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ABSTRACT
This report summarizes the literature and available unpublished data
regarding hydrology and water resources utilization in the Nevada Test Site
area.

This report was prepared in support of the environmental studies task

of the Nevada Nuclear Waste Storage Investigations.

In the context of this

report, hydrology is defined to include hydrometeorology, surface water, and
groundwater resources.

Water resources utilization is defined to include the

present water supply, demand and use, and future supply, demand and use; and
wastewater treatment and disposal.
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CHAPTER I
INTRODUCTION
SCOPE OF WORK
This report was written in support of the environmental studies task of
the Nevada Nuclear Waste Storage Investigations (NNWSI). It summarizes the
literature and data available regarding-the hydrology and utilization of water
resources in the southwestern Nevada Test Site (NTS) area. It is assumed this
report will become a basic reference document if the southwestern NTS area is
given further consideration as a possible-repository-for commercial, high-level

nuclear wastes. In the context of this report, hydrology is defined to-include
hydrometeorology, surface water resources, and groundwater resources. Water
utilization includes water supply, demand, and use; future supply, demand and
use; and wastewater treatment and disposal. The terminology "hydrology and
water utilization" implicitly encompasses the concepts of both quantity and
quality. The NNWSI study area includes (a) within the NTS, the Nevada Research
and'Development Area (NRDA), and (b) contiguous to the NRDA the areas defined
by extension of the northern border of the NRDA west to the western edge of
the Topopah Spring Northwest 71/2 minute topographic quadrangle, then east to
the point where the southward'extension of the southeastern boundary meets the
southern edge of the Specter Range 7 1/2 minute topographic' quadrangle, Figure
1. In addition to this area, water demand, present and future, is examined
for the following communities: Indian Springs (Clark County), Beatty (Nye
County), Lathrop Wells (Nye County), Pahrump-(Nye County) in Nevada, and Death
Valley Junction and Furnace Creek Ranch in California. Agricultural'activities
and the development of mineral resources in Ash Meadows, the Amar'gosa Desert
and Bare Mountain from the viewpoint of water utilization are'also considered,'
Figure 2.
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GENERAL DESCRIPTION OF HYDROLOGY IN NEVADA
The importance of water to the economy of Nevada is clearly demonstrated
by the distribution of population within the state.

A large percentage of the

population lives in the Las Vegas Valley where there is a large groundwater
reservoir and supplementary supplies of water can be drawn from Lake Mead on
the Colorado River.

Other principal population centers are found in the

valleys of the Truckee, Carson, and Walker Rivers.

It is noted that these are

the three largest rivers which traverse the state, and all of them rise in
California.

The valley of the largest intrastate river, the Humbolt, consti-

tutes the last principal population center.

Thus, it is concluded that the

population of Nevada is concentrated around either large groundwater
reservoirs, large perennial rivers, or both.
The basin and range topography of Nevada includes many basins from which
there is no surface outflow.

In these closed basins, the rates of precipita-

tion are greatest on the bordering mountains, and the surfaces runoff from the
mountains flows toward the lowest part of the basin.

Thus, these basins store

not only the water, but also all of the sediment and dissolved material that
is eroded and transported from the higher elevations.

The thickness of the

accumulated sediment in most of these basins is measured in hundreds and even
thousands of feet.

In some of these "closed" basins, groundwater also moves

from the higher elevations to the lowest point in the basin where it is discharged by evapotranspiration.

In theory, all of the water which enters a

closed basin as precipitation is stored within the basin until it is returned
to the atmosphere; however, there is increasing evidence which suggests that
in some basins which are topographically closed, there is nevertheless an
interbasin transfer of groundwater by the regional aquifers, Mifflin (25) and
Hess and Mifflin (21).
The topographically closed basins of Nevada are the product of the Basin
and Range geologic structure and this structure serves to emphasize the perennial water deficit which has characterized Nevada in historic times.

If the

precipitation deficiency were less, then the closed basins would be lakes.
During the Pleistocene Epoch when water was more plentiful, there were numerous lakes in the Nevada area.
Much of the water stored in Nevada is in the form of groundwater, and the
water stored in this form exceeds by many times the amount of annual precipitation which the state receives.

This storage is possible in an arid climate

4

because the soils and rocks have pores capable of absorbing the water from
precipitation and transporting it to depths beyond the reach of the
evapotranspiration processes. In general, groundwater moves from the
mountains bounding a basin to the lowest point in the basin. Several of-the
closed basins in Nevada .contain wet playas from which groundwater is
continuously discharged by evapotranspiration. There are approximately one
hundred alluvial basins in the state which contain groundwater reservoirs, but
some of this water is too higlymineralized to be usable.
As noted above;- the'-concept of closed alluvial basins is in many ways an
over simplified and perhaps outdated theory since there is increasing evidence
regional aquifers exist which permit interbasin transfers of water; e'g.
Mifflin (25) and Hess and Mifflin (21). The carbonate rock layers of Nevada
are thought to store water in the mountains andbeneath'the alluvium in the
valleys. In some basins, the alluvial valley deposits may be drained by these
deep bedrock aquifers, while in other basins, the alluvium is separated from
the carbonate rock by relatively impermeable rock layers. It has been hypothesized that this carbonate aquifer provides a pathway for the transfer of
groundwater from one topographicallycl6sedh'ba'sin to another, Figure 3.
The Pahrump Valley,' in southern Nevada, is an interstate closed basin
which is recharged by precipitation falling in the Spring Mountains.
1937, two large spring areas provided the water used in this valley;

Prior to
The

average discharge of these spring areas was approximately 9,600'acre-feet per
year. In the following decade, several large wells were drilled in this area,
and by 1946 the discharge of the wells and springs had'reached 17,500
acre-feet per year. By 1965, 'the water use in'the Pahrump Valley had reched
26,000 acre-feet per-.year. Since the beginning of pumping, water levels have
declined more than 100 feet in-some wells, and this decrease in water table
.elevation.can be taken as evidence'that the present rate of use exceeds the
rate of recharge to the aquifer

'

Data from NTS indicates that,-in this area there is an interbasin transfer
of-groundwater- Deep test'drilling in Yucca Flat indicates that the surface
deposits of tuff and alluvium are inderlain by less permeable clastic rock and
also by far more permeable-carbonate rocks.

The groundwater in the alluvium

and tuff-is-semiperched-and apparently moves downward into-the permeable 'carbonate rock. The water in the carbonate aquifer moves laterally out of the

5
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Figure 3. Great Basin Carbonate Rock Province, after Hess and Mifflin (21).

Yucca Flat basin. From theYucca Flat data and limited data from the
surrounding region, it has-been-suggested that NTS groundwater moves generally
southward or to the southwest in the Paleozoic carbonate rocks that underlie
the alluvial basins and form the highlands that separate these basins. It is
believed that the Ash Meadows Springs in the Amargosa Desert area is a major
discharge outlet for this regional carbonate aquifer. Death Valley may be
another point of discharge. It has-,been-hypothesized that these springs may.
discharge water which has traveled as much as 10O miles underground. This
hypothesis is supported by recent research results; e.g., Winograd and Doty
(30).
The hydrology of Nevada,-and southern Nevada in particular, is a natural.
system which is at present only partially understood. .It is the purpose of
this report to summarize what is known about the hydrology and water resources
utilization within the study area.
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CHAPTER II
WATER SUPPLY AND WASTEWATER TREATMENT
SYSTEMS IN THE STUDY AREA
INTRODUCTION
The assessment of the water supply and wastewater treatment systems
within the designated study area proved difficult. In-general, most of the.
communities withjn the study area have neither coherent water supply nor
waste-water treatment plans; however, there are exceptions to this statement.
The primary communities in the area are Indian Springs, Beatty, Mercury, and
Pahrump.

The secondary communities are Crystal, Furnace Creek Inn and Ranch,

and Lathrop Wells.

Then there are the tiny communities of Rhyolite, Johnnie,

and Death Valley Junction.

Figure 2 locates these communities relative to the

NTS. All of the communities examined here are unincorporated, and thus, are
governed by the appropriate county commission. With the exception of Beatty,
Indian Springs, Mercury, and Pahrump, these towns do not have utility
companies supplying potable water and treating the wastewater. In the case of
Pahrump, the situation is further complicated because the area surrounding the
community is being rapidly developed and only recently has a policy of
centralized water supply and wastewater treatment been implemented.
This chapter discusses each of the communities mentioned in the previous
paragraph as well as the planned development in the Ash Meadows area and on
the NTS. The data contained in these sections were, for the most part,
derived from meetings with residents or the appropriate water and sanitation
district officials. There are many farms, ranches, and single family
dwellings in the study area which are not discussed in this chapter.

The

population figures given in this chapter may include not only the community
but also the surrounding area. Thus, these figures must be considered
approximations.
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INDIAN SPRINGS, NEVADA'
The community of Indian Springs, Nevada, population 912, is located
adjacent to the Indian Springs Air Force Base. The stated population may
include military personnel. Indian Springs is unincorporated and has a five
member town advisory board appointed by the Clark County Commissioners. The
water and wastewater system is a public corporation owned by stockholders and
operated by the Indian Springs Sewage Company, Inc. In 1981, there were 53
water customers, including several trailer parks with multiple water and.
sewage connections;

The water supply system is metered.

This system is

separate from the system which serves the. Indian Springs Air Force Base.
Source of Water and Quality of Supply
-

One well, 590 feet deep, provides the bulk of potable water used in this

community.

This well is capable of supplying water at 550 gallons per minute

and the water from this well meets the state drinking water standards, Table
1. At the present time, chemical treatment is not required.
In addition to the community well, there are approximately 80 shallow,
private domestic wells in Indian Springs.
pumped from these wells is unknown.

The quantity and quality of water

Planned Water Supply Improvements
It was anticipated that another water supply well would be added to the
system as the community continues to grow. Distribution ines are added to
the system, as required. Indian Springs has a large mobile home population
and very few permanent dwellings. Since the trailer parks have one main
connection and are responsible for their own subconnections, it is assumed
that much of the system improvement will be carried out by private
individuals.
Wastewater Disposal
Indian Springs is sewered and wastewater is discharged to evaporation
ponds. The ponds cover 7 acres and could be expanded up to 40 acres. There
are an unknown number of septic tanks in the Indian Springs area.

9
-:....

Table 1:

Quality of Indian Springs, Nevada Water Supply.
All units are in parts per million except where noted by

Constituents
Total Dissolved
Solids
Sodium
Potassium
Calcium
Magnesium
Chloride
Sulfate
Bicarbonate
Nitrate
Fluoride
Iron
Manganese
Arsenic
Turbidity*
pH*

Indian Springs
Well

339.
9.
2.
288.
33.
17.
59.
271.
3.3
0.21
0.
0.
0.
0.0
7.8

10

State
Standards

1,000.

250.
150.
400.
500.
45.
1.6
0.6
0.1
0.05

*.

Indian Springs Future Development
At the present time, excluding the various service industries, the
population of Indian Springs'is employed at the NTS and the Indian Springs Air
Force Base. The size of this community depends primarily-hn'the employmeht
situation at the NTS; i.e., the variations in the number of employees at the
NTS is directly reflected in the Indian Springs population.' A number of
developers are active in the area and plan to'accelerate the growth of the
community by adding shopping and entertainment facilities.

The Air Force

anticipates no significant changes :in their operation of the Indian Springs
Air Force Base. It is assumed that some'growth in this community will occur
as a result of the new state correctional facility a few'miles south of the
community.

It appears there may be sufficient water resources in the area to

supply an increased population.

-

INDIAN SPRINGS AIR FORCE BASE, NEVADA
This military facility is located in Indian Springs, Nevada, and has a
permanent population of 500 people, 'including servicemen and their dependents.
The water and wastewater systems are owned and operated by the U.S. Air Force.
At present, the system serves the base itself and a nearby military housing
complex from an elevated water tank. All lines are metered. This system is
independent of the system which serves the community of Indian Springs.
Source of Water and Quality of Supply
Three wells, Nos. 1, 2, and 3 supply water to the base. Well No. 3 is no
longer used as a.source of potable water because of the presence of organic
material. The water from Wells Nos. 1 and 2 constitute the potable water
supply, and this water is chlorinated to control bacteria. The total volume
of water pumped in March 1981 was 4,849,100 gallons.
system varies on a seasonal basis.

11-

The water used by this

Planned Water Supply Improvements
There are no planned improvements other than required maintenance of the
present system.

The population of the base is static; and thus, the demand is

rather constant on an annual basis.
Wastewater Disposal
Wastewater treatment consists of an Imhoff tank which separates solid
wastes from the sewage effluent.

The solids are then pumped to sludge pits

and the liquid waste is discharged to the desert.

The Imhoff tank was

designed for 300 users and is presently being used above its design capacity.
There are no plans to enlarge the waste treatment facilities.
Future Development of Indian Springs Air Force Base
There are no plans for either expansion or closure of this base.
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PAHRUMP, NEVADA
The evaluation of the water and wastewater systems in this community,
population 1,358, was especially difficult because of the rapid growth and
development that is taking place in this area. Originally,'Pahrump was a
small rural 'community which 'served the needs 'of the local farmers and
ranchers. However, the proximity of this valley to the metropolitan Las Vegas
area has resulted in significant land development and speculation. Prior to
the selling of large tracts of land for'development, each dwelling had its own
well and wastewater disposal system;'however, with the advent of the large
developments came the need for a centralized utility company. The Central
Nevada Utilities Company was originally formed to serve the Calvada
development, but this company has expanded to provide service in other
adjacent areas.

No information was available from this company; the following
material summarizes the information obtained from local residents.
With-the exception of the homes in the Calvada development, most people
still obtain their water supply from private wells. The water table is
reached at 37 feet and good'drinking.water is obtained at about 70 feet. The
Central Nevada Utilities Company is expanding and allowing private individuals
outside of the Calvada development to-connect with the system.

About 100,000

lots have been sold-in the.Pahrump Valley developments., Water rights for
domestic use are available because the agricultural rights have been given up.
The-long-term prospects for growth in this area are excellent.
Given the present rate of development in this area, the existing utility
systems.are adequate since the time between, land purchase and the actual
building of a home is quite long.. However, rapid development could disrupt
the present level of services here.

This community,_outside of metropolitan

Las Vegas, is the most likely place for construction workers at the NTS to
live.
LATHROP WELLS, NEVADA
The community of Lathrop Wells consists primarily of mobile homes and the
township population is estimated to be 1,112 people. Potable water is
obtained from wells with the water table being located approximately 320 feet
below the surface. Sewage treatment is accomplished by septic tanks.
Although no development is planned in this area, the employment levels at the
NTS affect this community.
13

CRYSTAL, NEVADA
The community of Crystal consists of approximately 20 families.
According to a local resident, water which meets the state drinking water
standards lies about 160 feet below the surface.
tanks for wastewater disposal.

All families use septic

No development is anticipated in this area.

JOHNNIE, NEVADA
The community of Johnnie consists of one home.

No information regarding

water supply and wastewater treatment was obtained.
DEATH VALLEY JUNCTION, CALIFORNIA
Death Valley Junction is a community of artists, population unknown,
located in California.

At the present time its inhabitants obtain their water

supply from one well connected to a distribution system. The water table is'
located at 63 feet and the water does not meet state drinking water standards.
A local resident noted that the-water has a TDS in excess of 1,000 mg/1 and is
also high in fluoride.

Wastewater is disposed of in evaporation ponds.

The opera house in this town serves as the focus of the community. At
present, future community plans include restoring the opera house to its
original 1925 condition and establishing a special interest hotel for
visitors.

If these plans come to fruition, then the average daily population

of Death Valley Junction would be approximately 250 people.

An expansion of

this magnitude would require that a new source of potable water be located and
a major renovation of the water distribution and wastewater disposal systems.
The only source of good quality potable water may be the regional carbonate
aquifer which is believed to underlie this community, Figure 3.
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DEATH VALLEY NATIONAL MONUMENT,. CALIFORNIA
The only area within the California part of the national monument that is
within the scope of this project is the area in the vicinity of the Furnace
Creek Inn and Ranch facilities which are the center of tourism in Death
Valley. The information contained in this section was provided by National
Park. Service employees or extracted from the Winograd and Thordarson (31)
report. The following is provided for background information:
1.

From October-April, approximately 800 people live in this area on a
semipermanent basis.

2.

From October-April, approximately 2,000 people live in this area as
visitors.

3;

During the summmer months, the iumber of semipermanent residents
decreases and there are few visitors.

4.

Although the monument is closed to further mineral exploration,
there are presently about 111 valid mining claims within the
monument boundaries.

Source of Water Supply and Quality ofiSupply
This area of Death Valley has numerous springs, and the discharge of
these springs has been estimated to be approximately 2,500 gallons per minute,
Winograd and Thordarson (31). The water supply for the Furnace Creek Inn and
Ranch facilities is derived principally from three springs:
' 1.
2.
3.

Travertine Springs.- 850 gallons per minute at 33.5 degrees Celsius,
Texas Spring - 225 gallons per minute at 33.5 degrees Celsius, and
Nevares Springs - 270 gallons per minute at 40.0 degrees Celsius.

15^

Table 2 summarizes the quality of water discharging from the Texas and Nevares
springs.

This water is used for both irrigation and human consumption.

The

National Park Service was unable to estimate the quantity of water required to
maintain their facilities at the present level of service.
There is some reason to believe that water discharging in this area of
the monument originates in the regional carbonate aquifer which underlies the
NTS, Winograd and Thordarson (31).

However, as noted elsewhere, this is an

unproven hypothesis.
Planned Water and Supply Improvements
There are no planned water supply improvements.
Wastewater Disposal
The wastewater from the Furnace Creek Inn and Ranch facilities is either
disposed of in evaporation ponds or recycled through a tertiary treatment plant
and used to irrigate the golf course.
*

Death Valley National Monument Future Development
At the present time, there are no plans to expand the present facilities.

Future plans pertaining to the mineral industry are unknown.
NEVADA TEST SITE, NEVADA
The Nevada Test Site is a 1,500-square mile weapons testing facility located
in southern Nevada.

Although this facility is operated by the U.S. Department

of Energy, certain phases of its operation are contracted to private industry.
In general, the water supply and wastewater systems are operated by Reynolds
Electrical & Engineering Co., Inc.

The NTS is populated by 4,000 workers who

live in Las Vegas and in the surrounding communities.
The NTS community of Mercury receives its water supply from Wells B, 5C,
and the Army well. Well 15d supplies the EPA Farm. The water supply and wastewater systems for these two facilities are detailed in subsequent sections.
The remaining water distribution systems presently in use at the NTS include
Well No. 8 supplies Area 12 Camp, Wells C and C supply the Control Point in
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Table 2:

Quality of Texas Spring and Nevares Spring'Water in Death Valley '
National Monum'ent,' California'. tAll units are'in parts per million
except where-noted.
Nevares
Spring

Texas
Parameter

-

Sprinq

Cow Creek

-

Arsenic
Barium

<0.05

Cadmium:

<0.010'

Chromium (Hexavalerit)

<0.05

0.003
< 0.005

Lead

<0.05

< 0.020

Mercury
Nitrate-Nitrogen

<0.002--

Selenium'
,Silver'

<0.01
<0.05

<0.1

Fluoride
Chloride
Copper

40.5
<0.01

Iron
Magnesium
Manganese
.Sodium

0.04
0.14
0.05
156.

Sulfate
Zinc

180.
0.09
540.

Alkalinityl

'''

-- '

,-.

0.10

1.20;
26.9

Calcium

0.016
<0.010

:<0.001

<0.01
< 0.004
<0.003
1.32
; 38.1
< 0.003
0.097
<0.003
96.
0.088

Total Dissolved
500.

Solids
pH2

'

lin mg/1 as'CaCO3

808.

7.9
"

2 pH units

17,

..~~~~~
.

-.

.

Area 6, Well A supplies the Los Alamos National Laboratories support camp in
Area 3 and Wells J-12 and J-13 supply the operations in Jackass Flats, Area
25 and Yucca Mountain.

Water production from the various wells is summarized

in Table 3 and the quality of the water is summarized in Table 4.
MERCURY (NEVADA TEST SITE), NEVADA
Mercury, Nevada, is a government community located on the Nevada Test
Site.

The water and wastewater systems are owned by the U.S. Department of

Energy and operated by the Reynolds Electrical & Engineering Co., Inc. (REECo).
REECo is a prime contractor to the U.S Department of Energy.

A large segment

of the NTS work force commutes to Mercury daily; a few employees live in Mercury
on a permanent basis.
Source of Water and Quality of Supply
Mercury's potable water requirements are met by three wells:
5c, and the Army Well.

