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1.0 Introduction
The Hualapai Reservation (Reservation) is located in northwestern Arizona and
comprises approximately one million acres of land (Figure 1). The northern boundary of
the Reservation is formed by 108 miles of the Colorado River in Grand Canyon. The
population center of the Reservation is the town of Peach Springs, Arizona, on the
southern border of the Reservation, with approximately 1,800 residents and is the
location of the Tribal government. The Reservation landscape varies greatly from the
canyon lands of Grand Canyon to the north to the ponderosa pine forests on the
eastern Reservation. The western portion of the Reservation is desert scrub grasslands
and pinyon-juniper forests. For water management purposes, the Reservation is
divided into eight watersheds, as shown on Figure 1.

Figure 1. Hualapai Reservation external boundary and internal watersheds.
The Hualapai Tribe has initiated Hualapai Water Management Study (Study)
cooperatively with the Bureau of Reclamation to evaluate the management of water
supplies and distribution infrastructure in the watersheds of the Reservation. The intent
of the Study is to identify strategies to meet current and future water needs. This
Watershed Management Plan addresses water management in two of the
watersheds—the Western Hualapai Plateau and Spencer Creek Watersheds.
1

The ability to provide reliable long-term water supplies for its economic development
needs has been a long-standing challenge for the Hualapai Tribe (Tribe). The arid,
upland environment of the Reservation has few water sources and relatively large
distances for distribution of the water to points of use. The analysis of these
watersheds will later be combined with analyses of the other watersheds on the
Reservation, some of which are interconnected with these watersheds by facilities that
convey water from one to another based on relative water availability and need.
Altogether, the individual watershed plans will contribute to a comprehensive water
management plan for the entire Reservation. Finally, this Plan attempts to meet the
needs of the Hualapai Community for both current and future sustainable water
supplies.
Tourism is an important part of the Hualapai Tribe’s economy. The Grand Canyon
Resort Corporation (GCRC) is a Tribal enterprise that oversees operations of the
Hualapai Lodge, River Running and Grand Canyon West. The Hualapai Lodge, which
has 60 rooms, a restaurant, and meeting rooms, is located in Peach Springs. River
Running provides a quality white-water rafting service from Diamond Creek to Lake
Mead. Grand Canyon West is a tourist destination on the rim of western Grand Canyon
with an airport, cowboy town, cabin rentals, and food services. Grand Canyon West’s
main draw is from Las Vegas where tourists are bussed and flown in to enjoy the
beautiful scenery of Grand Canyon. A Tribal department, the Hualapai Game and Fish
Department, oversees hunting permits, which contribute substantial income to the Tribe.

1.1 Western Hualapai Plateau Watershed
The Western Hualapai Plateau Watershed is located on the western portion of the
Reservation with the main feature being a tourist attraction named Grand Canyon West
(Figure 2). By far, the greatest water need in this watershed is the tourism at Grand
Canyon West where an average of 1,200 visitors tour each day and a total of 35
employees are housed. At present, approximately 725,000 gallons of water are used at
Grand Canyon West per month. This water comes from the Westwater Well, which is
located in the Spencer Creek Watershed approximately 27 miles south of Grand
Canyon West (Figure 2). During the winter, the Westwater Pipeline often freezes and
water must be hauled from Meadview, Arizona, approximately 20 miles away (although
this practice has since been prohibited by the Arizona Department of Water Resources
as it represents an inter-basin water transfer).
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1.2 Spencer Creek Watershed
The Spencer Creek Watershed extends from the northern slopes of the Music
Mountains to its terminus with the lower Grand Canyon and the Colorado River. The
watershed is approximately 240 square miles, which represents about 17 percent
of the Reservation (Figure 2). Three main side canyons flow into Spencer
Canyon to form the Spencer Creek Watershed: Milkweed Canyon, Meriwhitica Canyon
and the Hindu Canyon sub-segments. Regional and local geology controls the delivery
of water to the riparian zone and the wetland areas.
The wetlands and riparian zones within the Spencer Creek Watershed are located at
specific areas defined by springs and geologically controlled locations where water
emerges from the travertine layers along the canyon floor. Because of the numerous
springs in Spencer Canyon and its side canyons, Spencer Creek runs perennially. The
wetlands and spring areas, therefore, have a long-term ecological linkage to the
mainstem Colorado River. These habitats are ecologically significant units providing
breeding and rearing areas for native fish, amphibians, insects, avifauna and other
wildlife species. Historically, the springs and wetland habitats provided seasonally
important habitats and protection for the diverse species assemblage within the
Colorado River system.
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Figure 1
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1.3 Scope of this Water Management Plan
This Plan quantifies current and future water needs, identifies available water sources
and water infrastructure, and evaluates the status and potential improvements to those
water sources and water infrastructure that will assist in meeting the projected water
needs to the year 2050. This Study is primarily funded under Reclamation’s Planning
Program and is undertaken as a Special Study. A Special Study addresses a variety of
activities that are required to make responsible resource management decisions, but is
not intended to lead to Federal actions requiring subsequent or additional authorization
by Congress. As such, this is an appraisal level assessment and is based on using
existing information.
The initial intent of this Plan was to develop alternatives to increase water availability in
the Western Hualapai Plateau and Spencer Creek Watersheds to meet current and
future demands. During the writing of this Plan, and the realization of future projections
for water needs, it became apparent that almost every source of water currently
available, along with new sources of water, would be needed to meet future demands
for the Grand Canyon West tourism development in the Western Hualapai Plateau
Watershed. Therefore, this Plan presents a water development strategy featuring
improvements to existing water infrastructure and sequential implementation of new
sources of water to meet water demands through 2050 in the Western Hualapai Plateau
and Spencer Creek Watersheds.

2.0 Water Needs
2.1 Tourism – Western Hualapai Plateau
Tourism is a major economic activity in the Western Hualapai Plateau Watershed area.
The Western Hualapai Plateau overlooks the western part of Grand Canyon through
which the Colorado River flows toward Lake Mead. This area contains a 9,000 acre
tract of land developed for use as a tourist resort (Figure 2), which currently has a
steady stream of visitors drawn by such attractions as Grand Canyon scenery, western
Native American and frontier themes, and access to boating on the Colorado River.
Named Grand Canyon West, the resort is operated and managed by the GCRC, an
enterprise of the Tribe. The GCRC proposes to make Grand Canyon West a worldclass resort. Currently, commercial tour companies are providing international publicity.
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The Spencer Creek Watershed does not contain tourist facilities; public use of that area
consists of guided big game hunting, which is addressed below.
Tourist attractions at Grand Canyon West consist of:
• A proposed Entrance Station, where tourists park, pay entrance fees, and board
shuttle buses,
• The Grand Canyon West Airport Terminal which serves as an entry point for
tourists arriving by air, bus and private car,
• The Skywalk, a glass-floored platform extending outward from the top of the
canyon wall offering attractive views of the western part of Grand Canyon below,
• A visitor center with souvenir shop and restaurant at the Skywalk,
• A tourist development at Guano Point offering Grand Canyon scenery and a lunch
based on Western cowboy cuisine,
• The Hualapai Ranch, where tourists can view various Native American and
western history displays and dramatizations,
• Two canyon rim overlooks at Eagle Point and Quartermaster Point, and
• An opportunity for a helicopter flight to the Colorado River for a short boat ride in
Grand Canyon.
A hotel and golf course(s) are planned for the future as visitation increases and financial
resources permit. As discussed below, the water needs of future golf courses are not
addressed in this Plan, as the plan is meant to evolve as new developments occur.
This water management plan will be amended as future conditions warrant.
Tourist numbers have risen gradually from 28,194 in 1991 to 500,000 in 2009. A typical
visitation lasts for approximately 2-3 hours. Visitation varies seasonally, with the
minimum winter month visitation being approximately 40 percent of the peak summer
month visitation. The GCRC estimates that tourism will continue to increase to a
maximum summer month carrying capacity of 100,000 visitors, and that winter visitation
may increase disproportionally when that is reached.
Ground access to Grand Canyon West is by Diamond Bar Road onto the Reservation
from Las Vegas at its western boundary, and the Buck and Doe Road through the
Reservation from the vicinity of Peach Springs. In addition, helicopters and fixed-wing
aircraft land at the Grand Canyon West Airport. The vast majority of visitors come from
Las Vegas, Nevada. Modes of vehicular access consist of tour buses from Las Vegas
and other locations near the terminal. Private vehicles are required to park at the
gateway. Tourists are transported to attractions within Grand Canyon West by tour bus
or shuttle bus through a network of paved and unpaved roads.
The Grand Canyon West resort is currently operated by a staff of approximately 200 in
the summertime, some of whom reside in modular homes at the resort. The rest live
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elsewhere on or off the Reservation and commute to the resort by private vehicle and
shuttle bus.
Water is needed at Grand Canyon West to provide basic amenities to tourists, to
prepare and serve meals, and to provide for employees who either commute to work
daily or reside at the resort. Table 1 lists the categories of water use and the estimated
needs during peak summer months and during the entire year. Monthly minimum water
needs, which occur in the winter months of December or January, are approximately
40 percent of the maximum monthly water need.
Table 1: Water Needs for Tourism at Grand Canyon West Resort
Need in 2010*
Water Need

