 Freethey	and	Anderson	(1986)

Table 3.9-6 Groundwater Data for the Morenci Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluv�um

Volcan�c	Rock

1,599

Well Yields, in gal/min:

NA

Range	2	-	5,900
Med�an	600

(53	wells	reported)

NA

Range	0	-	2,500

Measured	by	ADWR	and/or	USGS

Reported	on	reg�strat�on	forms	for	
large	(>	10-�nch)	d�ameter	wells

ADWR	(1990	and	1994)

Ann�ng	and	Duet,	USGS	(1994)

2
1978	(6	wells	measured)

Estimated Water Currently in 
Storage, in acre-feet:

NA

3,000,0001	(to	1,200	ft)

NA

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Ar�zona	Water	Comm�ss�on	(1975)
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3.9.7 Water Quality of the Morenci Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.9-7A.  Impaired lakes and streams with site type, name, 
length of impaired stream reach, area of impaired lake, designated use standard and parameter(s) 
exceeded is shown in Table 3.9-7B.  Figure 3.9-9 shows the location of exceedences and impairment 
keyed to Table 3.9-7.  A description of water quality data sources and methods is found in Volume 
1, Section 1.3.18.  Not all parameters were measured at all sites; selective sampling for particular 
constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.9-7A.
•	 Drinking water standard exceedences have been reported for three wells in the basin.
•	 All wells are in the southern portion of the basin.
•	 Parameters exceeded in the sites measured in this basin included beryllium, cadmium, 

copper, fluoride, arsenic, lead and nitrates

Lakes and Streams
•	 Refer to Table 3.9-7B.
•	 Water quality standards were exceeded in one lake, Luna Lake, and one reach of the San 

Francisco River. 
•	 The parameters exceeded in Luna Lake included dissolved oxygen, nitrates, phosphorus 

and pH levels. 
•	 The parameter exceeded in the San Francisco River was sediment. 
•	 Luna Lake has been evaluated under the ADEQ water quality improvement effort called 

the Total Maximum Daily Load  (TMDL) program.  The TMDL report for Luna Lake was 
accepted by the EPA in 2000 and implementation of the water quality improvement plan is 
underway.  There are no TMDL reports for the impaired reach of the San Francisco River.
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3.9.8 Cultural Water Demands in the Morenci Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.9-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.9-9.  Figure 
3.9-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.9-8 and Figure 3.9-10.
•	 Population decreased from 1980 to 2000. Projections suggest a slight increase in population 

through 2050.  
•	 Total groundwater use has increased from 1971 to 2003 with an average of 11,500 acre-feet 

pumped per year in the period from 2001-2003. 
•	 Historical surface-water diversions are not available for this basin, however, surface water 

diversions have decreased from 1991 to 2003 with 1,000 acre-feet diverted per year in the 
period from 1991 – 2003. 

•	 All surface-water diversions between 1991 and 2003 were for municipal and industrial 
uses, however, over 90% of the municipal and industrial water supply is groundwater.

•	 Almost all municipal and industrial demand is in the vicinity of Clifton and Morenci. 
•	 Also in the Morenci and Clifton area is the active Morenci Mine.
•	 There is no agricultural demand reported in this basin. 
•	 As of 2003 there were 472 registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and 72 wells with a pumping capacity of more than 35 gallons per 
minute.

Effluent Generation
•	 Refer to Table 3.9-9.
•	 There are three wastewater treatment facilities in the basin.  
•	 Two of these facilities serve communities, effluent at the third facility is generated by the 

copper mining process and used for industrial purposes. 
•	 Over 3,500 people are served by the two municipal facilities. 
•	 186 acre-feet of effluent from the municipal facilities per year are generated in this basin 

and discharged into either an evaporation pond or a watercourse. 
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 8,620
1981 8,284
1982 7,948
1983 7,612
1984 7,276
1985 6,940
1986 6,604
1987 6,268
1988 5,932
1989 5,596
 1990 5,260
1991 5,229
1992 5,199
1993 5,169
1994 5,139
1995 5,108
1996 5,078
1997 5,048
1998 5,018
1999 4,987
2000 4,957
2001 4,968
2002 4,980
2003 4,991
2010 5,071
2020 5,426
2030 5,760
2040 6,022
2050 6,254

ADDITIONAL WELLS: 3 25 2
WELL TOTALS: 472 72

Notes:
NR	=	Not	reported
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
1 Does	not	�nclude	evaporat�on	losses	from	stockponds	and	reservo�rs.
3 Other	water-supply	wells	are	l�sted	�n	the	ADWR	Well	Reg�stry	for	th�s	bas�n,	but	they	do	not	have	complet�on	dates.
These	wells	are	summed	here.

NR 1,000 NR

USGS
(2005)
ADWR
(2005)2,100 NR48 5 20,000 NR

17 1 11,500

NR

33 1 15,500 NR 2,400 NR

ADWR
(1994)
ADWR

Show	Low	
Lake

Report
(2005)

4,700 NR

70 7 5,100 NR

28 13 6,400

2512 432

3,900 NR

Table 3.9-8 Cultural Water Demands in the Morenci Basin1

Year

Recent
(Census) and 

Projected
(DES)

Population

Number of Registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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3.9.9 Water Adequacy Determinations in the Morenci Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.9-10.  Figure 3.9-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1.

•	 Nine water adequacy determinations have been made in this basin through May, 2005.  All 
nine determinations are in the vicinity of Alpine.

•	 One determination of water inadequacy has been made.
•	 The reason for this determination of inadequacy was legal, the applicant failed to demonstrate 

the legal right to use the water or failed to demonstrate the provider’s legal authority.
•	 All lots receiving an adequacy determination are in Apache County.  Of the 1,759 lots, 

1,725 or 98% were determined to be adequate. 
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3.10.1 Geography of the Safford Basin

The Safford Basin is the largest basin in the planning area at 4,747 square miles.  Geographic 
features and principal communities are shown on Figure 3.10-1.  The basin is characterized by 
valleys, high-elevation mountain ranges and a variety of vegetation types such as desert scrub, 
grassland, woodlands, conifer forests and chaparral.

•	 Principal geographic features shown on Figure 3.10-1 are:
o	 Principal basin communities of San Carlos, Peridot, Pima, Thatcher, Safford and 

Swift Trail Junction 
o	 Smaller communities of San Simon and Bowie located along Interstate 10 south of 

the Cochise County line and Portal located in the southern portion of the basin near 
the New Mexico state line

o	 Gila River running northwest from Greenlee County through San Carlos
o	 San Simon Creek flowing through the San Simon Valley south of Safford
o	 Gila Mountains northeast of Pima
o	 Pinaleño Mountains west of Swift Trail Junction, which include the highest point in 

the basin and planning area, Mount Graham at 10,712 feet
o	 Dos Cabezas Mountains on the southeastern basin boundary
o	 Chiricahua Mountains along the southeastern and southern basin boundary 
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3.10.2 Land Ownership in the Safford Basin

Land ownership, including the percentage of ownership in each category, for the Safford Basin is 
shown in Figure 3.10-2.  A principal feature of land ownership is the diversity of land ownership 
types, eight total.  A description of land ownership data sources and methods is found in Volume 
1, Section 1.3.8.  Land ownership categories are discussed below in the order of percentage from 
largest to smallest in the basin. 

Indian Reservations
•	 29.5% of land is under ownership of the San Carlos Apache Tribe.
•	 Tribal lands are located in the northern quarter of the basin.
•	 The basin contains the San Carlos Apache tribal headquarters in San Carlos and the San 

Carlos Apache cultural center in Peridot.
•	 Primary land uses are domestic, commercial, farming, grazing and mining.

U.S. Bureau of Land Management (BLM)
•	 29.0% of land is federally owned and managed by the Safford Field Office of the U.S. 

Bureau of Land Management.
•	 Most of the BLM land occurs in a wide band along the eastern portion of the basin.  
•	 The basin contains the entire Dos Cabezas Mountain Wilderness Area in T14S, R27E and 

R28E.
•	 Portions of the Peloncillo Wilderness Area and Gila Box National Conservation Area in 

T12S, R32E and T6S, R28E, respectively, are also in the basin.
•	 Primary land uses are grazing and recreation.

State Trust Land
•	 16.3% of land in this basin is held in trust for public schools and 13 other beneficiaries 

under the State Trust Lands system.
•	 Many of the state owned lands in this basin are fragmented, however, significant contiguous 

portions exist east of Swift Trail Junction, in a band surrounding the Coronado National 
Forest east of Safford, and north and south of Interstate 10.

•	 Primary land use is grazing.

National Forest and Wilderness
•	 12.6% of land is federally owned and managed as national forest and wilderness.
•	 The basin includes two forest districts and three ranger districts: the Tonto National Forest, 

Globe Ranger District in the north; and the Coronado National Forest, Safford Ranger 
District east of Safford, and the Douglas Ranger District in the south.

•	 Two wilderness areas are located within the basin.  The entire Santa Teresa Wilderness is 
located in the northern portion of the Safford Ranger District and a portion of the Chiricahua 
Wilderness is located in the Douglas Ranger District.

•	 Primary land uses are grazing, recreation and timber production.
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Private
•	 12.0% of land is private.
•	 Small parcels of private land are scattered throughout the basin.  
•	 The largest continuous blocks of private land are along Highway 70 in the vicinity of 

Safford, along Interstate 10 and around Highway 80 in the southern portion of the basin.
•	 Primary land uses are farming, domestic, commercial and mining.

Other (Game and Fish, County and Bureau of Reclamation)
•	 0.3% of land is state owned and managed by the Arizona Game and Fish Department.
•	 The basin contains two wildlife areas, the May Memorial Wildlife Area in T17S, R31E and 

the Cluff Ranch Wildlife Area T7S, R24E.
•	 Primary land uses are wildlife protection and recreation.

U.S. Military
•	 0.2% of the land is federally owned and managed by the U.S. Military.
•	 A U.S. Military Reserve is located near Swift Trail Junction in T8S, R26E.
•	 Primary land use is military activities.

Parks, Monuments, Historical and Recreational Sites
•	 0.1% of the land is federally owned and managed by the National Park Service (NPS).
•	 The basin contains two NPS units, the Fort Bowie National Historic Site in T15S, R28E 

and a small portion of the Chiricahua National Monument in T16S, R30E.
•	 Primary land use is recreation.
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3.10.3 Climate of the Safford Basin

Climate data from NOAA/NWS Coop Network, Evaporation Pan and AZMET stations are 
complied in Table 3.10-1 and the locations are shown on Figure 3.10-3.  The Safford Basin does 
not contain SNOTEL/Snowcourse stations.  A description of the climate data sources and methods 
is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.10-1A.
•	 There are nine NOAA/NWS Coop Network climate stations in the basin.
•	 Of the nine stations, data from different periods of record may be used as shown.  The 

variety of periods may be due to discontinued measurements, date of installation or other 
availability issues.

•	 Stations are dispersed throughout the basin.
•	 Station elevation ranges from 2,640 feet at San Carlos to 5,430 feet at Paradise.
•	 Maximum average temperatures range from 70.4°F at Portal 4 SW to 84.4°F at San 

Carlos.
•	 Minimum average temperatures range from 37.8°F at Paradise to 46.0°F at Bowie.
•	 Station precipitation varies considerably with an annual average precipitation range of 9.34 

inches at San Carlos and 21.56 inches at Portal 4 SW.  
•	 All stations report highest annual rainfall in the summer season (July – September).
•	 The driest season for all stations is spring (April – June).
•	 Additional precipitation data shows rainfall as high as 44 inches near Chiricahua Peak, 

elevation 9,760 feet, and as low as 8 inches in the areas surrounding San Simon and 
Safford.

•	 Altitude is a factor in precipitation with the highest precipitation in the region falling in the 
Pinaleño and Chiricahua Mountain ranges.  This basin contains the second largest range of 
average annual rainfall in the planning area with 36 inches separating areas of lowest and 
highest precipitation. 

Evaporation Pan
•	 Refer to Table 3.10-1B.
•	 There is one site at the Safford Agricultural Center.
•	 This site, at 2,950 feet, has an annual pan evaporation rate of 98.05 inches.

AZMET
•	 Refer to Table 3.10-1C.
•	 There are two AZMET stations in the basin at Safford and Bowie.
•	 Average annual evaporation at the Bowie site, located at 4,416 feet, is 23.59 inches.
•	 Average annual evaporation at the Safford site, located at 2,956 feet, is 76.80 inches.
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Table 3.10-1 Climate Data for the Safford Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

Bowie 3,770 1971-2000 82.6/Jul 46.0/Dec 2.52 1.17 5.28 3.37 12.34

Paradise 5,430 1906-1937 72.6/Jul 37.8/Dec 3.59 1.58 9.88 3.97 19.04

Portal 5,000 1914-1955 75.1/Jul 41.2/Jan 3.08 1.57 9.08 3.64 17.38

Portal	4	SW 5,390 1971-2000 70.4/Jul 38.2/Jan 3.64 2.14 10.43 5.35 21.56

Safford 2,900 1898-19731 84.2/Jul 45.0/Jan 1.34 0.65 4.75 3.23 9.95

Safford	Ag.	Ctr. 2,950 1971-2000 83.2/Jul 44.4/Dec 2.13 0.80 4.29 2.57 9.79

San	Carlos 2,640 1948-19771 84.4/Jul 44.2/Jan 1.98 0.79 3.63 2.95 9.34

San	Simon 3,610 1971-2000 80.5/Jul 42.7/Jan 1.94 0.65 4.98 3.09 10.66

San	Simon	9	ESE 3,880 1962-19861 81.9/Jul 44.4/Jan 1.96 0.81 5.59 2.50 10.85

Source:	WRCC,	2003.

Notes:
1Average	temperature	for	period	of	record	shown;	average	precipitation	from	1971-2000

B. evaporation Pan:

Station Name elevation (in 
feet)

Period of 
record Used 
for Averages

Avg. Annual evap
(in inches)

Safford	Agricultural	Center 2,950 1948	-	2002 98.05

Source:	WRCC,	2003.

C. AZMeT:

Station Name elevation
(in feet)

Period of 
record Used 
for Averages

Bowie 4,416 1987	-	current

Safford 2,956 1987	-	current

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

None

Station Name elevation   (in 
feet)

Period of 
record Used 
for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages)

23.59	(1)

76.80	(6)

Station Name elevation
(in feet)

Period of 
record Used 
for Averages

Average Temperature range (in f) Average Total Precipitation (in inches)
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3.10.4 Surface Water Conditions in the Safford Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.10-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.10-3.  Reservoir and stockpond data, including maximum storage or maximum surface 
area of large reservoirs and type of use of the stored water, are shown in Table 3.10-4.   The 
location of streamflow gages, using the USGS number, is shown on Figure 3.10-4.  The location of 
large reservoirs as well as USGS runoff contours are also shown on Figure 3.10-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.10-2.
•	 Data from 18 stations, including 14 discontinued stations, are shown on the table and on 

Figure 3.10-4.
•	 These stations are located on the Gila River, Cave Creek, East Turkey Creek, San Simon 

River, San Carlos River, Marijilda Wash, Deadman Creek and Frye Creek. 
•	 The average seasonal flow as a percentage of annual flow for many of the stations is highest 

in the Winter (January-March) and lowest in the Spring (April-June).
•	 Six stations show the highest average seasonal flow in the Summer (July-September) and 

five stations show the lowest in the Winter (January-March). 
•	 Maximum annual flow in this basin was 1,732,915 acre-feet in 1993 on the Gila River at 

Calva.  Minimum annual flow was 56 acre-feet in 1969 on Frye Creek. 

Flood ALERT Equipment
•	 Refer to Table 3.10-3.
•	 There are eight stations in the basin as of October 2005.  
•	 Four stations are precipitation stations, three stations are precipitation/stage stations and 

one station is a repeater/precipitation station.  

