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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter

acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic foot (ft3) 0.3048 cubic meter

cubic foot per square foot (ft^ft2) 0.3048 cubic meter per square meter
foot (ft) 0.3048 meter

foot per year (ft/yr) .0008351 meter per day
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer 

____________square mile (mi2)________________2.590____________square kilometer___________

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level 
Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
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Estimated Natural Ground-Water Recharge, Discharge, 
and Budget for the Dixie Valley Area, West-Central 
Nevada

By James R. Harrill and Lawrence B. Mines

ABSTRACT

The Dixie Valley area includes seven 
valleys in west-central Nevada (Dixie, Fairview, 
Stingaree, Cowkick, Eastgate, Pleasant, and Jersey 
Valleys; total, 2,380 square miles). Dixie Valley 
receives surface-water and ground-water flow 
from Stingaree, Cowkick, Eastgate, Pleasant, and 
Jersey Valleys and subsurface flow from Fairview 
Valley, which is a topographically closed basin.

The relation between precipitation and 
altitude was re-evaluated for the Dixie Valley 
area using new data, and empirical estimates of 
recharge were revised accordingly. The revised 
estimate of total recharge is 23,000 acre-feet per 
year.

Re-evaluation of ground-water discharge 
focused on Dixie Valley as the largest basin in the 
study area. Phreatophytic vegetation was mapped 
and partitioned into nine zones on the basis of spe­ 
cies composition and foliage density. For woody 
phreatophytes, annual evapotranspiration rates of 
0.7 cubic feet of water per cubic foot of foliage for 
greasewood and 1.1 cubic feet of water per cubic 
foot of foliage for rabbitbrush were adapted from 
lysimeter studies near Winnemucca, Nevada. 
These rates were multiplied by the foliage density 
of the respective phreatophytes in each zone to 
estimate a specific rate for that zone. Rates for salt- 
grass (0.5 to 0.8 foot per year) and the playa sur­ 
face (0.1 to 0.3 foot per year) were based on a 
range of rates used in other recent studies in west­ 
ern and central Nevada. These rates were multi­ 
plied by the areas of the zones to produce 
estimates of the annual volume of ground water

discharged. The discharge estimated for Dixie 
Valley is between 17,000 and 28,000 acre-feet per 
year. The revised discharge estimate for the entire 
Dixie Valley area is between 20,000 and 31,000 
acre-feet per year.

The revised ground-water budget for the 
entire Dixie Valley study area has a total recharge 
of about 23,000 acre-feet per year. This is within 
the range of estimates of natural discharge from 
20,000 to 31,000 acre-feet per year. For Dixie 
Valley alone, the total recharge of about 8,900 
acre-feet per year and the estimated subsurface 
inflow from tributary areas of about 11,000 acre- 
feet per year produce an estimated total inflow of 
about 20,000 acre-feet per year. This compares 
with the discharge estimate of 17,000 to 28,000 
acre-feet per year.

INTRODUCTION

Dixie Valley is a large basin in western Nevada 
that receives surface- and ground-water flow from 
six smaller valleys (Fairview, Stingaree, Cowkick, 
Eastgate, Pleasant, and Jersey; see pi. 1). This drainage 
system, which totals about 2,380 mi2 (Rush, 1968, 
p. 20), is referred to herein as the Dixie Valley area. 
Rush (1968, p. 20) assigned each valley a hydro- 
graphic-area number as follows: Dixie Valley (128), 
Fairview Valley (124), Stingaree Valley (125), 
Cowkick Valley (126), Eastgate Valley (127), Pleasant 
Valley (130), and Jersey Valley (132). Dixie Valley 
encompasses about 1,300 mi of the Dixie Valley area. 
The drainage within Dixie Valley is toward a playa, 
the Humboldt Salt Marsh, which, at an altitude of 
about 3,360 ft above sea level, is the lowest point in the
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northern two-thirds of Nevada. All natural ground- 
water discharge is by evapotranspiration from areas of 
shallow ground water beneath or adjacent to the playa.

In the early 1980's, Dixie Valley was selected as 
a potential area for study and modeling as part of the 
Great Basin Regional Aquifer-Systems Analysis 
(RASA) study (Harrill and others, 1983, p. 40-42). 
After efforts to develop a model revealed uncertainties 
in the available information that could not be resolved 
without much additional detailed study, Dixie Valley 
was not used as an example area for the RASA pro­ 
gram. Estimates of the natural ground-water discharge 
initially developed in support of the RASA effort and 
subsequent findings of recent studies (Hines, 1992; 
Nichols, 1992, 1993; Carman, 1993), however, can be 
used to develop an estimate of the natural discharge 
from Dixie Valley that is more detailed than the initial 
reconnaissance estimate developed by Cohen and 
Everett (1963, p. 21). Also, precipitation data acquired 
since 1963 allow for a refinement of the estimate of 
recharge by Cohen and Everett (1963, table 3). The 
purpose of this report is to present these revised esti­ 
mates of natural ground-water discharge and recharge 
for the Dixie Valley area and to discuss briefly their sig­ 
nificance.