Need in 2030**

Need in 2050***

Daily
Gallons

Annual
Acre-Feet

Daily
Gallons

Annual
Acre-Feet

Daily
Gallons

Annual
Acre-Feet

Tour customers

12,000

15.7

35,000

22.4**

137,000

138.9

Restaurant Service

1,500

1.3

3,000

1.8

6,000

5.4

0

0

6,000

5.0

12,000

10.0

Employees

5,000

6.3

8,400

6.9

12,250

12.4

Employee housing

1,250

3.6

4,550

4.4

9,000

10.2

300

0.3

700

0.4

7,000

6.0

20,050

27.2

57,650

40.9

183,250

182.9

Hotel

Miscellaneous
Column Totals

* Assumes 438,000 visitors per year.
** Assumes 1.28 million visitors per year.
*** Assumes five million visitors per year; Use of surface water likely.
The tourism water needs at Grand Canyon West are based on a per-person water
need, recognizing that a daily visitation involves circulation among various attractions
including the barbecue style lunch at Guano Point. The restaurant service cited is
located at the Skywalk. Miscellaneous needs include facility washing and an allowance
for fire hydrant supply. The Grand Canyon West water system does not extend into
Grand Canyon. Bottled water is provided to visitors who helicopter down and
composting toilets are used at the river. The 2010 water needs for tour customers and
employees tabulated above are based on preliminary unit needs cited by JEL &
Associates (JEL, 2008). The 2030 and 2050 water needs are based on tourism
projections developed at a workshop held on November 12, 2009 with representatives
from GCRC, Grand Canyon West, the Hualapai Tribal Council, the Hualapai
Department of Planning and Economic Development, staff of the Natural Resources
Department, and from NRCE (2006).
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The potable water supply for Grand Canyon West comes primarily from the Westwater
Well in the Spencer Creek Watershed. This supply is supplemented by water trucked in
from the community of Meadview, west of the Reservation, when the Westwater
Pipeline freezes or is down for repairs. A local well is only available for outdoor water
needs, because the water quality is unsuitable for drinking. These sources are
described later under Water Sources.

2.2 Cattle Ranching
Currently, there are no cattle grazing in the Western Hualapai Plateau Watershed.
Grazing ceased in 2003 with the sale of the Tribal herd. In 2003, the number of animals
in the Tribal herd was 675. Prior to the beginning of the drought in 2000, as many as
800 animals were grazed in the Western Hualapai Plateau Watershed. It is very likely
that cattle grazing will resume in the Western Hualapai Plateau Watershed in the near
future (Clay Bravo, personal communication). The intensity and duration of the grazing
will likely be affected by environmental conditions and will, therefore, vary over time.
On the Spencer Creek Watershed, 408 animals are currently grazed. Prior to the
drought, 810 animal unit months (AUMs) were allotted in the Spencer Creek Watershed.
The proposed post-drought limit has been reduced to 410 AUMs. Currently, there are
ten cattle owners who graze cattle in the Spencer Creek Watershed. Water needs for
cattle ranching in the Spencer Creek Watershed is given in Table 2.
The grazing management plan for the Spencer Creek Watershed calls for a rest-rotation
grazing strategy where cattle are moved in a clockwise fashion from one pasture to
another at three to four to six month intervals. All of the cattle are mixed together in the
pastures.
Table 2: Estimated Monthly Water Needs for Cattle in the Spencer Creek
Watershed
Mar- MayJuly Aug Sept
Oct Nov Dec
Jan Feb
Apr June
Temperature

Gallons

50o
3350

50o
3350

65o
4150

95o
6750

95o
7000

95o
7000

80o
4325

65o
4000

50o
3350

50o
3350

Data was used from the University of Arkansas, Division of Agriculture (Gadberry, 2004)
to estimate the amount of water that cattle of different categories (Cows nursing calves,
dry and bred cows, bulls, and 400, 600, 800 and 1000 pound growing and finishing
cattle) and temperatures (50oF, 65oF, 80oF and 95oF) utilize during the average year.
The number of cattle was set at the current amount of 408 animals.
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Table 3: Overall Average Water Needs for Cattle in the Western Hualapai Plateau
and Spencer Creek
2010
2030(gallons per
2050
Water Use
(gallons per day)
day)
(gallons per day)
Hualapai Plateau
0
4,794*
4,794*
Spencer Creek
4,794
4,794
4,794
* Based on 2003 capacity.
On the Western Hualapai Plateau and Spencer Creek Watersheds, water for cattle is
provided in storage tanks, watering troughs supplied from the laterals branching from
the Westwater Pipeline and from scattered earthen tanks or structures.

2.3 Wildlife Management
It is difficult to estimate the water needs of wildlife in the Western Hualapai Plateau and
Spencer Creek Watersheds due to the inability to accurately determine the number of
individuals for each wildlife species and the seasonal needs for water in gallons per day.
Additionally, there is scant literature available regarding the per-day needs of the
different species. Because of this, the data for cattle was provided by Gadberry (2004)
to extrapolate downward by weight. For example, if a one-thousand pound beef cow
uses 20 gallons per day when it is 95oF, then a 500-pound bull elk is conservatively
estimated at needing 10 gallons per day at 95oF. The estimated gallons and weights of
each species were extrapolated this way.
Between 2030 and 2050, improved water management is assumed to allow an increase
in animal numbers by 10 percent in 2030 and 20 percent by 2050. Future climate
change may affect water availability, but predictions were not made due to a lack of
applicable data.
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Table 4: Water Use by Wildlife
2010
(gal. per day)
Western Hualapai Plateau Watershed
Elk
200
Desert bighorn
10
sheep
Mule deer
80
Feline predators
5
General wildlife
50
Total
345
Spencer Creek Watershed
Elk
600
Desert bighorn
12
sheep
Mule deer
240
Feline predators
5
General wildlife
60
Total
917
Species

2030
(gal. per day)

2050
(gal. per day)

250

275

12

14

95
8
60
425

100
10
65
464

675

700

14

16

260
6
65
1020

270
7
70
1063

The main wildlife management tool that the Tribe utilizes to improve wildlife populations
in the Western Hualapai Plateau and Spencer Creek Watersheds is the construction of
water catchments (Figure 2; Table 5). Most of the water catchments are constructed
with a polyethylene liner that is spread over a one-quarter acre area on a slight slope. A
berm is constructed around the water catchment to funnel the water into a collection
pipe that feeds a storage tank and drinker. In the Western Hualapai Plateau and
Spencer Creek Watersheds, there are eight constructed water catchments (Table 5).
An easy way to increase water availability in the vicinity of the water catchments is to
perform repair and maintenance duties to ensure the water catchments are working
properly.
Since the installation of the first water catchments in the Western Hualapai Plateau and
Spencer Creek watersheds, the abundance of elk in those areas has increased
dramatically. In 2000, when the first water catchments were constructed, there were
fewer than 10 elk between the two watersheds. In 2009, over 150 elk were counted in
the Western Hualapai Plateau and Spencer Creek watersheds. In light of the on-going
drought since 2000, increased number of animals is mostly attributed to the presence of
the water catchments and to the absence of cattle. Using a motion sensor camera, the
Tribe was able to document an average of five elk using the Quartermaster drinker per
night in October 2009.
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Table 5: Drinkers, Water Catchments, and Their Volumes in the Western Hualapai
Plateau and Spencer Creek Watersheds (See Figure 2)
Location
Volume
Type
Status
(WHP, SC)
(Gallons)
Water Pockets
(WHP)
Quartermaster
(WHP)
Jeff Canyon (WHP)
Horse Flats (WHP)
Lost Creek (WHP)
Separation (WHP)
Hindu Canyon (SC)
Plain Flats (SC)