Reservoirs and Stockponds
•	 Refer to Table 3.10-3
•	 Surface water is stored or could be stored in 16 large and 57 small reservoirs in this basin.
•	 Of the 16 large reservoirs, 14 have a storage capacity of 500 acre-feet or more. 
•	 The largest reservoir, San Carlos Lake, has a maximum storage capacity of 1,073,000 

acre-feet.  San Carlos Lake is created by Coolidge Dam, built in 1929.  This is the largest 
reservoir in the planning area and the only large storage dam on the Gila River.  Its uses are 
for hydroelectric generation, irrigation and recreation.

•	 Most of the large reservoirs in this basin are used for flood control.  Other uses include 
irrigation, water supply and recreation.

•	 25 small reservoirs have a maximum storage capacity of 3,862 acre-feet.  The remaining 
32 small reservoirs have a total surface area of 328 acres. 

•	 There are an estimated 1,429 stockponds in this basin.
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Runoff Contour
•	 Refer to Figure 3.10-4.
•	 Average annual runoff increases from 0.2 inches in the vicinity of Safford and Thatcher 

along the Gila River and in the southeastern part of the basin, to five inches in the Chiricahua 
Mountains along the southwestern boundary.  Runoff also increases slightly north from 
Safford to one inch near the northern basin boundary. 
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A. Large reservoirs (500 acre-feet capacity and greater)

MAP
Key

reSerVOIr/LAKe NAMe
(Name of dam, if different) OWNer/OPerATOr MAxIMUM

STOrAGe (Af) USe1 JUrISDICTION

1 San	Carlos	(Coolidge	Dam) Bureau	of	Reclamation 1,073,000 H,I,R Federal
2 Stockton	Wash	Retarding Graham	County 12,400 C State
3 Foote	Wash Graham	County 5,500 C State
4 Frye	Creek	Retarding	#3 Town	of	Thatcher 3,150 C State
5 Graveyard	Wash City	of	Safford 2,360 C State
6 Billingsley Graham	Canal	Co. 2,175 C State
7 Cheslkey-Wamslee Graham	Canal	Co. 2,160 C State
8 San	Jose Private 1,734 C Landowner
9 Central	Detention Union	Canal	Co. 1,190 C State
10 Slick	Rock	 Private 1,000 U Landowner
11 Freeman	Wash Graham	County 9602 C State
12 Tufa	Stone San	Carlos	Apache	Tribe 8502 I Tribal
13 No	Name	Wash Graham	County 646 C State
14 Dry	 San	Carlos	Apache	Tribe 600 R,S Tribal

B. Other Large reservoirs (50 acre surface area or greater)3

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr

MAxIMUM
SUrfACe AreA

(acres)
USe1 JUrISDICTION

15 Parks	 Private 426 U Landowner

16 Dry4 Private 75 P Landowner

C. Small reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 25
Total maximum storage: 3,862 acre-feet

D. Other Small reservoirs (between 5 and 50 acres surface area)3

Total number: 32
Total surface area: 328 acres

e. Stockponds (up to 15 acre-feet capacity)
Total number: 1429 (from water right filings)

Notes:
1C=flood	control;	H=hydroelectric;	I=irrigation;	P=fire	protection,	stock	or	farm	pond	
						R=recreation;	S=water	supply;	U=unknown	
2Normal	capacity	<	500acre-feet
3Capacity	data	not	available	to	ADWR
4Dry	Lake

Table 3.10-4 reservoirs and Stockponds in the Safford Basin
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3.10.5 Perennial/Intermittent Streams and Major Springs in the Safford Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.10-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.10-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are numerous perennial stream reaches located primarily along the western boundary 
of the basin. Including the San Carlos River and the Blue River in the northern part of the 
basin.

•	 Numerous intermittent streams are also located primarily along the western boundary of 
the basin. 

•	 The Gila River is predominantly an intermittent stream through the basin, with perennial 
reaches near the Greenlee and Graham County boundary and in the vicinity of Highway 70 
in T4S, R22E.

•	 There are 24 major springs with a measured discharge of 10 gallons per minute (gpm) or 
greater at any time. 

•	 Listed discharge rates may not be indicative of current conditions.  Most of the measurements 
were taken prior to 1990 and many measurements date from the 1940’s and 1950’s.  Three 
major and two minor spring measurements post-date 1990.

•	 The majority of the major springs are clustered in the vicinity of Pima. The greatest 
discharge rate was measured at a spring in the northeastern portion of the basin northeast of 
San Carlos (Warm Spring, 3,398 gpm).  This is the largest discharge in the planning area.

•	 Three-quarters of the major springs have discharges of less than 50 gpm.
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.10-5.  There are 30 minor springs identified in this basin. 
•	 The total number of springs identified by the USGS varies from 379 to 387, depending on 

the database reference.
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A. Major Springs (10 gpm or greater):

Latitude Longitude

1 Warm 332623 1101244 3,398 On	or	before	1982

2 Cold	#1 330024 1095409 449 5/10/1940

3 Cold	#2 330024 1095409 449 5/10/1940

4 Indian	Hot 325954 1095351 150 5/10/1940

5 Unnamed 330007 1095359 75 5/10/1940

6 Unnamed2 325432 1094910 50 9/1/1941

7 Unnamed2 330116 1095534 44 09/1941

8 Unnamed2 325631 1095350 40 NA

9 Unnamed2 315916 1091543 35 8/1/1946

10 Cassadore 333043 1102400 35 3/13/1951

11 Cold	#3 330023 1095409 30 5/10/1940

12 Unnamed2 325625 1094833 30 9/15/1960

13 Unnamed2 325205 1094525 30 NA

14 Ash	Creek 324910 1095024 20 On	or	before	1982

15 Unnamed2 324747 1094709 20 3/10/1940

16 Spring	Canyon2,3 325046 1093120 154 07/2000

17 Simon	Springs 325515 1095332 13 04/2002

18 Upper	Fishook 331341 1095817 11 04/2002

19 Unnamed2 325654 1095353 10 09/1941

20 Unnamed2 325526 1095107 10 9/12/1941

21 Unnamed2 325110 1095739 10 1/8/1941

22 Unnamed2 324625 1094510 10 7/31/1940

23 Unnamed2 323535 1092031 10 7/31/1940

24 Unnamed 330420 1095914 10 On	or	before	1982

Table 3.10-5 Springs in the Safford Basin

Map
Key Name

Location Discharge
(in	gpm)1

Date	Discharge	
Measured
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B. Minor Springs (1 to 10 gpm):

Latitude Longitude

Unnamed2,3 331349 1100225 6 05/1980

Unnamed2 325546 1095107 5 9/12/1941

Tom	Niece 330410 1095840 5 On	or	before	1982

Big 325619 1094818 5 07/1981

Lower	Sam	Canyon2,3 331523 1100233 3 05/1981

Apache 320843 1092624 3 11/20/2002

Indian	Hot 325954 1095352 3 4/20/1942

Bigler2 330017 1095312 2 04/1995

Unnamed2 330226 1095659 2 9/12/1941

Eden 325832 1095237 2 NA

Unnamed2 325226 1094828 2 11/15/1940

Unnamed2 325222 1094828 2 11/15/1940

George	Hill2,3 325525 1092550 2 12/1981

Delia2,3 325258 1092902 2 09/1982

Bill2,3 325607 1092654 2 08/1984

Ward2 322138 1090633 2 04/1990

Spring	Branch-Ranch	
Creek2,3 331539 1104123 2 5/8/1951

Cold	at	Warm	Springs2,3 332625 1101241 2 3/2/1951

Unnamed2 325945 1095352 2 4/20/1942

#132,3 320839 1092328 2 04/1989

Fisher2,3 325601 1101343 1 09/1981

Unnamed 330009 1095401 1 05/1940

Table 3.10-5 Springs in the Safford Basin (Con't.)

Name
Location Discharge

(in	gpm)1
Date	Discharge	

Measured
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B.Minor Springs (con't.):

Latitude Longitude

Turkey 321238 1093418 1 05/1984

Unnamed2 325425 1095109 1 11/1940

Unnamed2 324711 1094605 1 7/20/1941

Upper	Bear	 321510 1093250 1 11/1989

Elefante 321437 1093019 1 07/1985

Indian	 321337 1092954 1 07/1985

Alamo 321312 1093034 1 07/1985

Cowboy	Swimming	Hole 321631 1093242 1 04/1990

Notes:
NA	=	Not	Available
1Most	recent	measurement	identified	by	ADWR
2Spring	not	displayed	on	current	USGS	topo	map
3Location	approximated	by	ADWR
4Most	recent	measurement	<	10	gpm

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALrIS, 2005 and NHD, 2006): 379 to 387

Table 3.10-5 Springs in the Safford Basin (Con't)

Name
Location Discharge

(in	gpm)1
Date	Discharge	

Measured
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3.10.6 Groundwater Conditions of the Safford Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.10-6.  Figure 3.10-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.10-7 
contains hydrographs for selected wells shown on Figure 3.10-6.  Figure 3.10-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.10-6 and Figure 3.10-6.
•	 The basin is composed of three sub-basins 
•	 The southernmost sub-basin, the San Simon Valley sub-basin, consists of recent stream 

alluvium and contains artesian conditions in the lower aquifer.  
•	 The middle sub-basin, the Gila Valley sub-basin, contains older and younger basin fill.  The 

principal aquifer is the younger basin fill.
•	 The northern sub-basin, the San Carlos Valley sub-basin, consists of younger stream 

alluvium and basin fill. The principal water-bearing unit is the younger stream alluvium.
•	 Flow direction is generally from south to north, however, the flow is from north to south 

in the vicinity of San Carlos.  Flow directions have been altered due to pumping south of 
Interstate 10.

Well Yields
•	 Refer to Table 3.10-6 and Figure 3.10-8.
•	 As shown on Figure 3.10-8, well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 1,494 reported wells, indicates that the 

median well yield in this basin is 600 gpm.
•	 Well yield is varied throughout the basin.

Natural Recharge
•	 Refer to Table 3.10-6.
•	 The only estimate for natural recharge in this basin is 105,000 acre-feet per year from a 

1986 Freethey and Anderson study. 

Water in Storage
•	 Refer to Table 3.10-6.
•	 There are three storage estimates for this basin ranging from more than 27 million acre-feet 

to 69 million acre-feet.  The most recent estimate, from a 1990 ADWR study, is 66 million 
acre-feet to a depth of 1,200 feet.

•	 The predevelopment storage estimate is 69 million acre-feet. 
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Water Level
•	 Refer to Figure 3.10-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 50 index wells in this basin.  
•	 In 1997, the year of the last water level sweep, 559 wells were measured.  A previous well 

sweep, in 1987, measured 1,093 wells.
•	 Deep water levels are found in the vicinity of Interstate 10 with water levels as deep as 

517 feet. Shallow water levels are found in the Safford, Pima and Thatcher area with water 
levels as shallow as 21 feet.

•	 Change in water level ranges from decreases greater than 30 feet to increases as much as 
30 feet between 1990-1991 and 2003-2004.

•	 Most of the measured wells in the vicinity of Pima, Thatcher and Safford show water level 
declines between one and 15 feet.

•	 Hydrographs corresponding to selected wells shown on Figure 3.10-6, but covering a 
longer time period, are shown in Figure 3.10-7. 
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Basin Area, in square miles:

estimated Natural recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
1 Predevelopment	Estimate
2	1,093	wells	were	meaured	in	a	water-level	sweep	in	1987

50
1997 (559	wells	measured)2

estimated Water Currently in 
Storage, in acre-feet:

66,000,000	(to	1,200	ft) ADWR	(1990)

69,000,0001	(to	1,200	ft) Freethey	and	Anderson	(1986)

>27,000,000 Arizona	Water	Commission	(1975)

Range	50	-	2,500 ADWR	(1990	and	1994)

Range	0	-	2,500 Anning	and	Duet,	USGS	(1994)

Range	70	-	1,683
Median	771.5

(52	wells	measured)
Measured	by	ADWR	and/or	USGS

Range	1	-	7,000
Median	600

(1,494	wells	reported)

Reported	on	registration	forms	for	
large	(>	10-inch)	diameter	wells

105,000 Freethey	and	Anderson	(1986)

Table 3.10-6 Groundwater Data for the Safford Basin
4,747

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluvium

Basin	Fill

Well yields, in gal/min:
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Hydrographs Showing Depth to Water in Selected Wells

In Hydrograph A UNSURV indicates there is no land survey for the area the well is in, 
and the coordinates are projected based on latitude and longitude.
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3.10.7 Water Quality of the Safford Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.10-7A.  Impaired lakes and streams with site type, 
name, length of impaired stream reach, area of impaired lake, designated use standard and 
parameter(s) exceeded is shown in Table 3.10-7B.  Figure 3.10-9 shows the location of exceedences 
and impairment keyed to Table 3.10-7.  A description of water quality data sources and methods 
is found in Volume 1, Section 1.3.18.  Not all parameters were measured at all sites; selective 
sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.10-7A.
•	 Drinking water standard exceedences in wells and springs have been reported for 173 sites 

in the basin. 
•	 The most frequently exceeded parameters in the sites measured in this basin were fluoride 

and arsenic.  These two parameters are exceeded consistently throughout the basin.
•	 Other parameters commonly exceeded included total dissolved solids, nitrates and lead. 

Lakes and Streams
•	 Refer to Table 3.10-7B.
•	 Water quality standards were exceeded in one reach of Cave Creek and one reach of the 

Gila River. 
•	 The parameter exceeded at Cave Creek was selenium.
•	 The parameters exceeded at the Gila River included E. coli and turbidity. 
•				There are no Total Daily Maximum Load (TMDL) reports for this basin.
•				This basin contains two effluent dependent reaches, Bennett Wash in the vicinity of Safford 

and an unnamed wash in the vicinity of Highway 60.  Bennett Wash receives effluent 
from the Arizona Department of Corrections Safford WWTF and the unnamed wash near 
Highway 60 receives effluent from the Arizona Department of Corrections Globe WWTF. 
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3.10.8 Cultural Water Demands in the Safford Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.10-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.10-9.  Figure 
3.10-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.10-8 and Figure 3.10-10.
•	 Population has increased by about 600 people a year on average from 1980 to 2000.  

Projections suggest an increase in population of over 28,000 through 2050.  
•	 Total groundwater use decreased from 1971 to 1990 and then increased again from 1991 

to 2003.  An average of 125,850 acre-feet was pumped per year in the period from 2001-
2003. 

•	 Surface water diversions increased from 1971 to 1985 and have decreased from 1986 to 
2003, with 73,000 acre-feet diverted per year on average in the period from 1991 – 2003. 

•	 All surface water diversions between 1991 and 2003 were for agriculture.
•	 This basin contains the largest surface water diversions, as well as largest surface water 

diversions for agriculture, in the planning area.
•	 Approximately 98% of the total water demand in this basin is for agriculture.
•	 Agricultural demand for groundwater versus surface water varies based on the availability 

of surface water. 
•	 Large tracks of agricultural lands are located along Highway 70 and the Gila River in the 

vicinity of Pima, Thatcher and Safford and in Cochise County south of Interstate 10. 
•	 Current municipal and industrial demand is comparable to historic use with 2,800 acre-feet 

of municipal water demand per year and 550 acre-feet of industrial water demand per year 
in the period from 2000-2003. 

•	 As of 2003 there were 3,045 registered wells with a pumping capacity of less than or equal 
to 35 gallons per minute and 1,690 wells with a pumping capacity of more than 35 gallons 
per minute.

Effluent Generation

•	 Refer to Table 3.10-9.
•	 There are 13 wastewater treatment facilities in the basin.  
•	 Almost 29,000 people are served by these facilities. 
•	 More than 2,000 acre-feet of effluent per year are generated in this basin. 
•	 Three facilities discharge wastewater for irrigation.
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•	 Discharge from one facility, the Peridot Heights Wastewater Treatment Facility, recharges 
the aquifer through an unlined impoundment.  This facility is not permitted by the 
Department as an Underground Storage Facility. 