Wells 5n,

The water from these wells meet the state drinking

water standards, Table 4, and are distributed through a metered system. Since
the combined capacity of the three available wells exceeds the demand, the
wells are used on-a rotating basis.

The potable water supply is treated by a

gas chlorinator.
Planned Water Supply Improvements
No improvements are planned since the system is capable of meeting the
present demahd.
Wastewater Disposal
Mercury is sewered and the wastewater is collected in oxidation ponds
from which it is evaporated.
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Table 3:

Well

Army Well
5b
5c
Ue 5c

NTS Production Well Records

Weekly
Production
week ending
(4/26/81),gallons
399,300
710,400
1,171,000.-

. Weekly
Production
week ending
(5/3/81)
gallons
1,128,700
579,400
846,000

60,000

C

737,800

412,700

C-1

824,400

628,800

A
2

782,200
355,250

545,500

8

608,000
490,800

479,000

19c
J-12

2,013,700
723,900

J-13
Ue 15d
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Table 4:

Quality of NTS Water Supply.

5C

Army
Well

5B

Calcium
Magnesium
Sodium
Potassium

44
23
38
4.7

12
4
42
10.9

-2
48
5.5

p11*
Carbonate
Bicarbonate
Sulfate
Chloride
titrate

7.4
-242
53
20
2.85

8.1
-197
57
25
15.6

8.5
38
226
26
14
9

rnsictitiPnt

Fluoride
1.10
Specific
Conductance*
0.6
Boron
16
Silica
0.07
Nitrate

Mercury
Cafeteria
30
8
90
7.8
8.0

0.84

0.91

256
46
36
6.5
0.97

500
0.72
48
0.09

500
0.72
44
0.06

520
0.96
29
0.05

Ue
5C
6
3
77
5.5
8.3
17
141
42
10

6.3
1.55
590
0.43
48
0.42

All units are in parts per million except where noted by *.
Well
J-12

C

J-13

CP-1

A

2

Ue
15D

8

7
3

19C
Limits

15
5

11
6

71
28

50
30

21

39

a

10

52
18

42
5.1

47
3.9

120
12.9

184
12.1

50
7.4

29
5.9

80
14.1

34
3.5

72
0.8

7.4

7.4

7.3

7.3

7.6.

7.7

7.5

7.4

7.8

120
26
12
13.5
2.00

131
30
12
17
2.35

568
69
37
2.4
1.2

580
69
65
3.4
1.22

190
21
18
13.5
0.64

200
24

91
16
11
9.5
0.83

165
14
7
4.7
5.9

250

260
0.8

950
0.8

1000.
--

345
--

340
--

650
--

175
--

25
0.07

27
0.11

62
0.01

42
0.06

24
0.05

43
0.07

38
0.09

400
--

50
0.1

--

56
0.07

374
45
8
24
11 . 3.5
1.22
0.38

--

4

Iron
Manganese
TOS
Hardness

389

as (caCO)
Sodium
% total
cation
Aluminum

202

28%

366

446

45

7

108

78%

95%

357

62%

207

215

786

847

286

282

533

148

28

58

50

292

251

88

138

205

31

15

82%
0.08

59%

65%

68%
--

91%

294

46%

60%
0.17

53%
--

30%
--

44%
0.1

228

--

250
250
10
1.6
270

0.05
500

Mercury Future Development
The Nevada Test Site is primarily a weapons testing facility.

Since its

establishment in the 1950's, the size of the work force at this facility has
varied with the level of test activities.
currently anticipated expansion.

The water supply is adequate for

BEATTY, NEVADA
The community of Beatty, Nevada, township population 3,524, is
unincorporated and is therefore governed by the Nye County Commissioners.

The

water and wastewater system is owned and operated by the Beatty Water and
Sanitation District which is a separate public entity funded entirely by
system revenues. This district serves about 250 customers in Beatty with a
metered water supply.
Source of Water and Quality of.Supply
Two wells, Wells No. 1 and 2,:provide potable water to Beatty. This-water
does not meet the state drinking water standards. The quality of the water
obtained-from these wells -issummarized in Table 5.
Until recently, three wells constituted the water supply for this community;
however, Well No. 3 was recently abondoned as a source of potable water because,
of the presence of various gases. This well now serves as a source of industrial
water (see the section dealing with mining in the Beatty area).
Planned Water Supply Improvements
A new supply of water which meets the state drinking water standards has
been located at a spring known as Indian Springs. (This site should not be
confused with the community of Indian Springs, Nevada.) The quality of this
new supply is documented in Table 5. It is believed that this new source is
an outcropping of the regional carbonate aquifer. The water district obtained
a pipeline right-of-way from the Bureau of Land Management and is constructing
a pipeline from Indian Springs to Beatty. The estimated cost of this improvement is $90,000.
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Table 5:

Quality of Beatty, Nevada Water Supply.
All units are in parts per million except
where noted by *.

Constituent

Well
No. 1

Well
No. 2

Well
No. 3

Indian
Springs

State
Standards

Total Dissolved
Solids
Sodium
-

561
140

749
240

775
245

1,000

9

9

9

Calcium
Magnesium
Chloride
Sulfate
Bicarbonate
Nitrate
Fluoride
Iron
Manganese

45
7
57
112
278
3.5
2.1
0.02

29
5
80
147
376
1.8
5.4
0.03

28
4
75
192
378
2.6
6.4
0.78
0.08

171
46
1I
2
0
15
27
113
1.6
0.4
0.05
0.08

Arsenic
Color*
Turbidity*
pH*

0.01
3
0.5
8.0

0.02
3
0.3
8.2

0.02
5
2.1
7.9

0.01
3
0.5
8.3

Potassium
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250
150
400
500
45
1.6
0.6
0.1
0.05

When the pipeline is completed and power is supplied to the Indian
Springs area, Wells No. 1 and 2 will be converted to emergency stand-by
status.

The new source of supply is adequate for the present system size.
Wastewater Disposal
The community of Beatty is sewered and the wastewater is treated in
evaporation ponds.
Beatty Future Development
At the present, excluding various service industries, the population of
Beatty is employed by the local mines, the U.S. Ecology waste site, the
U.S. Department of Energy, and the U.S. Air Force. The future development of
Beatty is primarily dependent on the success of the various mines in the area.
While the water system can absorb, slow growth, it is doubtful that this system
could be expanded rapidly. The primary problems which would be encountered
are (1) location of additional potable water sources, and (2) obtaining
development capital from the system revenues. The waste treatment facilities
can be easily expanded.

-

RHYOLITE, NEVADA
Rhyolite is virtually a ghost town, 'although it-is still inhabited by two
families. One family is served by a'pipeline from a20,000 gallon tank at
Indian Springs, the new water source for'Beatty. Wastewater is probably
disposed of through a septic tank'system. The second family gets its water in
Beatty and uses a privy for waste disposal. Rhyolite, as a community, is not
a major factor in this study.
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CHAPTER III
MINERAL DEVELOPMENT IN THE AREA
INTRODUCTION
A number of incidents in the mining history of Nevada are well-known;
e.g., the Comstock boom in the 1870's and the Tonopah-Goldfield boom in the
early 1900's. Less well-known is the prolonged depression caused by the
decline of the Comstock in about 1880. Most people are unaware of what has
happened to the Nevada mining industry between the Tonopah Goldfield boom and
the present.

These later years have been characterized by a steady, if

unspectacular, growth which has brought the industry to greater strength and
stability than it ever experienced during the well-known booms.
Nevada's mining industry began in the 1850's with the discovery of lead,
zinc, and silver at Goodsprings and the silver and gold deposits of the
Comstock Lode. One effect of this early boom was the widespread development
of water resources to provide domestic water and water for the treatment of
the ores produced by the mines.

In this era, most of the mines

ere-located

in or near wooded and well-watered mountain ranges in northern Nevada.
However, the water requirements of the Comstock towns outstripped their nearby
supplies, and eventually additional water was brought to this area by a
seven-mile-long pipeline from the Sierra Nevada Mountains.

An interesting but

perhaps not totally factual account of this era has been given by Mark Twain
(29).
During the boom years, the Nevada mining industry faced a number of
problems which severely limited its growth and precluded the development of a
stable industry.

One of the greatest problems was the limited and inadequate

transportation system of Nevada.
processes available.

A second problem was the crude refining

Only high-grade deposits of precious metals were

recoverable and such deposits were rare and usually small.

By about 1880, the

original deposits were exhausted and the mining industry fell into a severe
depression that was to persist for a quarter of a century.
By 1905, when the Tonopah-Goldfield boom began, the mining situation was
fundamentally different.

Improved prospecting techniques led to the discovery

of not only the Tonopah-Goldfield prospects but also deposits at the Rawhide,
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Rhyolite, and Fairview. Thi& cyanidation process'forextracting'gold and
silver from ores'has also been developed. This process coupled with large
scale crushing equipment made it profitable to mine and'process low grade
ores. In about 1915, the flotation processof refining'was developed'and this
process surpassed even the cyanidation in cost effectiveness.

However, the

most significant fact regarding the boom period of 1905-1920 was that it
occurred in'parts of the-state'where surface water supplies''were either'scarce
or nonexistent. Both-the cyanidation and flotation processes use large
quantities of water. It was necessary to drill wells at many mill sites;
this was the beginning of the mining industry's dependence on groundwater for
mineral processing.
Although the historical lore of Nevada's mining'industry centers around

-

the mining of precious minerals, many other minerals are found in Nevada and
play an economically significant role. Of particular interest in the study
area are the clay family, fluorspar and borates.
Deposits of clay are-relatively commo'n'throughout-the'world. However,

the chemical and'mineralogical composition-'and physical characteristics-vary
from deposit to deposit. Within-the study area, bentonite is-common and is
mined in the vicinity of Be'atty.
Fluorspar, another-product of-the Beatty area, is-the-cormercial name for
the mineral fluorite. Pure fluorite, CaF2, isthe only naturally occurring,abundant, simple fluoride compound. Fluorspar has-numerous and'varied applications. Among'the industries using fluoride-are: open hearth steel foundaries,
electric furnace steel foundaries,- and aluminum mills.-- Fluoride is also
important to the refrigeration industry.
It can be assumed the mineral, industry in Nevada.will continue to,grow and require substantial quantities of-watersfor processing.

However,

this demand is not necessarily a consumptive use since most processes recycle
the water. Thus, in many mills, more water is consumed by evaporation than is
consumed by the actual extraction processes.-- It is difficult to assess the
present water use because mining companies consider the information proprietary.
The assessment of-future development is even-moredifficult because the industry
is affected by not only the economy but by foreign policy, the operation cartels,
and speculation. In essence, a.deposit or.mineral -which has no value -today
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may be extremely valuable tomorrow. In the material which follows, the mining
industry in the study area is described and some prognostications regarding
its future development are made. The basis for this report is discussions
with mine operators and local residents.
MINERAL DEVELOPMENT IN BEATTY: PRESENT AND FUTURE
The Beatty area has a long history as a mining area and at the present
time the mineral industry is active in the following areas: Bare Mountain
(fluorspar), Rhyolite (gold), Crater Flats (gold), and Beatty (bentonite). In
this section, the mining operations in each of these areas are discussed from
the viewpoint of water resources utilization and the ossibilities for
additional development are considered.
Bare Mountain, Nevada
Gold was discovered on Bare Mountain in 1905. Since that year, a wide
variety of minerals have been-found and mined in this area. The major mineral
in this area is fluorspar, but mercury, ceramic silica, volcanic cinders, and
pumicite have also been produced. Although gold, silver, and tungsten have
been found on Bare Mountain, there is no record that this area has ever produced significant quantities-of these substances. Futile attempts to quarry
marble at CarrAra Canyon, seven miles southeast of Beatty, and perlite, three
miles east of Beatty, have also been made.
, The primary economic mineral in this area is fluorspar. The largest
deposit of this mineral occurs four miles southeast of Beatty, and has been
mined since 1918. This deposit averages about 75 percent CaF2 and less than 2
percent SiO2. Cornwall (15) has estimated that at the present rate of production, this deposit will last many years. A visit to the mine site established
that:
1.
2.
3.

There is no well at this mine and all water must be trucked in from
Beatty,
Minor quantities of water are used at this site in the mining
process, and
This mine is not a significant factor in this study.
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'Rhyolite, Nevada
'The Ryolite mining'ditrict-is usually defined-a's'covering the BullfrogHills west'of Beatty. This area has been the largest producer of gold in
southern Nye County. Gold was discovered at the Bullfrog Mine in 1904 at the
south end of Bullfrog Mountain, seven miles west of Beatty. In general, the
gold occurs-in-fissures and veins in rhyolitic welded tuffs.

Minor amounts' of

silver have also been obtained from the ores mined from this area. At least
two gold/silver prospects in this area show indications of radioactivity but
no uranium production has been reported,.Cornwall (15).:'
Within this area are two gold mines operated by E. R. Fegert, Incorporated.
One mine is located near Rhyolite and the second mine lies near boundaries .of
Death Valley National-Monument. At the planned rates of production, these.
deposits have 8-10 years of reserves. Based on conversations with representatives of Fegert and the-Beatty Water and Sanitation District and with local
residents, the following conclusions were, drawn:
1.

The mines use a significant amount of water. The Fegert Company
owns one well which produces water at a rate of 40. gallons per.
minute and purchases an additional 483,000 gallons of water per
month from the Beatty Water and Sanitation District. This water-is

2.
3.

obtained from Well No. 3 of the sanitation district system. Another
well was to be drilled to provide additional water.
These mines are in a development phase and expansion is planned.
Peak employment will be 100 employees.
In the future, this mining operation could have a significant impact
on the population of Beatty and the water resources in the area.

Crater Flat, Nevada
The Crater Flat area is considered by many to be a part of the Bare
Mountain District. In this work, it was considered to be separate because of
the geographical separation of the Crater Flat mine from the Bare Mountain
mine as noted previously. There is'no history of mining in this area,
Cornwall (15).
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'I)

The Sterling Mine in Crater Flat is being developed by the Saga Expl oration
Corporation.

This mine presently uses 24,000 gallons of water per day which

is trucked in from the Beatty area.

With regard to this operation, the following

conclusions can be drawn:
1.

The Sterling Mine is presently producing gold and expansion is planned.

2.

The water use at this site is significant.

3.

If a water well were developed in Crater Flat as a source of water
for the mine, it could have an impact on the regional aquifer.

Beatty, Nevada
There is a small bentonite mine just outside of Beatty which produces
this clay for surgical and cosmetic use.

Local residents indicate this mine

is in intermittent operation depending on the demand. The mine uses very minor
quantities of water and is not a factor in this study.
MINERAL DEVELOPMENT IN THE JOHNNIE AREA
The Johnnie mining district is located on the northwest flank of the Spring
Mountains, approximately three miles northeast of Johnnie.

Although this area

is the second largest gold producing district in southern Nye County, the
production figures given by Cornwall (15) indicate the potential of this area
is much smaller than the Rhyolite area.
At the present time, there is one active mine in this area. Although the
mine operator was hesitant to discuss the operation with the investigators,
the following facts were ascertained.

First, it appears that the gold is mined

by sluicing, a process which uses but does not consume large amounts of water.
Second, the water used in the mining process is recycled through ponds.

Third,

water for the mine is obtained from a spring located in the Spring Mountains.
This water is piped to the mine.

Fourth, it is not known whether the mine

owner plans to expand the operation.

It is concluded that this mine does not

have a significant impact on the availability of water resources in the study
area.
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MINERAL DEVELOPMENT IN THE ASH MEADOWS - AMARGOSA DESERT AREA
The Ash Meadows area has, in the past, been the largest bentonite area in'
Nevada'. This area includes a'number 'of calcium and'mbntmorillonite deposits
which were derived from'the alteration o'f flat-lying'tuffaceous lake beds'of
Pleistocene Age. Cornwall (15) has noted that'probuction in this district
began in 918; however, during the present survey, no evidence of mining was
found in this area.
In the area between Lathrop Wells, Nevada and Death Valley Junction,
Californiaj the American Borate Corporation has a large mineral processing
plant and a housing development for its employees.

The ore for this plant is

obtained from a mine within the Death Valley National Monument.
The American Borate Corporation employee housing consists of a mobile
home park with space for 90 trailers.

Water for this community is obtained

from a well which has a capacity of 125 gallons per minute.

An official of

the company indicated that the water has a high fluoride content and requires
treatment by a reverse osmosis process.
of evaporation ponds.

Wastewater is disposed of in 1.5 acres

The water required by the. mineral processing plant is obtained from three
wells which have capacities of 260, 100, and 125 gallons per minute. An estimate of water consumption was not available; much of the water is recycled.
Plans for this operation include expansion.

Two new wells, with capacities

of 230 and 280 gallons per minute will be available. When the mill facilities
are expanded, the average consumption will be 500 gallons per minute.' A 100,000
gallon water storage tank will be used. The company plans to expand his facility
to exploit the ore deposit, which is within the boundaries of Death Valley National
Monument.
MINERAL DEVELOPMENT IN THE DEATH VALLEY NATIONAL MONUMENT, CALIFORNIA AREA
Although Death Valley National Monument is closed to additional mineral
exploration, there are presently 111 valid claims within the area. These claims
are primarily for talc and borates with major claim holders being American Borate
Corporation, U.S. Borax, Continental, and Pfizer.
is consumed by these mining operations.
of water which results from the mining.
be a significant factor in this study.

In general, very little water
In some cases, the problem is disposing

These operations are not considered to
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SUMMARY
With the exception of the mine in Crater Flat, there is no mining activity,
at present, in the TS area which could have an impact on the water resources
available for the proposed project. The effects of the proposed project on
the mine in Crater Flat and the mineral processing facilities in the Death
Valley Junction area have not been determined.
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CHAPTER IV
AGRICULTURE AND WATER RESOURCES OF AMARGOSA DESERT
AND PAHRUMP-VALLEY, NEVADA
INTRODUCTION
In this chapter, the water resources of the Amargosa Desert (also known
as the Aargosa Valley) and Pahrump Valley will be'briefly discussed, with
respect'-to the'agricultural activities within both valleys.

The regional

geology, climate, soils, and land classification will be presented.
AMARGOSA DESERT AGRICULTURAL RESOURCES
The Amargosa Valley lies within the basin and range physiographic
province. This province is characterized by a series of mountain ranges which
generally run north and northwest, and are separated by-topographically closed
valleys or basins.

The Amargosa Valley differs from most inland valleys and

desert basins within the province because it is not topographically closed and
some of its ancient playas are being eroded by flowing streams. This area is
bordered by Bare and Yucca Mountains on the north, the Spector Range on the
northeast, the Spring Mountains on the east, the Resting Spring Range on the
southeast, the Greenwater Range on the southwest, and the Funeral Mountains on
the west.

The mountains are the principal areas of erosion and are generally

characterized by relatively steep and barren rocky slopes.
The Amargosa Valley is a significant portion of the Amargosa River Basin.
This river channel begins in Oasis Valley north of Beatty, drains south
through the Amargosa Valley to a point about 50 miles southeast of Eagle
Mountain and then turns to the northwest into the-southern half of Death
Valley, California.

This river breaches the south portion of the Amargosa

Valley and drains all but the southeast corner of the area. The valley is
about 50 miles long and averages 20 miles in width, with a south-southeastward
gradient ranging from about 40 feet per mile in the north to about 5 feet per
mile near Death Valley Junction in the south. Although the terrain is
generally level, it-is' cut by the AmargosaRiver''cannel-and-dissectd by
numerous side channels.

The Amargosa River and its associated channels carry
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water only after intense precipitation events. There are, however, surface
flows in a few short reaches where springs discharge into the river channel or
where the water table merge with the ground surface, such as in the southern
part of Oasis Valley or at Ash Meadows in the lower part of Amargosa Valley.
Climate
The Amargosa Valley is arid, with low precipitation and humidity and high
evaporation rates. Summer temperatures are high, and there are wide ranges in
both daily and seasonal temperatures. The National Weather Services maintains
weather stations at Lathrop Wells and Beatty. Although there are no
evaporation stations representative of conditions in the valley, evaporation
in this area may exceed the 120 inches of pan evaporation measured at Boulder
City, Nevada. Table 6 summarizes the climatological data for the Beatty and
Lathrop Wells weather stations.
Table 6:

Summary of Climatological Data
for Amargosa Valley, NevadaStation
Beatty

Lathrop Wells

1915 - 1972

1942 - 1972

Period of Record

58 years

Elevation (feet)

3,310

30 years
2,659

4.5"

2.82"

59.7 0F

62.OOF

Precipitation,
Mean Annual
Temperature,
Mean Annual
Temperature,
Max. Recorded

115OF

115OF

10 F

20F

Temperature,
Min. Recorded
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Geology and Soils

'

.The 'Amargosa Desert forthe most'part is-surrounded by and probably
underlain at depth'with sedimentary rocks of Paleozoic'age. The sediments are
predominantly'carbonates and subordinately beds of slate, shale, and quartzite.
The oldest rocks arePrecambrian granites, gneiss, and schist that crop out in
the Funeral Mountains. The rocks in the northern portion and in the-extreme
southwest corner of the area are Tertiary volcanics. The volcanic rocks are
'
primarily basalt, rhyolite, and tuff.The alluvial 'deposits that occupy the'valley includes str'eam and fan'

deposits, wind-laid 'sand, and playa lake sediments.