Fiberglass storage
Polyethylene liner
and storage
Polyethylene liner
and storage
Polyethylene liner
and storage
Polyethylene liner
and storage
Polyethylene liner
and storage
Storage Tank and
Trough
Storage Tank and
Trough

5,000

Empty w/ leak

5,750

Full

4,000

Empty

4,000

Half full

4,000

Half full

4,000

Half full

80,000

Empty, tank leaks

80,000

Empty, valve problems

2.4 Fire Suppression
Wildfires are generally not suppressed in the Spencer Creek Watershed due to a lack of
structures and infrastructure. In the Western Hualapai Plateau Watershed, wildfires
generally are suppressed using water that is slung from the Old Westwater storage tank
in the Spencer Creek Watershed. This storage tank holds 100,000 gallons, and the
sling from the helicopter holds approximately 250 gallons. In general, if a fire starts in
the Western Hualapai Plateau Watershed, as much water that is needed to extinguish
the fire is used. On average, 10,000 gallons is estimated to be used per fire with an
average number of five fires per year occurring in the Western Hualapai Plateau
Watershed (Emergency Response Director Ron Quasula, Sr., personal
communication). Water needs for fire suppression are given in Table 6.
Table 6: Water Needs for Fire Suppression in the Western Hualapai Plateau and
Spencer Creek Watersheds
2010
2030
2050
Water Use
(gallons per year)
(gallons per year)
(gallons per year)
Fire suppression
50,000
50,000
50,000
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2.5 Other Water Needs
Water is used by Grand Canyon West maintenance personnel for dust control during
construction activities and for watering livestock maintained at the cowboy town. A
conservative (high) estimate for dust control was used, because construction does not
occur every day. In addition, water for construction activities is currently provided by
off-reservation water hauling. The amount of water used for dust control activities will,
therefore, not be included in calculations of current water needs. Values for the
additional water uses are given in Table 7.
Table 7: Other Water Needs for the Western Hualapai Plateau and Spencer Creek
Watersheds
2010
2030
2050
Water Use
(gallons per day)
(gallons per day)
(gallons per day)
Dust control
7,500
10,000
12,500
Horses – cowboy
100
150
200
camp

2.6 Combined Water Needs
From Table 8, it can be seen that tourism accounts for the largest use of water in both
the Western Hualapai Plateau and Spencer Creek Watersheds. As discussed below,
there currently is an adequate supply of water from the Westwater Well for both of these
watersheds. In the future, however, additional sources of water will be necessary to
meet increasing demands. For example, it has been proposed (Natural Resources
Consulting Engineers, 2006) that up to three golf courses may be constructed at Grand
Canyon West by 2050. Natural Resources Consulting Engineers (2006) estimates that
the three golf courses would cover 600 acres of land and require 2,051,522 gallons of
water per day. Because the existence of future golf courses at Grand Canyon West is
only proposed, and a supply of water to support said golf courses is currently
unidentified, this water need is not included in the analyses provided here.
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Table 8: Combined Water Needs for Western Hualapai Plateau and Spencer
Creek Watersheds Now and In the Future
2010*
2030**
2050***
Water Use
(gallons per day)
(gallons per day)
(gallons per day)
Tourism
20,050
57,650
183,250
Cattle Ranching
4,794
9,588
12,884
Wildlife
1,262
1,445
1,527
Fire Suppression
685
685
685
Other Water Needs
600
1,000
1,500
TOTAL
27,391
70,368
199,846
* Assumes 438,000 visitors per year at Grand Canyon West.
** Assumes 1.28 million visitors per year at Grand Canyon West.
*** Assumes five million visitors per year at Grand Canyon West.

3.0 Water Supply
3.1 General Geology and Hydrology
3.1.1 Geology
The Reservation is located in the Plateau Uplands physiographic province of Arizona.
High elevation plateaus incised by ephemeral streams characterize this portion of the
state. Reservation geology consists of Precambrian igneous and metamorphosed
sedimentary rocks, Paleozoic to Cenozoic sedimentary rocks, Tertiary to Quaternary
lacustrian, fluvial, and volcanic rocks and recent alluvium. The Precambrian rocks are
generally only exposed in the bottom of deeply incised canyons along the Colorado
River and its tributaries. These are covered by flat lying sedimentary sandstones,
siltstones, and limestones of Paleozoic age. In places, these sedimentary deposits
have been incised by channels of Tertiary age, which were subsequently filled with
sand, gravel, and volcanic deposits. Broad alluvial basins, common in the southern
portion of Arizona, are uncommon in this region. Alluvial deposits generally occur as
isolated ribbons along the larger drainages.
The principal structural features of the Reservation are the Grand Wash, Hurricane, and
Toroweap faults, the Meriwhitica and Peach Springs monoclines, and solution collapse
features known as breccia pipes. The Hurricane and Toroweap Faults trend northward
through the central part of the Reservation and are down thrown to the west. The
displacements of these faults range from about 250 feet near Peach Springs to about
1,500 feet near the Colorado River. The Meriwhitica monocline is located in the west
central part of the Reservation and has from 700 to 900 feet of displacement,
downthrown to the east. The Peach Springs monocline is about one mile east of the
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town of Peach Springs and trends to the northeast. It is downthrown to the southeast
and has a displacement of 300 to 400 feet.
Scattered across the Reservation are breccia pipes. These features developed by
solution collapse into the Redwall Limestone by overlying sediments. Many of these
breccia pipes have undergone secondary mineralization as fluid percolating downward
through these conduits has mobilized and concentrated a variety of minerals from
overlying units.
3.1.2 Groundwater
Groundwater occurs in several lithologies throughout the Reservation. The main
aquifers, in ascending order, are the regional Muav Limestone aquifer, Tertiary
lacustrian, gravel and volcanic deposits, and recent alluvium. The Muav Limestone
occurs from the surface to a depth of 3,500 feet across the Reservation. The waterbearing zone occurs from depths of 1,000 to 3,500 feet in secondary porosity caused by
structural deformation of the rock (Twentner 1962, Boyer 1977, Devlin 1978, Young
1987). This aquifer is generally undeveloped although several wells have attempted to
target it. Its primary use is for livestock and wildlife in remote areas of the Reservation
where water discharges from springs. Due to the depth to water and the difficulty in
targeting zones of structural deformation, this aquifer remains an intriguing, yet difficult
option for water development on Hualapai land. A water exploration hole drilled near
Grand Canyon West (Well GCW-1) indicated that groundwater was not present in the
area in the Muav Limestone; the well had to be drilled deeper (to 2,875 feet) to the
Tapeats Sandstone before water was reached (Bureau of Reclamation 2000).
The Tertiary limestone, gravels, and basalts represent the most productive aquifer on
the Reservation. Unfortunately, these deposits are of limited areal extent due to their
deposition in channels incised into the surrounding Paleozoic sedimentary rocks.
However, water for municipal and range purposes is currently being produced from
these deposits in Truxton Valley directly west of Peach Springs and from Westwater
Canyon in the west central part of the Reservation.
The recent alluvial deposits yield water primarily from the area of Frazier Wells on the
eastern portion of the Reservation. Several wells are located in a high alluvial basin
perched on the Paleozoic sedimentary deposits. Wells are shallow with depths to water
of approximately 50 feet. The water usage is primarily for livestock and wildlife. An
endangered fish rearing facility is located in this area. In the summer of 1995, the
Hualapai Department of Natural Resources conducted an aquifer test on an unused well
in this basin in order to quantify the water resources available in the basin.
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3.1.2.1 Groundwater Investigations