Field work done in 1983 as part of the RASA 
study included measuring vegetation types and foliage 
densities along 15 transects in Dixie Valley, grouping 
the phreatophytic vegetation into nine zones and map­ 
ping the areal extent of each zone, mapping the area of 
the playa, hand augering shallow holes in the playa 
deposits at 18 sites to determine depth to the water 
table, and measuring static water levels in most of the 
wells in the valley. Water-level measurements and well 
information are stored in the ground-water site inven­ 
tory files of the U.S. Geological Survey's National 
Water Information System (NWIS). This information 
can be obtained through the U.S. Geological Survey 
Office in Carson City, Nev., or through any designated 
National Water-Data Exchange (NAWDEX) assistance 
center (Edwards, 1987). The other information pertain­ 
ing to evapotranspiration (ET) and the revised esti­ 
mates of recharge were compiled for this report in 
1993-94.

RECHARGE FROM PRECIPITATION

Natural recharge from precipitation in the Dixie 
Valley area was estimated to be about 16,000 acre-ft/yr 
by Cohen and Everett (1963, p. 18). This estimate was 
made using a method described by Eakin and others 
(1951). The method estimates the average annual vol­ 
ume of precipitation using a relation between precipita­ 
tion and altitude zones, and then assigns specified 
percentages of recharge to each altitude zone. In 1963, 
only one precipitation station was operating in the 
entire Dixie Valley area. Precipitation values were 
assigned to altitude zones solely on the basis of a gen­ 
eralized precipitation map of the entire State that was 
compiled in the 1930's (Hardman, 1936). The relation 
between precipitation and altitude zones that was used 
assumed that the 8-in. line of equal annual precipitation 
corresponded to an altitude of 6,000 ft, the 12-in. line 
to an altitude of 7,000 ft, the 15-in. line to an altitude of 
8,000 ft, and the 20-in. line to an altitude of 9,000 ft.

Since 1963, considerable precipitation data have 
been collected in the Dixie Valley area and, as of 1993, 
data are available for 5 precipitation stations and 24 
precipitation-storage gages within the Dixie Valley 
area. Records for these stations, one station in adjacent 
Buffalo Valley, and long-term stations in Austin, 
Fallen, and Lovelock are listed in table 1. The relation 
between precipitation at these stations and altitude is 
shown in figure 1. (Precipitation for the station in 
Buffalo Valley was anomalously high for the altitude 
and this station is not shown in figure 1.) The data in 
figure 1 define the relation between precipitation and 
altitude for values of precipitation from about 5 in. 
to slightly more than 12 in. The regression equation 
shown in figure 1 indicates that an annual precipitation 
of 8 in. corresponds to an altitude of about 4,900 ft, 
which is considerably lower than the altitude of 6,000 
ft previously used. An annual precipitation of 12 in. 
corresponds to an altitude of about 7,150 ft, which is in 
reasonable agreement with the altitude of 7,000 ft pre­ 
viously used. The precipitation values do not exceed 
about 13 in.; however, the curve was extrapolated to 
15 in. because the relation from 5 to 12 in. was well 
defined and no information was available in the study 
area to better define the relation at higher altitude. On 
the basis of the relation shown in figure 1, an annual 
precipitation of 15 in. corresponds to an altitude of 
about 8,820 ft.
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Ta
bl

e 
1.

 A
ve

ra
ge

 m
on

th
ly

 a
nd

 a
nn

ua
l p

re
ci

pi
ta

tio
n 

at
 s

ta
tio

ns
 a

nd
 s

to
ra

ge
 g

ag
es

 in
 a

nd
 n

ea
r 

D
ix

ie
 V

al
le

y 
ar

ea
, 

N
ev

ad
a

[A
ll 

pr
ec

ip
ita

tio
n 

va
lu

es
 in

 in
ch

es
; f

ro
m

 p
ub

lis
he

d 
re

co
rd

s 
of

 th
e 

U
.S

. W
ea

th
er

 B
ur

ea
u,

 e
xc

ep
t w

he
re

 in
di

ca
te

d.
 S

ym
bo

l: 
 ,

 n
ot

 a
va

ila
bl

e]

3J m
 

O > 3)
 

O m  o 3 5

St
at

io
n 

or
 g

ag
e

A
us

tin
2 

B
rin

ke
rh

of
f R

an
ch

3 
B

uf
fa

lo
 R

an
ch

4 
D

ix
ie

 V
al

le
y5

 
Ea

st
ga

te
6

Fa
lle

n7
 

Lo
ve

lo
ck

8 
Pa

ris
 R

an
ch

9 
R

ob
bi

ns
10

U
.S

. B
ur

ea
u 

of
 L

an
d 

M

C
an

 N
o.