Near the surface,' these'

deposits are weakly cemented with calcium carbonate.

They range in age from
Tertiary to Quaternary. 'The materials consist predominantly of silt, sand,
and gravel-sorted to varying degrees dependent-upon'the environment and dis-'
tance'from the parent rocks.

Interpretation of the geologic cross section

indicates that valley fill ranges in-thickness'from-an averagec2,000 feet to
about 4,500 feet. The greater thickness.of fill apparently occurs in the
basins defined by closed gravity flows-(5). 'These depressions'lie between
Lathrop Wells', Nevada, and Death Valley Junction, California.
--The'soils of-the'Amargosa Valley are-formed on recent alluvium deposited:
by the intermittent flows of the Amargosa River-and-from numerous side channels.
The-surface soils are light gray to very pale brown in 'color and are very low
in organic matter. Eighty percent of'the soil-profiles in the area are characterized by stratified loamy sands and sands to a depth of 24 inches. At about
24 inches, :gravely sand is encountered-which generally extends below 60 inches.
The remaining 20 percent of the profiles are characterized by thin stratas of
sandy loam, loamy sand, and sand of varying thicknesses to 24 inches. From 26
to 60 inches, gravely sands and gravel are'most frequently encountered. These
soils generally have a relatively high calcium carbonate content.

The majority

of the soil profiles have a moderate calcium carbonate-cementation (caliche).
In most of these profiles,.this occurs in the upper zone of-the gravels. The
caliche zonesrange in thickness from a few inches to more than 12 inches and
are usually fractured. The clay content of most soils inthe valley ranges
from 3to 6 percent and their silt content.from 10 to,20 percent. The gravel
content 6 to 12 inches below the surface ranges from 5 to 10 percent and below
12 inches it ranges from 20 to 50 percent.
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The soluble salt content of the soils is low.

Salinity values range from

0.30 to 1.40 millimhos/cm in the surface 6 inches of the soil profiles in the
valley.

The average value is about 0.4 millimhos/cm.

moderately at greater depths.
concentrations.

Salinity increases

Calcium carbonate is found in moderate to high

The soil pH values range from 8.5 to 8.7 in the surface 6

inches on most of the undisturbed soil profiles.

The pH value of the top 6

inches of the irrigated soil, profile ranged from 7.9 to 8.3, (5).
The soils of most of the Amargosa Valley have a low water.holding
capacity and drain rapidly.

Even the caliche deposits, which represent the

only recognized barrier to water movement downward in the upper zone of the
alluvium, are generally well fractured and do not inhibit the movement of
water.
The soils that present the most serious agronomic problem to successful
agricultural development in the Amargosa Valley are moderately coarse-textured
overlying sand and gravel at a depth of 6 to 24 inches. They are inherently
low in fertility and water holding capacity.
The

pecifications used by the U.S.-Bureau of Reclamation to describe

various classes of land within the Amargosa Valley are shown in Table 7, (5).
There were approximatley 205,000 acres classified during the year 1970.
Arable lands totaled 92,700 acres; class 3 lands totaled 78 percent and class
2 lands, 22 percent of the arable acreage.
recognized.

There were no class 1 lands

The class 2 lands occur in scattered small tracts.

Due to this

scattering, it would not be feasible to develop a 200-acre family-sized farm
of all-class 2 land. The class 3 lands have coarse soil textures, low water
holding capacity, and high infiltration rates. Much of the land in this class
is virtually nonarable.
Water Resources
-The Amargosa Valley fill 'contains a groundwater reservoir with
substantial storage capacity.

The reservoir rocks include stratified

colluvium, fan'debris, and playa lake sediments overlain by relatively thin
surfacial deposits of alluvium.
alluvial sequence.

-'The

Locally, volcanic flows are present in the

fan deposits are composed of poorly sorted angular
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Table 7:

Land Characteristics

Land Classification System for Arable Land of the
Amargosa Desert, California - Nevada

Class 1-Arable

-

Class 2-Arable

Class 3-Arable

Soils
Sandy loam to friable clay
loam.

Loamy sand to very permeable
clay.

Loamy sand to permeable clay
clay.

36" plus-good free working
soil of fine sandy loam or
finer; or 42" of sandy loam.

24" plus-good free working

soil of fine sandy-loam or
finer; or 30-36" of sandy
loam to loamy sand.

18" plus-good free working
soil of fine sandy loam-or
or finer; or 24-30" of
coarser textured soil.

To shale, raw soil from shale
or similar material 6" loss
in each instance to rock and
similar material.

60"plus; or 54" with minimum
ofU6" of-gravel overlying impervious material or sandy
loam throughout.

48" plus; or 42" with minimum
of 6" of gravel overlying '
impervious material or loamy
sand throughout.

42" plus' or 36" with minimum
of 6" gravel overlying impervious material or loamy
sand throughout.

To penetrable lime zone

18" with 60" penetrable.

14" to 48" penetrable.

10" with 36" penetrable.

Alkalinity

pH less than 9.0 unless soil
is calcareous, total salts
arerlow and evidence of black
alkali is absent.

pH 9.0 or less, unless:soil
is calcareousjtotal salts_
are low and evidence of black
alkali is absent.

pH 9.0 or-less, unless soil
is calcareous; total salts
are low and evidence of black
alkali is absent.

Salinity

Total salts not to exceed
0.2-percent. May be higher
in open permeable soils and
.under good drainage conditions.

Total salts not to exceed
0.5 percent. May be higher
in open permeable soils and
under good drainage conditions.

Total salts not to exceed
0.5 percent. May be higher
in open permeable soils and
under good drainage conditions.

Texture
Depth:
To sand, gravel, or cobble

'

Un

Table 7 (cont.):

Land Characteristics

Land Classification System for Arable Land of the
Amargosa Desert, California - Nevada

Class 1-Arable

Class 2-Arable

Class 3-Arable

Topography

W

CA0

Slopes

Smooth slopes up to 4 percent
in general gradient in reasonably large size bodies
sloping in the same plane.

Smooth slopes up to 8 percent
in general gradient in reasonably large size bodies
sloping in the same plane;
or rougher slopes which are
less than 4 percent in general gradient.

Smooth slopes up to 12 percent
in general gradient in reasonably large size bodies
sloping in the same plane;
or rougher slopes which are
less than 8 percent in general gradient.

Surface

Eyen enough to require only
small amount of leveling and
no heavy grading.

Moderate grading required but
in amounts found feasible at
reasonable cost in comparable
irrigated areas.

Heavy and expensive grading
required in spots but in
amounts found feasible in
comparable irrigated areas.

Cover (loose rocks and
vegetation)

Insufficient to modify
productivity or cultural practices, or clearing
cost small.

Sufficient to reduce productivity and-interfere with
cultural practices. Clearing
required but at moderate cost.

Present in sufficient amounts
to require expensive but
feasible clearing.

Drainage
Soil and topography

Soil and topographic conditions such that no specific
farm drainage requirement is
anticipated.

Soil and topographic conditions such that farm drainage
will probably be required but
with reclamation by artificial means appearing feasible
at reasonable cost.

Soil and topographic conditions such that significant
farm drainage will probably
be required but with reclamation by artificial means
appearing expensive but
feasible.
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Land Classification System for Arable Land of the
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rock debris ranging in size from boulders to clay.

The saturated fan deposits

yield moderate to large amounts of water to the wells in the valley.

The

specific capacities in wells screened in the fan deposits range up to 250
gal/min. per foot of drawdown, (2). High specific capacities are recorded in
wells that penetrate clean gravel lenses within the valley fill deposits.
Rocks of Precambrian, Paleozoic, and Tertiary age exposed in the bordering
mountains or buried beneath the Amargosa Valley are generally poor aquifers.
It is believed that the saturated carbonate rocks are the principal source of
groundwater supply at the NTS to the northeast, (2).

Since the water that

would be readily available exists only in fracture openings, the success of
developing wells in these carbonate rocks is dependent on the number of open
fractures intersected.

Due to the complexity of faulting, the distribution

and location of these underground fractures cannot be fully evaluated.
Therefore, no estimate of the probability of intersecting these fractures can
be made.
Tertiary volcanic rocks are principally ash-fall tuffs that have very low
fracture permeability.

None of the volcanics store or transmit significant

quantities of groundwater.
The recharge-to the saturated fill of the Amargosa area is received from
two principal sources:

(a) precipitation and (b) percolating groundwater

flowing into the valley through the carbonate terrane.

Precipitation occurs

primarily as thunderstorms resulting in numerous flood flows in the normally
dry washes that drain into the valley.

As these flood flows debouch onto the

porous alluvial fans, they are absorbed and percolate into the groundwater
reservoir.

The small perennial flow of the Amargosa River also contributes to

the groundwater reservoir as it percolates into the sands and gravels of the
riverbed about a mile below the town of Beatty.

Additional recharge occurs

from precipitation falling on the valley floor. The combined drainage area of
the Amargosa Valley is 2,600 square miles. It has been estimated that the
combined recharge from precipitation and resulting runoff on this area is about
1,500 acre-feet per year, (2).
The recharge to the carbonate aquifer or terrane occurs from rain and
snowmelt which enters the system through outcrops of fractured carbonate rocks.
This recharge occurs east and northeast of the Amargosa Valley in the Crater
Flat area and in part from the Yucca Mountain area, and possibly from as far
away as the White River Basin.

The water recharging this aquifer moves through
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permeable fractures to-theAmargosa Valley where it recharges the groundwater
reservoir or is discharged from bedrock springs. The amount of recharge received from the carbonate terrane is-not definitely known;-however, it is
assumed that underflow through Paleozoic carbonate rocks provides the recharge
for the unconfined groundwater system in the Ash Meadow area.

The estimated

annual recharge is about 17,000 acre-feet to the spring area in Ash Meadows
and about 7,000 acre-feet in the valley fill, (2). The estimated perennial
yield of.the Amargosa area is the sum of the two or,24,000 acre-feet.
The groundwater is discharged artificially by wells and naturally by
springs, seeps, and plant transpiration.