Young (2007) evaluated the geology and hydrology of the Upper Milkweed Canyon in
the Spencer Creek Watershed and found that there is great groundwater potential in
this portion of the Reservation. Young further states that very little of the groundwater is
currently being utilized and that this area has, “the highest density of water resources
for any area of the Hualapai Reservation.”
Devlin (1976) evaluated water availability for the entire Reservation and concluded that
the Truxton aquifer (a large aquifer that stretches from Truxton to at least Valentine),
just south of the Western Hualapai Plateau, was the best source of water for the Peach
Springs community. The Hualapai Department of Natural Resources recently drilled a
new well at Mud Tank in the Truxton Valley. Now they are in the process of completing
a pipeline to Westwater to tie into the Westwater storage tank (109,000 gallons) and
pipeline to Grand Canyon West. The Mud Tank well produces 18 gallons per minute. A
2,500-gallon storage facility is also located at the Mud Tank well.
3.1.3 Surface Water
The Reservation is located predominantly in the main stem of the Colorado River
surface water basin of Arizona. A small portion of the southeastern Reservation is
located in the Upper Verde surface water basin and another small part of the
Reservation drains into a closed basin, Red Lake Playa. Precipitation ranges from 10 to
25 inches per year and perennial streams are uncommon. The majority of surface
water on the Reservation flows to the north and empties directly into the Colorado River
and Lake Mead. Most drainage is intermittent but two major streams on the
Reservation exhibit year round flow. These are Spencer Creek and Diamond Creek.
Spencer Creek is located in the west-central part of the Reservation and flows about 11
cubic feet per second (cfs). Diamond Creek is located in the east-central portion of the
Reservation and flows approximately 1 cfs. Other stretches of perennial streams exist;
such as Quartermaster Canyon, Travertine Canyon, and Bridge Canyon, but these
issue from springs and flow a much shorter distance to the Colorado River than
Spencer Creek or Diamond Creek. Other isolated springs support areas of riparian and
wetland habitat.
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Table 9: Surface Water Locations with Potential Availability for Use in the
Western Hualapai Plateau and Spencer Creek Watersheds
SITE
Quartermaster
Springs
Boundary
Spring
Spencer
Creek
Meriwhitica
Spring and
Wetlands
Milkweed
Creek
Diamond
Creek

ELEVATION
(ft.)

ACCESSIBILITY*

DESCRIPTION

1680

Low

Perennial,
12 gpm

2531

Low

Perennial,
30 gpm

Spencer Creek

1400

Low

Perennial,
2,693 gpm

Spencer Creek

2655

Medium

Perennial,
30gpm

Spencer Creek

4741

High

Peach Springs
Canyon

1362

High

WATERSHED
Western
Hualapai
Plateau
Western
Hualapai
Plateau

Perennial,
40 gpm
Perennial,
300 gpm

* Low – there is no road or trail access; Medium – there is trail access; High - there is
access by a road.

3.2 Water Availability
Under current conditions, the Westwater Well and pipeline can produce 25,200 gallons
of water per day to supply the Western Hualapai Plateau and Spencer Creek
Watersheds (assuming 35 gpm for 12 hours per day). An additional 3,571 gallons on
average are pumped by the old Mud Tank Well for use by cattle in the Spencer Creek
Watershed for a total of 28,771 gallons on the western Reservation. To meet growing
future needs, this water management plan assumes that by 2030, the Dick Young well
(42 gallons per minute = 30,240 gallons per day) and the new Mud Tank well (five
gallons per minute = 3,600 gallons per day) will be online contributing an additional
33,840 gallons per day. In combination, these four sources will provide a total
availability of 62,611 gallons per day in 2030.
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Table 10: Listing of Existing, Potentially Available, Water Sources in the
Western Hualapai Plateau and Spencer Creek Watersheds Measured by Gallons
Per Day (GPD)
Source
Type

Name

Milkweed
Spring

Western
Hualapai
Plateau
Western
Hualapai
Plateau
Spencer
Creek

Spencer
Creek

Spencer
Creek

Diamond
Creek

Peach
Springs
Western
Hualapai
Plateau

Quartermaster
Springs
Springs

Creeks

Watershed

Boundary
Spring

Deep well

Total
Water
Present
(GPD)

Water
Potential
(GPD)

2010
Water
Use
(GPD)

23,040

0

0

0

43,200

43,200

0

2,649,888

0

0

2,456,016

2,456,016

0

18,720

0

0

Radiation

0

Depth of well
and
infrastructure
repair/replace

3,600

0

Westwater
Well

Spencer
Creek

25,200*

25,200*

25,200* None

Wells

Old Mud Tank
Well
New Mud
Tank Well

Truxton
Canon
Truxton
Canon
TOTAL

No Access,
Cultural
Importance
Cultural
Importance
No Access,
Cultural
importance
No
Infrastructure

0

Western
Hualapai
Plateau

Off
Reservation

No Access

4,320

Horse flat
Well

Clay Springs
Wells

Water
Limitations

2,160

0

0

36,000

3,571

3,571

3,600**

3,600

0

5,265,744

2,531,587

28,771

* Assumes 35 gpm for 12 hours per day.
** Assumes 5 gpm for 12 hours per day.
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Limited
volume, no
infrastructure,
Water is
leased to a
rancher
None
IHS
compliance

3.3 Water Balance
This Water Balance Section is provided to compare supply and demand to show when
there may be water shortages. In Table 8, it is projected that the current water needs
are 27,391 gallons per day, which can be supplied by the 28,771 gallons per day
available from existing sources. It is important to note that an unknown amount of water
is provided by bottled water, from water hauling, and from the water catchments in this
portion of the Reservation. Thus, it is evident that the amount of water currently used in
the Western Hualapai Plateau and Spencer Creek Watersheds is rapidly nearing the
current availability, and it is imperative that improvements to existing sources of water
and development of new sources of water be undertaken as soon as possible.
The projections for the water needs given in Table 8 show that by 2030, the water need
is likely to increase to over 70,000 gallons of water per day. Much of the increase can
be met by water from the Dick Young and New Mud Tank wells, with production as cited
in Section 3.2. However, as 2030 approaches another source will need to be developed
to cover the entire increase.
By 2050, almost 200,000 gallons of water per day will be needed. A comparison with
the projected availability of 62,611 gallons of water per day with the Dick Young and
New Mud Tank wells indicates that close to 147,000 gallons of water per day (or more if
golf courses are approved) will need to be developed by that time from undeveloped
sources listed on Table 10 and/or sources beyond the Western Hualapai Plateau and
Spencer Creek Watersheds. A water development strategy (as discussed below)
should, therefore, be implemented as soon as possible. A summary comparison of
water availability and water needs is given in Table 11.
Table 11: Comparison of Water Availability and Use Projected Over Time
2010
2010
2030
2030
2050
2050
available
need
available
need
available
need
Watersheds
(GPD)
(GPD)
(GPD)
(GPD)
(GPD)
(GPD)
Western
Hualapai
28,771*
27,391
62,611
70,368
62,611
199,846
Plateau and
Spencer Creek
* Does not include bottled water or water brought in by visitors; also does not include
water provided by water catchments or water hauling.
As mentioned in Section 2.6, the estimated needs shown on Table 11 do not include
water for future golf courses at Grand Canyon West. Their design and construction
would be contingent on the availability of water, among other considerations.
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4.0 Existing Infrastructure
Other alternatives have been investigated to get water to Grand Canyon West. A deep
well was drilled near Grand Canyon West in the late 1990s and water was found.
Unfortunately, that water was contaminated with radium to a concentration
unacceptable for human consumption. The Tribe is, investigating ways to treat the
water to improve its quality. There is a spring called “Boundary Spring” approximately
five miles from Grand Canyon West. Due to the pristine nature of the spring and its
remote location in the bottom of Grand Canyon, this source of water has never been
considered as a feasible source for Grand Canyon West. West of Grand Canyon West
and off the Reservation is the Diamond Bar Ranch (currently named Grand Canyon
West Ranch) that is owned by Nigel Turner. There is a source of water at the ranch that
potentially could be used at Grand Canyon West through installation of a pipeline.
Unfortunately, through past ventures and dealings with the Tribe, the relationship
between the Tribe and Mr. Turner is one of distrust. For this reason, this source of
water is unavailable to the Tribe.
Recently, a 109,000-gallon storage tank was constructed approximately one-half mile
northwest from the Westwater Well with an approximate 700-foot elevation increase.
There are two, two-inch water lines that come from the Westwater Well to the old and
new storage facilities. One goes to the new tank with a valve that allows the water to
continue on to the old storage tank. The other line goes to the old tank and then on to
laterals at Willow Tank and then on to other laterals that terminate at Meriwhitica in
Spencer Canyon (Figure 2). From the new tank, the line continues on toward Grand
Canyon West.
At Clay Springs (Figure 2), there is a concrete impoundment that funnels water from the
main spring through a pipe to a storage tank. Approximately 3 gallons per minute is
captured from the spring. At present, a cattle rancher uses all of the water that is
produced from this source (Erin Forrest, personal communication). It is doubtful that
this water could be utilized at Grand Canyon West. There is potential, however, to
replace the storage tank and drinker and increase the amount of water available for
wildlife and livestock.
At Horse Flat, there is a well with a windmill that produces an unknown volume of water.
In the past, this water was used for the Tribal herd livestock. According to local
ranchers, this well is not drilled deep enough to produce a substantial volume of water
(approximately 2-3 gallons per minute). It is unlikely that this well would be available to
provide water to Grand Canyon West. If, however, the well was drilled deeper and the
pump jack replaced or refurbished, a greater supply of water for wildlife and livestock
could be available.
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Other existing water infrastructure that has potential for supplying water to Grand
Canyon West are the Truxton wells in Truxton, Arizona (Figure 2), the Mud Tank Well
approximately one mile north of the Truxton Well, the “Deep Well” near Grand Canyon
West, Clay Springs and the well at Horse Flat (Figure 2). The Truxton wells (three
wells) currently provide the main municipal water supply to Peach Springs,
approximately eight miles east of the Truxton wells. The Truxton wells each produce
300-400 gallons per minute with two of the three wells providing water at any given
time. There are no water lines from the Truxton Well toward Grand Canyon West.
Details of the Mud Tank Well are discussed below.
Because there are issues with getting water from all the other potential sources of water
for Grand Canyon West, the Westwater Well and pipeline is currently the best way to
get water to Grand Canyon West. As mentioned above, the Westwater Well is located
in the Spencer Creek Watershed. The Westwater Well was drilled in the 1960s to a
depth of 473 feet. The well produces 42 gallons per minute. The pipeline from the
Westwater Well to Grand Canyon West was installed in the mid 1990s and is made of
three-inch, high-density polyethylene (HDPE). The pipeline lies on the surface of the
ground along most of its route. When originally installed, the pumping stations (three)
for the Westwater Pipeline were powered by solar panels so that the water pumped only
during the daytime. Recently, the solar pumping facilities have been replaced with a
diesel generator to allow pumping at all hours of the day. The generator provides power
to the sole pumping station located at the Westwater Well. A 225,000-gallon storage
tank was erected at New Water (Figure 2) in the late 1990s and is still in use.
Distribution of water from the New Water storage facility is accomplished through a 1.5inch PVC distribution line.
The Hualapai Tribe is currently in the process of replacing the old Westwater Pipeline
with a six-inch, buried PVC (and potentially steel in areas of high pressure) pipeline to
Grand Canyon West. The laterals that currently exist on the old Westwater Pipeline will
be transferred to the new line.
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Table 12: Listing of Existing and Potential Water Related Locations and
Infrastructure Associated with the Westwater Pipeline
SITE