 1
 

C
an

 N
o.

 2
 

C
an

 N
o.

 3
 

C
an

 N
o.

 4
 

C
an

 N
o.

 5

C
an

 N
o.

 7
 

C
an

 N
o.

 8
 

C
an

 N
o.

 9
 

C
an

 N
o.

 1
0 

C
an

 N
o.

 1
1

C
an

 N
o.

 1
2 

C
an

 N
o.

 1
3 

C
an

 N
o.

 1
4 

C
an

 N
o.

 1
5 

C
an

 N
o.

 1
6

C
an

 N
o.

 1
7 

C
an

 N
o.

 1
8 

C
an

 N
o.

 1
9 

C
an

 N
o.

 2
0 

C
an

 N
o.

 2
1

C
an

 N
o.

 2
2 

C
an

 N
o.

 2
3 

C
an

 N
o.

 2
4 

C
an

 N
o.

 2
5

A
lti

tu
de

 
(f

ee
t a

bo
ve

 
se

a 
le

ve
l)

6,
59

4 
3,

66
0 

5,
43

0 
3,

54
0 

5,
02

0

3,
96

5 
3,

97
7 

4,
13

6 
3,

41
0

M
an

ag
em

en
t p

re
ci

pi
l

4,
90

0 
5,

32
5 

5,
50

0 
5,

20
0 

5,
40

0

6,
40

0 
5,

80
0 

6,
20

0 
5,

40
0 

6,
80

0

5,
80

0 
6,

40
0 

5,
50

0 
7,

70
0 

6,
60

0

6,
40

0 
6,

20
0 

5,
70

0 
5,

60
0 

5,
20

0

5,
00

0 
4,

87
0 

4,
65

0 
6,

10
0

Pe
rio

d 
of

 re
co

rd
 

Ja
n 

Fe
b 

M
ar

 
A

pr
 

M
ey

 
Ju

ne
 

Ju
ly

 
A

ug

19
11

-6
2 

1.
14

 
1.

14
 

1.
46

 
1.

64
 

1.
43

 
0.

80
 

0.
60

 
0.

53
 

19
66

-7
9 

.5
8 

.5
6 

.5
8 

.8
3 

.5
6 

.9
1 

.4
3 

.4
3 

19
66

-8
1 

2.
08

 
1.

09
 

1.
38

 
1.

14
 

1.
21

 
1.

73
 

.3
3 

.6
8 

19
72

-7
9 

.8
0 

.9
3 

1.
07

 
.5

3 
.2

2 
.2

3 
.1

3 
.2

8 
19

56
-6

9 
.5

7 
.8

4 
.6

0 
.8

2 
.6

9 
.8

8 
.3

8 
.7

2

18
92

-8
7 

.5
5 

.5
4 

.4
6 

.4
4 

.6
0 

.4
2 

.1
8 

.2
1 

18
91

-8
7 

.6
3 

.5
4 

.4
6 

.4
3 

.4
8 

.4
5 

.1
7 

.2
1 

19
66

-8
7 

.8
7 

.8
2 

.9
8 

.8
6 

.8
2 

.7
7 

.3
9 

.4
3 

19
80

-8
4 

.6
8 

.5
3 

.8
3 

.4
0 

.5
8 

.6
3 

.2
1 

.6
1

at
io

n 
st

or
ag

e 
ga

ge
s,

 E
as

tg
at

e 
w

at
er

sh
ed

. D
at

a 
fr

om
 J

ou
ng

 a
nd

 o
th

er
s 

(1
98

3,
 p

. x
-y

).

19
63

-8
0 

19
63

-8
0

19
63

-8
0

1 a
f.