Discharge in the northern part of

the area is solely by wells where the depth to'groundwater is in excess of 500
feet below the land surface. In the Ash Meadows area and in the vicinity of
Death Valley Junction, the water table is at or near the ground surface and
considerable groundwater is discharged by evapotranspiration. The records of
the Nevada State Engineer's office show that 180 wells have been drilled in
the Amargosa Valley. The wells range in depth from 100 to 1,500 feet. Measured
,;~
~ .o
~ ~ .n.t...a..'
~~~n
.a
"aon
discharge-ranges from 200 to 1,500 gal/min. The annual amount of natural
discharge from the groundwater reservoir was estimated in the order of 24,000
acre-feet, and appears to be fairly consistent from year to year. '
The estimated annual recharge'is inequilibrium with the present estimated
annual use. This balanced recharge/use situation is consistent'with thew'ater'
management philosophy of the State of Nevada. The chemical'quality of groundwater varies from place'to place.

I'aar'eas of recharge, the dissolved solids

content is normally low. However, as water moves through the system, it comes
in contact with various types of minerals. -The extent to which water-dissolves
the chemical'constituents of these minerals'is governed largely by their
solubility, volume and distribution of`-ock material," length of time the water
is in contact with the rock, ancd the temperatu're'an'd pressure'in the groundwater
system.- The general trend of the'water quality of-the Amargosa Valley area is
an increase in the amount of total dissolved solids t6wards the s~6uthern'-end
of the valley. The total dissolved solids generally range between 200 and '-'
1,000 mg/1. However, three 'areas of highsalinity'were obse'rved;(2): (a) in
the area of Death'Valley Junction, salinities"of 3240'and 4,700 mg/1 have' been found;-(b) salinities of 2,000 mg/i

erefound near the California -Nevada

state line about 10 miles south of Beatty; and (c) a well located in Sec. 7,
T.17S., R.52E., was found to produce water of 3,100 mg/1 by the U.S. Bureau of
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Reclamation (7).

The chemical analysis of selected wells of the Amargosa

project was reported by the Bureau of Reclamation (5).

The total dissolved

solids of these wells ranged from a low of 160 mg/1 to about 278 mg/1.
Additional analyses are on file at the Bureau of Reclamation Regional Office
at Boulder City, Nevada.
The water in the central portion of the Amargosa Valley should be satisfactory'for irrigation of most crops that can be grown in the area.

Some

areas have groundwater with relatively high sodium percentages; however, this
is not a major problem because of the character of the soil and the low total
salinity of the water.
With a steadily'increasing population in the valley, there is always a
demand for additional municipal and industrial water supplies.

The existing

requirements are being satisfied from local groundwater sources.

Generally,

the water is adequate for current domestic and industrial needs.

In some

areas, the fluoride concentrations exceed the state drinking water standards
and either a treatment or mixing program may be desirable for any large-scale
municipal arid industrial development.
The population within the Amargosa Valley is not served with a water
supply or distribution system. Each farmer or rancher has his own well for
domestic use, and they use individual septic tanks for wastewater disposal.
Septic contamination could pollute the shallow domestic wells because of the
high percolation rates of most of the soils in the area.
The Future of Amargosa Valley Agriculture
The economics of the existing and future agricultural activities within
the Amargosa Valley depends mainly on water and land resources.

It has been

estimated that 33,696,000 acre-feet of recoverable groundwater stored in the
alluvial fill would be available for municipal, industrial, and irrigation
There is a large amount of arable land in the valley which would be
topographically suitable for agricultural developments. However, there are

purposes.

special problems which seriously affect agriculture in the valley. They
include gravelly and coarse textured soils having low inherent fertility, and
low waterholding capacity.

The valley is also subject to high intensity winds
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of prolonged duration.which could cause-considerable erosion of these soils
and at critical times, bedevastating-to crops, especially seedlings.When the marginal soil and meterologic conditions are coupled with irrigation considerations, it appears that agricultural growth within the Amargosa
Valley is not economically feasible.
PAHRUMP VALLEY AGRICULTURAL RESOURCES..
Topography and Geoloqy
The Pahrump Valley is a topographically closed basin from which there is
no surface water flow.. Because of the aridity of the region, no perennial
streams exist in the area except for short distances below springs.- Storms
are frequent and cause surface flows for only short periods of time.

West of

the community of Pahrump, the valley floor is broad and flat and appears to
have been an ancient playa or lake bottom.

The valley floor slopes gently

upward to the.toe of the Pahrump fan and has an average gradient of about 15
feet per mile. Erosion has'dissected it only-slightly. Isolated spring mounds
and sand dunes occur on this part of the valley floor. The topography of'the
valley floor near Hidden Hills Ranch is one of sharp contrast, characterized,
in part, by badlands.

Between the northeast edge of the -playa -and the Manse

Ranch, the valley floor slopes upward about 30 feet per mile.

Locally, the

gradient is much steeper and a:series of low hills and fault scarps.are breached
in several places by deep southwest trending arroyos. The southwest side of
the Spring Mountain on the northeast side of Pahrump Valley, is characterized
by large alluvial fans, the most prominent of which have coalesced to form two
major'fans called Pahrump and Manse fans.

The slope of the fans becomes

progressively steeper toward the mountains, and the gradient ranges from 200
feet to about 400 feet per mile.
Thick, semiconsolidated to unconsolidated continental deposits of fluvial
and lacustrine origin have accumulated in-PahrumpValley and form the principal
groundwater reservoir.

The continental deposits are of Tertiary and Quaternary

ages and are composed mainly of detritalmrpaterial-which underliesan area of
about 650-square miles -inthe valley.. The-thickness of the valley fill is notcompletely known; however,-several wells-have.been drilled t6 depths of,1,000
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feet without penetrating bedrock. Based on a gravity survey conducted during
1964 and 1965 by the USGS, the maximum thickness of the alluvium is estimated
to be 9,000 feet.
Climate
The climate of the area is arid, characterized by small amounts of
precipitation, low humidity, and wide extremes in daily temperature.
Precipitation occurs mainly during the winter months with more than half falling from December through March. The evaporation rates are extremely high,
estimated to be in the vicinity of 100 inches per year. Strong winds are
common throughout the year but more prevalent in the spring. Table 8
summarizes climatological data gathered by the U.S. Weather Bureau at Pahrump,
Nevada.
Table 8:

Summary of Climatological Data at Pahrump, Nevada

Period of record (1948

-

21 years

1967)

Elevation above mean sea level
Precipitation
mean annual
maximum recorded
minimum recorded
Temperature
mean annual
maximum recorded
minimum recorded
Average growing season
days above 280F

2,700 feet
3.54 inches
5.73 inches
1.38 inches
59.7 OF
115OF
30F
237 days

maximum

271 days

minimum

211 days

Soils
The valley-fill material is very thick alluvium, consisting of gravel,
sand, silt, and clay derived from of sedimentary and igneous rock terrains.
Soil textures range from gravelly to clayey, and profiles are deep, except
immediately around the edge of the valley near the mountain fronts. Caliche
is encountered in some areas at relatively shallow depths. Soils are generally
calcareous. The soils suitable for irrigation are naturally segregated into"
definite land bodies and related to certain positions in the valley. The soils
best suited for irrigation extend along the eastern side of the valley for its
entire length. They have been tentatively placed into the Manse, Dorothy,
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Nopah, and Bowman soil seriesiby the U.S. Soil Conservation Service.

They are

generally uniform and deep, well-drained, and relatively free of salts.

It is

on these soils that most of the agricultural development has-taken place. The
soils of.:the Angel-and Las-Vegas series, further to the west are less suited
for irrigated agriculture. Those soils of the Angel and Las Vegas series are
generally less desirable. They are fine intexture, saline, have poor subsurface drainage,- and may be fairly shallow and underlain by a caliche layer.
Though marginal, some soils of the Angel series are under crop.production.
The western lower-lying part of the valley is composed mainly of Pahrump clay.
It is massive, stocky, saline-alkaline, or alkaline. Settling volume studies
by the University of Nevada at Reno indicate that the clay is of the expansion
type. The topography of the arable land in the valley is generally level to
slightly undulating, and is cut occasionally-by shallow drainage-ways leading
to a dry lake. This playa lake appears to be the remnant of a much larger
lake which at one time occupied the area. Wind erosion of some of the cleared
land has caused'hummocky conditions on surrounding undeveloped areas.

A wide

range of drainage conditions are evident in the valley.
Relative soil-drainage classes vary from poorly drained to well drained.
The few 10-foot borings which have been made by the U.S. Soil Conservation
Service indicate the valley is underlain with caliche.

The depth of this

caliche layer varies between 2 and 9 feet below'the ground surface. It is
believed that under intensive irrigation, a perched water table buildup would
become a serious problem in the flat land areas beginning where the alluvial
materials thin out over the lacustrine sediments.
Total soluble salt concentrations vary greatly throughout the valley.
The electrical conductance of saturation-extracts taken from representative
soil samples ranges from 1,600 to 50,000 ricromhos/cm. Sodium'is found in-the
heavier soils. Salt buildup in the heavier textured soils currently under
irrigation is common.

Poor drainage coupled with the high evaporation and

inefficient irrigation practices have intensified this problem.' The experienced
farmers in the area have found periodic ripping'in conjunction with'the''
incorporation of large quantities'of agricultural gypsum, followed by leaching
to be beneficial in terms of land reclamation practices.
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Forty-six percent of the soils in Pahrump Valley, capability classes I,
II, and III, are fairly well suited for agriculture.

Generally, the best soils

are on the central and eastern portions of the valley, away from problems of
salinity, alkalinity, and poor drainage common to the lower western section as
shown in Table 9 (11).
Water Resources

-

-

Numerous springs occur in the southern part of Pahrump Valley and in the
upland consolidated rock areas of the valley. These springs were used for
water by the aborigines long before the coming of the white man.

The variety

and abundance of discarded stone weapons and other artifacts as well as evidence
of early campsites in the vicinity of the springs indicate human utilization
of groundwater prior to the appearance of the Basket Makers.
well known to the Spaniards as early as 1770.

The springs were

Other early visitors and users

of the springs were E. F. Beale and G. H. Heap who crossed Pahrump Valley 1852.
The first recorded attempt by nonaborigines to use ground.ater in the valley
for irrigation was in 1875.

Water was utilized from Bennett's Spring, now the

present site of the Pahrump Ranch.

In 1877,.water from the Manse Spring was

used for irrigation near the present location of the Manse Ranch.
The first attempt to obtain artesian water from wells in the valley
occurred in 1910 when the Pahrump Valley Land and Irrigation Company drilled
an unsuccessful well on the Pahrump Ranch.

In 1913, four wells were drilled

just north of the Pahrump Ranch, and three of them encountered artesian water
that flowed to the land surface.

In 1916, there were 28 reported wells in the

valley, of which 15 were flowing, seven were more than 150 feet in depth and
nonflowing, and six were shallow, nonflowing wells. During the ten-year period
of 1935 - 1945, several additional wells were drilled in the vicinity of Manse
and Bennett's Springs and about 500 acres were put under cultivation on the
ranches.
During the initial phases of groundwater development in Pahrump Valley,
diversions from Bennett's and Manse Springs provided all water for irrigation.
Subsequent, groundwater development from wells caused a reduction in artesian
pressure.

In 1959, Bennett's Spring became dry, and the flow from Manse Spring

decreased to about one-third of the original flow.

Total discharge from these

two springs has dwindled from 10,000 acre-feet per year to about 1,000 acre-feet
in 1968.

About one-third of this discharge occurred during the nongrowing

season (6).
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Table 9:

Land Capability of Pahrump Valley, .Nevada
II .
I 0-I., _.

.
Class
I

II

I II

IV

VII

VIII

i

Acres

Description

,

% of
Valley

Best land for'cultivated use.' Deep soil
nearly level, little or no erosion,
adapted to a wide variety of crops. No'
special-difficulties in farming.-

1,000

Go'od land for cultivation. Gentle
slopes, usually moderately deep soil,
or other minor problems. Frequently
requires some moderate degree of protection from erosion or improvement of
the drainage.

8,800

Moderately good land for cultivation.
Usually gentle slopes but somewhatsteeper than those in Class 2; commonly shallow soils or with moderate to
severe erosion. Some level land with
poor drainage and with alkali in places.
Needs special protection from erosion, waterlogging, or other hazards'.'

9,300

23

9,800

24

10,700

26

.

.

-

Land not suited'for'cultivation-'grazing,- - :1,500
or forestry, but may be used for wildlife,,.
recreation, or as a source of water supply.
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3

-

Fairly good land. Suitable for occasional cultivation, usually not more'
than one-year in six." Best suited for
hay or pasture, or for orchards if protected by cover crops. -Some Class 4
land can be used for seasonal 'or other-special crops under very careful manage-.
men-.
Fairly well suited for grazing. Has
major hazards-or limitations such'as
very steep slopes, shallow;or droughty
soils, excessive erosion or severe
alkali conditions. Requires very
careful management.

21 -

- - 4-

The major water supply in Pahrump Valley is the groundwater basin underlying the valley. In general, the unconsolidated valley fill stratigraphy is
smaller to that found in the Las Vegas Valley. The main source of water supply
in the valley is from lower zones. Underlying the valley fill are carbonate"
rocks into which no wells have been drilled. The annual recharge to the groundwater basin is thought to be primarily from the Spring Mountains and has been
estimated to be about 22,000 acre-feet per year with perennial yield of 12,000
acre-feet per year. The volume of stored groundwater in the top 100 feet of
saturated valley fill has been estimated to be about 6 million acre-feet. The
water level in wells is shallow (few to several tens of feet) and is dropping
at the rate of about 2 feet per year in areas of concentrated pumpage. The
pumping levels of 15 selected wells range from 60 feet to 220 feet, with an
average of 120 feet. Discharges range from 280 gallons per minute to 1,225
gpm, with an average of 730 gpm. The discharge from the groundwater basin is
from subsurface flow, springs, and pumping from about 100 wells. Discharge
from wells and springs is presently occurring at rate of 40,000 acre-feet
per year, of whjch about 1,000 is leaving through springs. Subsurface outflow
is estimated at 10,000 acre-feet per year (9).
During 1970, the State Engineer of Nevada ordered that no more groundwater permits for irrigation be granted in the Pahrump Artesian Basin. At
that time, appropriations had been certificated to use 45,607 acre-feet per
year, and permits had been granted to develop another 45,416 acre-feet per
year. This could potentially lead to a legal demand of 91,023 acre-feet per
year from within the designated area of the Pahrump Artesian Basin, as opposed to
an estimated perennial yield of 12,000 acre-feet per year (7). Table 10 shows
the State Engineer's records of the annual pumpage from the valley. In 1974,
some 6,934 acres were irrigated, primarily alfalfa with some cotton. For
several years, no cotton was planted due to the bad market situation.
Although there have been questions regarding excessive nitrate levels in
the groundwater in some parts of the valley, most test wells indicate that
Pahrump Valley water is of good quality (6) and meets the state drinking water
standards.
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Table 10:
*

,.

Irrigation
acre-feet

Year
1965
1966
1967
1968

Annual Water Pumpage From Pahrump Valley

-

36,514
37,944
41,324
47,632

:

-. .

,

f

Other

acre-feet- -

'
-

A.,~~~~~~..

Total
acre-feet
36,514
38,110
41,501
47,949

---

-166
177
317

1969

40,506

388'

1970

41,903

492

42,395

1971

36,993

99 0

37,983

1972

35,951

680

36,631

1973

38,562

828

39,390

1974

39,635.

1,753

41,388

-

.

40,894

Pahrump Valley has no comprehensive community water supply or'distribution
system (see Chapter III). However, it is anticipated that increased population
density and increased pumping'depths for irrigation in the vicinity of the
community of Pahrump will require a community system by the year 2,000.
Likewise, the valley is not served by a comprehensive community sewer
system (see Chapter III). -Residents'use individual septic-tanks and underground
disposal systems. 'Percolation rates are generallyexcellent, and this'type of
wastewater treatment may be adequate for the area through the year 2,000 if
growth rates are moderate. Although construction of watertand sewer facilities
may not be'necessary in the immediate future,1t isstronglyrecommended that
development and dwelling location be planned to'accommodate futurd community
systems, particularly in view of theincreasing hazards of-shallow domestic
wells in terms of-septic contaminations (7).
'
The Future of Pahrump Valley Agriculture
The present development and the potential requirements with regard to
.future irrigation, municipal, and industrial developments in Pahrump Valley
depends upon the valley land and water resources.
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It has been estimated that

57,870 acres of land could be cultivated.

Crops grown in the valley are wheat,

barley, oats, alfalfa, sorghum, corn, melons, peppermint, and hydbrid bermuda
About 2,000 head of beef cattle are normally found in the valley and
seasonally some 2,000 to 3,000 head of light stocker cattle are pastured there.

grass.

The groundwater reservoir is the only water supply presently available for use
in the area.

Assuming the water table is lowered 2 feet per year, annual

recoverable water for all uses from the limited groundwater reservoir is estimated to be 47,600 acre-feet. From this data, it can be determined that 11,900
productive acres could be irrigated in the valley.
10,600 acres cultivated in Pahrump.

The land classifiers found

This indicates that less than 1,300 acres

remain for further agricultural development.
During the last 10 years, real estate developers have purchased
agricultural land and water rights from the local ranchers and divided most of
it into small lots for single family dwellings. It is estimated that in Pahrump
Valley, 270,000 lots are available for dwellings of this type with about 5,000
lots presently occupied.
It appears that.the future growth of Pahrump Valley communities will depend'
upon finding other sources of water for the anticipated expansion.
SUMMARY
Any significant use of water by the proposed project could have an impact
on the economic viability of agriculture in the Amargosa Valley.

Although the

agricultural activities in this area will probably not expand, the current
levels of activity will be maintained if an economically viable source of water
continues to be available.

It is anticipated that agricultural activity in

the Pahrump Valley will decrease as the land is urbanized.

The proposed pro-

ject will have no affect on the water resources because the aquifer underlying
the Pahrump Valley is not the same aquifer that underlies the NTS area.
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CHAPTER-V '
SUMMARY OF HYDROLOGICAL INFORMATION FOR THE NTS AREA
In'this'chapter the data'and research-regarding hydrology .at the NTS is
briefly:'sUrveyed, discussed, and summarized. The material..contained in this
chapter was derived from discussions with various researchers and French et
al. (17).
GROUNDWATER

--

Introduction
Because of the nature of the NTS weapons testing program and the importance
of groundwater.to the economy of the southern-Nevada region, groundwater
research has been a primary research area'at the NTS. Over the past 30 years,
groundwater projects at the NTS have-resulted in significant amounts of both
new knowledge and data, but it has been only-recently that work of direct value
to the proposed-Yucca.Mountain project has been-undertaken. The material which.
follows-attempts to summarize briefly the data-and hypotheses.regarding ground-water in the areas which are within the scope of this.study. .
Groundwater movement in the NTS can be-.grouped into three general
categories:

;

.

.

1.

Movement of Perched Water: Perched water occurs primarily in the
foothills and ridges which flank thebasins.; In the NTS area,!the
tuff aquitard isthe principal hydrogeblogic unit irf which perched
water is found. According to Winograd and Thordarson (31), this water
should be considered in transit to the regional carbonate aquifer.

2.

Intrabasin Movement of Water: The movement of water between the
Cenozoic and Paleozoic aquifers beneath the valley floors constitute
movement that is termed the intrabasin movement of water. In Yucca
and Frenchman Flats, the water in the Cenozoic aquifer.is semiperched,
and the movement of this water is believed to be toward the lower,
regional carbonate aquifer. In the Indian'Springs Valley and the'
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southern Amargosa Desert, the water in the Cenozoic aquifer is believed
to come from the underlying regional carbonate aquifer. If this is
the case, then in these areas the water in the regional carbonate
aquifer has a higher head than that which is in the Cenozoic aquifer.
3.

Interbasin Movement of Water: At depths as great as several thousand
feet, groundwater in the Tertiary aquifers moves laterally beneath
the valleys and their flanking ridges. This lateral movement at
depth is termed interbasin movement and occurs in the southern Nevada
area because of the widespread occurrence of a carbonate aquifer
beneath most of the valleys and ridges, Figure 3. Thus, in the
southern Nevada area, many basins which are topographically closed
are not hydrologically closed.

Winograd and Thordarson (31) have noted that as test wells at the NTS
penetrate deeper, the water levels in them either decline, remain unchanged or
rise. Although these changes in water levels can be explained in terms of the
above water movement classification system, the rather complicated hydrogeological setting of the NTS presents an important practical data collection
problem; i.e., is the water level in a well representative of the head in a
single aquifer or is it a compound head representative of the head in several
aquifers and the movement of groundwater between them?

Thus, in examining

water table data from the study area, the researcher must be cognizant of this
problem and must develop techniques to "separate" the heads.
Perched WaterMovement and Occurrence
According to Winograd and Thordarson (31), the occurrence of perched water
at theNTS can be summarized as follows:
1.

Perched water usually occurs at shallow depths (80-400 feet) where
tuff, lava flow, or granitic aquitards occur at or near the ground
surface.

2.

When the aquitard is far below'the ground surface, the perched water
table is also deep (500-1400 feet).

3.

When the top of the aquitard is at high altitude, then the perched
water table is also at a high altitude and vice versa.
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4.

Local precipitation apparently has no significant effect on the
vertical'position'of the perched water table.

These variations in the perched water table were explained by Winograd and
Thordarson (31) by hypothesizing that when drainage from the aquitard to the
surrounding aquifers is retarded then perched groundwater mounds develop within
the aquitard. Perched groundwater'can be found throughout the NTS area wherever
aquitards comprise the ridges of hills that lie above the zone of saturation.
Thordarson (28) has demonstrated that the'occurrence 'of such water is erratic
and depends to a large extent on the interconnections of fractures between the
aquitards and the underlying aquifers.-,
Intrabasin Movement of Groundwater'
'Groundwater in the shallow aquifers-of the intermontane basins of the

southwest has 'commonly been described'as moviing toward discharge areas in playas,
streams, or adjacent valleys. The Tertiary and'pre-Tertiary'bedrock which
underlies and flanks:these valleys'is usually considered to be'relatively
impermeable in'comparison to the'valley fill. In Yucca and Frenchman-Flats,
this general geologic pattern exists,' but there are no wet playasor perennial
streams, and the-water table lies700 to'2,000 feet below the valley floors.
Winograd and Thordarson (31) stated that-early investigators had'suggested
that this situation existed because the valley fill or'shallow aquifers had
never been filled with water; however, this-hypothesis is apparently untenable
because there are regions of significant saturation throughout this area.
Winograd and Thordarson (31) have hypothesized that in Yucca and Frenchman
Flats, the intrabasin movement of groundwater is downward from the valley fill
aquifers to the lower carbonate regional aquifer-system. .In other valleys,
specifically the Amargosa. Desert and eastern Jackass Flats,* these same investigators hypothesized that the groundwater movement .isupward from the carbonate
aquifer to the valley fill aquifers.

;

-