WATERSHED

ELEVATION (ft.)

LAT/LONG

Dick Young Well
Site

Spencer
Creek

4923

N 35o 36’ 29.4”
W 113o 43’ 22.3”

Westwater Well

Spencer
Creek

4899

N 35 36’ 51.1”
o
W 113 43’ 58.5”

Westwater Lateral

Spencer
Creek

5125

N 35 38’ 41.8”
o
W 113 45’ 17.7”

Westwater
Storage Tanks

Spencer
Creek

5617

N 35 37’ 56.3”
o
W 113 45’ 33.2”

Willow Tank
Lateral
North Tank Metal
Storage Facility
(dismantled)

Spencer
Creek
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau
Western
Hualapai
Plateau

5102

N 35 39’ 05.8”
o
W 113 44’ 39.7”

5074

N 35 40’ 30.3”
o
W 113 46’ 26.6”

4980

N 35 40’ 56.5”
o
W 113 44’ 48.9”

5034

N 35 43’ 03.3”
o
W 113 49’ 25.7”

4939

N 35 46’ 19.5”
o
W 113 49’ 20.7”

4995

N 35 49’ 28.7”
o
W 113 52’ 54.3”

5045

N 35 49’ 27.9”
o
W 113 53’ 06.1”

5045

N 35 49’ 27.9”
o
W 113 53’ 06.1”

5125

N 35 58’ 42.7”
o
W 113 49’ 21.5”

4801

N 35 58’ 28.2”
o
W 113 49’ 08.1”

North Tank
Earthen Dam
Black Canyon
Booster Station
Clay Tank Booster
Station
(dismantled)
Horse Flat Well,
Windmill, and
Storage Tank
CC Lateral

Deep Well

New Water Tank
Grand Canyon
West

DESCRIPTION
Proposed new well
site per Dick Young.
Yield: Unknown

o

o

o

o

o

o

o

o

o

o

o

Yield: 42 gpm
First lateral from the
Westwater line feeds
cattle drinkers
One 109,000-gallon
tank and one
100,000-gallon tank
Lateral headed west
toward willow tank
10,000-gallon metal
storage tank at
booster station
Earthen dam and
trough
Black Canyon
booster station
(dismantled)
Dismantled booster
station
Dilapidated windmill
and storage tank
Yield: 5 gpm
Lateral with
5,000-gallon storage
tank and trough
2,780-foot deep well
with non-potable
water. Yield: 8 gpm

o

225,000 gallon
storage tank

o

Grand Canyon West
airport and terminal

o

Mud Tank Well
and Storage Tank

Truxton Wash

4384

Clay Springs Well

Off
Reservation

3604
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N 35 29’ 55.5”
o
W 113 33’ 27.4”
o
N 35 42.131’
o
W 113 53.609’

Yield: 18 gpm
Near Grand Canyon
West. Yield: 5 gpm

4.1 Facility Descriptions and Conditions
4.1.1 Dick Young Well Site
The site that was selected by Dr. Richard Young for a new well is located approximately
3,200 feet southeast of the existing Westwater Well (Figures 2 and 3, Photo 1).
In Figure 3, it can be seen that the current Westwater Well is on the periphery of the
aquifer zone resulting in a diminished capacity to produce water. Ideally, a new well
could be drilled at the proposed location and could connect to the existing (or improved)
Westwater Pipeline to increase the volume of water that could be pumped to Grand
Canyon West. This increased, but unknown, volume of water would likely provide
enough water to Grand Canyon West for current and near future needs. There is
concern about the possibility that pumping from this proposed well could reduce the
discharge of natural springs down gradient of the well site. A monitoring well may be
needed to evaluate this potential impact.
Figure 3

R.A. Young 6/2/09
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4.1.2 Westwater Well
The Westwater Well (Figure 2 and Photo 2) was drilled in the early 1970s based on
Dr. Richard Young’s hydrogeological investigations. Unfortunately, Dr. Young was not
present when the exact location of the well site was determined and an error was made
as to the center of the aquifer. However, the well does produce 42 gallons per minute
sustainably. At the present time, this is an adequate amount of water for the current
needs at Grand Canyon West. Two pipelines run from the Westwater Well: One goes
to the old, cement storage tank, and one goes to the new, metal storage tank and
beyond towards various laterals and eventually to the storage facility at New Water
Tank (Figure 2).
4.1.3 Westwater Pipeline
The Westwater Pipeline is made of three-inch, black polypipe and runs from the
Westwater Well to the storage tank at New Water near Grand Canyon West (Figure 2);
a distance of approximately 26 miles. The pipe lies on the surface of the ground and is
subject to freezing in winter. This past winter, the pipeline suffered over 50 breaks due
to freezing (Steve Bennet, GCRC maintenance person). The pipe was laid in the mid
1990s and was intended as a temporary pipeline. For these reasons, it is suggested
that a new, six-inch pipeline be installed running from the Westwater Well to the New
Water storage tank. In addition, the laterals that come from the existing pipeline should
be connected to the new pipeline and improvements to the facilities be implemented as
described below. Finally, the new line should be buried to prevent freezing in the future.
4.1.4 Westwater Lateral
The Westwater lateral (Figure 2, Photos 3 and 4) branches from a pipeline from the old
Westwater storage tank and supplies a drinker that is in need of repair with new
plumbing fixtures including a new float valve. A storage tank is also needed. With
repair, this facility should provide a reliable supply of water for wildlife and cattle in the
local vicinity.
4.1.5 New Westwater Storage Tank
The new Westwater Storage Tank (Figure 2 and Photo 5) was completed in 2009 and
has a capacity of 109,000 gallons. This storage tank is connected to the Westwater
Well by way of a 2-inch galvanized water line. The inlet and outlet lines are shown in
Photos 6 and 7, below. The line leaves the storage tank and runs to Grand Canyon
West. The tank is completely enclosed and is certified to deliver potable water. Photo 8
shows a view from the new Westwater Storage Tank back toward the Westwater Well
location to show the landscape in this area of the Spencer Creek Watershed.
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Photo 1. A view of the terrain at the Site where Dr. Richard Young suggests would be
the best place for new well exploration in the Spencer Creek Watershed. The site is
approximately 3,500 feet southeast of the Westwater Well. Notice the three-inch water
pipeline that originates at the New Mud Tank well and runs toward the Westwater Well.