?
 

o
n

19
63

-8
0 

19
63

-7
7

1 
Q

^O
 

7
7

19
63

 7
7

19
63

_7
7

1 
Q

A
Q

 
7
7

19
63

 7
7

19
63

-8
0 

19
63

-8
0 

19
63

-8
0 

19
63

-8
0

19
63

-8
0 

19
63

-8
0

1 
Q

^
-3

 
Q

fl

1 Q
f\

1 
T

7
i o

f*
'}

 7
7

19
63

-7
7 

19
67

-8
0

i o
£7

 o
n

19
67

-8
0

Se
p 

O
ct

 
N

ov
 

D
ec

 
A

nn
ua

l

0.
48

 
0.

93
 

0.
85

 
1.

06
 

12
.0

6 
.4

1 
.3

1 
.5

4 
.7

3 
6.

87
 

.7
0 

.7
5 

1.
29

 
1.

37
 

13
.7

5 
.5

2 
.2

8 
.5

4 
.4

5 
6.

00
 

.6
7 

.3
3 

.5
4 

.5
6 

7.
59

.2
8 

.4
3 

.3
6 

.5
0 

4.
96

 
.3

3 
.4

4 
.4

1 
.4

8 
5.

06
 

.4
6 

.6
9 

1.
02

 
.9

0 
9.

01
 

.7
9 

.6
2 

.7
9 

.5
9 

7.
29

7 
81

 
7.

92
 

8.
39

O
 Q

C

8.
67

10
.8

9 
9.

39
10

.1
0

8.
79

 
12

.3
8

10
.2

5
12

.1
9 

10
 3

7 
13

.3
3 

12
.1

7

10
 9

4 
10

.8
7 

10
.0

5
10

.0
2 

9.
27

8.
00

 
8.

46
o 

<
9

9 
64

A
dj

us
te

d 
to

 
lo

ng
 te

rm
1

6.
6 

13
.3

 
5.

9
7.

2

8.
3 

5.
6

7.
5 

7.
6 

8.
0 

8.
6 

8.
3

10
.6

 
9.

1 
9.

8 
8.

5 
12

.0 9.
9 

11
.7

 
9.

9 
12

.8
 

11
.7

10
.5

 
10

.4
 

9.
6 

9.
7 

9.
0

7.
8 

8.
5 

8.
5 

9.
6

1 A
dj

us
te

d 
to

 lo
ng

-te
rm

 a
ve

ra
ge

s 
on

 th
e 

ba
si

s 
of

 c
om

pa
ris

on
 w

ith
 lo

ng
-te

rm
 re

co
rd

s 
at

 F
al

le
n 

an
d 

Lo
ve

lo
ck

.
2 I

n 
se

c.
 3

5,
 T

. 2
6 

N
., 

R
. 3

8 
E.

 in
 D

ix
ie

 V
al

le
y.

3 I
n 

se
c.

 1
5,

 T
. 2

9 
N

., 
R

. 4
0 

E.
 in

 B
uf

fa
lo

 V
al

le
y.

4 
In

 s
ec

. 1
. T

 2
1 

N
., 

R.
 3

4 
E.

 i
n 

D
ix

ie
 V

al
le

y.
 A

gg
re

ga
te

d 
sh

or
t r

ec
or

ds
 a

t s
ev

er
al

 a
dj

ac
en

t s
ite

s 
(S

ta
rk

, T
hi

le
x,

 a
nd

 A
nd

er
so

n)
.

5 
In

 s
ec

. 2
5,

 T
. 1

7 
N

., 
R

. 3
6 

E.
 in

 E
as

tg
at

e 
V

al
le

y.
6 I

n 
se

c.
 6

, T
. 1

8 
N

., 
R

. 2
9 

E.
 in

 C
ar

so
n 

D
es

er
t, 

25
 m

ile
s 

w
es

t o
f s

tu
dy

 a
re

a.
7 I

n 
se

c.
 2

6,
 T

. 2
7 

N
., 

R.
 3

1 
E.

 in
 L

ov
el

oc
k 

V
al

le
y,

 3
5 

m
ile

s 
no

rth
w

es
t o

f s
tu

dy
 a

re
a.

8 I
n 

se
c.

 1
5,

 T
. 2

7 
N

., 
R.

 3
8 

E.
 in

 P
le

as
an

t V
al

le
y.

9 
In

 se
c.

 8
, T

. 2
1 

N
., 

R
. 3

5 
E.

 in
 D

ix
ie

 V
al

le
y.

 R
ec

or
ds

 p
ro

vi
de

d 
by

 M
r. 

Ed
 R

ob
bi

ns
.

10
 In

 s
ec

. 1
9,

 T
. 1

9 
N

., 
R.

 4
4 

E.
 i

n 
R

ee
ce

 R
iv

er
 V

al
le

y.