Interbasin Movement of-Groundwater
The regional movement of groundwater.through

; -

the

lower carbonate aquifer

which flank-andunderlie the valleys at-the NTS is'-termed the interbasin movement
of water. This groundwater movement is not-influenced by topographic features
and serves to integrate a number of valleys into two large groundwater basins
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termed the Ash Meadows and Pahute Mesa groundwater basins.

It must be noted

that the existence of two regional groundwater basins is an unproven
hypothesis.

It is possible that there is only a single, large regional

groundwater'basin.

Winograd and Thordarson (31) summarize the evidence for

this hypothesis as follows:
1.

The carbonate aquifer underlies both the ridges and the saturated
Cenozoic aquifers and aquitards beneath the valley floors.

It has

been suggested that this aquifer averages approximately 4,000 feet
thick throughout the study area.

Thus, it seems both possible and

probable that an interbasin movement of water occurs in this aquifer.
2.

The water table elevations in the Cenozoic aquifers and aquitards of
Yucca, Frenchman, and Jackass Flats differ by less than 170 feet and
the lowest water levels in these areas differ by only 9 feet.

This

similarity in water table elevations suggests that these valleys are
3.

graded to a common discharge area.
The chemical quality of the water from the lower carbonate aquifer
beneath Yucca and Frenchman Flats closely resembles that of the water
emerging from the major springs in the Ash Meadows area.

In contrast,

the water in the Cenozoic aquifers is chemically quite different
from that emerging in Ash Meadows.
4.

About 10,000 gallons per minute of water emerges from the springs in
Ash Meadows.

Given the size of this basin and the aridity of the

environment, this is entirely too much discharge; i.e., discharge
would exceed recharge.

Thus, this too suggests an interbasin trans-

fer of water.
The evidence for the interbasin transfer of groundwater by the lower carbonate aquifer seems to be sufficient to accept the basic hypothesis'that such
transfers do take place.
the details of the theory.
1.

However, there are a number of difficulties with
These problems are:

Figure 4 is a map from Naff et al. (24) showing the estimated'extent
of the Ash Meadows groundwater flow system.

In this figure, the Ash

Meadows system is shown to be separate from'the Pahute Mesa and Pahrump
flow systems. This indicates that the Ash Meadows spring discharge
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is derived from the aquifer which underlies Frenchman and Yucca Flats
but not the Forty-Mile Canyon and Jackass Flats areas.

Some investi-

gators believe'that additional research is required before it can be
stated with certainty that the Yucca, Frenchman, and Jackass Flats
2.

areas are not parts of one regional system.
In Figure 4, the Pahrump system is separate.

This delineation was
made on the basis of observed head relationships between Stewart and
Pahrump Valleys.

Although this is a logical hypothesis, it must be

considered unproven at this time.
3.

Naff et al. (24) have also suggested that the Pahute Mesa system
discharges in the Amargosa Desert as evapotranspiration, underflow
to Death Valley (5,000 acre-feet per year), and the Amargosa River
to the south (500 acre-feet per year).

This must also be considered

an unproven but logical hypothesis.
4.

The recharge areas of these flow systems or systems or system are
also poorly defined.

Naff et al. (24) have suggested that the primary

recharge to the carbonate system occurs through the fractured
,carbonate rock of the Sheep Range, the northwestern Spring Mountains,
and the southern Pahranagat Range.
Conclusion
The foregoing material summarizes the information available about the
groundwater hydrology of the study area without going into detail.

A water

budget cannot, at the present time, be constructed for this area, because of
the possible existence of a single regional aquifer system.

The literature

search was broadened to include the whole NTS area since it appears that this
area may be either part of two systems or a single system:
1.

The shallow valley fill aquifers in the study area and the lower
carbonate aquifer system appear to be coupled systems.

2.

Thus, a with-

drawal from one system, may affect users of the other system.
It is not known if the carbonate aquifer system under the study area
provides water'to Death Valley.

3.

It is not-known if the regional flow system in this area is a single
system or several systems which may or may not join at some point.

54

4.
5.

The areas of recharge are not known with certainty.
It is reasonably certain that the water discharging at-Ash Meadows
originates from the regional aquifer.

PALEOCLIMATOLOGY AND PALEOHYDROLOGY
The studies in the areas of paldoclimatology and paleohydrology are just
beginning to come to fruition; e.g., Winogr-ad and-Doty (30). These studies
could impact the proposed'project'even- though Winograd andDoty'(.30) noted
that none of their findings precluded the use of the NTS as a high-level waste
repository.
HYDROMETEOROLOGY;
There is an extensive system of rain gauges on'the NTS, and the locations
of these gauges are shown in Figure 5. Table 11 summarizes some of the data
for these stations. 'Although some of the stations'have continuous records for
20 years, almost no analysis of these records has been attempted until recently.
The daily precipitation records for each of the stations shown in Figure 5
have been digitized to form a retrievable data base by WRC/DRI. Intensity/
duration analyses for the'station at Well-5B which -is-located in-Area-5 and,
the station located at McCarran Internatio'hal'Airport are contained in French

;

(18).

'

In general, the NTS rain gauge network is an extremely valuable data base
for hydrological 'research. However, the following limitations should be noted:
1.
2.

3.

The NTS rain gauge network was not-designed nor is it operated for
the collection of engineering or hydrogeologic data.
The resolution of the weighing bucket records is rather poor from
the viewpoint of deriving high quality intensity/duration relationships.
In Area 25 only, the station known as 4JA has a record of, sufficient
length to be immediately useful. It should be noted that the quality"
.of this record has been somewhat damaged' because the gauge was moved.
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Table 11:

Summary of Nevada Test Site Rain Gauge Data

Station Location

(7':..,

Station Name
(1)

Latitude
(2)

NTS-70:: Schultz Ranch
NTS-71: ADA-27
NTS-72: Rock'Valley
NTS-73' Desert Rock
NTS-74: Mercury
NTS-75: 4JA
NTS-76: Cane Springs
NTS-77: Well 5B
NTS-78 Shoshone Basin
NTS-79: *Mid Valley
:NTS-80: Yucca
NTS-81: 40 MN'
:NTS-82. Tippipah
--Spring-2
NTS-83: BJY
NTS-84: Area 12 Mesa
NTS-85: PHS Farm
NTS-86: Pahute-Mesa 1
NTS-87: Pahute Mesa 2

360
360
360
360

NTS-88:
NTS-89:
Note:

Pahute Mesa 3
Pahute Mesa 4

- 360
, 360
i 7% 360

;-

360
360
- 360
360
: 370

35'
42'
41'
37'
39'
47'
49'
48'
56'
58'
57'
03'

370 03'
370 04'

Lon titude
?3)

1160
1160
1160
1160
1160
1160
-1160

34'

24'
12'
01'
00'
17'
06'
1150 58'
1160 15'
1160 10'

1160 03'
.1160 17'
1160 11'
1160 03'

370 18'

1160
1160
1160
1160

370 16'
370 15'

1160 23'
1160 18'

370 11'
-370 13'
370 15'

1 ft = 0.305 m; 1 in = 25.4mm

13'
02'
26'
28'

Elevation
ft.
(4)
2,390
2,840
3,400
3,298
3,770
3,422
4,000
3,080
5;660
4,660
3,920
4,820
4,980
4,070
7,490 '.'.
4,565
6,550
6,340
6,490
6,900

Years of
Record
(5)

Annual
Average
Average Annual
Precipitation
P
in/y
(6)

6
3
16
12
9
19
15
16
13
13
20
17

3.4
3.6
5.90
5.2
5.6
4.5
7.8
4.6
8.4
9.6
6.5
7.0

. 15
19
19

9.5
6.0
12.0
*7.3

13
8
7
6
6

Standard
Deviation of p
in/jr
(7)

*

1.6
1.6
3.0
2.4
1.7
2.4
3.9
2.0
3.8
4.7
3.6
3.0
4.4
2.9
5.9

7.6

3.3
2.5

8.1
10.2
11.8

2.2
3.3
3.8

Table 11:

Summary of Nevada Test Site Rain Gauge Data continued.

Years of
Record
(5)

Average Annual
Precipitation
p
in/yr
(6)

Station Location

U1
02

Elevation.
ft.
(4)

Standard
Deviation of p
in/yr
(7)

Station Name
(1)

Latitude
(2)

Longtitude
(3)

IJTS-90:

Pahute Mesa 5

370 20'

1160 18'

6,750

4

8.0

NTS-92:
NTS-97:
NTS-98:.
NTS-100:
NTS-101:
UTS-102:
NTS-103:
IITS-104:
NTS-105:
NTS-106:
NTS-110:

Little Feller 2
Tower 9
Tower 6
Tower 1A
Area 12 Mesa
Area 12 Mesa NW
Area 12 Mesa NE
Lookout Peak
East Yucca
Station 353
Tippipah
Springs

370
360
360
360
370
370
370
360
360
370

1160
1160
1160
1160
1160
1160
1160
1160
1160
1160

18'
12'
23'
09'
12'
14'
12'
10'
00'
04'

5,120
4,868
3,256
4,355
7,640
7,670
7,240
5,644
3,920
4,360

3
5
5
2
3
3
3
6
3
3

10.1
6.0
3.7
5.6
6.9
7.1
6.0
4.7
4.5
4.3

1.7
5.3
1.2
0.7
0.3
0.4
0.4
0.2
2.4
1.6
1.2

1160 14'

5,470

3

6.0

0.3

Note:

07'
54'
48'
50'
11'
13'
12'
51'
58'
09'

370 02'

1 ft = 0.305 m; 1 in = 25.4mm

0

The rain gauge network.lon'the NTS is not the only, source of precipitation
data in southern Nevada. For example, a long-term record of precipitation is
available at McCarran International Airport in Las Vegas, Nevada, French (18,
20). However, the movement of storms across'-southern Nevada is complicated by
the rain-shadow that results from the Sierra Nevada Mountains and clockwise
turning movement of the summer moist air as it moves north across Nevada,
Quiring,'(26).

Thus, precipitation data' available for the Las Vegas area may

not be applicable to the NTS area. In addition to this local gauge data, a
probable maximum precipitation analysis is available for-this area, (4).
Although there is a significant amount of precipitation data available for the
NTS area, these data are not available in a readily usable form.
SURFACE WATER - FLASH FLOODS
At the time of this writing, only two surface water studies had been
performed in the NTS area.

Of these two studies, only one had been completed.

Christensen and Spahr (14) approached the problem of flash floods from a regional
regression model point of view.

Data from 71 gauged basins was used to develop

the regression equations shown in Table 12; but as noted by the authors, only
19 of the basins were in southern Nevada and none were actually on the NTS.
The fact that very few of the gauges were in the southern Nevada region and
none were located on the NTS is one of the primary objections to this model.
In Table 12, it is noted that the primary variables in this model are basin
size, altitude, and latitude.

In Table 13, the results of a regional

regression model for northern Arizona are given, Roeske (27). Roeske
determined that the primary variable was basin size. Since northern Arizona
is adjacent to southern Nevada, it would seem logical to assume that these two
models should yield results which are comparable; however, this is not the
case. The regional regression flood model is a traditional method of analysis
which, when properly calibrated and verified, can yield useful results. Some
of the problems with applying this type of model in an arid climate are:
1.

There is usually a paucity of flow data available, and this can affect

2.

the accuracy of-the model.
There are significant hydrological and hydraulic differences between
a flood which occurs in a perennial river and one which occurs in a
dry channel.

For example, in a perennial river, transmission losses
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Table 12:

Christensen and Spahr Fla sh Flood Model

Return
Period
Years

Flow Equation
cfs

Range of
Applicability

10

Q = 392 A 0 .66 E-1.02 L-0.33

25

Q = 1810 A

61

E-1.14 L-0 .70

2 < E < 10

50

Q = 4860 A

58

E-1.21 L-0,94

1< L < 7

100

Q = 11900 A

55

E-1.2 8 L-1.1 6

With A = drainage area, mi2
E = mean basin altitude, in thousands of feet
L = latitude of basin minus 350

60
.: . * .

.

..

:

0.2 < A < 100

Table 13:
Return
Period

Roeske Flash Flood Model

Flow Equation
Cf - v

Years

cfs

Q = 127 A 0 5 66

10
25
50

Q = 252 A
Q - 393 A

100

Q =584 A

4 90

With A = drainage area, mi2

.~~~~~~~~~

.
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as the flood moves downstream may be negligible, but a flood occurring
in a dry channel may experience significant transmission losses.
Further, a flood occurring in a dry channel is hydraulically very
different from one in a perennial channel.
3.

This type of model is deterministic in the sense that it does not
account for channel migration as-the flood passes over the alluvial
fan.

This can be a critical consideration; e.g., Dawdy (16) and

Magura and Wood (22).
4.

This type of model does not utilize the wealth of accurate precipitation
data available in the southern Nevada area.

SUMMARY
In general, the hydrological information for the project study area is
inadequate at this time.

A significant portion of the data presently available

was collected in support of weapons testing program; and is therefore, specific
to other portions of the NTS.
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CHAPTER VI

CONCLUSIONS

-

In examing the results of this-project, the-following conclusions'are
reached.'
1.

Required project information and decisions.
a.

If the area remains a-viable location for a high-level waste
repository after the preliminary'studies arecompleted, the
following estimates will -berequiredas baseline information
for future work:
(1) a conservative estimate-of the potable water required at
the construction site,
(2) a'conservative estimate-of the nonpotable water required
:for construction, '
(3) an estimate of the water which will be removed from the
groundwater by virtueof'the construction,
(4) an estimate of the peak.'number of workers required to
build and operate the repository,'and'
(5) an estimate of the water-required for operation of the
facility.

. ; b.

*A decision should be.made..indicating which aquifer is the
preferred source for the project. This assumes that either the
near surface-aquifer or the deep, carbonate regional aquifer
are available. .If the-shallow-aquifer is.used, then the water
supply of-Crystal; Lathrop Wells and the Amargosa farms areaare believed to-be-:downigradient. If the regional aquifer is
used, then Devil's-Hole, the-Ash Meadows springs, and perhaps

- -Death Valley are-down-gradient.r ,Ofcourse, the degree which
these communities and locations would be affected depends on
the project water demand, and the length of time required for
the development stresses to.be-transmitted-down the.systems to
the areas of off-site-water.use.

Also, it is not known with

...certainty if the.aquifers are -independent.

-
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2.

Groundwater:

Although a significant amount of groundwater research
has been conducted on the NTS, it is not sufficient given the scope
and importance.of the proposed repository project.
a. The extent of both the shallow and deep aquifers is unknown.
b.

The recharge and discharge areas of the shallow and deep aquifers
have been only partially identified.

c.

Although the quantities of recharge and discharge have been
estimated, they are not known exactly.

d.

A calibrated, verified groundwater model of the study area is
not available.

e.

An accurate, current water table map of the shallow and deep
aquifers is not available.

f.

The work to date on the unsaturated zone is not adequate and
the role this zone plays in recharging the aquifers is not well
defined.

g.
3.

Sufficient data for the construction of a water budget for the

study area is not available.
Precipitation: The precipitation data on the NTS and in the
surrounding area is adequate for estimating the amount of groundwater
recharge - if the areas of recharge were defined - and for evaluating
flash flood hazard.

However, most of these data are in an unreduced

form and have not been analyzed.
4.

Surface Water:

The surface water research summarized here is not

adequate to estimate flash flood hazards.
5.

Paleohydrology:

This is a developing area of research in the NTS

area which is crucial in its impact on other research areas such as
groundwater and surface water.

Results from projects in this area

are just now becoming available and thus no conclusions can yet be
reached.
6.

Water Utilization:

The information produced by this study is

sufficient with a number of exceptions:
a.

At the present time, the mineral industry uses a rather insignificant amount of water within the study area; howqever, this
could change in response to the market values of the minerals
and with the discovery of new deposits.
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b.

The water required to maintain the present level of operations
at Furnace Creek Inn and Ranch is unknown.

c.

The amount'of water-required in the Amargosa farming area can
only'be roughly estimated.
d. - The water supply and wastewater treatment systems in the study
-'

area communities would be unable to expand rapidly enough to
7.

respond to a sudden influx of workers.
Agriculture: In the Pahrump Valley,'agriculture will slowly,
decline; however, the water consumption will remain constant since
the water rights will be assumed by'the developers and the suburban
demands are similar. In the Amargosa-farming area; water demand
will remain relatively'constant.-
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APPENDIX A
I. HISTORY OF WATER RIGHTS IN NEVADA
A study of the early laws and decisions concerning water rights in Nevada
often seems to be confusing.

There are early decisions that have been interpreted

to be of an appropriative nature, followed by judicial decisions that are explicitly
following the riparian doctrine, and finally a judicial decree that the riparian
doctrine is not suitable for Nevada.

An examination of the sequence of events

may be illuminating.
The Territory of Nevada was formed in 1861 from a part of the Territory
of Utah.

Prior to 1858, the majority of the non-Indians in Nevada may have

been only traveling through to other areas.

There was an attempt by the Mormon

Church to settle and consolidate Nevada from 1855 to 1857, at which time the
settlers were recalled to Salt Lake City.
Except for a small amount

f mining in Gold Canyon and some farming in

scattered locations, there was little-activity of any kind in Nevada until the
Comstock Lode was unearthed and became widely known in 1859.

Miners did not

often stay all year in Nevada since there was little or no water for panning
after the late summer months; they usually returned to California for the fall
and winter.

Discovery of the Comstock Lode resulted in a rush to "Washoe

in

the winter of 1859-60 and then to a renewed search in other areas by those
that arrived too late in Virginia City.

Aurora, south of Walker Lake, was

founded in the same time period as Washoe City, Franktown, and Ophir City.
Unionville (new name for Dixie) and Austin were two of the mining communities
founded in 1862.
With the influx of miners came a need for food, and thus, many farmers
and ranchers began to grow the needed food to supplement that shipped in from
California.

There was also a need for law and order.

Because of the distance

to Salt Lake City and Sacramento, there was a request to the United States
Government that a separate Territory of Nevada be formed from the western part
of Utah Territory.
enacted.

This was accomplished in 1861, and territorial laws were

One such law was the adoption of the common law of England, (Secretary

of State (John Koontz), Political History of Nevada, 4th edition, Carson City,
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State Printing Office, 1960, p. 24) except where it was'repugnant-to the
Constitution of the United 'States.' One"feature of the common law is that it
recognized only the riparian doctrine of water rights.
regarding water was'enacted.

No other legislation

From the common law, a riparian proprietor is one-whose land is bounded,
or traversed, by a natural-stream or-lake; and riparian rights are those which
such proprietor has to-the use of the'stream or waters. Among'the rights of a'
riparian proprietor is the right to the flow of the stream in its natural 'course
and its natural condition in respect'to both volume and purity, except as'
affected by'reasonable use by other' riparian proprietors.' Reasonable use is
usually 'limitedto domestic use, although this has'been expanded recently to
include other-uses such as irrigation, recreation,' etc.

Riparian rights'are

not common to the citizens at large, but'exist as natural and inherent incidents
of the'ownership of riparian land. Subject -to certain exceptions,-riparian
rights exist only for riparian proprietors, and those who do not own.or control
riparian land cannot-claim-it. It is characteristic of the traditional riparian
system to 'give'-the following rights and duties': (a) rights to the use of water
in a stream are created by ownership of land 'which is'riparian to that stream;
b) the water right is'an incident of the land ownership and it cannot be. lost
by.mere disuse and; c) the-riparia.-owner.-may'use'the water only-upon-:the riparian.
tract of land and may not use'it himself'or'sell it to another for use off the
:
riparian land. .
After joining the Union in 1864, the Nevada'legislature in 1865 passed an act
(Statutes of Nevada,First Session,-Chapter C, approved March.9.1865),for-the
protection of agricultural lands and the preservation of water. This was generally
for the protection of farm lands from backed-up waters from saw-mills. Another
act (Statutes of Nevada, Second Session, Chapter C,- approved March 3, 1866)
allowed a-person to divert the waters of any river or stream and-provided.for
a right of way for.a ditch or.flume to carry-the.diverted waters over§lands
owned by other persons. Thus, diversions of water were encouraged, which is
in contradiction to the riparian doctrine, but-is allowed in the appropriation
doctrine. The same-legislature passed an act to continue the laws of-the Territory
"until altered or repealed." This, of course,--included the common law with,..
the ripar-ian doctrine.

v- -

!..

71

'<'

-'

---

'

'

In 1865, a dispute concerning the waters of Desert Creek in Esmeralda
County led to an 1866 Nevada Supreme Court decision in Lobdell vs. Simpson, et
al, (2 Nev. 274, 1866).

In this case, as in several earlier California cases,

(Ortman vs. Dixon, 13 Cal 38,1860; Butte Canal and Ditch Co. vs. Vaughn, II Cal
152, 1858) no riparian rights were claimed because neither party held title to
the land, and to claim a riparian right one must hold title to the land over
which the water moves.

As a consequence, the court decided the water rights

based upon the prior appropriation of water by individuals.

Since neither

party owned the riparian land, the court could not resort to riparian law, but
followed the same general decisions made in California.

It has been interpreted

by some that the court was upholding the appropriation doctrine instead of the
riparian doctrine, but the riparian situation simply did not exist.
A few years later, in the Ophir Silver Mining Company vs. C. Carpenter
et al. (4 Nev. 534, 1869), a lawsuit between two firms over a decision concerning diversion of water from Carson River to supply water to the town in
Dayton, another application of the appropriation doctrine was made to withdrawal
of water-from the Carson River.

Again, no riparian rights were claimed and

the riparian doctrine was not considered.
From 1864 until 1889, no legislative acts were passed concerning water
rights.

Apparently, the legislature was satisfied to let the judicial process

take care of water rights.

During this time, various parts of Nevada blossomed

with mining camps that almost as rapidly vanished again. And the cattlemen,
such as Henry Miller and John Sparks, along with sheepherders such as G. Kimball
came to Nevada to raise livestock.

One major difference between a miner and a

rancher is that if the water supply is short or becomes nonexistent, the miner
can-close the mine for a period of time, but a rancher will lose everything if
his herds die of thirst.

Furthermore, a miner will generally realize that it

takes only a relatively short time to deplete a mine, a few years perhaps,
while it may take a rancher many years to build up a herd and/or reliable
pasturage.
To clarify the riparian position in Nevada, the Supreme Court said, in
Covington vs. Beecher (5 Nev. 381, 1869), that no riparian ownership can be
developed by an individual on public lands, only on privately owned lands.
Then, three years later in 1872, in Van Sickle vs. Haines, the first truly
riparian case came before the State Supreme Court.

72

Haines owned land over

whichwhich
Daggett
Creek, a small'stream in Douglas
County, . flowed.
Van
Sickle had
Da
,ga
lowed
.,
Va
appropriated the waters of Daggett Creek before Haines acquired the property
from the U.S. Government. 'Haines wanted the water that he felt belofnged'to
him and the dispute ended up in court. This is the first case to be brought'
before the Supreme Court where a'claim'vias made to land ownership and 'riparian
right due to that land ownership. The Chief Justice' delivered the opinion of
the court that "The"common law is'the lawof this state and-must prevail in
-all cases where the right to-water is based:up n'the absolute'ownership of the
soil.'"- Thu-s, the Supreme Court'held for the first time that the riparian doctrine
controlled in Nevada,'as it did in-California.

-

-

'Yet, in 1886, only 14 years later, the-Supreme Court held, in Jones vs.
Adams, a somewhat different view. 'Joseph-Jones first appropriated and used
0.7 of all the waters of Sierra Creek in.Douglas County.

Adams then appro-,

-

priated the other 0.3 of the same stream.

Jones owned the downstream land and
claimed that the riparian-doctrine should be'applied'since both he and Adams
were riparian landowners since 1865.- Applying the riparian doctrine would
mean that'Adams would have to let all-the water, go down-to Jones, who could

-

use it all since there was no riparian-landowner.downstream from Jones. Instead,
the Supreme Court held that both parties-had appropriated the watersof Sierra
Creek before 1866,.and thus,-the Desert Land Act of.1866 applied. .This act
states, in.part,- "that whenever,'-by priority of possession-rights to the use of
water.for-mining, agricultural, manufacturing, or other purposesl, have vested -.
and accrued

.

.

. such vested rights shall be maintained and protected."

In

effect, the new Supreme Court repudiated the riparian doctrine at that time
and expressly overruled any.part of Van Sickle vs. Haines that-was in conflict
with-the'views expressed in Jones vs. Adams. This..is perhaps' the.only instance
of the State Supreme Court completely changing the interpretation and law of a
state at one time. -Itis atthis point that Nevada and California separate in
theirinterpretation.of the law.
.
,
,-

-

-

This.decision was reinforced three years later, .in 1889.in Reno Smelting,

Milling,.and.Reduction Work vs. Stevenson (20
Court cited.Coffin vs. Left Hand Ditch.Co. of
California and Jonesvs. Adams of-Nevada, and