Photo 2. Westwater Well Site. The solar panels were the original power source for the
pump at Westwater. The pump is now powered by a diesel generator.
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Photo 3. Trough at the Westwater Lateral.

Photo 4. Another view of the Westwater Lateral Drinker showing the state of disrepair.
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Photo 5. The new 109,000-gallon Westwater Storage Tank above the Westwater Well.
The storage tank is over 700 feet higher in elevation than the well.

Photo 6. A close up of the water pipeline coming into the new Westwater storage
facility.
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Photo 7. The outlet plumbing at the new Westwater Storage Tank.

Photo 8. Looking toward the Westwater Well from the new Westwater Storage Tank.
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4.1.6 Old Westwater Storage Tank
The old storage tank for the Westwater Well is constructed of concrete with an open
top. This tank has a capacity of 100,000 gallons. Water is fed to this tank through a
two-inch galvanized pipe. The main purpose of this storage tank is to provide water to
laterals that traverse Milkweed Canyon all the way to Meriwhitica (Figure 2) and to be
used for fire suppression; helicopters can dip a water sling into the top of the tank to get
water while fighting fires. It is proposed that this tank continue to be used in the manner
in which it was designed.
4.1.7 Willow Tank Lateral
There is a drinker at Willow Tank (an earthen dam) that is attached to the line coming
from the old Westwater Storage Tank (Figure 2). This is the second lateral from the old
storage tank (Westwater lateral being the first). The drinker’s valves need to be
replaced and a 10,000-gallon storage tank is needed.
4.1.8 North Tank Metal Storage Facility
At the North Tank metal storage tank (Figure 2 and Photo 9), the two-inch galvanized
water pipe needs to be replaced, two valves need to be replaced (Photo 10), and the
old metal tank needs to be repaired. The drinker is still functional (Photo 11), but the
float valve should be replaced to prevent future failure.

Photo 9. North Tank metal storage tank showing that it is in need of replacement.
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Photo 10. Two valves at North Tank that need to be replaced.

Photo 11. Drinker at North Tank. This drinker is connected to a storage tank, which is
fed by the Westwater Pipeline.
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4.1.9 North Tank Earthen Dam
The earthen dam and tank at North Tank are in need of repair and cleaning to improve
water storage capacity there. The cleaning of the tank is a moderate priority for
improving water availability in this area. The drinker at the North Tank is in need of
plumbing repair (Photo 12).

Photo 12. Plumbing is in disrepair at the North Tank earthen dam drinker.

4.1.10 Black Canyon Booster Station
The storage tank at Black Canyon is fully functional. There needs to be a drinker
installed there with the appropriate valves for operation. The earthen tank at Black
Canyon needs to be cleaned (Photo 13) and the gunite drinker needs to be repaired or
replaced (Photo 14).
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Photo 13. Black Canyon Tank needs to be cleaned to improve storage capacity.

Photo 14. A gunite drinker that is obviously in a state of disrepair. This drinker is
connected to a storage tank at Black Canyon.
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4.1.11 Clay Tank Booster Station (Dismantled)
The Clay Tank booster on the Westwater Pipeline has been dismantled and the
Westwater Pipeline now bypasses the station. There have been several breaks in the
line near here (Photo 15) indicating that the line needs to be buried here as well. In
addition, a storage tank and drinker are needed at this location.

Photo 15. A splice in the main Westwater pipeline where there was a break in the line
the previous winter.
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4.1.12 Horse Flat Well, Windmill, and Storage Tank
There is a dilapidated well, windmill, storage tank and drinker at Horse Flat
(Figure 2, Photos 16 and 17). The well here used to produce only 2-3 gallons per
minute. The well is still in good working order, but the windmill, storage tank, drinker,
and the associated plumbing need to be repaired or replaced.

Photo 16. Windmill at Horse Flat.
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Photo 17. The plumbing and storage tank at the Horse Flat Windmill and Well are in a
state of disrepair.

4.1.13 CC Lateral
The CC lateral provides water to a 2,500-gallon storage tank with an associated drinker.
The lateral then continues on for approximately five more miles to three additional
storage tanks and drinkers (Figure 2). The valves need to be replaced at all the storage
facilities and drinkers. The line continuing in the northern direction needs to be
reconnected (Photo 18), but the storage tank and drinker are functional (Photo 19).
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Photo 18. The CC lateral pipeline near Clay Tank needs to be reconnected. A pipe
does come off this valve to a storage tank and drinker though.

Photo 19. Storage tank and drinker at the CC lateral.
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4.1.14 Deep Well
The Deep Well was drilled to a depth of 2,780 feet and at one time produced
8 to10 gallons per minute (Photo 20). As mentioned above, the water from this well is
not potable. Recently, this well was being used for the paving of the Diamond Bar Road
(Figure 2). Unfortunately, after a brief period of production, no more water was being
produced by the well. An investigation should be made on whether the well dried up or
whether the equipment failed.

Photo 20. Pump Jack at the Deep Well near Grand Canyon West. The system was
providing approximately 12 gallons of water per minute for construction activities, but it
no longer produces. Whether the well went dry or the hardware malfunctioned remains
to be determined.
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4.1.15 New Water Storage Tank
At New Water, there is a 250,000-gallon storage tank that is served by the Westwater
Pipeline (Figure 2 and Photo 21). The tank was constructed in 2001 and funded by the
USDA. The tank is functioning properly and currently kept at a level of approximately
140,000 gallons. This is the main water supply for Grand Canyon West. From the tank,
a 1.5-inch PVC water line distributes water to the airport terminal, the maintenance
buildings and to employee housing.

Photo 21. The 225,000 gallon storage facility near Grand Canyon West. This facility is
the main storage facility for the tourism destination. Plans are in place to provide
additional storage near here.
4.1.16 Grand Canyon West System
Grand Canyon West is the main tourist attraction in the Western Hualapai Plateau
Watershed (Figure 2 and Photo 22). The main supply of water for the various buildings,
homes and attractions is provided by the Westwater Well to the New Water pipeline.
The airport terminal, maintenance buildings (Photo 23), employee housing, and cowboy
town are all supplied by the New Water storage tank. A new airport terminal is being
constructed and will also be supplied by the New Water storage tank. At this time, there
are no problems with water distribution from the New Water storage tank to Grand
Canyon West.
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Photo 22. The runway and airport terminal buildings at Grand Canyon West. A new
terminal is currently under construction on the other side of the runway.

Photo 23. The maintenance facilities near Grand Canyon West.
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4.1.17 Mud Tank Well and Storage Tank
The well at Mud Tank was drilled in 2005 to a depth of 270 feet (Photo 24). The well
currently produces 5 gallons per minute sustainably. With improvements to the well, a
larger amount of water should be available (Alex Cabillo, personal communication).
The Mud Tank Well House is currently under construction (Photo 25). Water quality at
the Mud Tank Well was found to be good enough to be potable. The Tribe is currently
installing a three-inch polypipe line on the surface of the ground towards the Westwater
Well (Figure 2). At some point, the Tribe would like to connect the Mud Tank Well to the
Westwater Pipeline for an additional supply of water.