CO 
LJU

LU

GC 
LU

15

14

13

12

Q 11

1,0 
o
LU

  Weather station 

D Storage gage

D

D

D

3,000 4,000 5,000 6,000 7,000 

ALTITUDE, IN FEET ABOVE SEA LEVEL

8,000

Figure 1. Relation between precipitation and altitude at 32 sites in and adjacent to Dixie Valley area.

Topographic maps of the area indicate that much 
of the zone between 4,900- and 6,000-ft altitude is on 
the lower flanks of the mountains, has steep slopes, and 
contains exposures of consolidated rock. Thus, chang­ 
ing the lower limit of the area that contributes to 
recharge from 6,000 ft to 5,000 ft appears justified. A 
value of 5,000 ft was used instead of 4,900 ft to be con­ 
sistent with the practice of using 1,000-foot increments 
of altitude to approximate precipitation zones for 
reconnaissance-level estimates of recharge. Altitudes 
of 7,000 and 9,000 ft were used to represent annual pre­ 
cipitation values of 12 and 15 in., respectively. These 
revisions result in an estimate of 23,000 acre-ft/yr of 
recharge for the entire area (table 2). This estimate is 
7,000 acre-ft/yr higher than the 16,000 acre-ft/yr previ­ 
ously estimated by Cohen and Everett (1963, table 3).

The slope of the precipitation-versus-altitude 
relation shown in figure 1 is less than the slope of the 
relation used by Cohen and Everett (1963, table 3).

A possible explanation for the lesser slope is that the 
Dixie Valley area may be in a "rain shadow" caused by 
the Sierra Nevada.

GROUND-WATER DISCHARGE

In this report, a revised estimate of discharge by 
evapotranspiration is made for only the large discharge 
area in Dixie Valley. This new information is used in 
conjunction with discharge estimates made by Cohen 
and Everett (1963, table 4) for Pleasant Valley and 
Stingaree, Cowkick, and Eastgate Valleys to produce a 
revised estimate for the entire Dixie Valley area. The 
estimate made for Dixie Valley in this report is compa­ 
rable to the estimate for Dixie and Jersey Valleys made 
by Cohen and Everett (1963, table 4) because virtually 
all discharge from Jersey Valley occurs as underflow 
to Dixie Valley where it is ultimately consumed by

Estimated Natural Ground-Water Recharge, Discharge, and Budget for the Dixie Valley Area, West-Central Nevada



Table 2. Estimated average annual precipitation and ground-water recharge in Dixie Valley area, Nevada

Altitude zone 
(feet above 
sea level)

7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Subtotal (rounded)

Above 9,000 
7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Subtotal (rounded)

Total (rounded)

7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Total (rounded)

Estimated annual precipitation
A fa a

facres) Ranpe Avera9e
(inches) Feet Acre.feet

DIXIE VALLEY (north of T. 22 N.)

4,040 12 to 15 1.12 4,500 
97,300 8 to 12 .83 81,000 

287,000 less than 8 .50 140,000

388,000 230,000

DIXIE VALLEY (south of T. 23 N.)

979 more than 15 1.46 1,400 
26,700 12 to 15 1.12 30,000 

154,000 8 to 12 .83 130,000 
267,000 less than 8 .50 130,000

449,000 290,000

837,000 520,000

FAIRVIEW VALLEY

1,820 12 to 15 1.12 2,000 
87,100 8 to 12 .83 72,000 
94,900 less than 8 .50 47,000

184,000 120,000

Estimated recharge

Assumed 
percentage 

of precipitation

7 
3 
0

15 
7 
3 
0

7 
3 
0

Acre-feet 
per year

320 
2,400 

0

2,700

210 
2,100 
3,900 

0

6,200

8,900

140 
2,200 

0

2,300

STINGAREE, COWKICK, AND EASTGATE VALLEYS

Above 9,000 
7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Total (rounded)

Above 9,000 
7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Total (rounded)

7,000 to 9,000 
5,000 to 7,000 
Below 5,000

Total (rounded)

GRAND TOTAL (rounded)

2,020 more than 15 1.46 2,900 
24,900 12 to 15 1.12 28,000 

174,000 8 to 12 .83 140,000 
36,100 less than 8 .50 18,000

237,000 190,000

PLEASANT VALLEY

702 more than 15 1.46 1,000 
12,100 12 to 15 1.12 14,000 
90,500 8 to 12 .83 75,000 
76,900 less than 8 .50 38,000

180,000 130,000

JERSEY VALLEY

3,860 12 to 15 1.12 4,300 
44,400 8 to 12 .83 37,000 
38,100 less than 8 .50 19,000