intention of the legislature to adopt only so
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Nev. 269,.1889).- Here the Supreme
Colorado, Lux vs. Haggin of
then stated that "it-was the
much of the common law of England

as was applicable to our conditions.

The common law'doctrine of riparian rights

is unsuited to the condition of this state."

This was the final death knell

for the riparian doctrine in Nevada; from this time on, the appropriation
doctrine prevailed.
The State Legislature now became more active in the area of water legislation
and in 1889 passed an act (Statutes of Nevada, Fourteenth Session, Chapter CXII
and Chapter CXIII, approved March 9, 1889) to form irrigation districts,, to
provide for the storage of water to encourage milling, and a method to adjudicate
priority of water rights. Then in 1891 (Statutes of Nevada, Fifteenth Session,
Chapter XCII,

approved March 23, 1891) they repealed the part of the act relating

to storage of water for milling and then reorganized irrigation and water storage
districts.

It was claimed that storage of water for milling purposes was for

the benefit of the mills that had to shut down during periods of low streamflow
in the summer months.
In 1893, the legislature repealed (Statutes of Nevada, Sixteenth Session,
Chapter CXXVII, approved February 3, 1893) that part of the act of 1889 that
provided for the settling of priority rights for water and for recording claims
to water rights with the water commissioners.

This meant that there was no

standard method by which water rights could be acquired.
several'reasons why the act was repealed.

There were probably

Mining in Nevada had an almost steady

increase in production from 1860 until 1877. After 1877, mining production
decreased considerably. With the decrease in mine production, there was a
decrease 'inpopulation (from about 62,000 in 1880 to about 42,000 in 1900) and
a decrease in agriculture. It was admitted that irrigation was necessary, but
water used for irrigation was not available for mining, and the miners had the
political power until large ranchers asserted themselves in competition with
railroad interests.
' A large rancher, at that time, may not have wanted anyone to know what
his specific water right was.

If the rancher was particularly influential, he'
may have greatly preferred to not have any written record of his water right
but to rely on a friendly court to arrive at a decision in his favor if he
needed additional water in the future. It may have been for that reason that
many influential ranchers-worked to have repealed that part of the Act of 1889
relating to the determination of water rights.
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In 1888 (U.S. Statutes-'at Large,50th Congress,-,1887-1889 Session, and
Chapter 1069, approved October 2, 1888) Congress authorized John W. Powell to
conduct-extensive su'rveys of streams and reevoir sites in the west'and to
desighatewhich"lands were irrigable. Congress also withdrew 'all irrigable
land from the'public'domain until te ompletion of the survey.' Nevada
appropriated'funds for a number'of years to''pay theUnited States Geological
Survey to conduct surveys to determine how much'surface water was in'the state
and where it was located.' This may have'been another factor'in the'ranchers
desire to repeal the Water Rights Act of 1889. As long as the water rights
were not settled, claims could be made -for water-to irrigate lands that could'
be acquired'by the ranchers after the Powell-survey was completed.-:
In.1888,-Wyoming-pioneered legislation for an equitable division of the
available water' that was later followed by Nevada. There followeda-ten-year
period-during which time politicians, ranchers, and other interested parties
had an opportunity to discuss'the new Wyoming laws, irrigation problems in
general, and the fact that a comprehensive water-survey-takes agreat'deal-of
time. And, after-ten years of not knowing what the water-rights-were,.coupled
with an expanding economy (the depression was over) there was a renewed interest
-.- in an equitable-distribution of water.
Finally, in,1899, the State Legislature declared the "all-natural ,water
courses-and natural-lakes and the water thereof. belong to the state".(Statutes
of Nevada, Nineteenth Session, Chapter XCVII,-approved March-16, 1899). They

-

also passed a comprehensive act (Statutes of-Nevada, Twenty-First Session,:
Chapter IV,-Section-3, approved February,16, 1903) to define and preserve existing water rights, and regulate.the mode of;using and acquiring the use of
water-in the future.' -Relative rights were preserved,.and a-Board of Water..
Commissioners was created. The County Surveyor was to receive the-application
for awater right and-a certificate of water rights was-to be recordedwith ..-;
the County Recorder.when granted. .
In.1902, on the Reese River in-LanderCounty, the.Nevada Supreme Court
held in Walsh vs. Wallace (26 Nev. 299,.1902),,"To constitute a valid appropriation of water, there must be an actual diversion of it, with intent to apply..
it to a beneficial use, followed by an application to such use in a reasonable
time . . . doctrine of riparian rights does not prevail in Nevada . .
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Then, in 1903, the State Legislature created the office of State Engineer,
(Statutes 1903) and provided for the measurement, appropriation, and distribution
of water, the determination of water rights and preserving and certifying the
records thereof; and creating officers for the enforcement thereof. They also
said that the waters of the state were subject to appropriation for a beneficial
use, and the rights to the use of water so appropriated for irrigation shall
be appurtenant to the land irrigated.

The method for appropriating water was

set forth, with the County Recorder required to transmit a copy of all decrees
on file in their offices affecting rights to the State Engineer.

The creation

of the Office of the State Engineer and the legislation concerning the appropriation of water in 1903 was a beginning of the appropriation procedure as it
is known today.

The acts were prompted, in part, by the federal government's

regulations for reclamation projects (specifically the proposed Newlands
Project).

They listed only a few general requirements concerning appropriation

of water and provided a limited method for appropriating water.
In 1907 (Statutes of Nevada, Twenty-Third Session, Chapter 19, Section 2,
approved February 26, 1907) a frther amendment to the Water Act of 1903 again
declared that all natural water courses and natural lakes belong to the state
and are subject to appropriation for beneficial uses.

It was further stated

that all existing rights to the use of water, whether acquired by appropriation
or otherwise, shall be respected and preserved.

The only right to be acquired

was a usufructuary right, and no waste of water should be permitted.

A maximum

limit of three acre-feet per acre for diversion for irrigation was imposed,
and the State Engineer was to make a list of all appropriators for all streams
in the state.

The act also repealed all previous water acts.

In 1909 (Statutes of Nevada, (Twenty-Fourth Session, Chapter 31, approved
February 20, 1909) the State Legislature passed a law allowing the State Engineer
to hold hearings on applications to appropriate water if there is a protest to
that application and, at his discretion, to hear evidence.
named with the provision that they shall not be lost.
vested and appropriative.

Vested rights were

There were now two rights

The vested rights were those that had been in existence

before the water law was passed, and they were to be protected; while appropriative
rights were those that were acquired in compliance with the statutes.
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In an act'related to th6'Carey Act, the legislature, in 1909, provided
that the water rights acquired under the provisions of this act shall attach
to and become-appurtenant to the lands as soon as title passes from the United
States'to the state. These acts were parts of a wateri code, but left much to
be desired in different areas.
A revision'of the Nevada Statutes, adopted in 1913 (Statutes of Nevada,
Twenty-Sixth Session, Chapter 140, approved March 22, 1913) provided acomplete'
water code'and provided'for'the adjudication of water rights, their'distribution
and their regulation.

This act was followed, in'the same year, by three suits

(Anderson vs. Kearney,' 37 Nv. 314,1914;'Ormsby vs.'Kearney, 37 Nv. 314, 1914;
Knox vs. Kearney,'37 Nv. 314 1914) attacking the constitutionality of the act.
Johannas Anderson,-and others, brought 'suit to restrain the State-Engineer
from determining rights of complainants to appropriations-of waters of the.Humboldt River and its tributaries, claiming that Sctions 18 through 58-ofthe Act of 1913 were unconstitutional.''In a split decision, Sections 18 through
51 of the act were declared unconstitutional. The entire'act was' not affected
since each section of the-law had been declared independent by'the legislature
when passing the act.
The Act of 1913 was amended in 1915'to cure thedefect of the original
act.

Acts from'Wydming, Oregon, 'and Nebraska' had been studied and the`Act of

1913 had been copied from the the actsof'those three states. Actions'in those
states had-resulted in judgments declaring that the acts were constitutional,and the State Engineer was acting administratively and judicially in those
respective states. The Nevada Constitution;however, is.sufficiently different
f'
from the-other three state constitutions that'a'different'interpretation of
the act resulted in the decision that it.was-unconstitutional. The 1915 amendment
(Statutes of Nevada' Twenty-Seventh'Session,'Chapter 253, -approved.March 25,-:
1915) provided that when the.State-Engineer.completed.an -order of determination,
.
it should not be operated 'asia decree, but-should be filed-in district.court
for a judicial determination-of the rights. -The 1915;legislation.also subjected
all groundwater, except percolating water,.to the requirements of the statutory
appropriation.system. The act was again challenged in court and heldto-be
constitutional (Bergman vs. Kearney, 241 Fed. 884, 1917)'since the State
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Engineer exercises no judicial powers.

In another case concerning proceedings

on the Salmon River and tributaries in Elko County, the act was again upheld
(Vineyard Land and Stock Co. vs. The District Court, 42 Nv. 1, 1918).
The lawsuits were a result of two different beliefs concerning the methods
to be used to settle water rights problems. One side believed that the only
way to settle a water rights problem was by trial in the courts.

The other

belief held that the court system was too slow and costly, and that the water
rights should be determined by an administrative officer, with right of appeal
to the courts.

An example of the problem of depending upon the courts to
determine all water rights may be illustrated by considering four water users
(A, B, C, and D) on a stream.

A lawsuit between A and B will determine their

respective rights, but will not consider or include the rights and relationships
of A and C or A and D, etc.

So, either all parties would have to be included,

or the suit would have to be repeated for each party. Then, should another
person make a claim on the stream flow, another series of suits would be required
to fully determine the fifth persons rights.
The legislature again amended the water law in 1917 (Statutes of Nevada,
Twenty-Eighth Session, Chapter 190, Section 8, approved March 14, 1917) to
provide for the existing policy of the state.

Section 8 of the act was amended

to read,-"rights to the use of water shall be limited and restricted to so
much thereof as may be necessary, when reasonable and economically used for
irrigation and other beneficial purposes . . ." The act was upheld in 1918 in
an Elko County suit concerning water rights on the Salmon River.

Extensive

corrections were made again in-1919 (Statutes of Nevada, Twenty-Ninth Session;
Chapter 59, approved March 15, 1919), when the State Engineer was directed to
assemble proofs, and make a preliminary order of determination after hearings.
Procedures were outlined.for contesting the findings of the State Engineer in
district court, where the court decree is final.

In 1921 (Pitt vs. Scrugham,

44 Nv. 418, 1921); however, the State Supreme Court held that Sections 29, 30,
and 31 were unconstitutional due to the provisions for contests of rights before
the State Engineer.

This case considered claims of vested rights on the Humboldt

River stream system.

The attack on the law was made on the basis of the belief

that the rights could only be determined in court through court action.

This

would require a trial for all cases, and would prove to be expensive and time
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consuming.

The law was modified to allow the present procedure of working

'

through the State-Engineer's Office to-determine water rights.'
The'Act of 1913 was'amended again'in'1921' (Statutes of Nevada,''Thirtieth
Session, Chapter 106, approved March 16,-'1921)', providing that, "after proofs
have been taken, the State Engineer shall make and certify an abstract-of claims,
and shall at the samettime-prepare a preliminary order'of determination, setting
up the relative rights of the users of the stream system, the abstract of'claims,
together with the preliminary order of determination, to be'served-upon.all
users and claimants upon the stream system." This was attacked'in court on
the basis that interested parties were'denied the due process of-law, (HumboldtLand and Cattle Co. vs. Sixth Judicial District Court, 47 Nv. 396, 1924), but
the State Supreme court held that the-act was constitutional.
The next major addition to the waterlaw was the 1929 amendment (Statutes
of Nevada,-Thirty-Fourth Session, Chapter 176,'approved March 29, 1929) that
provided it is the duty of the State-Engineer to divide the flow of streams
and ditches, etc., and to control headgates and reservoirs. A far reaching
decision was handed down in 1931 (Steptoe Livestock Co. vs. Gulley et-al., 55
Nv. 163, 1931) when the State Supreme Court held-that beneficial use shall:be
the basis for the perfection of a water right, and not the diversion of water.In some states, an appropriation is not perfected until the water has actually
been diverted from the streambed. This decision was the result of a suit in
which a company appropriated water for stock-watering purposes where the cattle
were to drink from the stream. In a previous case (Walsh, 1902) it had been
held that "there must be an actual-appropriation of water by artificial means,"
but this limitation was not held to prevent an in-stream (with no diversion)
use of water if that was the most appropriate'method and'if it had developed
into a well-established custom. 'This decision allowed a later appropriation
of water for the protection of fish and fish hatcheries. This was followed by
the 1935 amendment (Statutes of Nevada, Thirty-Seventh Session, Chapter 184,
approved April 1, 1935) requiring the engineer to control artesian wells. The
major legislation of groundwater, however, was enacted in 1939 (Statutes of
Nevada, Thirty-Ninth Session, Chapter 178, approved March 15, 1939).

In that

act, the legislature said that all 'underground waters within the boundaries of the
state belong to the public and, subject to all existing rights, those waters are
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subject to appropriation for beneficial use under the laws of the state relating
to appropriation.

The act is to be administered by the State Engineer, and

does not apply to water for domestic purposes.

Any person desiring a well

must apply to the State Engineer for a permit to drill the well before any
work is begun.

Any groundwater withdrawals from either artesian or definable

aquifers, if commenced after March 22, 1913, are subject to regulation by the
State Engineer.

The act also provided that the State Engineer was to regulate

the withdrawals of groundwater from percolating waters if such withdrawals
were commenced after March 25, 1939.

There is no presumption that groundwater

is of one class or another; such a determination is to be made by the State
Engineer.
The amount of water that could be appropriated was modified in 1945 (Statutes
of Nevada, Forty-Second Session, Chapter 56, Section 11, approved March 9, 1945)
to be limited to such water as shall reasonably be required for the beneficial
use to be served.

The State Engineer now had the responsibility to consider

the growing season, type of culture, transmission losses, and other factors.
While there are more changes in the Nevada water laws that can be considered, they are basically minor in effect and can be safely ignored at this
time for this study.
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II. DEVELOPMENT OF FEDERAL RESERVEDRIGHTS
The federal government, by virtueof-its ownership of large tracts of
land in the west, has a great potential interest in the' waters available to
the development of those lands. Since the 20th Century, the expansion of
federal activity has led to increasing federal needs and claims for water..
The result has been a derogation of-state law'and a taking of:state-created
water'rights through the-concept'of'a "reserved" right. As a result,.in recent
years-there have been a large-number of suits concerning water that'had been
-based on the'Winters' Doctrine, also the:Doctrine of Reserved Rights. -In these
suits, it is common to have astate-as either a principal. or as an interested
party that is contending against the federal government's claims.'-For'example,
there'is the suit, on appealof United States-of-America'vs. Truckee Carson
Irrigatio'n, State of-Nevada et al., which is based on rights perceived to originate under the Winters' Doctrine.
BACKGROUND-

-

Federal reserved rights-are based uponcfederal standing derived from the
U.S. Constitution. In the area of water, this is commonly developed from Article I,
Section 8, "Congress shall have the power to regulate commerce with foreign
nations, and among the several states, and-with the Indian Tribes" and Article IV,
Section 3 (2) "The Congress shall have the power to dispose of and make all
needful Rules and Regulations respecting the Territory or other Property belonging
to the United States. . ." -These are, respectively, the commerce clause and
the property clause of the Constitution.
The first federal suits over water were related-to control over navigable
waters. It was expressed that in the-grant of power to Congress to regulate
commerce among -the several states, as given by the Constitution of the United
States, the federal government has jurisdiction over navigable streams sofar
as may be necessary for commercial purposes (Jolly, 1853). The concept was
expanded from the thought that a river which is navigable in fact is navigable
in law (The Daniel Ball, 1870) to the concept that - In determining whether streams
are public, navigable waters, the test is whether they are or ,are capable of
becoming public highways between public places (Chisolm, 1894).
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The United States made the Louisiana Purchase in 1803, the Oregon Country
Treaty in 1846, and signed the Treaty of Guadalupe Hidalgo in 1848.

The acquired

lands were the property of the United States and were subsequently subdivided
into territories that ultimately became states with all the rights and privileges
of the 13 original states.
Most of this newly acquired land was not legally opened for settlement
and/or acquisition until passage of the Homestead Act in 1862 (43 U.S.C. sec. 161-,
1958), even though there had been a steady westward migration for a number of
years previously.

None of the first migrants could claim a riparian right to

needed waters since they were not and could not be landowners until after 1862..This, is part, led to the adoption of prior appropriation for water.

The western

courtspusually held that, while recognizing and applying the doctrine of appropriation, they were only settling rights as between individuals and that federal
ownership of the lands prevented absolute vesting of such rights (Kidd, 1860).
There was a judicial recognition of the superior right of the federal government
to the waters that were appropriated with the possibility that those rights
might later be destroyed through.assertion of federal claims, either by private
grantees with superior rights or by the federal government.

The riparian patentees

could claim rights based on common law.
While the states were being formed and state laws were being enacted concerning water, Congress passed the Desert Land Act of 1866 (Act of July, 1866)
with the provision that "Whenever, by priority of possession, rights to the
use of water for mining, agricultural, manufacturing, or other purposes, have
vested and accrued, and the same are recognized and acknowledged by the local
customs, laws, and the decisions of courts, the possessors and owners of such
vested rights shall be maintained and protected in the same . . ." And in
1870, Congress clarified the matter when it said ". . . all patents granted on
preemption or homesteads allowed shall be subject to any vested and accrued
water rights, or rights to ditches and reservoirs used in conjunction with
such water rights, as may have been acquired under or recognized by the
preceding section" (43 U.S.C.A. Section 661). From interpretations of the
Acts of Congress and state laws, the new states either: 1) continued with the
riparian doctrine, 2) developed the appropriation doctrine, or 3) used the
"California Doctrine" with riparian rights on private lands and appropriations
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from the'publicdomain forming a dual'system'of water rights. Congress 'did
not adoptiany federal laws- for the disposition or det6rminat'ion of federal'
waters rights. The neWly'formed states'took-the function of establishing water
rights'based on common-law and statutes; and in'so doing, they were exercising
their traditional'jurisdiction over-water. 'The Act of 1866 was considered to
be arecognition of state law as the valid system'of acquiring water rights on
the public domain. The Desert Land Act of-1877 (43 U.S.C.A., Section 321)
said in part

". .

.

The'water of all lakes,.rivers, and other sources of water

supply upon the public land and not navigable,-shall remain and be held free
for the appropriation and use of the public for-irrigation, mining,a.-nd
manufacturing purposes, subject to existing rights," which was interpreted to'be a dedication to the public of all interest in the waters of the public
domain (Hough, 1909). This would, in effect, separate water from land, and
this view was apparently upheld later when the Supreme Court held that."...
all nonnavigable water then a part of the-public domain became publici juris
(of public-right), subject to the plenary. control-of the designated states
." (California, 1935). With.these interpretations, the various states passed..
laws and developed rules and procedures for the-full development-and use of
water.
UNITED STATES RIGHTS

-

-.-

-

It will be recalled that the first suits over water,.involving the-federal
government,.were in relation to defining navigable waters. In 1899-there was
a suit by the United.States.(United States, 1899).to restrain the building of
a dam across..the upper Rio Grande River based on the grounds-that navigation
would be impaired by theconstruction. The Supreme.Court held that, although
the states have the right to.adopt r.iparian.or appropriation rights as to flowing
waters for such purposes as they deem proper, a limitation must be recognized
in that in the absence of specific authority from Congress, a state cannot by
its legislation destroy the right of the United States, as owner of lands
bordering on a stream, to the continued flow of its waters. The superior power
of the federal.government to secure the uninterrupted navigability of all navigable streams within the.limits of the United States.may prohibit any obstruction
to the navigable capacity'of one of the navigable waters of the United States.
So, even though the proposed dam was far upstream on the nonnavigable portion
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of the Rio Grande, the federal government had the authority and power to extend
its control from the navigable portion to the nonnavigable headwaters in order
to protect its sovereign rights downstream.

It was contended that the Acts of

1866 and 1877 represented a congressional grant of complete authority over
nonnavigable waters to the states, but the Supreme Court held that Congress
had not intended those Acts to release that power (U.S., 1899, p. 703).

Further,

even if the Acts had that effect, the subsequent set of 1890 (26 Stat. 454, 1890)
prohibiting obstruction to navigation must be held controlling as there is no
limitation on subsequent congressional actions regarding navigation.

This

doctrine of implied reservation of nonnavigable waters was extended and applied
in the Winters' case.
PROPERTY POWER
Federal claims based on federal proprietary interests and implied reservation
of nonnavigable waters may be found in a series of cases involving the water
rights of federally owned Indian reservations.

While the west was still largely

federal territory, the Indian reservations were determined by treaty, proclamation,
or executive order.

The reservations were typically established to change the

Indians from a nomadic to an agrarian people (United States vs. Winters, 1908).
After the formation of the western states, the waters were appropriated by
non-Indian settlers, leaving little water for reservation use.

Other reservations,

created for other purposes, also had little or no water available for their
purposes after the available surface water was appropriated for other existing
needs.

To protect its program of Indian agrarian development, the government

asserted a claim of reserved water rights against the non-Indian appropriators
beginning in 1908 with Winters in Montana (Winters).

In the Winters' case,

the'Indians living on the Fort Belknap Indian Reservation on the Milk River
claimed'to have a water right for the purposes for irrigating their land, although
the treaty that reserved the land for them made no mention of water.

In 1889,

water was diverted from the Milk River by Winters and other defendants via
dams and canals.

In face of the conflict of interests between the settlers

and the Indians, the federal courts examined the stated purpose of the treaties
and found an implied reservation of all water necessary for successful cultivation
of the Indian lands.

It was held that the Desert Land Act was not applicable
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to the lands or waters of'Indian reservations and so;, the reserved rights were