Photo 24. A close up view of the Mud Tank Well plumbing and fixtures.
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Photo 25. The Mud Tank Well House, currently under construction, and Tank located
west of Peach Springs, Arizona.
4.2 Capabilities and Limitations of Existing Facilities
In general, the existing facilities are in poor condition across the Western Hualapai
Plateau and Spencer Creek Watersheds. That said, the Westwater Well continues to
provide enough water to support Grand Canyon West and the rest of the water users
found in these two watersheds. Intensive maintenance and repair is required to allow
for continued water production and delivery.
4.3 Proposed Improvements to Existing Facilities
It is important to replace existing facilities as soon as funding allows. This includes the
Westwater Pipeline, laterals, storage facilities, drinkers and well infrastructure. A
description of the major infrastructure and needed improvements are given in Table 13.
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Table 13: A Summary of the Needed Repair, Replacements, New Facilities, and
the Realized Improvement in Water Availability
Feature
Dick Young Well
Site
Westwater Well
Westwater Lateral
New Westwater
Storage Tank
Willow Tank
Lateral
North Tank metal
storage tank
North Tank earthen
dam
Black Canyon
Storage
Black Canyon
earthen Tank
Clay Tank station
Horse Flat
CC lateral

Deep Well
New Water
Mud Tank

Repairs

Drinker plumbing,
float valve
Replace
galvanized pipe
New valves
Replace 2-inch
water line, replace
valves, repair tank
Drinker needs
repair, new valves,
berm needs repair

New Facilities
New well

100%

New pipeline

100%

Storage tank

80%

None

75%

New storage tank

90%

New storage tank
would help

60%

None

80%

New Drinker

100%

Tank needs
cleaning
Repair or replace
windmill
Repair
disconnected
water line
Pump jack needs
repair, intake
hardware may
need replacement
None
Repair pump
house

Percent Improvement *

100%
Storage tank, drinker
New storage tank,
new drinker

100%
100%

Replace valves

40%

Filtration or aeration
facility

100%

None
Complete water line

N/A
100%

* Explanation of Percent Improvement Column: For example, if the Feature is currently
getting no water from a source and an improvement is implemented that allows use of
all the water that the source could produce, the Percent Improvement Column will
show a 100% improvement. Further, if the improvement allows use of 50% of the
water from a source, this Column will show a 50% improvement.
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5.0 Water Development Strategy
As mentioned in the introduction, it became evident during the development of this
Water Management Plan that it will be necessary to utilize a majority of the sources of
water in the Western Hualapai Plateau and Spencer Creek Watersheds to meet future
water demands. The strategies presented do not include utilization of some natural and
undisturbed sources, such as Milkweed Creek, Boundary Spring and Spencer Creek,
due to cultural considerations. In addition, it is likely that water from other undeveloped
sources will be needed to meet the demands estimated for the future. In light of these
realities, it was determined that it was more appropriate to devise a Water Development
Strategy rather than water development alternatives.

5.1 Proposed Sequential Program
Table 14 is a schematic of the proposed sequential implementation of water
improvements and water sources to meet future demand. The Water Conservation
Program element and the Water System Maintenance Program elements are included
in the plan and are described below. These two elements will not be static, but will
expand with time as water use and system extent grows.
The Tribe is currently in the process of replacing the existing Westwater Pipeline and
associated infrastructure. Thus, these activities would be the first element in improving
water availability and reliability for the Western Hualapai Plateau and Spencer Creek
Watersheds under the proposed sequential program. Associated with the replacement
of the Westwater Pipeline is the construction of a 500,000-gallon storage facility near
Grand Canyon West at a location that would facilitate gravity flow to existing and future
facilities. Drilling of a new well at the Dick Young location is the next most practicable
way to improve water availability in the two watersheds. The new well would be
connected to the new Westwater Pipeline by means of a pipeline to the Westwater Well.
Sometime before 2030 (as funding is secured) it would be advisable to improve the Mud
Tank Well (drill deeper, case larger, bury pipeline, chlorinate) to improve the amount of
water that can be withdrawn and connect to the Westwater Pipeline. Around 2030,
renovation of the Deep Well should be attempted and installation of a purification
system, such as blending or reverse osmosis, should occur.
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After 2030, investigations into securing water from the Hualapai Valley and Diamond
Creek should take place. The Bureau of Reclamation examined the potential for
constructing a hydroelectric structure at Diamond Creek to generate electricity to pump
water to Grand Canyon West. Unfortunately, the analysis (Dennis Watt, Reclamation,
personal communication) indicated that there is not enough water flowing down
Diamond Creek to generate enough electricity to pump water out of Peach Springs
Canyon. Further evaluation is advised to confirm this. Alternatively, and in the future, it
may be possible to construct a solar-powered pumping system from Diamond Creek or
it may be possible to bring power down Peach Springs Canyon to power a pumping
system.
In addition to the physical developments described above, two other measures are
proposed that will be ongoing through the future period of analysis: a Water
Conservation Plan and a Maintenance Plan, which are described in the next two
sections.

5.2 Water Conservation
Much of the Western Hualapai Plateau and Spencer Creek Watersheds consist of a
desert environment. The limited surface water that occurs is generally difficult to use
because of cost of facilities, pumping energy needed, and concern over degradation of
cultural values. Recognizing these factors, there is a need to conserve water on the
Reservation as much as possible. This should be done by developing a water
conservation plan and applying sound water conservation principles while meeting
current and future water needs. While Tribal members are well aware of such needs,
conservation practices might be strengthened by developing a Tribal Water
Conservation Policy. Included in a future conservation policy could be a requirement to
include water-saving appliances such as low-flow toilets, urinals and showerheads,
water metering and rate structuring. These features could be adopted for new
construction for tourism and residential purposes at Grand Canyon West and elsewhere
in the study area. Retrofitting existing structures would also help conserve this valuable
natural resource. While quantification of the water savings from such efforts is
important for any water management strategy, it is beyond the scope of this study.

5.3 Water System Maintenance Plan
Experience with the water systems on the Reservation indicates that the reliability of
water conveyance and delivery is adversely affected by pipeline breaks and leaks.
Operating problems with mechanical elements such as valves and tanks can also cause
water losses. Recognizing these factors, there is a need to conduct regular

44

maintenance on water systems to minimize delivery problems and interruptions as
much as possible. To address this issue, the development of a water system
maintenance program is proposed. The program would be based on a register of
facilities with maintenance operations and maintenance intervals described. In addition,
the maintenance program would include maintenance of the proposed water meters.
The program would be developed by the appropriate Tribal entity according to a
schedule to be developed by the Tribe and implemented as time and funding permit.

5.4 Sources Eliminated from Consideration
Several other sources of future water supply were identified but eliminated from further
consideration at this time for various reasons. Sources on the Reservation include
Boundary Spring, Milkweed Creek, and a well at Horse Flat. Boundary Spring, Spencer
Creek and Milkweed Creek, as mentioned previously, have cultural considerations that
preclude their development as a water source at this time. Horse Flat well does not
produce enough water to warrant renovation and/or replacement of infrastructure.
Colorado River water, while flowing along the northern boundary of the Reservation, is
not available to the Tribe for off-stream diversion because the Tribe does not have an
allocation of Colorado River water. Although the Tribe proposes to explore legal options
for use of river water, such use lies beyond the scope of this study and has thus not
been evaluated.
The sources of water off the Reservation include hauling water from wherever available;
Clay Springs in Hualapai Valley and groundwater from Tribal lands in the Hualapai
Valley. Water hauling is relatively expensive and operationally burdensome. Clay
Springs does not produce enough water to warrant construction of a pumping plant and
pipeline to Grand Canyon West. Groundwater from the Hualapai Valley lands is an
unknown quantity; we currently have no data on which to evaluate that source. In
addition, there may be legal impediments to transferring water from the Hualapai Valley
to Grand Canyon West. The State of Arizona must authorize use of water from a
different water basin.
While Table 14 shows that one or more off-Reservation sources will be needed in the
future to meet the needs presented in this report, such sources are encumbered with
water rights issues and/or are relatively unattractive for other reasons. Additional work
will be needed to evaluate their legal aspects and determine water quantities available.
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5.5 Additional Measures Identified by the Study Team
At a Study Team meeting held in Peach Springs in November 2009, numerous ideas for
improving water availability in the Western Hualapai Plateau and Spencer Creek
Watersheds were developed and prioritized, as shown on Table 15. The priorities were
based on whether or not the action would be easily implemented. The highest priority
ideas were incorporated into the above-described Water Development Strategy.
Table 15: A Table of Additional Measures to Increase Water Availability in the
Western Hualapai Plateau and Spencer Creek Watersheds
Category*

Action

Priority**

F, P

Dam construction (Milkweed)

1

O, F

Storm water storage

1

P,O,F

Peach Springs pumphouse pipeline

2

P,O,F

Reclaim and Reuse

3

F
P,O,F

Bottled water development

Policy Decision

Rain catchments

1

More water catchments

1

P,F

Add water meters, rate structure

5

O

Reverse flow of Westwater line

1

P

Council develops codes for water supply
preservation

F

Policy Decision

Restore/upgrade Horse Flat/Willow Spring
wells

3

Purchase off-reservation water rights

4

O, F

Implement SCADA system

3

O

Develop maintenance plan

1

O

Purchase construction equipment

2

O,F
P,O,F

P, O

Leave water for future

* The categories of types of improvements included 1) F: Facility need,
2) O: Operational improvement, and 3) P: Policy aspect.
** On a scale from 1 (highest priority) to 5 (lowest priority).
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Policy Decision

Table 15 lists other ideas discussed that were also noted as high priority, but were not
developed in this Study, because they were mostly policy or operational measures.
This table documents the issues raised at the Study Team meeting to ensure that the
issues and approach in the prioritization process are recorded. It is recommended that
the measures in Table 15 be further evaluated and implemented, when and if
appropriate. Those that are captured within the Water Development Strategy and Other
Measures as discussed above are not repeated in Table 15.