86,400 60,000

1,520,000 1,000,000

15 
7 
3 
0

15 
7 
3 
0

7 
3 
0

440 
2,000 
4,300 

0

6,700

150 
980 

2,200 
0

3,300

300 
1,100 

0

1,400

23,000

GROUND-WATER DISCHARGE



evapotranspiration. Plate 1 shows the results of detailed 
phreatophyte mapping in 1983 for Dixie Valley and 
reconnaissance mapping by Cohen and Everett (1963, 
pi. 1) for the other valleys. Phreatophyte boundaries 
shown by Cohen and Everett are adjusted slightly in 
plate 1 of this report to conform with the extent of 
basin-fill deposits shown by Stewart and Carlson 
(1978).

Evapotranspiration in Phreatophyte Areas

Type and Distribution of Vegetation

Plants in Dixie Valley can be subdivided into two 
general hydrologic groups: xerophytes and phreato- 
phytes. A xerophyte derives water primarily from 
surface-water infiltration, whereas a phreatophyte 
derives most of its water from the underlying aquifer 
(Meinzer, 1927, p. 1). Commonly, phreatophyte spe­ 
cies can exist in xerophytic areas where precipitation 
ponds or where surface-water runoff infiltrates and is 
temporarily stored as soil moisture or perched ground 
water. Phreatophytic evapotranspiration, therefore, 
does not include xerophytic evapotranspiration within 
the phreatophytic ground-water discharge zone. For 
this report, the term "phreatophyte" refers to plants that 
use water derived primarily from the zone of satura­ 
tion. This excludes plants maintained by localized 
areas of surface-water runoff or shallow perched water. 
Sagebrush is the most common xerophyte in the Dixie 
Valley area, although shadscale and some xerophytic 
greasewood also are present. The three principal genera 
of natural phreatophytes in Dixie Valley are big grease- 
wood, rabbitbrush, and saltgrass. Minor areas of 
cottonwood, willow, saltcedar, and wildrye were 
too small to be mapped as distinct categories.

Determination of Foliage Cover and Volume

Foliage characteristics for each woody phreato­ 
phyte area were measured in April 1983, using the 
transect method described by Horton and others (1964) 
for the calculation of zone-specific discharge rates. 
Fifteen sites were sampled along transects to determine 
fractional amounts of areal cover, average weighted 
height, and foliage-volume density for each phreato­ 
phyte type. Locations of these sites are shown on plate 
1. Sites were chosen that appeared to best represent the 
area being investigated. A steel surveyor tape was

stretched in a quasi-random direction over the foliage 
crown to form a straight-line transect. Areal cover was 
calculated by measuring the length of each plant crown 
intercept (vertical projection of the plant silhouette 
onto the tape), summing the intercepts of the plant 
type(s) of interest, and dividing this sum by the total 
transect length (300 ft at most sites). An assumed 1-ft 
width along the transect results in physical units of 
square feet of vegetated cover per square foot of 
discharge zone area.

Calculation of average weighted height entailed 
two steps. The first step was to measure the height of 
each plant at its crest and multiply each height intercept 
by the corresponding crown intercept. The second step 
was to calculate average height by dividing the sum of 
the height-intercept products by the sum of the inter­ 
cepts. The resulting units are in feet.

The average height, crown cover, and volumetric 
density of the major phreatophytes (greasewood and 
rabbitbrush) and other xerophytic vegetation (mostly 
shadscale, bud sagebrush, fiddleneck, and big sage­ 
brush) present in significant amounts along some 
transects are listed in table 3. Areas dominated by salt- 
grass were mapped as a separate zone and the average 
volume of foliage (grass) was estimated for the entire 
zone.

Identification and Mapping of Phreatophyte Zones

The area populated by phreatophytes was parti­ 
tioned into nine zones (pi. 1) on the basis of species 
composition and foliage-volume density. This partition 
was accomplished primarily by driving along estab­ 
lished roads and mapping the combined visual effect of 
plant height, crown-cover density, and species compo­ 
sition (see Mines [1992] for a more detailed description 
of phreatophyte mapping methods). This mapping 
method positions boundaries to within approximately 
1/2 mi of the true locations based on foliage-volume 
density ratios. The resulting uncertainty is small 
because the low rates of evapotranspiration and exten­ 
sive area reduce the error to a magnitude within the 
range of uncertainties in rate-calculation data used in 
this study. The area, approximate average percent 
cover, and approximate average volume of foliage for 
each of the nine zones are listed in table 4.