superior to appropriations made understate law. In some of the later Indian
cases, the courts-appear to base their decision on the theory,,thattheIndians
reserved water rights in the treaties (U.S.,. 1956); In other cases, the courts
appear to have regarded the federal government as reserving land and water
from the public domain for the Indians (U.S., 1907; U.S., 1939). It is unclear,
whether the courts in the latter.cases regarded the reservations made by the
federal government as made in the exercise of the property power, or the treaty
power.

i

.,

.
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III.

THE NATURE OF THE RESERVED RIGHT

Reserved water rights are associated only with reserved or withdrawn lands.
Public lands are those owned by the United States that are subject to disposal
or private appropriation under public land laws, while reserved or withdrawn
lands are taken from public lands and are not subject to disposal (F.P.C.,
1955).
The water right reserved for the benefit of Indian reservations is not a
public right, but is considered to be a private right held in trust by the
United States for the benefit of the Indians. Other reserved water rights are
public in nature, but all of the reserved rights have a priority date based
upon the date of creation of the reservation.

The Indians reserved water right,

when used for irrigation, appears to be appurtenant to the land, which is similar
to state-created water rights.

The Indians reserved water rights cannot be

lost by nonuse under state laws, nor'by legal action through condemnation or
state statutory enactment or private appropriation. The overriding power of
the federal sovereign under the supremacy clause (Art. VI, Cl. 2) of the
Constitution is the source of the protection of Indian-water rights from
encroachment.

The right protected cannot be set aside, overridden, or denied,

except as is clearly specified by Congress

Ariz., 1963).

This reservation

for future use constituted a significant departure for appropriative water law
that has resulted in considerable opposition from the states and non-Indian
water users because there is no well-defined measure of the amount of water
reserved for Indian uses and, so, non-Indians have no assurance of the quantity
of water left for their use.
According to Winters, the water reserved for the Indians was for agricultural
purposes, needs, and uses.

In Arizona vs. California, the Indian water rights

were measured in terms of the "practicably irrigable acreage" on the five reservations involved.

The reservations of water were made for the purpose of enabling

the Indians to develop a viable agricultural economy.

Other uses, such as

those for industry, which might consume substantially more water than agricultural
uses, were not contemplated at the time the reservations were created (Ariz.,
1963).

It is clear that when an Indian reservation is established to provide
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an agricultural economy for':the Indiani, the imeasureibf water'right will include
the amount of water necessiry-to irrigate th'e practicably irrigable acreage'and to satisfy related uses.

However, nothing has been said, to date, by

-

Congress or the Supreme Court about'an Indian reservation which was not'created
to establish an agricultural economy.; For example, the Pyramid Lake Paiute
Indian Reservation in Nevada completely encloses a large'desert-lake at the
end of the Truckee River. The lake produces a large marketable'trouit'and other
fish upon which the tribe has relied for its main source of food from time
immemorial. The Indians claim that one purpose for establishing the reservation
was to preserve' for'themselves;,the benefit'of:the lake and its fish. 'The'
question as to whether sufficient'water was reserved in the Truckee River-to
maintain the lake'elevation and the fishery-is currently being litigated (United
States vs. Truckee)..
When the purposes' of areservation differ from an-agricultural-purpose,
two standards have been promulgated for determining which uses will receive
reserved waters:

*

a).

Those uses necessary.to fulfill the purposes comtemplated:when the

b)

reservation was created (used in Winters and Arizona vs. California).
All possible uses,-including:those which appear in the-future, without
reference-to the purposes-for which the reservation was'created (used,
in United States vs. AhtanumIrrigation District (U.S.,-1956).-

The first method allows.an immediate quantification of the reserved water
rights so that a specific amount, of-water can be identified and protected from
others. Under the second standard, the Indians rights would remain uncertain..
and to'some extent, unprotected, since-the.courts.may force.the Indians to
take compensation for their claim if water is no longer available.
The Winters' Doctrine was subsequently applied.and expanded in a series-..
of cases'with results that varied from the recognition of reserved-rights for.
Indians that were effective as of creation-of the reservation (United States
vs. Powers) to a court decree for a quantified amount of water (United States
vs. Walker).. These suits, along with.other,.actions,-led to the McCarran.
Amendment to theDepartment of ustice.Appropriation Act of 1952 where.the .
sovereign immunity of the United.States was.waived."in any-suit.. . where it
-
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appearsthat the United States is the owner of or is in the process of acquiring
water rights under state law, by purchase, exchange, or otherwise" (43 U.S.C. 666,
1970).
The Indian's reserved rights were usually held to be an exercise of the
treaty power or to have been made under the property power of the United States.
Obviously, those reservations not established by treaty would not have the
treaty rationale applied.
PELTON DAM CASE
In the 1955 Federal Power Commission vs. Oregon (F.P.C., 1955), the socalled Pelton Dam case, the difference between reserved, withdrawn, and public
lands were emphasized when the Supreme Court upheld the authority of the Federal
Power Commission to license construction of a private hydroelectric project on
federal reserved lands in Oregon in spite of state objections. No assertion
of the navigation power was made since a nonnavigable stream was involved.
The case was a landmark, in part, because the court concluded that federal
authority to license the project in disregard of state law was justified by
the power of Congress to regulate the use and disposition of federal property.
The view of the lower court that the Desert Land Act constituted on irrevocable
grant of control over nonnavigable waters to the state was implicitly rejected
with the statement that the Desert Land Act does not apply to reserved lands.
In the dissent it was stated that, while Congress could have revoked the Desert
Land Act, as far as reserved lands were concerned, it had not done so, and
therefore, it was congressional intervention that water rights for projects on
nonnavigable waters'were to be acquired pursuant to state law.
The real problem with Pelton was the lack of rationale for the decision.
One of the reservations had been made subsequent to the Desert Land Act (1910
for. pwer purposes-on one side of the river), so the decision must have been
based,-in part, on a theory that the reservation withdrew the property reserved
from the operation of the'Act. Or, the court may have used the theory that
there is federal ownership of the unappropriated nonnavigable western streams
that is derived from initial federal ownership of the western lands. The Desert
Land'Act severed the waters from the lands so that ownership of the waters did
not pass to patentees of federal lands, but remained federal property subject
to state control under state law. It may also be argued that the court regarded
the property power as giving the government a right, apart from ownership, to
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control the waters passing through its lands, sbject'to payment of 'compensation
for interference with vested rights.' This power of control, if 'itexists,
must extend.beyond the reservation boundaries to'ensure that waters sufficient'
for the development of the reservation continueto flow down to it. This view
would appear to be contrary to the-holding in'Kansas vs. Colorado (Kansas,
1907) that the property power gives control over'federal property and not
unappropriated waters. The control theory would support federal authority
over waters in the eastern riparian states-as well as in the west as long as
vested rights were not infringed. However, it is apparent that the federal
ownership of the waters derives, in some manner, from-initial federal ownership
of western lands, but the precise scope of interest'owned'in'the waters'by the
federalgovernment has never been clearly articulated by the courts.
The uncertainty of the Pelton decision raised concern'in'the western states'that there was a-recognition of plenary'federal-control over-all nonnavigablewaters flowing through federal reservations in the west. This was'augmented
by the Hawthorne Naval Reservation (Nevada, .1958) case in which the federal
court held'that-in maintaining'a national-defense reservation, a valid and
peculiarly'federal purpose supported by the war and property.powers, :the-United
States-had the right to use-groundwater located-beneath:the reserved land without
complying with'state law. It appeared.that'.the Desert Land Act applied to
subsurface' as well as surface waters. It issignificant:that the land-for.the
Hawthorne Naval reservation is (and was) reserved land,;and-as such has the
doctrine of reserved rights associated with it. Since there were no-other
groundwater users with prior rights at the time the reservation was made, the
federal government did.not adversely affect any prior appropriator..-Nevertheless,it was a situationof using water (reserved right) on a.reservation for the .
purposeof the reservation.

.

;
.

An apparent extension to the Indians'-water rights was given in 1956in
the State of.Washington (U.S., 1956)-when Indian rights were not limited to
the use at any.given date, but rather "extended to the ultimate needs of the
Indians as those.needs and requirements should grow to keep.pace with the
development of Indian agriculture.upon the reservation.!'. The court then.upheld
an agreement between.-white settlers and the Department of.the Interior, executed..
in 1908, that limitedthe-settlers -to 75 percent of the Ahtanum water. Again,
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the water right was expressed for irrigation purposes and implicity limits the
Winters' Doctrine right to use in irrigation and agriculture. But the determination that the water right should be extended to the ultimate needs of the
Indians went beyond any known principles of water law.

The riparian doctrine

holds that all riparian owners must share in the available water, while appropriation holds that the right is time dependent and requires that the water be
diverted for a beneficial use.
ARIZONA VS. CALIFORNIA
In 1952, in an effort to determine and protect its water rights in the
Colorado River, Arizona filed a suit against California.

Later Nevada, New

Mexico, Utah, and the United States were added as parties to determine how
much water each state has a legal right to use from the Colorado River and its
tributaries.

Simon H. Rifkind acted as Special Master and reported his findings.

to the Supreme Court in 1961. In those proceedings, the United States asserted
claims to waters in the main river and in some of the tributaries for use on
Indian reservations, national forests, recreational and wildlife areas, and
other government lands and works.

The Master found, both as a matter of fact

and law, that when the United States created these reservations or added to
them, it reserved not only land, but also the use of enough water from the
Colorado to irrigate the irrigable portions of the reserved lands (Ariz., 1963).i
Arizona-argued that the United States had no power to make a reservation of
navigable waters after Arizona became a state (1912); that navigable water
could not be reserved by Executive Orders (that had created some of the reservations); that the United States did not intend to reserve water for the Indian
Reservations; that the amount of water reserved should be measured by reasonably
foreseeable needs of the Indian living on the reservation rather than by the
number of irrigable acres (1,000,000 acre feet for 135,000 acres was reserved)
and finally, that the judicial doctrine of equitable apportionment should be
used to divide the water between the Indians and the other people of Arizona.
The court answered-the arguments that equitable apportionment is used to
solve disputes between states, and an Indian Reservation is not a state.

The

argument that the lack of power of the United States to reserve navigable waters
is based on cases that gave the title only to lands adjourning and underlying
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navigable waters to the states;'-but the power 'of the United States tregulate
navigable waters is not limited or reduced. The argumehts reg'arding the intention to reserve or the amount reserved were rejected with-reference to-Winters'
(U.S., 1908) with the statement that the water rights reserved effective as of
the time the reservations were 'created.
The curt 'extended the reserved doctrine of water rights for the first
time from Indian reservations to all reservations or withdrawn lands'such as
national forests and wildlife areas. (Winters applied to'Indian'reservations;

.--

Hawthorne (Nevada) was either military or federal property, Pelton (F.P.C.,
1955) was associated-with a power site'and an''Indian reservation.)

AfterArizona

vs. California, reservations, whether-Indian,'park, monuments, or'forests,
have water rights under the reserved doctrine; subject to water rights that
have been previously acquired pursuant to state law.:

-

'

Since the court discussed only claims on behalf of Indian reservations,
it is necessary to refer to the'report of the Special Master to determine the
basis for extending the-reserved.rights-doctrine to other reservations.-The
Special Master first determined that.the Un.ited'States had the power to reserve
water to fulfill its purposes in creating the-various reservations involved in
the-case; then he determined that the~circumstances surrounding their creation
demonstrated the intent of the United States to reserve waterfor useon the
reservations involved.
PUPFISH CASE
.In 1952, President H. S. Truman reserved 40 acres of land as a national
monument under the Act for the Preservation of American Antiquities.(Proclamation
No. 2961), which authorizes the President to proclaim as national.monuments
"objects of historic or scientific-,interest." -That 40 acres of-land in Ash

-

Meadows (SW1/4 SE1/4 T17S, R50E) included.Devil's.Hole,. a deep limestone cavern
containing an underground pool inhabited-by a'unique species of desert fish,
about 2.5 cm long, called-the Devil's Hole.Pupfish. There is a rock shelf in
the pool, normally covered with about 2.7 feet (0.8m) of water, upon which
algae grows that is the spawning area.for the pupfish. If the groundwater
level drops, the rock shelf becomes exposed to .the air with a resultant decrease,-.
in spawning area, reducing the ability-of the.fish to spawn in sufficient quantities
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to prevent extinction of the pupfish.

l~~~~~~~~~~~~~~~~~~~~~~~~~~~

As part of the preamble to the

proclamation proclaiming Devil's Hole as a national monument, the President
said, "Whereas, the said pool is of such outstanding scientific importance
that it would be given special protection . . . The 40-acre tract was made a
detached component of the Death Valley National Monument.
F. L. Cappaert owns a 12,000-acre ranch near Devil's Hole, where alfalfa,
wheat, and barley are grown and cattle are grazed.

In 1968, the Cappaerts

began pumping groundwater from wells located about 2 1/2 miles (4 km) from
Devil's Hole.

The Cappaerts were the first persons to use the groundwater,
and they were the first to appropriate groundwater in the area. The pumping
of the wells occurred between March and October of each year, with a resulting
decrease in the water level of the pool in Devil's Hole. The water level had
dropped about 2.7 feet (0.8m) by 1972.

The National Park Service filed a protest

to a groundwater application by Cappaert and requested that the application be
denied until hydrologic studies were completed that would determine which wells,
when pumped, were causing the decline of water level in the pool. The State
Engineer declined to postpone his decision because there was no recorded federal
water right with respect to Devil's Hole.

Furthermore, testimony showed that

the Cappaert's pumping would neither adversely affect existing water rights
nor unreasonably lower the groundwater table.
In August 1971, the National Park Service requested an injunction in U.S.
District Court, Nevada, to limit the Cappaert's pumping to domestic purposes
from six specific wells near Devil's Hole. The federal suit claimed that the
United States, in establishing Devil's Hole as a part of Death Valley Monument,
reserved the unappropriated waters appurtenant to the land to the extent necessary
for the requirements and purposes of the reservation. Neither, the Cappaerts,
nor anyone else, had perfected water rights as of the date of the reservation,
and the pumping of groundwater by the Cappaerts lowered the water table and
threatened the survival of a unique species of fish.
An injunction was issued in Federal District Court in 1973 limiting the
pumping from designated wells to control the pool elevation to an acceptable
level (U.S., Fed. Supp., 1974). On appeal, the Ninth Circuit Court of appeals
affirmed the District Court decision (United States, Fed. 2nd, 1974) and held
"The United States is not bound by state water laws when it reserves land from
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the public domain.". The U.S: Supreme Court affirmed'that decision (Cappaert,
1976) considering the water in the-pool to be surface waters and not groundwater;
as a result there may be some doubt on whether or not the reserved right does
extend to groundwater. The basic consideration of Cappaert related to an
undeclared reserved water right for a declared reservation of land; the court
continued with the concept that a reservation of land had an implied reservation of water to fulfill the purpose of the land reservation. For federal
requirements of water off reservations or beyond the original purpose of a
reservation, the federal government must follow state laws for the acquisition
of a water right.
The Attorney General, in a release dated June 17, 1982, said, "The federal
government can, of course, acquire water rights in the same fashion as anyone
else, by complying with state procedural and substantive water law. It is
also well'recognized that the federal government may acquire water rights when
it reserves federal land from the public'domain and water is necessary to fulfill
the purposes of the reservation. By this mean'; however,' the federal government
acquires only those water rights necessary.'for the primary purfposes of the
reservation of the public land, and only that minimum of-water 'without (which)
the purposes of the reservation would-be entirely defeated.' 'Finally, thefederal government also acquires rights to water necessary to fulfill specific
congressional directives authorizing a particular project."
Similarly, in a memorandum for the Department of Justice, June 16, 1982,
concerning Federal "uonreserved" Water Rights, Attorney General Smith said,'
"Congress has historically deferred to state water law, a fact recognized and
considered highly significant by the Supreme Court in decisions such as California
vs. United States and United States vs. New Mexico.' In light of-this traditional
deference, we believe there must beta presumption attaching to f deral statutes
authorizing the management of lands that state waterlaw not be displaced.'As
a 'general rule, it must therefore be presumed that Congress 'intended federal
agencies to acquire water rights in accordance with state'substantive and procedural law." (June 17, 1982.)
LANDS WITH RESERVED RIGHTS

:

In 1971,.the Supreme Court declared in Eagle County (U.S., 1971) that'"It
is clear from our cases that the United States'often has reserved water rights
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based on withdrawals from the public domain."

As we saw in Arizona vs.

California', 373 U.S. 546, the federal government has the authority both before
and after a state is admitted'into the union "to reserve waters for the use
and benefit of federally reserved lands"; Id at 597. The federally reserved
lands include any federal enclave.

From the Eagle County affirmation of Arizona

vs. California, it is clear that'water rights may have been implicitly reserved
to serve not only Indian reservations but also any federal enclave created by
reserving or withdrawing lands from the public domain.

All reserved water

rights were adjudicated in federal courts until the passage of the McCarran
Amendment in 1952.
The McCarran Amendment (43 U.S.C., sec. 666, 1970), which granted a limited
waiver of federal sovereign immunity, has been held (U.S., 1971) to permit
suits against the United States in stream adjudications where the United States''
water rights are involved.

The Supreme Court interpreted (U.S., 1971) the

amendment to include the reserved water rights of federal non-Indian reservations and enclaves. While Eagle County did not include Indian reserved rights,
Akin (United States vs. Akin), a suit on the San Juan River in Colorado, did
address the Indian reserved rights. Again, it was held that the McCarran
Amendment applied since the United States was the owner of the Indian reserved
rights within the meaning

f the Amendment.

From Eagle and Akin, it is possible for the states to initiate adjudication
of determination, extent, existence, scope, and measure of reserved water rights
in the state courts without having to wait for the federal government to initiate
such a suit.
NONAGRICULTURAL RESERVED RIGHTS
There are, as yet, no standards for determining the amount of water reserved
for nonagricultural uses.

There are, however, three pending cases that demonstrate

that the measure may be that amount of water necessary to fulfill the particular
purpose for which the water is impliedly reserved.

First, where a water right

is asserted for the purpose of sustaining a viable fishery in a desert lake
and its supporting stream, the United States claims sufficient water to maintain
the present level of the lake over a long period of time, along with sufficient
stream flows to sustain spawning runs and to preserve the in-stream habitat
for the fish and their fingerlings (United States vs. Truckee-Carson).
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This case involves Pyramid Lake, a large desert lake enclosed entirely within
the Pyramid Lake Indian Reservation. The fish native to the lake must spawn
in the Truckee River, the only substantial stream flowing into the lake, in
order for a natural fishery to survive. Second, where coal mines exist on an
Indian reservation, the claim is for sufficient water to bring the coal to a
marketable state on the Ute, Mountain Ute, and Southern Ute Indian reservations
in southern Colorado (United States vs. Akin). Third, if preservation of theecology of a stream is the purpose to be effectuated, the claim is for a minimum
flow of water sufficient to maintain the environment of the stream and its
wildlife values on Chamokane Creek on the-Spokane Indian Reservation (United
States vs. Anderson).
THE FUTURE
The doctrine of reserved water rights ,has grown from a concept of reserved
federal powers in both navigation rights and 'property rights.along with its
treaty making powers. Reserved rights always ,begin as implied rights that
must finally be quantified. There are still many unanswered questions concerning
reserved rights, such as: can~the United States reserve water rights for acquired,
rather than withdrawn lands; are there reserved rights 'for minimum stream flows;
does a change in the purpose of'a reservation'destroy the-date of the reserved
right; and what limits are placed on the pur'pose of a reservation.

95

REFERENCES
Arizona vs. California; 373 U.S. 546, (1963).
California - Oregon Power Co. vs. Beaver Portland Cement Co., 295 U.S. 142,
(1935).
Chisolm vs. Caines; 76 Fed. 285, (1894).'
The Daniel Ball; 77-U.S. 557, 1870).
Federal Power Commission vs. Oregon; 349 U.S. 435 (1955).
Hough vs. Porter; 51 Ore. 318, (1909).
Jolly vs. Terra Haute Drawbridge Co.,; Fed. Case no. 7-441, (1883).
Kansas vs. Colorado; 206 U.S. 46, (1907).
Kidd vs. Laird; 15 Cal, 161, (1860).
Nevada ex rel Shamberger vs. United States; 165 F. Supp. 600, (1958).
Proclamation No. 2961, 66 Stat. C 18, 17 Fed. Reg. 691.
United States vs. Ahtanum Irrigation District; 236 F 2nd 321, (1956).
United States vs. Akin; 504 F 2nd 115, (1974).
United States vs. Anderson; Civil No. 3643 (E. D. Wash. 1972).
United States vs. Cappaert; 375 F. Sup. 456, (1974).
United States vs.. Cappaert; 508 F 2nd 313, (1974).
United States vs. Conrad Investment Co.; 156 Fed. 123, (1907).
United States vs. District Court for Eagle County; 401 U.S. 520, (1971).
United States vs. Powers; 305 U.S. 527, (1939).
United States vs. Rio Grande Dam and Irrigation Co.; 174 U.S. 690, (1899).
United States vs. Truckee-Carson Irrigation District; Civil No. 2987 JBA.
United States vs. Walker River Irrigation District; 104 F 2nd 334, (1939).
Winters vs. United States; 143 Fed. 740. (1908).
Winters vs. United States; 207 U.S. 564, (1908).
United States Statutes and Acts.
Act of July 26, 1866, Ch. 262, 14 stat. 251 (Desert Lands Act, 1866).
43 U.S. C. Sec. 161 (1958) (Hcmestead Act).
43 U.S.C.A. Sec. 661.
43 U.S.C.A. Sec. 321 (Desert Land Act, 1877).
265 stat. 454 (1890) (Rivers and Harbors Act).
43 U.S.C. Sec. 666 (1970)

96

l Xi'

.

ADDENDUM A

A GENERAL CLASSIFICATION OF WATERS
...

.

I , I.

.

I

. .

-

. -

-1

.- . .

~ ~~
.~

. . .
.

.

v

t

97

..

.I

I

.. I

.
,. ...

.
>-.-

.....

A GENERAL CLASSIFICATION OF WATERS
The water on the surface of the earth may be divided into two general
classes: 1) diffused surface water, and 2) water in a natural watercourse.
Part of the precipitation on land results in runoff which begins as diffused
surface flow.

This surface flow gradually collects into definite channels.

When the channels so formed are sufficiently permanent to have definite beds
and banks, they become natural watercourses. The diffused surface flow belongs
to the owner of the lands on which it occurs. The water in a natural watercourse
is subject to whatever system of title may be in force in the area.
The flow that reaches a watercourse is derived from the diffused surface