•	 One facility, the Safford Wastewater Treatment Facility, discharges water for golf course 
irrigation.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 27,638
1981 27,969
1982 28,300
1983 28,631
1984 28,962
1985 29,293
1986 29,624
1987 29,955
1988 30,286
1989 30,617
 1990 30,948
1991 31,824
1992 32,699
1993 33,575
1994 34,451
1995 35,327
1996 36,203
1997 37,079
1998 37,954
1999 38,830
2000 39,706
2001 40,572
2002 41,437
2003 42,303
2010 48,362
2020 55,055
2030 60,979
2040 66,034
2050 70,683

ADDITIONAL WELLS:3 130 1
WELL TOTALS: 3,045 1,690

Notes:
NR=Not	reported
1 Does	not	include	evaporation	losses	from	stockponds	and	reservoirs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	listed	in	the	ADWR	Well	Registry	for	this	basin,	but	they	do	not	have	completion	dates.
These	wells	are	summed	here.
Note:	Groundwater	withdrawn	in	the	Bonita	Creek	Basin	is	delivered	to	the	Safford	Basin	for	municipal	use.	These	withdrawals	are	not	
included	in	the	table

NR NR 73,0002 2,800 550 122,500

USGS
(2005)

Gila	Water	
Commis	-	

sioner
(2006)

249 NR NR 99,500

88

16 2,800 500 91,500

117,000

191 25 3,100 650 86,000 NR NR 117,000

ADWR
(1994)

Gila	Water	
Commis	-	

sioner
(2006)

184,000 86,000

241 47 113,000 125,000

201 37 71,500

1,9452 1,5622

180,000 84,000

Table 3.10-8 Cultural Water Demands in the Safford Basin1

year

recent
(Census)

and
Projected

(DeS)
Population

Number of registered 
Water Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source
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3.10.9 Water Adequacy Determinations in the Safford Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.10-10.  Figure 3.10-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1.

•	 A total of 20 water adequacy determinations have been made in this basin through May, 
2005.

•	 14 determinations of inadequacy have been made, most of these determinations are in the 
vicinity of Swift Trail Junction, others are found in the northernmost portion of the basin 
and in the southern portion of the basin.

•	 The primary reasons for a determination of inadequacy were because the applicant chose 
not to submit necessary information and/or available hydrologic data was insufficient to 
make a determination, and poor water quality.  

•	 Other inadequacy determinations were for insufficient supply and for unknown reasons 
because the records were not available.

•	 The number of lots receiving a water adequacy determination, by county, are:

County
Number of 

Subdivision 
Lots

Number of Lots 
Determined to 
be Adequate

Percent 
Adequate

Cochise 151 0 0
Gila 154 38 25
Graham 426 82 19
Greenlee 0 0 NA
Pinal 0 0 NA
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3.11.1 Geography of the San Bernardino Valley Basin

The San Bernardino Valley Basin is a small, 387 square mile basin in the southeastern corner of the 
planning area.  Geographic features and principal communities are shown on Figure 3.11-1.   The 
basin is characterized by a valley flanked by two mountain ranges and desert scrub, grassland and 
woodland vegetation.  

•	 Principal geographic features shown on Figure 3.11-1 are:
o	 Principal basin communities of Chiricahua, Bernardino and Cazador
o	 San Bernardino Valley east of Bernardino and Chiricahua
o	 Indian Creek north of Bernardino
o	 Silver Creek north of Cazador
o	 Black Draw east of Bernardino running north-south to the Mexico border
o	 Peloncillo Mountains to the east

•	 Not well shown on Figure 3.11-1 are the Perilla Mountains to the west, which include the 
highest point in the basin at 6,391 feet, the Pedregosa Mountains on the northwest basin 
boundary.
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3.11.2 Land Ownership in the San Bernardino Valley Basin

Land ownership, including the percentage of ownership in each category, is shown for the San 
Bernardino Valley Basin in Figure 3.11-2.  The principal feature of land ownership in this basin 
is the significant amount of State Trust Land, the largest of any basin in the planning area.  A 
description of land ownership data sources and methods is found in Volume 1, Section 1.3.8.  
Land ownership categories are discussed below in the order of percentage from largest to 
smallest in the basin. 

State Trust
•	 63.2% of land in this basin is held in trust for public schools and nine other beneficiaries 

under the State Trust Land system.
•	 Much of the state owned land in this basin is adjacent to other state owned lands but 

interspersed with parcels of privately owned and Bureau of Land Management lands.
•	 Primary land use is grazing.

Private
•	 24.3% of land is private.
•	 Most private land is interspersed with state owned land.
•	 The largest portions of contiguous private land are near the communities of Cazador, 

Bernardino and Chiricahua.
•	 Primary land uses are domestic and grazing.

National Forest and Wilderness
•	 7.3% of land is federally owned and managed as national forest and wilderness.
•	 All forest land, although not contiguous, is in the Coronado National Forest, Douglas 

Ranger District.
•	 Primary land uses are grazing, recreation and timber production.

U.S. Bureau of Land Management (BLM)
•	 4.3% of land is federally owned and managed by the Safford Field Office of the Bureau of 

Land Management.
•	 The majority of BLM land in this basin is in the east along the boundary with New 

Mexico.
•	 Primary land use is grazing.

Wildlife Refuge
•	 0.9% of land is federally owned and managed by the U.S. Fish and Wildlife Service 

(USFWS).
•	 All USFWS land is in the San Bernardino National Wildlife Refuge.
•	 Primary land uses are wildlife protection and recreation.
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3.11.3 Climate of the San Bernardino Valley Basin

The San Bernardino Valley Basin does not contain any NOAA/NWS Coop Network, Evaporation 
Pan, AZMET or SNOTEL/Snowcourse stations.  The precipitation figures shown in Figure 3.11-3 
are from the Spatial Climatic Analysis Service at Oregon State University.  A description of this 
and other climate data sources and methods is found in Volume 1, Section 1.3.3.

Average Annual Precipitation
•	 Average annual precipitation is as high as 22 inches at the Pedregosa Mountains in the 

northwest portion of the basin.
•	 Average annual precipitation is as low as 10 inches at the San Bernardino Valley along the 

border with Mexico. 
•	 In general, rainfall increases as the elevation increases in this basin with the highest 

precipitation volumes in the northern portion of the basin.  
•	 The average precipitation range of 14 inches between areas of highest and lowest rainfall 

is common for the planning area. 
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A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

Source:	WRCC,	2003.

B. evaporation Pan:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Avg. Annual evap
(in inches)

Source:	WRCC,	2003.

C. AZMeT:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

Average Total Precipitation (in inches)

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Average Temperature range (in f)

None

Table 3.11-1 Climate Data for the San Bernardino Valley Basin

Period of record 
Used for 
Averages

Station Name elevation
(in feet)

Average Snowpack, at Beginning of the Month, as Inches Snow Water 
Content (Number of measurements to calculate average)

None

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages )

None

None
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3.11.4 Surface Water Conditions in the San Bernardino Valley Basin

There are no streamflow data or flood ALERT equipment in this basin.  Reservoir and stockpond 
data, including maximum storage or maximum surface area of large reservoirs and type of use of 
the stored water, are shown in Table 3.11-4.   The USGS annual runoff contours as well as stream 
channels are shown on Figure 3.11-4.  A description of stream data sources and methods is found in 
Volume 1, Section 1.3.16.  A description of reservoir data sources and methods is found in Volume 
1, Section 1.3.11.  A description of stockpond data sources and methods is found in Volume 1, 
Section 1.3.15.

Reservoirs and Stockponds
•	 Refer to Table 3.11-4.
•	 Surface water is stored or could be stored in one large and five small reservoirs in the 

basin.
•	 Total maximum surface area in the large reservoir is 401 acres. The use of this reservoir is 

unknown.
•	 Total maximum storage for one of the small reservoirs is 45 acre-feet. Total surface area for 

the other four small reservoirs is 22 acres.
•	 There are an estimated 151 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.11-4.
•	 Average annual runoff varies from 0.2 inches per year in the middle half of the basin to 2 

inches per year at the northern boundary. 
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Station Name Station ID Station Type Install Date responsibility

Table 3.11-3 flood ALerT equipment in the San Bernardino Valley Basin

None
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A. Large reservoirs (500 acre-feet capacity and greater)

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr MAxIMUM

STOrAGe (Af) USe JUrISDICTION

B. Other Large reservoirs (50 acre surface area or greater)1

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr

MAxIMUM
SUrfACe AreA 

(acres)
USe2 JUrISDICTION

1 Dry3 Private 401 U Landowner

C. Small reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 1
Total maximum storage: 45 acre-feet

D. Other Small reservoirs (between 5 and 50 acres surface area)1

Total number: 4
Total surface area: 22 acres

e. Stockponds (up to 15 acre-feet capacity)
Total number: 151 (from water right filings)

Notes:
1Capacity	data	not	available	to	ADWR
2U=unknown
3Dry	Lake	

None	identified	by	ADWR	at	this	time

Table 3.11-4 reservoirs and Stockponds in the San Bernardino Valley Basin
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3.11.5  Perennial/Intermittent Streams and Major Springs in the San Bernardino 
Valley Basin

Minor springs with discharge rates and date of measurement, and the total number of springs in the 
basin are shown in Table 3.11-5.  There are no major springs identified in this basin. The locations 
of perennial and intermittent streams are shown on Figure 3.11-5.   A description of data sources 
and methods for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of 
spring data sources and methods is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream, Black Draw, located near the border with Mexico. 
•	 A number of intermittent streams are located on the eastern boundary of the basin. 
•	 There is one minor spring in the basin. 
•	 Listed discharge rates may not be indicative of current conditions.  The House Spring was 

last measured in 1985. 
•	 The total number of springs identified by the USGS varies from 6 to 10, depending on the 

database reference.
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A. Major Springs (10 gpm or greater):

Latitude Longitude

B. Minor Springs (1 to 10 gpm):

Latitude Longitude

House 312012 1091642 3 3/1/1985

Notes:
1Most	recent	measurement	identified	by	ADWR

Discharge
(in	gpm)1

Date	Discharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALrIS, 2005 and NHD, 2006): 6 to 10

Table 3.11-5 Springs in the San Bernardino Valley Basin

Map
Key Name

Location Discharge
(in	gpm)

Date	Discharge	
Measured

None	identified	by	ADWR	at	this	time

Name
Location
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3.11.6 Groundwater Conditions of the San Bernardino Valley Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.11-6.  Figure 3.11-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.11-7 
contains hydrographs for selected wells shown on Figure 3.11-6.  Figure 3.11-8 shows well yields 
in three yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.11-6 and Figure 3.11-6.
•	 The major aquifers in the basin are recent stream alluvium and volcanic rock.
•	 Artesian wells and springs support wetlands in this basin near the border with Mexico.
•	 Flow direction is generally from the north to the south.
 

Well Yields
•	 Refer to Table 3.11-6 and Figure 3.11-8.
•	 As shown on Figure 3.11-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 1,000 gpm. 
•	 One source of well yield information, based on three reported wells, indicates that the 

median well yield in this basin is 450 gpm, however the range is quite large, 22-600 gpm.

Natural Recharge
•	 Refer to Table 3.11-6.
•	 The only natural recharge estimate for this basin is 9,000 acre-feet per year and is from a 

1986 Freethey and Anderson study. 

Water in Storage
•	 Refer to Table 3.11-6.
•	 There are two storage estimates of 1.6 million acre-feet and 2 million acre-feet to a depth 

of 1,200 feet. 
•	 The predevelopment storage estimate is two million acre-feet. 

Water Level
•	 Refer to Figure 3.11-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures four index wells in this basin.  
•	 In 1990, the year of the last water level sweep, 50 wells were measured. 
•	 Depth to water was measured for three wells in this basin in 2003-2004 and varies from 

612 feet in the north central portion of the basin to 30 feet along the border with Mexico.
•	 Two well water levels have fluctuated between a one foot decline and a one foot increase 

and the third well lacks change data for the period between 1990-1991 and 2003-2004. 
•	 Hydrographs corresponding to selected wells shown on Figure 3.11-6 but covering a longer 

time period are shown in Figure 3.11-7. 
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Basin Area, in square miles:

estimated Natural recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Available
1Predevelopment	Estimate

9,000 Freethey	and	Anderson	(1986)

Table 3.11-6 Groundwater Data for the San Bernardino Valley Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluvium

Volcanic	Rock

387

Well yields, in gal/min:

NA

Range	22	-	600
Median	450

(3	wells	reported)

NA

Range	0	-	2,500

Measured	by	ADWR	and/or	USGS

Reported	on	registration	forms	for	
large	(>	10-inch)	diameter	wells

ADWR	(1990	and	1994)

Anning	and	Duet,	USGS	(1994)

4
1990	(50	wells	measured)

estimated Water Currently in 
Storage, in acre-feet:

1,600,000	(to	1,200	ft)

2,000,0001	(to	1,200	ft)

NA

ADWR	(1990)

Freethey	and	Anderson	(1986)

Arizona	Water	Commission	(1975)
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3.11.7 Water Quality of the San Bernardino Valley Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.11-7A.  There are no data on impaired lakes and 
streams in this basin.  Figure 3.11-9 shows the location of exceedences keyed to Table 3.11-7A.  A 
description of water quality data sources and methods is found in Volume 1, Section 1.3.18.  Not all 
parameters were measured at all sites; selective sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.11-7A.
•	 Drinking water standard exceedences have been reported for two wells in the basin.
•	 Both wells are in the southern portion of the basin.
•	 The only parameter exceeded in this basin was nitrates.  
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3.11.8 Cultural Water Demands in the San Bernardino Valley Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.11-8.  There is no recorded effluent generation in this basin.  The USGS National Gap 
Analysis Program, the source of cultural demand map data, showed no demand centers for this 
basin.   A description of cultural water demand data sources and methods is found in Volume 1, 
Section 1.3.5.  More detailed information on cultural water demands is found in Section 3.0.7.

Cultural Water Demands
•	 Refer to Table 3.11-8.
•	 Population increased between 1980-1990 and decreased between 1990-2000 but there was 

an overall increase in population.  Projections suggest an increase in the rate of growth 
through 2050.

•	 Groundwater pumping has decreased from 1971- 2003 with less than 300 acre-feet pumped 
per year in the period from 1991 - 2003. 

•	 All water use in this basin is groundwater, there are no recorded surface-water diversions.
•	 Municipal demand is the only use in this basin and is minimal, less than 300 acre-feet per 

year.
•	 As of 2003 there were 169 registered wells with a pumping capacity of less than or equal to 

35 gallons per minute and five wells with a pumping capacity of more than 35 gallons per 
minute.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 20
1981 26
1982 33
1983 39
1984 45
1985 51
1986 58
1987 64
1988 70
1989 76
 1990 83
1991 81
1992 79
1993 78
1994 76
1995 74
1996 73
1997 71
1998 69
1999 68
2000 66
2001 74
2002 81
2003 89
2010 142
2020 270
2030 512
2040 973
2050 1,849
ADDITIONAL WELLS:3 2

WELL TOTALS: 169 5

Notes:
NR	=	Not	reported
1 Does	not	include	evaporation	losses	from	stockponds	and	reservoirs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	listed	in	the	ADWR	Well	Registry	for	this	basin,	but	they	do	not	have	completion	dates.
These	wells	are	summed	here.

Table 3.11-8 Cultural Water Demands in the San Bernardino Valley Basin1

year

recent
(Census) and 

Projected
(DeS)

Population

Number of registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source

1172 42

<500	 NR

ADWR
(1994)

<500	 NR

12 0 <500	 NR

19 0 <500

3 0 <300

NR

9 1 <300 NR NR NR

7 0 <300 NR

NR NR NR

USGS
(2005)NR NR



A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

S
ec

tio
n 

3.
11

   
 S

an
 B

er
na

rd
in

o 
Va

lle
y 

B
as

in
 	

	
	

	
	

	
			

			
			

			
			

			
			

	4
86

D
R

A
FT

W
at

er
-

co
ur

se
ev

ap
or

at
io

n
Po

nd
Irr

ig
at

io
n

G
ol

f
C

ou
rs

e/
Tu

rf
Irr

ig
at

io
n

W
ild

lif
e

A
re

a

D
is

ch
ar

ge
 to

 
A

no
th

er
fa

ci
lit

y

G
ro

un
dw

at
er

r
ec

ha
rg

e

ye
ar

 o
f 

r
ec

or
d

N
o	

W
as

te
w

at
er

	T
re

at
m

en
t	F

ac
ili

tie
s	

Id
en

tif
ie

d	
by

	A
D

W
R

	in
	th

is
	B

as
in

C
ur

re
nt

Tr
ea

tm
en

t
Le

ve
l

Ta
bl

e 
3.