6 Estimated Natural Ground-Water Recharge, Discharge, and Budget for the Dixie valley Area, West-Central Nevada
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Table 4. Areal characteristics of vegetation zones in Dixie Valley, Nevada

Approximate average
Approximate average volume of foliage 

percent cover (cubic feet per square foot)

Zone 
(plate 1)

1
2
3
4

5
6
7
8 a

Total (rounded)

Area Grease- 
(acres) wood
79,000
4,300
3,800
4,100

3,300
13,600

1,200
4,800

114,000

4
3

15
6

6
7

26

--

Rabbit- 
brush

1
9

trace
trace

trace
1

trace

-

All shrubs

6
20
19

7

9
8

26

--

Grease- 
wood

0.06
.06
.44
.20

.09

.28

.59

-

Rabbit- 
brush All shrubs

0.01
21
.01

trace

trace
.01

trace

--

0.09
.34
.57
.21

.15

.24

.59

--

a Saltgrass; estimated volume of foliage 0.05-0.11 cubic foot per square foot.

Estimation of Evapotranspiration Rates

Discharge from areas dominated by saltgrass was 
determined by multiplying the zone area by rates of 0.5 
and 0.8 ft/yr. This range of annual rates was based on a 
rate of 0.5 ft/yr previously used by Hines (1992, p. 17) 
and a rate of 0.80 ft/yr used by Nichols (1992, p. 311) 
for areas of saltgrass in Smith Creek Valley. These rates 
are higher than the rate of 0.2 ft/yr used by Cohen and 
Everett (1963, p. 21), but higher rates can be supported 
on the basis of preliminary results of field studies in 
northwestern Nevada as discussed by Nichols (1992, 
p. 314).

Evapotranspiration rates for woody phreato- 
phytes were based on foliage-volume density, the prod­ 
uct of fractional areal cover and average weighted 
height (table 2). Rates were first determined for each 
phreatophyte type in a zone by multiplying the foliage 
volume by an annual volume of ground water dis­ 
charged per cubic foot of foliage. Annual rates of 
0.7 ft3 of water per cubic foot of foliage for grease- 
wood and 1.1 ft3 of water per cubic foot of foliage for 
rabbitbrush were adopted from lysimeter studies by 
Robinson (1970) near Winnemucca, Nev. The com­ 
bined evapotranspiration rate for a zone was then 
formed by summing the rates for individual plant types. 
Multiplying this rate by the area of the zone produced 
an estimate of the annual volume of ground water dis­ 
charged. The results of this calculation are summarized 
in table 5.

Evaporation from the Playa

In 1983, the area of bare soil mapped on the 
Dixie Valley playa was about 44,000 acres. In August- 
November 1984, shallow holes were hand augured at 
18 sites east and north of the Humboldt Salt Marsh to 
evaluate the general range in depth to the water table. 
Depths to the water table ranged from less than a foot 
to about 7.5 ft. At most sites, the water table was less 
than 5 ft below the land surface. Evaporation of ground 
water from the playa can be a significant component of 
the ground-water budget because of the large surface 
area of the playa. Average discharge rates from playa 
surfaces are difficult to estimate because of year-to- 
year variations in the extent and duration of surface 
flooding and because of uncertain effects from the 
development of a salt crust, which could suppress 
evaporation. Cohen and Everett (1963, p. 21) used 
0.1 ft/yr to represent the average long-term rate of 
evaporation from the playa. This rate was commonly 
used in reports of the Nevada ground-water reconnais­ 
sance series to estimate evaporation from bare playa 
soils; however, virtually no field measurements could 
be used to validate this estimated rate. Hines (1992, 
p. 17-19) used Darcy's law and hydraulic gradients to 
calculate estimates of vertical and horizontal flow for 
specified zones of the playa surface in nearby Smith 
Creek Valley. His calculations produced estimates 
ranging from 0.02 to 0.50 ft/yr for specific zones, 
depending primarily on measured variations in vertical 
hydraulic gradient. The average rate estimated by 
Hines for the entire main playa of Smith Creek Valley 
was 0.2 ft/yr. In recent years, several investigators

8 Estimated Natural Ground-Water Recharge, Discharge, and Budget for the Dixie Valley Area, West-Central Nevada



Table 5. Estimated ground-water discharge due to evapotranspiration from phreatophytes and evaporation from bare 
soil in Dixie Valley, Nevada

Foliage-volume density (cubic feet per square foot)

Zone 
number 
(plate 1)

Grease- 
wood

Phreatophytes

Rabbit- 
brush All

Xerc 
phytc

Evapotranspiration 
i- All rate 
is plants (feet per year)