flow and may be reduced by the use of such surface flow. But once the runoff
reaches the watercourse, the owner may no longer make use of it unless he has
the right to do so. The law draws a line between the diffused surface runoff
and water in a natural watercourse (stream) at a point where the surface flow
has collected to the degree that a natural channel is formed. The dividing
point may be difficult to define physically, but it has a definite meaning in
law.
In many states, a landowner is entitled to the right of drainage from his
land, and lower lands cannot obstruct the drainage of surface water. In other
states, surface water is considered to be a common enemy that everyone can
fight regardless of its effect on others.

The lower lands in such states can

close the outlet for those waters from higher lands.

In the case of urban

property, there may be different practices followed in many states.

The owner

of a lot may be allowed to grade it for buildings or other uses without
providing a drainage way for surface waters from higher areas. In some
states, the rule is modified so that one must use his land so as not to injure
others unnecessarily or negligently and must use the method least harmful to
others.

In states where the right of drainage for surface water is recognized,
the upper lands cannot discharge water into lower lands in amounts or locations
materially different from natural conditions if such discharge injures the
lower lands. Thus, special provisions are required in some states for the
drainage of areas that are turned into parking lots or buildings with a greater
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than natural runoff. Surface water may be discharged into a natural
watercourse if its natural capacity is not exceeded. A large land-holding may
include both diffused surface flow and flow-in natural channels. The size of
the area owned, does not affect the classification applied to the water. The
larger landowner would have the same right-of use to the surface flow as any
landowner, and his right to the water.in a natural watercourse would depend
on the doctrine

in force in that area.

SPRINGS
A spring represents the point at which underground flow becomes surface
flow. If the spring is an area of seepage, without a definite discharge channel,
it may be the property of the landowner, but in Nevada, the water is subject
to appropriation.

If the spring has a definite flow and is a source of supply

of a watercourse, the owner of the land where the spring occurs does not control
its use unless he has acquired rights to its use as a watercourse.

Such a

landowner could not use water from the spring if those having superior rights
to the use of the water from the'watercourses are injured.- The landowner wouldnot be allowed to intercept the-flow of the'spring before it reached the'surface
and then claim ownership of the water based on ownership of the land.
FLOOD WATER
The acquisition of water rights for the control of floods due to the' over
flow from rivers and streams is not necessary. Such flood control is'considered'
a prevention of injury rather than a benefit from use. Flood control projects'
are to reduce injury or damages.' Some flood control projects or organizations
also carry out other purposes which may involve beneficial uses of water'which
are separate from the flood protection part-of th poject.' Water rights may
be acquired by some of these'organizatioisror"projects for these'other benefi-

-

cial uses. Thus, the Corps of Enineers or the:Buread of Reclamation may build
a multipurpose dam that :1) generates electrical power for sale, 2) reduces
flood damage to'downstream areas;,-3)-provides-water for irrigation projects,
and 4) provides an area for iwater-basedI'ecreation and/or fish.and wildlife'..
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All of these uses of the project may be in some conflict at one time or another
and this leads to special problems.
Generally speaking, there are two common methods for flood control:
1) restrain the floodwater within chapnels and convey them to an outlet with
final disposal as rapidly as practicable, and 2) control by storage above the
overflow areas with release at rates within the capacity of the stream channel.
In each case, the natural channel is used, occasionally combined with an artificial channel or by-pass.

It is the increased use of the second that is causing

conflicts in water rights at this time.
It is not the physical works that cause the problem in flood control, but
the problem of organization and financing.

The flood control works are public

improvements, and so, the taxing power to pay for their construction has been
established on the police power of the state, the public health of the citizens,
and benefits to the protected lands.
WASTE WATER
A part of the water appropriated may escape from the control of the
appropriator.

This escape may occur before or after the use of the water.

It

may escape by seepage while it is being transported from the watercourse to
the area where it is to be used. In some jurisdictions, the water that escapes
during transportation may be part of someone else's appropriation. And thus,
if the appropriator lines his canals and reduces his losses during transportation, he would also be reduced in the amount of the water that he may
take from the watercourse.

This is based on the amount of water that he has

actually used in the past, not on the amount that he had withdrawn from the
watercourse.

The appropriator's right is then based on the amount of water

actually used.
Water is usually considered to be under the control of one who has appropriated it from the point of diversion until it leaves the lands served or until
control over the water is abandoned.

The water that escapes and has not reached

a watercourse or mingled with other water is generally called "wastewater."

If

such escaped water reaches a natural watercourse, it is usually called "return
flow."- In Nevada, wastewater may consist of surplus water running off irrigated
lands, not consumed by the process of irrigation, or which the irrigated land
would not take up.

So long as wastewater exists on the lands of those who have
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been using the original flow, it is their property. Such landowners may consent
to the acquirement of rights therein by other persons upon their property and
in ditches constructed on their property for the purpose of conveying such
rights to the lands of such other parties. The owner of the'land of origin is
not required to continue or maintain conditions so as'to supply the appropriation
of wastewater at any time or any quantity when'acting'in good'faith.

The user

of the wastewater'does not become vested with any control of the irrigation
ditches or of the water flowing therein on the land of origin. The original.
landowner cannot be'compelled to continue wasting water for the benefit of any
claimant of the wastewater flowing from'his'land.' No permanent right can be
acquired to have the-discharge of wastewater kept up, either by appropriation
or by prescription, estoppel, or acquiescence in its use while it is escaping,
unless some element other than the mere use of the water by the lower claimant
has entered the situation.

Wastewater is subject to capture and use, but that

is the limit and'extent of the right in Nevada.

-

Another source of water that is being appropriated is effluent from sewage
treatment plants. The legislature has not given any status to such water as
is released after treatment from'the facility.' However, some-'state engineers
consider this' water to have enough of the7attributes of wastewater to be handled
in the same''manner.- Thus,'there'would be no' duty of the treatment plant to
release any predetermined.amount of effluent.
to capture and use.
RETURN FLOW

-Such effluent would be subject

-

'Water-that enters the ground as'a'result-of seepage from canals carrying
diverted-waters, or from percolation from-irrigated lands, increases the groundwater supply.

These, along with intentional losses on:the canal systems for

regulation purposes, result in waters that are available for appropriation.
These waters are called return flow, and are distinguished from the original.
or unused stream flow. Return flow may supply springs, seep into an existing
watercourse'where-it can be determined only by measuring-the-stream, or appear
in a normally dry watercourse. :The flow;from regulation waste or other.-surface
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sources usually occurs within a short time after its diversion; general
seepage return is delayed due to the slowness of groundwater movement and may
be fairly uniform during the year, even though the diversion from which it is
supplied occurs only during the irrigation season.
The extent and dependability of the return flow makes the title to its
use important.

Records show that under favorable conditions, return flows in

excess of 30 percent of the amounts diverted may exist.

By using the return

flow, the sum of all diversions from a stream may exceed the stream flow
entering the area.

In the early irrigation projects, this return flow was not

anticipated, and plans were not made for its reuse.

Then other downstream

appropriations were made based on the stream flow that included the return
flow.

In some states, this gives a right to the return flow.

Some states

give a preference in the use of return flow to those responsible for its
occurrence. Other states say that it is a part of the natural flow of the
watercourse. The right to recover return flow varies from state to state.
SALVAGED WATER
Anyone who can make available water previously lost or inaccessible to
other users may be entitled to use such salvaged water.

The title to salvaged

water would be superior to that of prior appropriators of the originally available stream flow. The burden of proof of the existence and amount of salvaged
water is on the one claiming it. This could be done where the stream flow
is subject to loss by seepage.

Placing a lining in the channel would reduce

the seepage and make available the previously lost water.

But in this time of

groundwater development, the reduction of that seepage may affect neighboring
wells or the groundwater table.

In the past, the concept of salvaged water

may have-been of more use than now.
DEVELOPED WATER
Where tunnels or deep borings encounter water, the flow may be brought to
the surface at locations where water had not previously been available.

Where

the iater so developed is a new outlet for water that had reached a natural
watercourse, it usually belongs to the prior user.

Where the water developed

is entirely new water, it is subject to the person responsible for its
development.

The title to such water can lead to litigation.
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APPROPRIATIONS FOR STORAGE,",
Water may be appropriated for storage as well as for direct use. The
reservoir for such storage may be constructed on a stream channel. When this
is done, it must be remembered that prior appropriations are entitled to the
continuation of the conditions that existed at thetime the appropriation was
made. Thus, such reservoirs would have to allow sufficient natural flow to
pass through the reservoir to meet the prior rights before the additional flow
could be stored.

When flow into the reservoir is less than the prior rights,
the discharge from the reservoir would have to be equal to the inflow. 'The

stored water has to meet evaporation and seepage losses that result'from its
operation.
COMMINGLING
Water that has been reduced to ownership (i.e., placed in an artificial
canal, pipeline, or other conveyance) may be discharged into a natural watercourse and conveyed therein to the point of use without loss'of ownership.
Such water, since it 'isno longer public water, is not'subject to appropriation
by others while it is-being conveyed in the' natural channel.'-This"method of
conveyance is called commingling and is practiced frequently. Water may be
stored in an upstream reservoir and when' released, allowed'to flow in'the''stream
channel to the point of use. The water stored in areservoir built on a'stream
channel commingles with the stream flow through the reservoir until the storage
is used. Water may be brought from one drainage area and released into another
watercourse for lower diversions. As long as such waters are not abandoned in
the-watercourse, such'-private water may not be taken by those'having'rights to
the natural flow of the-stream. The'one who stores-water in a stream reservoir,
or who'conveys private water in a stream channel, is subject to a proportion
of losses occurring to the commingled water and'can divert only the waterreleased less the losses that occur. Commingling-may not be used where the
combined commingled'and natural water flow exceed the capacity of the channel
and cause injury or flooding to adjacent lands.

..

GROUNDWATERS
A statute relating to groundwaters was enacted in Nevada in 1939 and
has been amended at several succeeding sessions of the legislature.

The act

provides that all groundwaters within the boundaries of the state belong to
the public. Subject to all existing rights of use, such waters are appropriable
for beneficial use only under the laws of the state relating to the appropriation
and use of'water and not otherwise.

Wells for domestic uses are exempted from

the need to obtain a permit for the developing and use of groundwater where
the amount withdrawn does not exceed 1,800 gallons per day; the users of these
wells have to furnish any information required by the State Engineer. In a
particular area having appropriated groundwater rights, the State Engineer
may, upon his own motion or by receiving a petition signed by not less than
15 percent of the owners of wells in that area, exercise supervision (except
as to the exempted domestic wells)

over all wells tapping artesian water, or

water in definable underground aquifers drilled after March 22, 1913, and over
all wells tapping percolating water, the course and boundaries of which are
incapable of determination, drilled after March 25, 1939.

The rights to

appropriate groundwater from such wells can only be acquired by complying with
the provisions of the general water law of the state pertaining to the appropriation of water.
The Nevada groundwater statutes have the distinctive feature of relating
the water right to the maintenance of the water level.

Nevada water law

(NRS 533.020) provides that it shall be an expressed condition of each appropriation of groundwater acquired under the act that the right of the appropriator
shall relate to a specific quantity of water and shall allow for a reasonable
lowering of the state water level at his point of diversion.

The State Engineer,

in determining such reasonable lowering, is required to consider the economics
of pumping water for general types of crops, and may consider the effect of
water use on the economy of the area.

The act is not to be construed to prevent

applicants later in time from obtaining permits on the ground that their diversions
may cause a lowering of the water level at a prior appropriators point of diversion,
so long as existing appropriative rights can be satisfied with the conditions
that would exist.
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Groundwater may be thought-to be all water beneath the surface of the
ground. But in water law, we are only concerned -with ,the water.that is free
to move by gravity to enter the wells and-thus be removed from the ground and
be applied to beneficial uses. There is one:other.requirement - that such water
be subject to practicable legal control.,
NAVIGABLE WATERS
The control of navigation and navigable waters is a federal function as a
result of provisions in the Constitution of the United States.and in decisions
-

of the United States Supreme Court. Any legislation of the states concerning
the waters of navigable streams must not infringe upon.,federal action.
In Gibson vs. United States, the Supreme Court said, "All navigable waters
are under the control of the United States for the purpose of regulating and
improving the navigation (under the interstate commerce section of the
U.S. Constitution), and though the title to the shore and submerged soil is in
the various states and individual owners under them, it is subject to the servitude
in respect to navigation created in favor of the Federal Government by the
Constitution."
The question as to the nature and extent of the rights of riparian owners
upon navigable waters is one to be decided by the courts of the states as a
matter of local law, subject to the rights of Congress to regulate public
navigation and commerce . . . A stream may be navigable although it is not
deep enough to admit the passage of boats over all portions of it (St. Anthony
Falls Water Power Co. vs. Board of Water Commissioners).
Although navigability, for the purpose of fixing private rights, is determined
as of the time of the formation of.the Union of the original states, or of the
admission to statehood for those formed later, navigability, for the purpose
of the regulation of commerce by the United States, may arise later (U.S. vs.
Appalachia Power Co.). The states have a certain control and management over
the navigable streams within their territory subject to be superseded by the
interference of Congress and once Congress acts, its powers necessarily extend
to the whole expanse of the stream and is not dependent upon the depth or
shallowness of the water.
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INTERSTATE STREAMS
The boundaries of states were not placed on watershed boundaries, thus
there are many streams and rivers that originate in one state and pass through
other states.

State courts do not have jurisdiction in other states, and so

legal action is taken in the federal courts.

Since court actions are so binding

and rigid, there has been an awareness of the advantages of interstate compacts
for the use of interstate waters.

It takes time to go through court proceedings

to acquire a judgment on water rights.

While no party to an interstate compact

may admit that they are happy with the compact, the states seem to be happier
with a compact than with a judgment of the court. -Thus, the field of interstate
compacts is growing and the states are trying to work out their problems with
interstate waters.

It should be noted that the federal government is usually

included in all interstate compacts, particularly in those about navigable
waters.

106

ADDENDUM -B
PROCEDURES FOR OBTAINING A WATER RIGHT IN NEVADA
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PROCEDURES FOR OBTAINING A WATER RIGHT IN NEVADA
Table B-1 is a summary of current procedures, fees, and time frames
involved in obtaining a nonvested water right. A water right may also be
obtained by purchase or lease for various periods of time. The acquisition of
such rights is usually accomplished through negotiations with owners of
existing water rights. After successful negotiations, the appropriate form is
filed with the State Engineer (see step 11).
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TABLE B-1

Sequence of Action for Obtaining a Water Right in Nevada

I
Step Who

,

Action
..

;

.. ; .

. I

1

Applicant

2

State Engineer

to

,
.. 0.

Public

Required

Time

Fee

Comments

.

-

File "Application
for Permit to
Appropriate"

N-1
'Nevada Form
No. 2888
(Rev. 11-72)

60 days
for
action

Publish notice in
rin

3

form
$35.00

Published once a week for five consecutive
weeks in local newspaper.

35 days

newspaper
30 days

File protest

A map by a licensed State Water Rightsz
Surveyor must be filed with the application or within 60 days. Otherwise, the
application is cancelled. See Step 11 for
alternative action.

---

- Formal protests must be filed within this
time.
:
;
;
..I

4

State Engineer *Field Investigation---

30 days
--(variable)
I.

5

I

.

.,;

-

.

'.

I ,-

.

Investigate the site and check protests-may reject proposal after field investigations. Applicant may appeal State
Engineer's rejection in District Court.

- $10.00/ State Engineer gives time limit for starting and finishing construction. See
cfs
(min.) Step 10.

State Engineer 'Approve application ---

-

6

Applicant

*Proof of Commencement of work

N-2 Nevada
Form No. 259

Time
limit set
by State
Engineer

$ 1.00

The applicant starts the required work for
diversion of water or drilling a well.

TABLE B-1--continued

Who

Action

Form
Required

7

Applicant

Proof of Completion of work

NV-3 Nevada
Form No. 260

8

Applicant

Proof of Beneficial Use

NV-4 Nevada
Form No. 748 .

9

State Engineer

State Engineer

Step

I-.
0.

Other Forms
10
Applicant

11

Appl-icant

Time

Fee

Con$ 1.00
struction
time (within
time limit)
$1.00

Variable

Comments
Filed after the work is finished and water
is ready to be diverted.

Specifies the use of the water and the
amount actually applied to a beneficial
use. Amap by a Water Rights Surveyor is
required.
State Engineer issues certificate with
amount based on that actually used.

Application for
Time Extension

N-5
Nevada Form
No. 901

$5.00

To get an extension of time for construction of the project.

Application to
change point of
diversion

N-6
Nevada Form
No. 1942
(Rev. 7-68)

$40.00

If a water right is leased or purchased,
this form is needed to divert to a new
place or change the use of the water.
This would be in lieu of Form 1 in Step 1.
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SUMMARY OF ADJUDICATION PROCEDURE ON
VESTED RIGHTS IN NEVADA
Vested water rights are handled in a different manner than applications
for new rights (or change of use, change of point of diversion, or transfer of
an existing right) and would be of interest only if acquisition of nonadjudicated vested rights were contemplated.
Water rights initiated prior to March 1, 1905, by applying water to
beneficial use and which have been perpetuated through the years are known as
vested water rights.

Any claimant to a vested water right may, if he so desires,

make a claim of record in the State Engineer's office by filing a proof of
appropriation of water.

The proof must be prepared on a special form furnished

by the State Engineer's office, and must be accompanied by the statutory filing
fee of

10 for each proof and under a ruling of the state Engineer's office,

must be supported by a map prepared from a survey by a licensed State Water
Right Surveyor. The filing of proofs of appropriation has never been made
mandatory except when a stream.system is being adjudicated and an order has
been entered by the State Engineer for all claimants to file proofs of appropriation and accompanying maps.
Magnitude and extent of vested rights are determined by the process of
adjudication, as specified in Nevada Revised Statutes 533.090 through 533.320.
The law provides that any water user on a stream system may petition the State
Engineer to begin the adjudication of the water rights or without a petition,
the State Engineer may himself start the proceedings on any stream.

The various

steps followed in the adjudication proceeding can be briefly summarized as
follows:
1.

The State Engineer enters an order granting the petition. (NRS 533.090)

2.

Causes notice of pendency of proceedings to be published in a newspaper
of general circulation in the county where the source is located for four
consecutive weeks.

3.

(NRS 533.095)

Investigation period.

(NRS 533.100)
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4.

Notice and order for taking proofs published for four consecutive weeks.
Notice'sets forth dates of commencement and completion of taking proofs,which must not be les's than 60 days. Date of commencement of taking'piroofs
at least 15 days subsequent to date of final publication. At least 30 days
prior to the date set for taking proofs, notice is sent'by registered '
mail to all of the claimants of record, setting forth the dates of commence-

5.
6.

ment and completion of taking proofs'.- (NRS'522.110)
Period or'taking proofs not less'than60' days. (NRS 533.-100.)
Following the period for taking proofs, the State-Engineer prepares an abstract of claims and a preliminary' order'of determination. Notice and
order setting time'and place of inspection, together-with-abstract of ''
claim and preliminary order of determination-are sent by registered mail
to each claimant. The notice must be sent at least 30'days prior to the

7.'
8.

9.
10.

date set for beginning of'inspection period..-(NRS 533.140.)
Period for inspection of proofs at least 20 days. Period for filing:
objection at least 30 days from first day of inspection. (NRS 533.145.)
The State Engineer fixes a time and place for the hearing of objections.
Notice of time and place is served on each claimant by registered mail.
The time set for hearing objections is not less than 30 days, nor more
than 60 days, from the date notice is served. (NRS 533.150.)
Period of hearing objections.
The State Engineer prepares the final order of determination and files
same with the district court, together with affidavit of compliance with
jurisdictional requisites, and all other evidence in connection with the
adjudication proceedings. (NRS 533.160; NRS 533.165.)

11.

The State Engineer, upon filing of certified copy of order of determination

12.

with the clerk of the court, procures an order setting time and place for
hearing of exceptions. (NRS 533.165.)
The State Engineer forwards by registered mail to each party in interest
a copy of the certified order setting time and place for hearing objections
and causes the order to be published for four consecutive weeks in a newspaper of general circulation in the county within which the source is

13.

located. (NRS 533.165.)
The State Engineer files proof of service with the clerk of the court.
(NRS 533.165.)
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14.

Court hearing of exceptions.

15.

Entering of findings of fact, conclusions of law, and decree by district
judge.

(NRS 533.170.)

(NRS 533.175.)

If there are 10 or less appropriators on a stream system and all waive in
writing the provisions of the Water Law referring to notices, service, and
publication thereof, the State Engineer may make an order of determination
without giving, serving, or publishing any notices, and may file same with.the
district court and then the proceedings continue as if
were followed.

all preliminary steps

(NRS 533.215.)

The time required to adjudicate a stream is at least a year and half if
no delay is had in-the regular proceedings.

When the preliminary steps are

waived, an adjudication can be completed in six months.
Upon completion of adjudication proceedings, the State Engineer can issue
to each person represented, a certificate setting forth the magnitude and extent
of his water right.
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