11
-9

 e
ffl

ue
nt

 G
en

er
at

io
n 

in
 th

e 
Sa

n 
B

er
na

rd
in

o 
Va

lle
y 

B
as

in

fa
ci

lit
y 

N
am

e
O

w
ne

rs
hi

p
C

ity
/L

oc
at

io
n

Se
rv

ed
Po

pu
la

tio
n

Se
rv

ed

Vo
lu

m
e

Tr
ea

te
d/

G
en

er
at

ed
(a

cr
e-

fe
et

/y
ea

r)

D
is

po
sa

l M
et

ho
d

Po
pu

la
tio

n
N

ot
 S

er
ve

d



Arizona Water Atlas 
Volume 3

487	 	 	 Section 3.11    San Bernardino Valley Basin
DRAFT

3.11.9 Water Adequacy Determinations in the San Bernardino Valley Basin

There are no water adequacy applications on file with the Department as of May, 2005 for the San 
Bernardino Valley Basin.  A description of the Water Adequacy Program is found in Volume 1, 
Appendix A.  Adequacy determination data sources and methods are found in Volume 1, Section 
1.3.1.
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3.12.1 Geography of the San rafael Basin

The San Rafael Basin is a small, 229 square mile basin in the southwest corner of the planning 
area.  Geographic features and principal communities are shown on Figure 3.12-1.   The sparsely 
populated basin is characterized by a high-elevation mountain range, a valley, grasslands and 
woodlands.

•	 Principal geographic features shown on Figure 3.12-1 are:
o	 Principal basin communities of Lochiel and Sunnyside, with combined populations 

of less than 200 
o	 The Santa Cruz River east of Lochiel
o	 Parker Canyon west of Sunnyside
o	 Adams Canyon north of Lochiel

•	 Not well shown on Figure 3.12-1 are:
o	 The San Rafael Valley to the east of Lochiel
o	 The Huachuca Mountains along the eastern basin boundary, which include the 

highest point in the basin at 9,466 feet
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3.12.2 Land Ownership in the San rafael Basin

Land ownership, including the percentage of ownership in each category, is shown for the San 
Rafael Basin in Figure 3.12-2.  Principal features of land ownership are the lack of diversity 
in land ownership, 99% of land is under federal or private ownership, and the large portion of 
land managed by the National Forest Service.  A description of land ownership data sources and 
methods is found in Volume 1, Section 1.3.8.  Land ownership categories are discussed below in 
the order of percentage from largest to smallest in the basin. 

National Forest and Wilderness
•	 73.0% of land is federally owned and managed as national forest and wilderness.
•	 Forest land is in the Coronado National Forest, Sierra Vista Ranger District.
•	 The basin includes most of the Miller Peak Wilderness area, located in T23S, R19E and 

R20E.
•	 Primary land uses are recreation, grazing and timber production.

Private
•	 26.3% of land is private.
•	 There is a large concentration of private land in the Santa Cruz County portion of the 

basin.
•	 Private land in-holdings are located throughout the national forest lands in the basin.
•	 Primary land uses are domestic and grazing.

Parks, Monuments, Historical and Recreation Sites
•	 0.2% of land is federally owned and managed by the National Park Service.
•	 All park lands are within the small portion of Coronado National Memorial in the basin.
•	 Primary land use is recreation.
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3.12.3 Climate of the San rafael Basin

Climate data from a NOAA/NWS Coop Network station are complied in Table 3.12-1 and the 
location is shown on Figure 3.12-3.  The San Rafael Basin does not contain Evaporation Pan, 
AZMET and SNOTEL/Snowcourse stations.  A description of the climate data sources and methods 
is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table  3.12-1A
•	 There is one NOAA/NWS Coop network climate station in the basin at San Rafael Ranch, 

located at an elevation of 4,740 feet.
•	 Average maximum temperature at the station is 74.1°F and average minimum temperature 

is 42.6°F.
•	 Annual average precipitation is 17.26 inches.  
•	 Most precipitation, 10.60 inches on average, occurs in the summer season.  Summer 

precipitation is more than three times that of any other season. 
•	 The driest season is in the spring (April-June) when an average of 1.16 inches is 

recorded.
•	 Other precipitation data shows rainfall as high as 38 inches at the Huachuca Mountains 

along the eastern basin boundary and as low as 18 inches in the San Rafael Valley.  The San 
Rafael Basin contains the highest low precipitation figure in the planning area.

•	 In general, precipitation increases as altitude increases in this basin.  The range of 20 inches 
between areas of highest and lowest precipitation is relatively high for the planning area.
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Table 3.12-1 Climate Data for the San rafael Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

San	Rafael	Ranch 4,740 1892-1968 74.1/Jul 42.6/Jan 2.81 1.16 10.60 2.70 17.26

Source:	WRCC,	2003.

B. evaporation Pan:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Avg. Annual evap
(in inches)

Source:	WRCC,	2003.

C. AZMeT:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

Average Total Precipitation (in inches)
Station Name elevation

(in feet)

Period of record 
Used for 
Averages

Average Temperature range (in f)

None

None

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content 
(Number of measurements to calculate average)
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Table 3.12-1 Climate Data for the San rafael Basin
A. NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

San	Rafael	Ranch 4,740 1892-1968 74.1/Jul 42.6/Jan 2.81 1.16 10.60 2.70 17.26

Source:	WRCC,	2003.

B. evaporation Pan:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Avg. Annual evap
(in inches)

Source:	WRCC,	2003.

C. AZMeT:

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

Average Total Precipitation (in inches)
Station Name elevation

(in feet)

Period of record 
Used for 
Averages

Average Temperature range (in f)

None

None

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name elevation
(in feet)

Period of record 
Used for 
Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content 
(Number of measurements to calculate average)
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3.12.4 Surface Water Conditions in the San rafael Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.12-2.  The basin does not contain flood ALERT equipment.  Reservoir and 
stockpond data, including maximum storage or maximum surface area of large reservoirs and type 
of use of the stored water, are shown in Table 3.12-4.   The location of streamflow gages, using the 
USGS number, is shown on Figure 3.12-4.  The location of large reservoirs is also shown on Figure 
3.12-4.  There were no runoff contours for this basin. A description of stream data sources and 
methods is found in Volume 1, Section 1.3.16.  A description of reservoir data sources and methods 
is found in Volume 1, Section 1.3.11.  A description of stockpond data sources and methods is 
found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.12-2.
•	 Data from one station located at the Santa Cruz River are shown on the table and on Figure 

3.12-4.
•	 The average seasonal flow as a percentage of annual flow is highest in the Summer (July-

September) and lowest in the Spring (April-June). 
•	 Summer flow constitutes 84% of the annual flow.
•	 Maximum annual flow was 12,600 acre-feet in 1955 and minimum annual flow was 123 

acre-feet in 1962.  There are 21 years of annual flow record for this station.

Reservoirs and Stockponds
•	 Refer to Table 3.12-4.
•	 Surface water is stored or could be stored in one large reservoir and one small reservoir in 

the basin.
•	 Total maximum storage for the large reservoir is 4,400 acre-feet. 
•	 The reservoir is used for recreation.
•	 Total surface area for the small reservoir is six acres.
•	 There are an estimated 258 stockponds in this basin.
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Station Name Station ID Station Type Install Date responsibility

Table 3.12-3 flood ALerT equipment in the San rafael Basin

None
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A. Large reservoirs (500 acre-feet capacity and greater)

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr MAxIMUM

STOrAGe (Af) USe1 JUrISDICTION

1 Parker	Canyon AZ	Game	&	Fish 4,400 R State

B. Other Large reservoirs (50 acre surface area or greater)2

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr

MAxIMUM
SUrfACe

AreA (acres)
USe JUrISDICTION

C. Small reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 0
Total maximum storage: 0 acre-feet

D. Other Small reservoirs (between 5 and 50 acres surface area)2

Total number: 1
Total surface area: 6 acres

e. Stockponds (up to 15 acre-feet capacity)
Total number: 258 (from water right filings)

Notes:
1R=recreation
2Capacity	data	not	available	to	ADWR

None	identified	by	ADWR	at	this	time

Table 3.12-4 reservoirs and Stockponds in the San rafael Basin



Arizona Water Atlas 
Volume 3

Section  3.12    San Rafael Basin 	 	 	 	 	 	 											 										506
DRAFT

R20E

9480000
Be

ar
C

re
ek

Sa
nt

a
C

ru
z

R
iv

er

R18ET22S

R16E

MEXICO

1

Lochiel

Sunnyside

SANTA CRUZ
COUNTY

COCHISE
COUNTY

83

San Rafael Basin
Surface Water Conditions

0 63
Miles

Stream Data Source: ALRIS, 2005

ARIZONA
DEPARTMENT
OF WATER
RESOURCES

cO

COUNTY

Major Road
City, Town or Place

Stream Gages
USGS

Stream Channel (width of line
reflects stream order)

International Boundary

Reservoir > 500 AF Capacity 1

Figure 3.12-4



Arizona Water Atlas 
Volume 3

507	 	 	 Section 3.12    San Rafael Basin
DRAFT

3.12.5 Perennial/Intermittent Streams and Major Springs in the San rafael Basin

Minor springs with discharge rates and date of measurement, and the total number of springs in the 
basin are shown in Table 3.12-5.  There are no major springs identified in this basin. The locations 
of perennial and intermittent streams are shown on Figure 3.12-5.   A description of data sources 
and methods for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of 
spring data sources and methods is found in Volume 1, Section 1.3.14.

•	 There is one perennial stream, the Santa Cruz River, located east of Lochiel. This reach is 
the headwaters of the Santa Cruz River.

•	 Several intermittent streams are located in the eastern portion of the basin. 
•	 There is one minor spring in the basin. 
•	 Listed discharge rates may not be indicative of current conditions.  The unnamed spring in 

this basin was last measured in 1981. 
•	 The total number of springs identified by the USGS varies from 23 to 24, depending on the 

database reference.
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A. Major Springs (10 gpm or greater):

Latitude Longitude

B. Minor Springs (1 to 10 gpm):

Latitude Longitude

Unnamed 312726 1102350 1 10/22/1981

Notes:
1Most	recent	measurement	identified	by	ADWR

Discharge
(in	gpm)1

Date	Discharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALrIS, 2005 and NHD, 2006): 23 to 24

Table 3.12-5 Springs in the San rafael Basin

Map
Key Name

Location Discharge
(in	gpm)

Date	Discharge	
Measured

None	identified	by	ADWR	at	this	time

Name
Location
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3.12.6 Groundwater Conditions of the San rafael Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.12-6.  Figure 3.12-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.12-7 
contains hydrographs for selected wells shown on Figure 3.12-6.  Figure 3.12-8 shows well yields 
in three yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.12-6 and Figure 3.12-6.
•	 The major aquifers in the basin are recent stream alluvium, composed of well-sorted silt, 

sand and gravel, and basin fill, consisting of clay, silt, sand and gravel.
•	 The streambed alluvium and the basin fill are hydrologically connected.
•	 Flow direction is generally from north to south.
 

Well Yields
•	 Refer to Table 3.12-6 and Figure 3.12-8.
•	 As shown on Figure 3.12-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to 1,000 gpm. 
•	 One source of well yield information, based on 12 reported wells, indicates that the median 

well yield in this basin is 145 gpm.

Natural Recharge
•	 Refer to Table 3.12-6.
•	 Principal sources of recharge in this basin are mountain-front recharge and infiltration from 

runoff in washes.
•	 The only natural recharge estimate for this basin is 5,000 acre-feet per year and is from a 

1986 Freethey and Anderson study. 

Water in Storage
•	 Refer to Table 3.12-6.
•	 There are two storage estimates of five million acre-feet and four million acre-feet to a 

depth of 1,200 feet. 
•	 The predevelopment storage estimate for this basin is five million acre-feet.
 

Water Level
•	 Refer to Figure 3.12-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures seven index wells in this basin.  
•	 In 2005, the year of the last water level sweep, 38 wells were measured. 
•	 The deepest recorded water level in 2003-2004 was 205 feet northwest of Lochiel and the 

shallowest was six feet northeast of Lochiel. 



Arizona Water Atlas 
Volume 3

511	 	 	 Section 3.12    San Rafael Basin
DRAFT

•	 Most well water levels have declined between one and 15 feet between 1990-1991 and 
2003-2004.   The water level in one well has increased between one and 15 feet during the 
same time period. 

•	 Hydrographs corresponding to selected wells shown on Figure 3.12-6 but covering a longer 
time period are shown in Figure 3.12-7. 
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Basin Area, in square miles:

estimated Natural recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
NA	=	Not	Available
1Predevelopment	Estimate

7
2005	(38	wells	measured)

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Arizona	Water	Commission	(1975)

5,000 Freethey	and	Anderson	(1986)

estimated Water Currently in 
Storage, in acre-feet:

NA

5,000,0001	(to	1,200	ft)

4,000,000	(to	1,200	ft)

Measured	by	ADWR	and/or	USGS

Reported	on	registration	forms	for	
large	(>	10-inch)	diameter	wells

ADWR	(1994)

Anning	and	Duet,	USGS	(1994)

Well yields, in gal/min:

NA

Range	7	-	700
Median	145

(12	wells	reported)

Range	3	-	465

Range	0	-	2,500

Table 3.12-6 Groundwater Data for the San rafael Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluvium

Basin	Fill

229
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3.12.7 Water Quality of the San rafael Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.12-7A.  Impaired lakes and streams with site type, 
name, length of impaired stream reach, area of impaired lake, designated use standard and 
parameter(s) exceeded is shown in Table 3.12-7B.  Figure 3.12-9 shows the location of exceedences 
and impairment keyed to Table 3.12-7.  A description of water quality data sources and methods 
is found in Volume 1, Section 1.3.18.  Not all parameters were measured at all sites; selective 
sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.12-7A.
•	 Drinking water standard exceedences in wells, springs and at mine sites have been reported 

for six sites in the basin. 
•	 The most frequently exceeded parameters in the sites measured in this basin were arsenic 

and lead.  
•	 Other parameters exceeded in the sites measured included radionuclides, cadmium and 

antimony. 

Lakes and Streams
•	 Refer to Table 3.12-7B.
•	 Water quality standards were exceeded in Parker Canyon Lake. 
•	 The parameter exceeded at Parker Canyon Lake was mercury. 
•	 Parker Canyon Lake is part of the ADEQ water quality improvement effort called the Total 

Maximum Daily Load  (TMDL) program.  Sampling to create a TMDL report is ongoing.
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3.12.8 Cultural Water Demands in the San rafael Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.12-8.  There is no recorded effluent generation in this basin.  The USGS National Gap 
Analysis Program, the source of cultural demand map data, showed no demand centers for this 
basin.   A description of cultural water demand data sources and methods is found in Volume 1, 
Section 1.3.5.  More detailed information on cultural water demands is found in Section 3.0.7.

Cultural Water Demands
•	 Refer to Table 3.12-8.
•	 Population remained almost unchanged from 1980 to 2003.  Projections suggest that the 

population will increase slightly through 2050.
•	 Groundwater pumping remained constant from 1971 to 2003 with less than 300 acre-feet 

pumped per year. 
•	 All water use in this basin is groundwater, there are no recorded surface water diversions.
•	 Municipal demand is the only use in this basin and is minimal, less than 300 acre-feet per 

year.  This includes domestic and stock watering use.
•	 As of 2003 there were 226 registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and 21 wells with a pumping capacity of more than 35 gallons per 
minute.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 143
1981 142
1982 142
1983 141
1984 141
1985 140
1986 140
1987 139
1988 138
1989 138
 1990 137
1991 138
1992 139
1993 140
1994 141
1995 142
1996 143
1997 144
1998 145
1999 146
2000 147
2001 148
2002 149
2003 150
2010 158
2020 164
2030 171
2040 178
2050 186
ADDITIONAL WELLS:3 1

WELL TOTALS: 226 21

Notes:
NR=Not	reported
1 Does	not	include	evaporation	losses	from	stockponds	and	reservoirs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	listed	in	the	ADWR	Well	Registry	for	this	basin,	but	they	do	not	have	completion	dates.
These	wells	are	summed	here.