6.0 Strategy Evaluation
In the Plan of Study for this water study, evaluation criteria were developed to assess
implementation of different actions to improve water availability in the Western Hualapai
Plateau and Spencer Creek Watersheds. In Table 16, an assessment of the various
sources of water is provided with regard to these evaluation criteria.
Table 16: An Evaluation of Criteria for Each Water Source
Evaluation
Criteria

Westwater
Pipeline

Dick
Young Well

Mud Tank
Well

Deep Well

Diamond
Creek

Environmental

No
Significant
Impact

No
Significant
Impact

No
Significant
Impact

Potential
Environ &
Health
Concerns

Potential
Environ.
Concerns

25,200

25,200

Currently
3,000

8,640

unknown

$10 Million
No Legal
or Institutnl
Problem

$800,000
No Legal or
Institutnl
Problem
Potential
Impacts to
Springs

$200,000
Potential
IHS
Impedimt

~$350,000
No Legal or
Institutnl
Problem

No
Problem

No Problem

~$20 Million
No Legal or
Institutnl
Problem
Potential
Cultural
Impedimt

Potential
Problem

No
Problem

Potential
Problem

Benefits
(gallons per
day)
Costs
Legal and
Institutional
Aspects
Cultural
Aspects

No
Problem

Social and
Acceptability
Aspects

No
Problem
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Potential
Problem

6.1 Westwater Pipeline
• Water Supply: Minimal additional water supply would be created.
• Water Delivery Benefits: Increased reliability of the water supply from the existing
well at Westwater to year round availability without seasonal shutdown. Added
storage would compensate for system downtime when maintenance is needed for
the well or pumps.
• Costs: The cost of this pipeline would be about $8 million to $10 million.
• Environmental Aspects: No significant environmental impacts. Pipeline
improvements would be along the present Buck and Doe Road corridor.
Visual impact of pipe trench construction would be minimized by grading the
construction corridor where soils are encountered, and covering the trench back fill
with excavated rock where rock excavation is required for pipeline trenching.
• Socioeconomic Aspects: Consistent with Tribal social and economic development
policies, and acceptable through experience.
• Cultural Aspects: Consistent with Tribal cultural heritage and its preservation.
• Legal and Institutional Aspects: Consistent with Tribal rights and policies regarding
water production and use.

6.2 Dick Young Well
• Environmental: Similar to element 6.1 above, with the new Young Well located to
minimize vegetative disturbance and visibility from Buck and Doe Road.
• Benefits: An increase in water supply of 100 to 200 percent over the Westwater Well
alone, and increased reliability by having two wells.
• Costs: The cost of this well would be about $800,000, with the monitoring well and
connecting pipeline. The cost for this well would be beneficial and reasonable.
• Legal and Institutional Aspects: Consistent with Tribal rights and policies regarding
water production and use.
• Cultural Aspects: Consistent with Tribal cultural heritage and its preservation.
Spring flows and a monitoring well would have to be monitored to ensure that there
would be no impact to the culturally and biologically sensitive spring resources.
• Social and Acceptability Aspects: Consistent with Tribal social and economic
development policies, and acceptable through experience.

6.3 Mud Tank Well
• Environmental: An Environmental Assessment (EA) was prepared for the drilling of
the Mud Tank Well and the installation of an aboveground pipeline to Westwater.
The EA resulted in a Finding of No Significant Impact (FONSI) signed by the U.S.
Bureau of Indian Affairs Truxton Canon Agency Superintendent.
• Benefits: With improvements to the Mud Tank Well and replacement of the existing
aboveground three-inch pipeline with a buried six-inch pipeline, we expect at least 25
gallons per minute production (18,000 gallons per day).
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• Costs: Improvements to the Mud Tank Well would likely cost approximately
$200,000. Replacement of the pipeline with a buried six-inch line would cost
approximately $4-5 million. This project could be built in phases
(phase 1: Well improvement; phase 2: Pipeline replacement).
• Legal and Institutional Aspects: Consistent with Tribal rights and policies regarding
water production and use.
• Cultural Aspects: Consistent with Tribal cultural heritage and its preservation.
• Social and Acceptability Aspects: Consistent with Tribal social and economic
development policies, and acceptable through experience.

6.4 Deep Well
• Environmental: There is a potential for environmental issues if the radium in the
Deep Well water is filtered or removed via reverse osmosis in that the filtrate will be
radioactive and will have to be dealt with. There are also potential health concerns
with purification of the water and with disposal of purification by-products.
• Benefits: Improvement to the Deep Well and purification of the water would provide
approximately 8,640 gallons of water per day.
• Costs: Improvements to the well would likely cost in excess of $300,000. Costs for
purification of the water are unknown at this time.
• Legal and Institutional Aspects: There are no legal or institutional constraints,
assuming the water will meet water quality standards for its proposed uses.
• Cultural Aspects: Consistent with Tribal cultural heritage and its preservation.
• Social and Acceptability Aspects: Consistent with Tribal social and economic
development policies, and acceptable through experience.

6.5 Diamond Creek
• Environmental: There could be effects to cultural and biological resources that would
need to be addressed for removing water from Diamond Creek and constructing a
pipeline to Westwater through Peach Springs Wash.
• Benefits: There is a large volume of water flowing down Diamond Creek to the
Colorado River as identified in Table 10.
• Costs: The cost of getting power to Diamond Creek and pumping it through a
pipeline to Westwater would be approximately $20 million dollars.
• Legal and Institutional Aspects: There are no legal or institutional constraints on the
use of the water from Diamond Creek.
• Cultural Aspects: There are potential cultural issues with removing water from
Diamond Creek and pumping it to Westwater. For example, the water in Diamond
Creek has traditionally been used to heal illness and injury.
• Social and Acceptability Aspects: As mentioned under the cultural aspects, removal
of water from Diamond Creek could have negative social implications.
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7.0 Conclusions
Through the course of developing this Water Management Plan, it became clear that
the water supply systems serving the Western Hualapai Plateau and Spencer Creek
Watersheds are nearing their water delivery capacity. The amount of water needed will
increase significantly based on plans for economic development. A water shortage will
occur if current condition of facilities and supply remain unchanged. This pending water
shortage is due, in part, to deficiencies in the existing infrastructure, such as problems
with the existing three-inch Westwater Pipeline and failures in other pipelines, storage
tanks, and drinkers. Beyond that, the amount of water that can be withdrawn from the
Westwater Well will limit future deliveries.
Fortunately, there are several ways that water from existing sources can be provided
more effectively to the Western Hualapai Plateau and Spencer Creek Watersheds.
These include improvements to existing infrastructure by upgrading the Westwater
Pipeline and Mud Tank supply systems. A still greater benefit would result from
development of new water sources where existing studies indicate water to be
available, namely at the undeveloped Dick Young Well site. Apparently, the
implementation of these measures would not impinge on the environmental, cultural, or
social principles of the Tribe.
At some point in the future, it will be necessary to explore new sources of water that
currently are unavailable due to legal barriers (e.g., Colorado River and Hualapai
Valley) or a lack of technical studies such as Diamond Creek. Hopefully, by the time the
water needs approach the estimates for 2050, legal barriers will be overcome and viable
plans can be formulated that are consistent with the Tribe’s environmental, cultural, and
social principles.
In addition to improvements to existing water infrastructure and development of new
sources of water, it will also be necessary to develop a Water Conservation Plan for
Grand Canyon West to improve the efficiency of water consumption and to provide for a
more sustainable water environment. Issues that could be addressed in the Water
Conservation Plan may include water re-use, storm water capture, low flow toilets,
landscaping and domestic uses.
Finally, there must also be a realization that sources of water on the Western Hualapai
Plateau and Spencer Creek Watersheds may need to be utilized for municipal purposes
in Peach Springs in future times of water shortage for the Peach Springs community.
Studies for delivery of water to Peach Springs from the Western Hualapai Plateau and
Spencer Creek Watersheds should be prepared.
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