Table 3.12-8 Cultural Water Demands in the San rafael Basin 1

year

recent
(Census) and 

Projected
(DeS)

Population

Number of registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source

1892 172

<300 NR

ADWR
(1994)
USGS
(2005)

<300 NR

11 4 <300 NR

5 0 <300

3 0 <300

NR

13 0 <300 NR NR NR

4 0 <300 NR

NR NR NR

USGS
(2005)NR NR
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3.12.9 Water Adequacy Determinations in the San rafael Basin

There are no water adequacy applications on file with the Department as of May, 2005 for the San 
Rafael Basin.  A description of the Water Adequacy Program is found in Volume 1, Appendix A.  
Adequacy determination data sources and methods are found in Volume 1, Section 1.3.1.
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3.13.1 Geography of the Upper San Pedro Basin

The Upper San Pedro Basin is a medium-size, 1,825 square mile basin in the southwestern portion 
of the planning area.  Geographic features and principal communities are shown on Figure 3.13-1. 
The basin is characterized by a large valley flanked by a series of mountain ranges and grassland, 
woodland, conifer forest and desert scrub vegetation.

•	 Principal geographic features shown on Figure 3.13-1 are:
o	 Principal basin communities of Sierra Vista, Benson, Tombstone, Bisbee and 

Whetstone.  Sierra Vista is the largest community in the planning area.
o	 Smaller basin communities of Naco on the Mexico border, Palominas north of the 

Mexico border, Hereford west of Bisbee, Huachuca City north of Sierra Vista, St. 
David south of Benson and Pomerene north of Benson

o	 San Pedro River, which flows north through the San Pedro Valley east of Sierra 
Vista and Benson

o	 Babocomari River north of Sierra Vista
o	 Allen Flat in the northern portion of the basin
o	 Garden and Ramsey Canyons southwest of Sierra Vista
o	 Tres Alamos Wash northeast of Benson
o	 Greenbrush Draw north of the Mexico border in the vicinity of Naco
o	 Huachuca Mountains southwest of Sierra Vista
o	 Whetstone Mountains southwest of Whetstone

•	 Not well shown on Figure 3.13-1 are:
o	 Canelo Hills on the southwestern boundary
o	 Mule Mountains west of Bisbee
o	 Dragoon Mountains along the eastern boundary of the basin east of Tombstone
o	 Galiuro Mountains on the northeastern boundary of the basin
o	 The highest point in the basin, 9,466 feet, at T23S, R20E in the Huachuca 

Mountains 
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3.13.2 Land Ownership in the Upper San Pedro Basin

Land ownership, including the percentage of ownership in each category, is shown for the Upper 
San Pedro Basin in Figure 3.13-2.  Principal features of the land ownership in this basin are the 
relatively large amounts of state owned lands and private lands as well as the Fort Huachuca 
Military Base.  A description of land ownership data sources and methods is found in Volume 1, 
Section 1.3.8.  Land ownership categories are discussed below in the order of percentage from 
largest to smallest in the basin. 

State Trust 
•	 39.1% of land in this basin is held in trust for public schools and five other beneficiaries 

under the State Trust Land system.
•	 State owned land is fragmented in most of the basin, however, large contiguous parcels 

exist north of Interstate 10 and north of Highway 82 and east of Highway 90.
•	 Primary land use is grazing.

Private 
•	 33.3% of land is private.
•	 Much of the private land is interspersed with state owned land and, to a lesser extent, 

Bureau of Land Management lands.
•	 Contiguous private lands exist south of Sierra Vista, north of Fort Huachuca, southeast of 

Benson and in the vicinity of Benson.
•	 Primary land uses are domestic, commercial, industrial and farming.

National Forest and Wilderness
•	 11.6% of land is federally owned and managed as national forest and wilderness.
•	 All forest lands, although not contiguous, are in the Coronado National Forest in four 

ranger districts: the Safford Ranger District at the northern tip of the basin; the Santa 
Catalina Ranger District north of Interstate 10 adjacent to Saguaro National Park; the 
Douglas Ranger District south of Interstate 10 on the eastern basin boundary; and the 
Sierra Vista Ranger District in the southern part of the basin adjacent to Fort Huachuca 
and south of Interstate 10 on the western basin boundary.

•	 Portions of the Miller Peak Wilderness area in T23S, R20E and the Rincon Mountain 
Wilderness area in T14S, R18E are in the basin.

•	 Primary land uses are grazing, recreation and timber production.

U.S. Bureau of Land Management (BLM)
•	 8.9% of land is federally owned and managed by the Safford Field Office of the Bureau 

of Land Management.
•	 The majority of the BLM land in this basin is within the San Pedro Riparian National 

Conservation Area.
•	 A portion of the Las Cienegas National Conservation Area is in T20S and T21S, R18E.
•	 A portion of the Redfield Canyon Wilderness is located in T12S, R21E.
•	 Primary land uses are recreation and grazing.
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U.S. Military
•	 6.8% of land is federally owned and managed by the U.S. Military
•	 All military lands are within Fort Huachuca.
•	 Fort Huachuca was established during the Indian Wars in 1877 and has existed as a 

military outpost, with varied missions, since that time.
•	 Primary land use is military activities.

Parks, Monuments, Historical and Recreational Sites
•	 0.3% of land is federally owned and managed by the National Park Service.
•	 All park lands are within the Coronado National Memorial.
•	 Primary land use is recreation.
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3.13.3 Climate of the Upper San Pedro Basin

Climate data from NOAA/NWS Coop Network stations is complied in Table 3.13-1 and the 
locations are shown on Figure 3.13-3.  The Upper San Pedro Basin does not contain Evaporation 
Pan, AZMET and SNOTEL/Snowcourse stations. A description of the climate data sources and 
methods is found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.13-1A
•	 There are seven NOAA/NWS Coop network climate stations in the basin. 
•	 Of the seven stations, data from different periods of record may be used as shown.  The 

variety of dates may be due to discontinued measurements, date of installation or other 
availability issues.

•	 The seven stations are located throughout most of the basin.  There are no stations north of 
Interstate 10. 

•	 Station elevations range from 3,670 feet at Benson to 5,240 feet at Coronado N.M.
•	 Maximum average temperatures range from 74.6°F at Canelo 1 NW to 81.0°F at Benson.
•	 Minimum average temperatures range from 43.3°F at Canelo 1 NW to 47.8°F at 

Tombstone. 
•	 Average annual precipitation varies from 12.34 inches at Benson to 21.18 inches at 

Coronado N.M.  
•	 All stations report highest average precipitation in the summer (July - September) and 

lowest in the spring (April – June).  All stations, except Coronado N.M., receive at least 
half of their annual average precipitation in the summer.

•	 Additional precipitation data shows rainfall as high as 38 inches at the Huachuca Mountains 
south of Sierra Vista and as low as 12 inches in the vicinity of Tombstone.

•	 Precipitation increases as elevation increases in the basin. The range of 26 inches between 
areas of highest and lowest precipitation is high for the planning area.



Arizona Water Atlas 
Volume 3

537	 	 	 Section 3.13    Upper San Pedro Basin
DRAFT

Table 3.13-1 Climate Data for the Upper San Pedro Basin
A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

Apache	Powder	Co. 3,690 1971-2000 80.3/Jul 45.5/Dec 2.16 1.01 8.38 2.66 14.21

Benson 3,670 1894-19751 81.0/Jul 45.9/Jan 1.23 0.74 8.01 2.37 12.34

Bisbee	2 5,020 1961-19971 77.6/Jul 46.6/Jan 2.74 1.22 8.39 3.10 15.44

Canelo	1	NW 5,010 1971-2000 74.6/Jul 43.3/Jan 3.68 1.32 9.17 3.87 18.04

Coronado	N.M. 5,240 1971-2000 75.4/Jul 45.3/Jan 4.71 1.41 10.02 5.04 21.18

Fort	Huachuca 4,670 1900-19811 77.3/Jul 46.3/Jan 2.44 1.13 7.89 2.91 14.35

Tombstone 4,610 1971-2000 79.9/Jul 47.8/Jan 2.48 1.13 7.43 3.06 14.10
Source:	WRCC,	2003.

Notes:
1Average	temperature	for	period	of	record	shown;	average	precipitation	from	1971-2000

B. evaporation Pan:

Station Name elevation
(in feet)

Period of 
record Used 
for Averages

Avg. Annual evap
(in inches)

Source:	WRCC,	2003.

C. AZMeT:

Station Name elevation
(in feet)

Period of 
record Used 
for Averages

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

Average Total Precipitation (in inches)
Station Name elevation

(in feet)

Period of 
record Used 
for Averages

Average Temperature range (in f)

None

None

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages)

None

Station Name elevation
(in feet)

Period of 
record Used 
for Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content 
(Number of measurements to calculate average)
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3.13.4 Surface Water Conditions in the Upper San Pedro Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.13-2.  This basin does not contain Flood ALERT equipment.  Reservoir and 
stockpond data, including maximum storage or maximum surface area, are shown in Table 3.13-
4.   The location of streamflow gages, using the USGS number, is shown on Figure 3.13-4.  The 
location of large reservoirs as well as USGS runoff contours are also shown on Figure 3.13-4.  A 
description of stream data sources and methods is found in Volume 1, Section 1.3.16.  A description 
of reservoir data sources and methods is found in Volume 1, Section 1.3.11.  A description of 
stockpond data sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.13-2.
•	 Data from 13 stations, including three discontinued station, are shown on the table and on 

Figure 3.13-4.
•	 These stations are located at the San Pedro River, Greenbush Draw, Banning Creek, Ramsey 

Canyon, Garden Canyon, Huachuca Canyon, and the Babocomari River.
•	 The average seasonal flow as a percentage of annual flow for the majority of the stations is 

highest in the Summer (July-September) and lowest in Spring (April-June). 
•	 Maximum annual flow was 102,107 acre-feet in 1984 at the San Pedro River near Tombstone 

and minimum annual flow was 0 acre-feet at Greenbush Draw near Palominas in 2001. 

Reservoirs and Stockponds
•	 Refer to Table 3.13-4.
•	 Surface water is stored or could be stored in four small reservoirs in the basin.
•	 Total maximum storage for two of the reservoirs is 247 acre-feet.  Total surface area for the 

other two small reservoirs is 13 acres. 
•	 There are an estimated 974 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.13-4.
•	 Average annual runoff is 0.5 inches in this basin.
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Station Name Station ID Station Type Install Date responsibility

Table 3.13-3 flood ALerT equipment in the Upper San Pedro Basin

None
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A. Large reservoirs (500 acre-feet capacity and greater)

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr MAxIMUM

STOrAGe (Af) USe JUrISDICTION

B. Other Large reservoirs (50 acre surface area or greater)1

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr

MAxIMUM
SUrfACe AreA 

(acres)
USe JUrISDICTION

C. Small reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 2
Total maximum storage: 247 acre-feet

D. Other Small reservoirs (between 5 and 50 acres surface area)1

Total number: 2
Total surface area: 13 acres

e. Stockponds (up to 15 acre-feet capacity)
Total number: 974 (from water right filings)

Notes:
1Capacity	data	not	available	to	ADWR

None	identified	by	ADWR	at	this	time

None	identified	by	ADWR	at	this	time

Table 3.13-4 reservoirs and Stockponds in the Upper San Pedro Basin 
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3.13.5  Perennial/Intermittent Streams and Major Springs in the Upper San Pedro 
Basin

Major and minor springs with discharge rates and date of measurement, and the total number of 
springs in the basin are shown in Table 3.13-5.  The locations of major springs as well as perennial 
and intermittent streams are shown on Figure 3.13-5.   A description of data sources and methods 
for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of spring data 
sources and methods is found in Volume 1, Section 1.3.14.

•	 There are numerous perennial stream reaches in this basin.  Most perennial streams are in 
the southern portion of the basin.  

•	 A number of intermittent stream reaches are located throughout most of the basin.
•	 The San Pedro River through most of this basin is intermittent with a perennial reach in the 

southern portion of the basin. 
•	 There are 12 major springs with a measured discharge of 10 gallons per minute (gpm) or 

greater at any time. 
•	 Listed discharge rates may not be indicative of current conditions.  Most of the measurements 

were taken prior to 1982.  Two major spring measurements post-date 1982.
•	 Most of the major springs are in the Huachuca Mountains southwest of Sierra Vista. The 

greatest discharge rate was measured at Garden Canyon (Garden Canyon No. 1, 164 
gpm).

•	 Half of the major springs discharge more than 40 gpm.
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.13-5.  There are five minor springs identified in this basin. 
•	 The total number of springs identified by the USGS varies from 79 to 91, depending on the 

database reference.

A. Major Springs (10 gpm or greater):

Latitude Longitude

1 Garden	Canyon	No.	1 312807 1102132 134 2/11/1963

2 Huachuca	Canyon 313103 1102318 1083 1958-1963

3 Unnamed2 313044 1102327 100 4/3/1941

4 Miller	Canyon2 312516 1101554 973 1973-1977

5 Garden	Canyon	No.	2 312728 1102155 76 1/8/1963

6 Lewis	North 313456 1100819 45 6/30/2005

7 Hooker's	Hot 322018 1101421 40 On	or	before	1982

8 Murray 313425 1101023 26 6/30/2005

9 Spring	No.	3A2 313028 1102441 10 4/19/1960

10 Tree	Root2 313029 1102442 10 4/19/1960

11 Spring	No.	1 313102 1102315 10 4/3/1941

12 Unnamed	(multiple) 322050 1101422 10 On	or	before	1982

B. Minor Springs (1 to 10 gpm):

Latitude Longitude

Unnamed2 330436 1095904 7 On	or	before	1982
Kiper 320309 1102340 5 5/17/1951

Pena	Blanca 312321 1100530 4 4/17/1946
Kino 313340 1102631 4 3/30/1960

Unnamed 320316 1102233 2 10/12/1950

Notes:
1Most	recent	measurement	identified	by	ADWR
2Spring	not	displayed	on	current	USGS	topo	map
3Average	discharge

Table 3.13-5 Springs in the Upper San Pedro Basin

Map
Key Name

Location Discharge
(in	gpm)1

Date	Discharge	
Measured

Location Discharge
(in	gpm)1

Date	Discharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALrIS, 2005 and NHD, 2006): 79 to 91

Name
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A. Major Springs (10 gpm or greater):

Latitude Longitude

1 Garden	Canyon	No.	1 312807 1102132 134 2/11/1963

2 Huachuca	Canyon 313103 1102318 1083 1958-1963

3 Unnamed2 313044 1102327 100 4/3/1941

4 Miller	Canyon2 312516 1101554 973 1973-1977

5 Garden	Canyon	No.	2 312728 1102155 76 1/8/1963

6 Lewis	North 313456 1100819 45 6/30/2005

7 Hooker's	Hot 322018 1101421 40 On	or	before	1982

8 Murray 313425 1101023 26 6/30/2005

9 Spring	No.	3A2 313028 1102441 10 4/19/1960

10 Tree	Root2 313029 1102442 10 4/19/1960

11 Spring	No.	1 313102 1102315 10 4/3/1941

12 Unnamed	(multiple) 322050 1101422 10 On	or	before	1982

B. Minor Springs (1 to 10 gpm):

Latitude Longitude

Unnamed2 330436 1095904 7 On	or	before	1982
Kiper 320309 1102340 5 5/17/1951

Pena	Blanca 312321 1100530 4 4/17/1946
Kino 313340 1102631 4 3/30/1960

Unnamed 320316 1102233 2 10/12/1950

Notes:
1Most	recent	measurement	identified	by	ADWR
2Spring	not	displayed	on	current	USGS	topo	map
3Average	discharge

Table 3.13-5 Springs in the Upper San Pedro Basin

Map
Key Name

Location Discharge
(in	gpm)1

Date	Discharge	
Measured

Location Discharge
(in	gpm)1

Date	Discharge	
Measured

C. Total number of springs, regardless of discharge, identified by USGS 
(see ALrIS, 2005 and NHD, 2006): 79 to 91

Name
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3.13.6 Groundwater Conditions of the Upper San Pedro Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.13-6.  Figure 3.13-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.13-7 
contains hydrographs for selected wells shown on Figure 3.13-6.  Figure 3.13-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.

Major Aquifers
•	 Refer to Table 3.13-6 and Figure 3.13-6.
•	 The major aquifers in the basin are basin fill, consisting of younger basin fill, older basin 

fill and basal conglomerate, and recent stream alluvium.  
•	 The basin fill is the principal aquifer although the stream alluvium is also utilized.  
•	 Artesian conditions exist primarily in the vicinity of Benson.
•	 Flow direction is generally from south to north.

Well Yields
•	 Refer to Table 3.13-6 and Figure 3.13-8.
•	 As shown on Figure 3.13-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 353 reported wells, indicates that the median 

well yield in this basin is 600 gpm.
•	 Well yields vary throughout the basin.

Natural Recharge
•	 Refer to Table 3.13-6.
•	 The principal sources of recharge for this basin are mountain-front recharge and streambed 

infiltration.
•	 The most recent natural recharge estimate, from a 2005 ADWR study, is 35,750 acre-feet 

per year. 

Water in Storage
•	 Refer to Table 3.13-6.
•	 There are four storage estimates for this basin ranging from 19.8 million to 59 million acre-

feet.  
•	 The most recent storage estimate, from a 2005 ADWR study, is between 19.8 million and 

26.1 million acre-feet to a depth of 1,200 feet.
•	 The predevelopment storage estimate for this basin is 35 million acre-feet

Water Level
•	 Refer to Figure 3.13-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 59 index wells in this basin.  
•	 In 2001, the year of the last water level sweep, 736 wells were measured. 
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•	 Deep water levels are found in the vicinity of Sierra Vista with water levels as deep as 585 
feet measured in 2003-2004.  Shallow water levels are found near the Mexico border in the 
vicinity of Highway 92 with levels as shallow as 10 feet in 2003-2004.

•	 Change in water levels varies across the basin from a 15 foot increase to a more than 30 
foot decrease.

•	 In general, declines of one to 15 feet were observed in the Sierra Vista and Benson areas.
•	 Hydrographs corresponding to selected wells shown on Figure 3.13-6 but covering a longer 

time period are shown in Figure 3.13-7. 
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Basin Area, in square miles:

estimated Natural recharge, in 
acre-feet/year:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
1Predevelopment	Estimate

Table 3.13-6 Groundwater Data for the Upper San Pedro Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluvium

Basin	Fill

1,825

Well yields, in gal/min:

Range	14	-	981
Median	335

(39	wells	measured)
Range	3	-	3,800

Median	600
(353	wells	reported)

Range	100	-	2,800

Range	0	-	2,500

Measured	by	ADWR	and/or	USGS

Reported	on	registration	forms	for	
large	(>	10-inch)	diameter	wells

ADWR	(1994)

Anning	and	Duet,	USGS	(1994)

59
2001	(736	wells	measured)

21,000,000	-	59,000,000	(to	1,200	
ft/not	given)

35,000,0001	(to	1,200	ft)

48,000,000	(to	1,200	ft)

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Arizona	Water	Commission	(1975)

35,750 ADWR	(2005)

estimated Water Currently in 
Storage, in acre-feet:

19,800,000	-	26,100,000	(to	1,200	ft) ADWR,	Upper	San	Pedro	report,	
(2005)
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In Hydrograph N UNSURV indicates there is no land survey for the area the well is in, 
and the coordinates are projected based on latitude and longitude.
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3.13.7 Water Quality of the Upper San Pedro Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.13-7A.  Impaired lakes and streams with site type, 
name, length of impaired stream reach, area of impaired lake, designated use standard and 
parameter(s) exceeded is shown in Table 3.13-7B.  Figure 3.13-9 shows the location of exceedences 
and impairment keyed to Table 3.13-7.  A description of water quality data sources and methods 
is found in Volume 1, Section 1.3.18.  Not all parameters were measured at all sites; selective 
sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.13-7A.
•	 Drinking water standard exceedences in wells, springs and at mine sites have been reported 

for 68 sites in the basin. 
•	 The most frequently exceeded parameters in the sites measured in this basin were arsenic 

and fluoride.  
•	 South of Sierra Vista along Highway 92, the parameter exceeded was cadmium.
•	 Other parameters exceeded in the sites measured in this basin included lead, nitrates, 

beryllium, mercury and total dissolved solids. 

Lakes and Streams
•	 Refer to Table 3.13-7B.
•	 Water quality standards were exceeded in three reaches of the San Pedro River. 
•	 The parameter exceeded was different for each reach; E. coli, nitrates and copper.
•	 The longest impaired reach was 28 miles. 
•	 Two of the three impaired stream reaches, San Pedro River from the Mexican border to 

Charleston and from Babocomari to Dragoon Wash, are part of the ADEQ water quality 
improvement effort called the Total Maximum Daily Load  (TMDL) program.  Sampling 
to create a TMDL report is ongoing.

•	 There is one effluent dependent reach, Walnut Gulch, in the vicinity of Tombstone.
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3.13.8 Cultural Water Demands in the Upper San Pedro Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.13-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.13-9.  Figure 
3.13-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.13-8 and Figure 3.13-10.
•	 Population has increased by about 1,200 residents a year from 1980 to 2000.  Projections 

suggest the annual growth rate will decrease through 2050.  
•	 This basin includes the largest population as well as the fastest growing population in the 

planning area.
•	 Total groundwater use increased from 1971 to 1985 and has remained relatively constant 

since 1986, with an average of 34,600 acre-feet pumped per year in the period from 2001-
2003. 

•	 Total current surface water diversions are estimated to be comparable to historic diversion 
volumes with approximately 4,500 acre-feet per year diverted in the period from 1991 
– 2003. However, actual diversions have not been consistently reported.

•	 Over 90% of the surface water diversions are for agriculture, however, over 75% of the 
agricultural water supply is groundwater.

•	 The majority of agricultural lands are in the vicinity of Benson.
•	 Most high intensity municipal and industrial demand is found near the population centers 

of Sierra Vista, Benson, Tombstone and Bisbee/San Jose.  
•	 Municipal demand constitutes over half of the total groundwater use in the period from 

1996-2003. 
•	 There is one large inactive mine, the Copper Queen, in the vicinity of Bisbee, and at least 

two small sand and gravel pits in the vicinity of Sierra Vista.  All industrial water supply is 
groundwater.

•	 As of 2003 there were 4,769 registered wells with a pumping capacity of less than or equal 
to 35 gallons per minute and 269 wells with a pumping capacity of more than 35 gallons 
per minute.

Effluent Generation
•	 Refer to Table 3.13-9.
•	 There are 11 wastewater treatment facilities in the basin.  
•	 10 of these facilities serve communities and one is used for industrial purposes. 
•	 The three Bisbee wastewater facilities were recently consolidated into one new facility 

at San Jose.  This new treatment facility has the capacity to treat 0.81 million gallons of 
wastewater per day.
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•	 Over 55,000 people are served by these facilities. 
•	 More than 5,000 acre-feet of effluent per year are generated in this basin. 
•	 Three facilities discharged wastewater for irrigation in 2002 or 2003 but recent treatment 

facility consolidations in Bisbee will affect disposal methods.
•	 Two facilities discharge wastewater for golf course irrigation.
•	 Discharge from two facilities recharges the aquifer. Both are designed for the purpose 

of groundwater recharge.  The Sierra Vista facility is permitted by the Department as an 
Underground Storage Facility and the Fort Huachuca Facility is not.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 50,999
1981 52,215
1982 53,431
1983 54,647
1984 55,863
1985 57,079
1986 58,295
1987 59,511
1988 60,727
1989 61,943
 1990 63,159
1991 64,645
1992 66,130
1993 67,615
1994 69,101
1995 70,586
1996 72,071
1997 73,557
1998 75,042
1999 76,528
2000 78,013
2001 79,183
2002 80,353
2003 81,524
2010 89,715
2020 96,354
2030 101,634
2040 105,699
2050 109,896

ADDITIONAL WELLS: 3 195 6
WELL TOTALS: 4,769 629

Notes:
NR	=	Not	reported.
1 Does	not	include	evaporation	losses	from	stockponds	and	reservoirs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	listed	in	the	ADWR	Well	Registry	for	this	basin,	but	they	do	not	have	completion	dates.	
	These	wells	are	summed	here.

Table 3.13-8 Cultural Water Demands in the Upper San Pedro Basin1

year

recent
(Census) and 

Projected
(DeS)

Population

Number of registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source

2,0592 4962

40,500 4,500

ADWR
(1994)
ADWR
(2005)

53,500 4,500

586 70 55,500 4,500

427 19 35,500 4,500

548 21 15,500 1,900 16,500 <300 NR 4,300

USGS
(2005)
ADWR
(2005)715 13 17,500 2,000 15,000 <300 NR 4,300

239 <300 NR 4,3004 18,000 2,100 14,500
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3.13.9 Water Adequacy Determinations in the Upper San Pedro Basin

Water adequacy determination information including the subdivision name, location, number of 
lots, adequacy determination, reason for the inadequacy determination, date of determination and 
subdivision water provider are shown in Table 3.13-10.  Figure 3.13-11 shows the locations of 
subdivisions keyed to the Table.  A description of the Adequacy Program is found in Volume 1, 
Appendix A.  Adequacy determination data sources and methods are found in Volume 1, Sections 
1.3.1.

•	 A total of 185 water adequacy determinations have been made through May, 2005.
•	 54 determinations of inadequacy have been made, most are in the vicinity of Sierra Vista 

and Bisbee.
•	 In 1984, the Department began issuing determinations of inadequate water supply in 

the Sierra Vista Sub-basin in the Upper San Pedro River Watershed due to lack of legal 
availability.  At that time, the Gila River adjudication drew into question whether water 
withdrawn from certain wells would be considered groundwater or surface water.  In 1993, 
the Department reexamined its position and determined that legal availability is based 
on the current legal right to use the water, and not on an adjudication determination that 
has yet to be made.  Therefore, since 1993, the Department has not issued determinations 
that water supplies are inadequate in the Sierra Vista Sub-basin solely for lack of legal 
availability related to the possible future decisions in the Gila River adjudication

•	 Other reasons for an inadequacy determination were because the applicant chose not to 
submit necessary information and/or available hydrologic data was insufficient to make a 
determination and water quality.  

•	 All lots receiving an adequacy determination are in Cochise County.  Of the 22,508 lots, 
14,038 or 76% were determined to be adequate. 
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3.14.1 Geography of the Willcox Basin

The Willcox Basin is a medium-size, 1,911 square mile basin in the center of the planning 
area.  Geographic features and principal communities are shown on Figure 3.14-1.  The basin is 
characterized by a large valley surrounded by a series of medium-high to high-elevation mountain 
ranges and contains grassland, woodland, conifer forest and desert scrub vegetation.

•	 Principal geographic features include:
o	 Principal basin community of Willcox
o	 Smaller communities of Bonita and Fort Grant in the northern portion of the basin, 

Sunsites in the southwest, Sunizona on Highway 181 in the southwest and Dos 
Cabezas on Highway 186 southeast of Willcox

o	 Ash Creek in the northern portion of the basin 
o	 Turkey Creek south of Sunizona
o	 Pinery Creek east of Chiricahua National Monument
o	 Rucker Canyon in the southern portion of the basin
o	 Sulphur Springs Valley running north-south through the center of the basin
o	 Willcox Playa southwest of Willcox
o	 Winchester Mountains on the northwestern boundary
o	 Dragoon Mountains on the central western boundary

•	 Not well shown on Figure 3.14-1 are:
o	 Chiricahua Mountains to the southeast of Willcox, with the highest point in the 

basin, Buena Vista Peak at 8,823 feet
o	 Swisshelm Mountains on the southwestern boundary
o	 Pinaleño Mountains on the northeast boundary
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3.14.2 Land Ownership in the Willcox Basin

Land ownership, including the percentage of ownership in each category, is shown for the Willcox 
Basin in Figure 3.14-2.   Principal features of land ownership in this basin are the abundance of 
private land and the diversity of land ownership types, seven total.  A description of land ownership 
data sources and methods is found in Volume 1, Section 1.3.8.  Land ownership categories are 
discussed below in the order of percentage from largest to smallest in the basin. 

Private
•	 51.1% of land is private.
•	 The majority of the private land is through the center of the basin and is contiguous. 
•	 A small portion of private land in the southern tip of the basin remains in private 

ownership but is managed federally as the Leslie Canyon National Wildlife Refuge.
•	 Primary land uses are farming, domestic, commercial, mining and industrial.

State Trust
•	 24.2% of land in this basin is held in trust for public schools and thirteen other 

beneficiaries under the State Trust Land System.  
•	 Two large strips of state owned land are located north of Interstate 10 and the remainder 

of state owned land in the basin is interspersed with private land.  
•	 A small portion of state trust land in the southern tip of the basin remains in state 

ownership but is managed federally as the Leslie Canyon National Wildlife Refuge.
•	 Primary land use is grazing.

National Forest and Wilderness
•	 19.6% of land is federally owned and managed as national forest and wilderness.
•	 Although the National Forest land is not contiguous, all lands are within the Coronado 

National Forest in two ranger districts, Douglas Ranger District south of Interstate 10 and 
the Safford Ranger District north of Interstate 10.

•	 The basin contains most of the Chiricahua Wilderness area in the southeastern area of 
forest lands and a portion of the Galiuro Wilderness area in the northwestern area of forest 
lands.

•	 Primary land uses are recreation, grazing and timber production.

 U.S. Military
•	 2.3% of land is federally owned and managed by the U.S. Military.
•	 All military land in the basin is part of the Willcox Range.
•	 Primary land use is for military activities.

U.S. Bureau of Land Management (BLM)
•	 1.8% of land is federally owned and managed by the Bureau of Land Management.
•	 BLM land is located southeast of Interstate 10 along the eastern basin boundary and in 

other small parcels scattered throughout the basin.
•	 Primary land use is grazing.
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Parks, Monuments, Historical and Recreational Sites
•	 0.9% of land is federally owned and managed by the National Park Service.
•	 All park land is within the Chiricahua National Monument.
•	 Primary land use is recreation.

Other (Game and Fish, County and Bureau of Reclamation Lands)
•	 0.1% of land is state owned and managed by Arizona Game and Fish Department.
•	 All Game and Fish land in this basin is within the Willcox Playa Wildlife Area.
•	 Primary land uses are wildlife protection and recreation.
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3.14.3 Climate of Willcox Basin

Climate data from NOAA/NWS Coop Network and AZMET stations are complied in Table 3.14-1 
and the locations are shown on Figure 3.14-3.  The Willcox Basin does not contain Evaporation 
Pan and SNOTEL/Snowcourse stations.  A description of the climate data sources and methods is 
found in Volume 1, Section 1.3.3.

NOAA/NWS Coop Network
•	 Refer to Table 3.14-1A
•	 There are six NOAA/NWS Coop network climate stations in the basin. 
•	 Of the six stations, data from different periods of record may be used as shown.  The 

variety of dates may be due to discontinued measurements, date of installation or other 
availability issues.

•	 The six stations are located throughout most of the basin.  There are no stations in the 
lower quarter of the basin. 

•	 Station elevations range from 4,180 feet at Cochise 4 SSE and Willcox to 5,300 feet at 
Chiricahua N.M.

•	 Maximum average temperatures range from 74.8°F at Chiricahua N.M. to 79.5°F at 
Willcox.

•	 Minimum average temperatures range from 42.6°F at Cochise Stronghold to 44.9°F at 
Fort Grant. 

•	 Average annual precipitation varies from 10.78 inches at Cochise 4 SSE to 20.95 inches at 
Chiricahua N.M. 

•	 All stations report highest average precipitation in the summer (July - September) and 
lowest in the spring (April – June).

•	 Additional precipitation data shows rainfall as high as 48 inches in the Chiricahua 
Mountains at Chiricahua Peak, elevation 9,760 feet.  This is the highest average annual 
precipitation in the planning area.  Precipitation is as low as 10 inches in the vicinity of the 
Pearce Sunsites station.

•	 Precipitation increases as elevation increases in the basin. This basin contains the largest 
range of average annual rainfall in the planning area with 38 inches separating areas of 
lowest and the highest precipitation. 

AZMET
•	 Refer to Table 3.14-1C
•	 There is one AZMET station in the basin, at Bonita.
•	 Average annual evaporation from this site is 74.11 inches.



598	 	 	 Section 3.14    Willcox Basin
DRAFT

Arizona Water Atlas 
Volume 3

Table 3.14-1 Climate Data for the Willcox Basin
A.NOAA/NWS Co-op Network:

Max/Month Min/Month Winter Spring Summer fall Annual

Chiricahua	N.M. 5,300 1971-2000 74.8/Jul 44.0/Jan 4.24 1.85 9.86 5.00 20.95

Cochise	4	SSE 4,180 1899-1954 78.5/Jul 42.7/Jan 2.05 0.75 5.98 2.00 10.78

Cochise	Stronghold 4,920 1925-1948 77.3/Jul 42.6/Jan 4.27 1.60 9.26 3.71 18.85

Fort	Grant 4,830 1900-20041 78.9/Jul 44.9/Jan 2.31 1.39 7.33 5.68 16.70

Pearce	Sunsites 4,350 1971-2000 78.6/Jul 44.6/Jan 2.19 0.95 7.53 2.54 13.21

Willcox 4,180 1971-2000 79.5/Jul 43.8/Dec 2.74 1.00 6.22 3.39 13.35

Source:	WRCC,	2003.

Notes:
1Average	temperature	for	period	of	record	shown;	average	precipitation	from	1971-2000

B. evaporation Pan:

Station Name elevation (in 
feet)

Period of 
record Used for 

Averages

Avg. Annual evap
(in inches)

Source:	WRCC,	2003.

C. AZMeT: 

Station Name elevation
(feet)

Period of 
record

Bonita 4,419 1/1987	-	current

Source: Arizona	Meteorological	Network,	2005

D. SNOTeL/Snowcourse: 

Jan. feb. March April May June

Source:	Natural	Resources	Conservation	Service,	2005

Average Total Precipitation (in inches)
Station Name elevation (in 

feet)

Period of 
record Used for 

Averages

Average Temperature range (in f)

Average Annual reference evaportranspiration, in inches 
(number of years to calculate averages )

74.11	(6)

None

None

Station Name elevation (in 
feet)

Period of 
record Used for 

Averages

Average Snowpack, at Beginning of the Month, as Inches Snow Water Content
(Number of measurements to calculate average)
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3.14.4 Surface Water Conditions in the Willcox Basin

Streamflow data, including average seasonal flow, average annual flow and other information is 
shown in Table 3.14-2.  Flood ALERT equipment in the basin as of September 2004 is shown on 
Table 3.14-3.  Reservoir and stockpond data, including maximum storage or maximum surface 
area of large reservoirs and type of use of the stored water, are shown in Table 3.14-4.   The 
location of streamflow gages, using the USGS number, is shown on Figure 3.14-4.  The location of 
large reservoirs as well as USGS runoff contours are also shown on Figure 3.14-4.  A description of 
stream data sources and methods is found in Volume 1, Section 1.3.16.  A description of reservoir 
data sources and methods is found in Volume 1, Section 1.3.11.  A description of stockpond data 
sources and methods is found in Volume 1, Section 1.3.15.

Streamflow Data
•	 Refer to Table 3.14-2.
•	 Data from four stations, including three discontinued stations, are shown on the table and 

on Figure 3.14-4.
•	 These stations are located on the Gila River, West Turkey Creek, Whitewater Draw and 

Leslie Creek. 
•	 The average seasonal flow as a percentage of annual flow for all the stations is highest in 

the Summer (July-September) and lowest in the Spring (April-June) at three stations.
•	 Maximum annual flow in this basin was 97,737 acre-feet in 1930 on the Gila River.  

Minimum annual flow was 22 acre-feet in 1976 on Leslie Creek. 

Flood ALERT Equipment
•	 Refer to Table 3.14-3.
•	 There is one station in the basin as of October 2005.  
•	 This station is a weather station. 

Reservoirs and Stockponds
•	 Refer to Table 3.14-4.
•	 Surface water is stored or could be stored in two large and nine small reservoirs in this 

basin.
•	 The largest of the reservoirs, Willcox Playa, a dry lake with a maximum surface area of 

29,500 acres. 
•	 Two of the small reservoirs have a maximum storage capacity of 185 acre-feet.  The 

remaining seven small reservoirs have a total surface area of 182 acres. 
•	 There are an estimated 762 stockponds in this basin.

Runoff Contour
•	 Refer to Figure 3.14-4.
•	 Average annual runoff increases from 0.2 inches in the vicinity of Willcox to five inches 

toward the Chiricahua Mountains in the southeast.  Runoff also increases slightly north of 
Willcox to one inch near the northwestern basin boundary. 



S
ec

tio
n 

3.
14

   
 W

ill
co

x 
B

as
in

 	
	

	
	

	
	

			
			

			
			

			
			

			
	6

01
D

R
A

FT

A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

Ta
bl

e 
3.

14
-2

 S
tr

ea
m

flo
w

 D
at

a 
fo

r t
he

 W
ill

co
x 

B
as

in

W
in

te
r

Sp
rin

g
Su

m
m

er
fa

ll
M

in
im

um
M

ed
ia

n
M

ea
n

M
ax

im
um

95
36

50
0

W
es

t	T
ur

ke
y	

C
re

ek
	n

ea
r	L

ig
ht

19
.0

N
A

8/
19

19
-9

/1
92

5
(d

is
co

nt
in

ue
d)

13
11

53
24

52
1	

(1
92

2)
4,

47
4

5,
46

0
10

,7
87

(1
92

1)
5

95
37

00
0

W
hi

te
w

at
er

	D
ra

w
	

ne
ar

	R
uc

ke
r

38
.7

N
A

8/
19

19
-9

/1
92

5
(d

is
co

nt
in

ue
d)

16
10

39
35

95
6	

(1
92

2)
5,

01
0

4,
42

1
6,

34
2

(1
92

3)
5

95
37

20
0

Le
sl

ie
	C

re
ek

	n
ea

r	
M

cN
ea

l
79

.1
5,

36
0

10
/1

96
9-

cu
rr

en
t

16
7

55
21

22
	(1

97
6)

74
6

1,
06

6
3,

20
1

(1
98

4)
25

So
ur

ce
s:

	U
S

G
S

	N
W

IS
;	P

op
e	

et
	a

l,	
U

S
G

S
	1

99
8;

	a
nd

	F
is

k	
et

	a
l.,

	U
S

G
S

	2
00

3.

N
ot

es
:

S
um

m
at

io
n	

of
	A

ve
ra

ge
	A

nn
ua

l	F
lo

w
s	

m
ay

	n
ot

	e
qu

al
	1

00
	d

ue
	to

	ro
un

di
ng

.
P

er
io

d	
of

	re
co

rd
	m

ay
	n

ot
	e

qu
al

	Y
ea

r	o
f	R

ec
or

d	
us

ed
	fo

r	a
nn

ua
l	F

lo
w

/Y
ea

r	s
ta

tis
tic

s	
du

e	
to

	o
nl

y	
us

in
g	

ye
ar

s	
w

ith
	a

	1
2	

m
on

th
	re

co
rd

N
A

	=
	D

at
a	

no
t	c

ur
re

nt
ly

	a
va

ila
bl

e	
to

	A
D

W
R

St
at

io
n

N
um

be
r

S
ta

tis
tic

s	
ba

se
d	

on
	C

al
en

da
r	Y

ea
r

A
nn

ua
l	F

lo
w

	s
ta

tis
tic

s	
ba

se
d	

on
	m

on
th

ly
	

ye
ar

s 
of

 
A

nn
ua

l
fl

ow
r

ec
or

d

U
SG

S 
St

at
io

n 
N

am
e

C
on

tr
ib

ut
in

g
D

ra
in

ag
e

A
re

a 
(in

 m
i2 )

M
ea

n 
B

as
in

 
el

ev
at

io
n 

(in
 fe

et
)

Pe
rio

d 
of

 
r

ec
or

d

A
ve

ra
ge

 S
ea

so
na

l f
lo

w
 (%

 o
f a

nn
ua

l f
lo

w
)

A
nn

ua
l f

lo
w

 (i
n 

ac
re

-fe
et

/y
ea

r)



60
2	

	
	

S
ec

tio
n 

3.
14

   
 W

ill
co

x 
B

as
in

D
R

A
FT

A
riz

on
a 

W
at

er
 A

tla
s 

Vo
lu

m
e 

3

St
at

io
n 

ID
St

at
io

n 
N

am
e

St
at

io
n 

Ty
pe

In
st

al
l D

at
e

r
es

po
ns

ib
ili

ty

30
70

W
ill

co
x	

A
D

O
T	

W
ea

th
er

	S
ta

tio
n

W
ea

th
er

	S
ta

tio
n

10
/1

/2
00

1
A

D
W

R

N
ot

es
:

A
D

O
T	

=	
A

riz
on

a	
D

ep
ar

tm
en

t	o
f	T

ra
ns

po
rta

tio
n

Ta
bl

e 
3.

14
-3

 f
lo

od
 A

Le
r

T 
eq

ui
pm

en
t i

n 
th

e 
W

ill
co

x 
B

as
in

A
D

W
R

	=
	A

riz
on

a	
D

ep
ar

tm
en

t	o
f	W

at
er

	R
es

ou
rc

es



Arizona Water Atlas 
Volume 3

Section 3.14    Willcox Basin 	 	 	 	 	 	 											 										603
DRAFT

A. Large reservoirs (500 acre-feet capacity and greater)

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr MAxIMUM

STOrAGe (Af) USe JUrISDICTION

B. Other Large reservoirs (50 acre surface area or greater)1

MAP
Key

reSerVOIr/LAKe NAMe 
(Name of dam, if different) OWNer/OPerATOr

MAxIMUM
SUrfACe

AreA (acres)
USe2 JUrISDICTION

1 Willcox	Playa3 NA 29,500 O Landowner

2 Unnamed4 Private 309 P Landowner

C. Small reservoirs (greater than 15 acre-feet and less than 500 acre-feet capacity)
Total number: 2
Total maximum storage: 185 acre-feet

D. Other Small reservoirs (between 5 and 50 acres surface area)1

Total number: 7
Total surface area: 182 acres

e. Stockponds (up to 15 acre-feet capacity)
Total number: 762 (from water right filings)

Notes:
1Capacity	data	not	available	to	ADWR
2O=other;	P=fire	protection,	stock	or	farm	pond	
3Dry	Lake
4Intermittent	Lake

None	identified	by	ADWR	at	this	time

Table 3.14-4 reservoirs and Stockponds in the Willcox Basin
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3.14.5  Perennial/Intermittent Streams and Major Springs in the Willcox Basin

Minor springs with discharge rates and date of measurement, and the total number of springs in the 
basin are shown in Table 3.14-5.  There are no major springs identified in this basin. The locations 
of perennial and intermittent streams are shown on Figure 3.14-5.   A description of data sources 
and methods for intermittent and perennial reaches is found in Volume 1, 1.3.16.  A description of 
spring data sources and methods is found in Volume 1, Section 1.3.14.

•	 There are five perennial stream reaches in this basin, Turkey Creek, Rucker Canyon, 
Grant Creek, Big Creek and Leslie Creek.  Most perennial streams are in the Chiricahua 
Mountains along the southeastern boundary or the Pinaleño Mountains on the northeastern 
boundary. 

•	 A number of intermittent stream reaches are located in these two mountain ranges as well. 
•	 Springs with measured discharge of 1 to 10 gpm are not mapped but coordinates are given 

in Table 3.14-5.  There are eight minor springs identified in this basin. 
•	 Listed discharge rates may not be indicative of current conditions.  All of the minor spring 

measurements were taken prior to 1985.  
•	 The total number of springs identified by the USGS varies from 87 to 92, depending on the 

database reference.
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A. Major Springs (10 gpm or greater):

Latitude Longitude

B. Minor Springs (1 to 10 gpm):

Latitude Longitude

Walnut	 321228 1093617 3 07/1984

Unnamed 321152 1093413 3 11/1981

Rosemary's2 321228 1093621 2 08/1984

Howard	Canyon
(left	fork)2,3 321144 1093349 24 08/1984

Howard	Canyon2,3 321144 1093357 1 08/1984

Unnamed2 321145 1095543 1 02/1946

Unnamed2 320451 1095543 1 Not	available

Unnamed2 321259 1093716 1 09/1981

Notes:
1Most	recent	measurement	identified	by	ADWR
2Spring	not	displayed	on	current	USGS	topo	map
3Location	approximated	by	ADWR
4Most	recent	measurement	<	1	gpm

Discharge
(in	gpm)1

Date	Discharge	
Measured

C. Total number of springs, regardless of discharge, identified by 
USGS (see ALrIS, 2005 and NHD, 2006): 87 to 92

Table 3.14-5 Springs in the Willcox Basin

Map
Key Name

Location Discharge
(in	gpm)

Date	Discharge	
Measured

None	identified	by	ADWR	at	this	time

Name
Location
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3.14.6 Groundwater Conditions of the Willcox Basin

Major aquifers, well yields, estimated natural recharge, estimated water in storage, number of 
index wells and date of last water-level sweep are shown in Table 3.14-6.  Figure 3.14-6 shows 
aquifer flow direction and water-level change between 1990-1991 and 2003-2004.  Figure 3.14-7 
contains hydrographs for selected wells shown on Figure 3.14-6.  Figure 3.14-8 shows well yields 
in five yield categories.  A description of aquifer data sources and methods is found in Volume 1, 
Section 1.3.2.  A description of well data sources and methods, including water-level changes and 
well yields is found in Volume 1, Section 1.3.19.  More detailed information on hydrogeology is 
found in Section 3.0.1.

Major Aquifers
•	 Refer to Table 3.14-6 and Figure 3.14-6.
•	 The major aquifers in the basin are recent stream alluvium from stream and lake-bed 

deposits and basin fill.
•	 The Willcox Basin is a “closed basin” with no inter-basin groundwater inflow or outflow. 
•	 Groundwater flow conditions have been altered significantly in several locations due to 

groundwater pumping as shown by flow directions on Figure 3.14-6.  Historically flows 
were from the perimeter of the Sulphur Springs Valley toward the Willcox Playa.

 
Well Yields

•	 Refer to Table 3.14-6 and Figure 3.14-8.
•	 As shown on Figure 3.14-8 well yields in this basin range from less than 100 gallons per 

minute (gpm) to more than 2,000 gpm. 
•	 One source of well yield information, based on 1,007 reported wells, indicates that the 

median well yield in this basin is 750 gpm.
•	 Well yields vary throughout the basin.

Natural Recharge
•	 Refer to Table 3.14-6.
•	 There are three estimates of natural recharge for this basin ranging from 15,000 acre-feet 

per year to 47,000 acre-feet per year.  The latter, from a 1995 Anderson and Freethey study, 
is the most recent. 

Water in Storage
•	 Refer to Table 3.14-6.
•	 There are three storage estimates in this basin ranging from 42 million acre-feet to 59 

million acre-feet. 
•	 The most recent estimate of water in storage is between 42 million and 45.3 million acre-

feet to a depth of 1,200 feet and is from ADWR studies in 1990 and 1994.
•	 The predevelopment storage estimate for this basin is 44 million acre-feet. 
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Water Level
•	 Refer to Figure 3.14-6.  Water levels are shown for wells measured in 2003-2004.
•	 The Department annually measures 46 index wells in this basin.  
•	 In 1999, the year of the last water level sweep, 885 wells were measured. 
•	 The deepest recorded water level in 2003-2004 was 431 feet in the vicinity of Highway 191 

near the southern basin boundary and the shallowest recorded water level in 2003-2004 
was 36 feet in the vicinity of Willcox.

•	 All reported wells in this basin have declines of at least one foot and a number of wells 
show water level declines greater than 30 feet.

•	 Hydrographs corresponding to selected wells shown on Figure 3.14-6 but covering a longer 
time period are shown in Figure 3.14-7. 
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Basin Area, in square miles:

Current Number of Index Wells:
Date of Last Water-level Sweep:

Notes:
1Predevelopment	Estimate

Table 3.14-6 Groundwater Data for the Willcox Basin

Major Aquifer(s):

Name and/or Geologic Units

Recent	Stream	Alluvium

Basin	Fill

1,911

Well yields, in gal/min:

Range	108	-	2,199
Median	621.5

(64	wells	measured)
Range	2	-	3,500

Median	750
(1,007	wells	reported)

Range	50	-	2,000

Range	0	-	2,500

Measured	by	ADWR	and/or	USGS

Reported	on	registration	forms	for	
large	(>	10-inch)	diameter	wells

ADWR	(1990	and	1994)

Anning	and	Duet,	USGS	(1994)

46
1999	(885	wells	measured)

estimated Water Currently in 
Storage, in acre-feet:

42,000,000	-	45,300,000	(to	1,200	ft)

44,000,0001	(to	1,200	ft)

59,000,000	(to	1,200	ft)

ADWR	(1990	and	1994)

Freethey	and	Anderson	(1986)

Arizona	Water	Commission	(1975)

47,000 Anderson	and	Freethey	(1995)

estimated Natural recharge, in 
acre-feet/year: 46,000 Freethey	and	Anderson	(1986)

15,000 ADWR	(1994)
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3.14.7 Water Quality of the Willcox Basin

Drinking water standard exceedences in wells, springs and mine sites including location and 
parameter(s) exceeded are shown in Table 3.14-7A.  There are no data on impaired lakes and 
streams in this basin.  Figure 3.14-9 shows the location of exceedences keyed to Table 3.14-7A.  A 
description of water quality data sources and methods is found in Volume 1, Section 1.3.18.  Not all 
parameters were measured at all sites; selective sampling for particular constituents is common.

Wells, Springs and Mines
•	 Refer to Table 3.14-7A.
•	 Drinking water standard exceedences in wells and springs have been reported for 73 sites 

in the basin. 
•	 The most frequently exceeded parameters in the sites measured in this basin were arsenic 

and fluoride.  
•	 Other parameters exceeded in the sites measured in this basin included radionuclides, 

nitrates, beryllium, antimony and total dissolved solids. 
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3.14.8 Cultural Water Demands in the Willcox Basin

Cultural water demand data including population, number of wells and the average well pumpage 
and surface water diversions by the municipal, industrial and agricultural sectors are shown in 
Table 3.14-8.  Effluent generation including facility ownership, location, population served and 
not served, volume treated, disposal method and treatment level is shown on Table 3.14-9.  Figure 
3.14-10 shows the location of demand centers.  A description of cultural water demand data sources 
and methods is found in Volume 1, Section 1.3.5.  More detailed information on cultural water 
demands is found in Section 3.0.7.

Cultural Water Demands

•	 Refer to Table 3.14-8 and Figure 3.14-10.
•	 Population has increased by about 3,000 residents from 1980 to 2000.  Projections suggest 

an increase in population through 2050.  
•	 Total groundwater use decreased from 1971 to 1990 and has increased from 1991 to 2003 

due to agricultural pumpage, with an average of 182,600 acre-feet pumped per year in the 
period from 2001-2003. 

•	 All surface water diversions are for municipal demand at Fort Grant, a state prison at the 
end of Highway 266, with less than 300 acre-feet diverted from 1991 – 2003. 

•	 Over 90% of all water use in this basin is for agriculture.
•	 Agricultural demand has increased from 1991 with an average of 174,000 acre-feet of 

water pumped per year in the period from 2001-2003. 
•	 Agricultural demand is widely distributed throughout the Sulphur Springs Valley down the 

center of the basin.
•	 This basin contains both the most overall groundwater demand in the planning area and the 

most groundwater demand for agriculture. 
•	 Most high intensity municipal and industrial demand is found near Willcox.
•	 Low intensity municipal and industrial demand is located near Willcox and along Highway 

191.
•	 Approximately 90% of municipal water supply is groundwater.  
•	 There is one large active mine, Johnson Camp Mine, west of Interstate 10. 
•	 There is one power plant, the Apache Station Generation Plant, in the vicinity of Highway 

191.  This is the only power plant in the planning area.   
•	 As of 2003 there were 3,555 registered wells with a pumping capacity of less than or equal 

to 35 gallons per minute and 1,088 wells with a pumping capacity of more than 35 gallons 
per minute.

Effluent Generation
•	 Refer to Table 3.14-9.
•	 There are three wastewater treatment facilities in the basin.  
•	 Almost 4,000 people are served by these facilities. 
•	 More than 500 acre-feet of effluent per year are generated in this basin. 
•	 One facility, the Willcox Wastewater Treatment Plant, discharges wastewater for golf 

course/turf irrigation.
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Q < 35 gpm Q > 35 gpm Municipal Industrial Irrigation Municipal Industrial Irrigation

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980 9,064
1981 9,135
1982 9,206
1983 9,277
1984 9,347
1985 9,418
1986 9,489
1987 9,560
1988 9,631
1989 9,702
 1990 9,773
1991 10,033
1992 10,294
1993 10,554
1994 10,814
1995 11,075
1996 11,335
1997 11,596
1998 11,856
1999 12,117
2000 12,377
2001 12,504
2002 12,632
2003 12,759
2010 13,652
2020 13,761
2030 14,050
2040 14,415
2050 14,934

ADDITIONAL WELLS: 3 132 5
WELL TOTALS: 3,555 1,088

Notes:
NR	-	Not	reported
1 Does	not	include	evaporation	losses	from	stockponds	and	reservoirs.
2	Includes	all	wells	through	June	1980.
3 Other	water-supply	wells	are	listed	in	the	ADWR	Well	Registry	for	this	basin,	but	they	do	not	have	completion	dates.
These	wells	are	summed	here.

Table 3.14-8 Cultural Water Demands in the Willcox Basin1

year

recent
(Census) and 

Projected
(DeS)

Population

Number of registered Water 
Supply Wells Drilled

Average Annual Demand (in acre-feet)

Well Pumpage Surface-Water Diversions Data
Source

2,2392 9992

308,000 NR

ADWR
(1994)

214,000 NR

313 34 117,000 NR

244 23 86,000 NR

222 14 2,600 6,400 124,000 <300 NR NR

USGS
(2005)289 8 2,700 5,600 124,000 <300 NR NR

116 <300 NR NR5 2,700 5,900 174,000
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3.14.9 Water Adequacy Determinations in the Willcox Basin

Water adequacy determination information including the subdivision name, location, number 
of lots, adequacy determination, reason for the inadequacy determination, date of determination 
and subdivision water provider are shown in Table 3.14-10.  Figure 3.14-11 shows the locations 
of subdivisions keyed to the Table.  A description of the Water Adequacy Program is found in 
Volume 1, Appendix A.  Adequacy determination data sources and methods are found in Volume 
1, Sections 1.3.1.

•	 A total of 20 water adequacy determinations have been made in this basin through May, 
2005.

•	 10 determinations of inadequacy have been made, all in the vicinity of Sunsites west of 
Highway 191.

•	 All determinations of inadequacy were because the applicant chose not to submit necessary 
information and/or available hydrologic data was insufficient to make a determination and 
poor water quality.  

•	 All lots receiving an adequacy determination are in Cochise County.  Of the 1,577 lots, 989 
or 62% were determined to be adequate. 
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ACrONyMS AND ABBreVIATIONS

ADEQ  Arizona Department of Environmental Quality 
ADMMR Arizona Department of Mines and Mineral Resources
ADWR Arizona Department of Water Resources
AEPCO  Arizona Electric Power Cooperative 
af  Acre-feet
AGFD  Arizona Game and Fish Department
ALERT Automated Local Evaluation in Real Time
ALRIS  Arizona Land Resource Information System
ANP   Apache Nitrogen Products Inc. 
AMA  Active Management Area
ASARCO American Smelting and Refining Company
AWPF  Arizona Water Protection Fund
AZMET Arizona Meteorological Network
BLM  United States Bureau of Land Management
BOR  United States Bureau of Reclamation 
CAP  Central Arizona Project
CERCLA  Comprehensive Environmental Response Compensation and Liability Act 
CLIMAS Climate Assessment for the Southwest
DES   Arizona Department of Economic Security 
DNT   Dinitoglycerine 
DOD  United States Department of Defense
ENSO  El Niño-Southern Oscillation
EPA  Environmental Protection Agency
ESA  Endangered Species Act
FCD  Flood Control District
GIS  Geographic Information System
GRIC   Gila River Indian Community 
gpcd  Gallons per capita per day
gpd  Gallons per day
gpm  Gallons per minute
GVID  Gila Valley Irrigation District 
GWSI  Groundwater Site Inventory System
INA  Irrigation Non-expansion Area
LUST   Leaking Underground Storage Tank 
M&I  Municipal and Industrial
NHD  National Hydrography Dataset
NOAA  National Oceanic and Atmospheric Administration
NPS  United States National Park Service
NRCD  Natural Resources Conservation District
NRCS  Natural Resources Conservation Service
NWIS  National Water Information System
NWR   National Wildlife Refuge
NWS  National Weather Service
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Pan ET  Pan Evapotranspiration
PDO	 	 Pacific	Decadal	Oscillation
PWUA		 Pomerene	Water	Users	Association	
SDID		 	 Saint	David	Irrigation	District	
SNOTEL	 SNOpack	TELemetry
SPRNCA		 San	Pedro	Riparian	National	Conservation	Area
SX/EW		 Solvent	extraction/electrowinning	
TDS	 	 Total	Dissolved	Solids
TNC	 	 The	Nature	Conservancy	
TMDL	 	 Total	Maximum	Daily	Load
TNT		 	 Trinitroglycerin	
USFS	 	 United	States	Forest	Service
USFWS	 Unites	States	Fish	and	Wildlife	Service
USGS	 	 United	States	Geological	Survey
USPP	 	 Upper	San	Pedro	Partnership
UVD		 	 Upper	Valley	Districts	
VRP		 	 Voluntary	Remediation	Program	
WIFA	 	 Water	Infrastructure	Finance	Authority
WQARF		 Water	Quality	Assurance	Revolving	Fund	
WRCC		 Western	Regional	Climate	Center
WWTF	 Wastewater	Treatment	Facility
WWTP	 Wastewater	Treatment	Plant
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APPENDIX A:  Arizona Water Protection Fund Projects in the Southeastern Arizona 
Planning Area through 2005

Groundwater 
Basin Project Title/Grant # Project Category

Aravaipa Canyon Klondyke Tailings Response Strategy Analysis 
(RSA)/96-0014 Research

Cienega Creek Refinement of Geologic Model, Lower 
Cienega Basin, Pima County, Arizona/95-016 Research

Cienega Creek

Hydrogeologic Investigation of Groundwater 
Movement and Sources of Base Flow to 
Sonoita Creek and Implementation of Long-
Term Monitoring Program/96-0006

Research

Cienega Creek Cienega Creek Stream Restoration/96-0020 Stream Restoration &
Revegetation

Cienega Creek Oak Tree Gully Stabilization/97-034 Upland Channel 
Restoration

Cienega Creek Empire/Cienega/Empirita Fencing 
Project/9�-0499�-049 Fencing

Cienega Creek Lower Cienega Creek Restoration Evaluation 
Project/99-06� Research

Cienega Creek Redrock Riparian Improvement/99-090 Fencing &
Water Developments

Douglas Hay Mountain Watershed Rehabilitation/9�-
066 Watershed Restoration

Duncan Valley Gila Box Riparian and Water Quality 
Improvement Project/95-014

Fencing & 
Upland Water 
Developments

Lower San Pedro
Watershed Improvement to Restore Riparian 
and Aquatic Habitat on the Muleshoe Ranch 
CMA/97-035

Fencing & 
Watershed Restoration

Lower San Pedro Bingham Cienega Riparian Restoration 
Project/97-040 Revegetation

Lower San Pedro San Pedro River Preserve Riparian Habitat 
Restoration Project/97-044 Habitat Restoration
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Groundwater 
Basin Project Title/Grant # Project Category

Lower San Pedro Riparian and Watershed Enhancements on the 
A7 Ranch – Lower San Pedro River/99-069

Fencing &
Upland Water 
Developments

Lower San Pedro Lower San Pedro Watershed Project/00-109 Feasibility Study

Lower San Pedro
Cooperative Grazing Management for 
Riparian Improvement on the San Pedro/00-
111

Fencing &
Upland Water 
Developments

Morenci Blue Box Crossing/99-077 Channel
Restoration

Morenci Upper Eagle Creek Restoration on East Eagle 
Allotment: 4 Drag Ranch/00-102

Fencing &
Upland Water 
Developments

Morenci Georges Lake Riparian Restoration 
Project/05-129

Fencing &
Habitat Protection

Safford Eagle Creek Watershed and Riparian 
Stabilization/96-0012

Fencing &
Upland Water 
Developments

Safford San Carlos Spring Protection Project/96-001� Fencing

Safford Abandonment of an Artesian Geothermal 
Well/96-0015 Habitat Protection

Safford Creation of a Reference Riparian Area in the 
Gila Valley – Discovery Park/97-02� Habitat Restoration

Safford Stable Isotopes as Tracers of Water Quality 
Constituents in the Upper Gila River/97-036 Research

Safford
Tritium as a Tracer of Groundwater Sources 
and Movement in the Upper Gila River 
Drainage/9�-052

Research

Safford

Fluvial Geomorphology Study and 
Demonstration Projects to Enhance and 
Restore Riparian Habitat on the Gila River 
from the New Mexico Border/9�-054

Research

Safford Abandonment of Gila Oil Syndicate Well 
#1/99-0�6 Habitat Protection
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Groundwater 
Basin Project Title/Grant # Project Category

Safford Gila Reference Riparian Area, Discovery 
Park/00-099 Revegetation

San Rafael Santa Cruz Headwaters Project/97-045
Fencing &

Upland Water 
Developments

San Rafael Upper Santa Cruz Watershed Restoration/99-
096

Fencing &
Upland Water 
Developments 

Upper San Pedro Regeneration and Survivorship of Arizona 
Sycamore/95-009 Research

Upper San Pedro Preservation of the San Pedro River Utilizing 
Effluent Recharge/95-005 Constructed Wetland

Upper San Pedro
San Pedro Riparian National Conservation 
Area Watershed Rehabilitation/ Restoration 
Project/95-015

Revegetation & 
Upland Channel 

Restoration

Upper San Pedro
Autecology and Restoration of Sporobolus 
Wrightii Riparian Grasslands in Southern 
Arizona/95-01�

Research

Upper San Pedro Teran Watershed Enhancement/95-020 Upland Channel 
Restoration

Upper San Pedro Happy Valley Riparian Area Restoration 
Project/96-0013 Fencing

Upper San Pedro
San Pedro Riparian National Conservation 
Area Watershed Protection and Improvement 
Project/96-0001

Fencing

Upper San Pedro Lyle Canyon Allotment Restoration Project/97-
027

Fencing &
Upland Water 
Developments

Upper San Pedro Lyle Canyon Allotment Riparian Area 
Restoration Project --- Phase 2/99-070

Fencing &
Upland Water 
Developments

Willcox Cottonwood Creek Restoration/03-116 Upland Channel 
Restoration
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