NORTH OF TOWNSHIP 22

1
4
5

6
7 
8 

Playa

0.06
.20
.09

.28

.59

0.01
trace
trace

.01
trace 

saltgrass only 
bare soil

0.07
.20
.09

.29

.59

0.02
.01
.06

trace
trace

0.09
.21
.15

.29

.59

SOUTH OF TOWNSHIP 23

1
2
3

4 
8 

Playa

0.06
.06
.44

.20

0.01
.21
.01

trace 
saltgrass only 
bare soil

0.07
.27
.45

.20

0.02
.13
.12

.01

0.09
.40
.57

.21

NORTH

0.05
.14
.06

.21

.41 
20.5 - 0.8 
30. 1-0.3

Subtotal

NORTH

0.05
.27
.32

.14 
20.5 - 0.8 
30. 1-0.3

Subtotal

TOTAL FOR VALLEY (rounded)

Aree 
(acres)

50,800
3,600
3,300

13,600
1,200 
4,100 

26,000

102,600

28,200
4,300
3,800

500 
700 

17,900

55,400

158,000

Estimated 
annual 

evapotranspiration 
(acre-feet 
per year)1

2,500
500
200

2,900
500 

2,000-3,300 
2,600-7,800

11,000-18,000

1,400
1,200
1,200

70 
350-560 

1,800-5,400

6,000-9,800

17,000-28,000

1 Evapotranspiradon estimates are rounded off to two significant figures or less.
2 Annual rate of 0.5 foot per year is rate used by Hines (1992, p. 17) and annual rate of 0.8 foot per year is rate used by Nichols (1992, 

p. 311) to estimate ground-water evapotranspiration by saltgrass in Smith Creek Valley.
3 Range 0.1 to 0.3 foot per year is range in rates used by Maurer and others (1994, p. 69) to estimate average annual ground-water discharge 

from Carson Sink playa. Following wet periods, such as 1983-84, annual rate of ground-water evapotranspiration may be as high as 0.5 foot per year.

have measured evapotranspiration rates at several 
playa sites. Nichols (1992) used a rate of 0.26 ft/yr 
to represent ground-water evapotranspiration from 
the Smith Creek Valley playa. This value is based on 
field measurements made between mid-July and early 
September 1989. During the summer of 1993, mea­ 
surements were made at two sites on the Railroad 
Valley playa (in east-central Nevada) and a preliminary 
evaluation of data collected during the last half of July 
suggests an annual evaporation of ground water from 
the Railroad Valley playa of between 0.1 and 0.2 ft/yr 
(Michael J. Johnson, U.S. Geological Survey, written 
commun., 1993). Finally, as part of an evaluation of the 
Newlands area of the Carson Desert, just west of Dixie 
Valley, a range in rates of 0.1 to 0.3 ft/yr was used to 
encompass the uncertainty of the available estimates 
(Maurer and others, 1994, p. 69). The same range in 
rates, 0.1 to 0.3 ft/yr, is used in this report (table 5). 
Additional field study will be required before ground- 
water discharge from the playa can be estimated more 
precisely.

Discussion of Discharge Estimates

The ground-water discharge of 17,000 to 28,000 
acre-ft/yr estimated in table 5 is larger than the dis­ 
charge of 16,500 acre-ft/yr estimated by Cohen and 
Everett (1963, p. 21) for Dixie and Jersey Valleys. The 
total area mapped as an area of ground-water discharge 
was similar in the two studies. Most of the difference in 
estimates is due to more extensive mapped areas of 
saltgrass and bare soil (playa) and to higher evapotrans­ 
piration rates being used in this report for both areas. 
The higher evapotranspiration rates used are based in 
part on recent results reported by Nichols (1992) and 
Hines (1992). These reported results are, in turn, based 
in part on field-measurement studies that are continu­ 
ing, and future results may indicate some revision of 
the existing rates. A range in evapotranspiration rates 
was used for the saltgrass and bare-soil zones in this 
current study to allow for the existing uncertainty. 
Additional field studies will be needed to support more 
specific refinements. The area of woody shrubs in

GROUND-WATER DISCHARGE



table 5 (zones 1-7) totals about 110,000 acres, which is 
smaller than the 125,100 acres mapped by Cohen and 
Everett (1963). The difference of 15,800 acres is about 
equal to the difference in the areas mapped as bare soil 
by Cohen and Everett (1963) and by this study. Some 
areas mapped as sparsely vegetated areas of grease- 
wood and rabbitbrush by Cohen and Everett probably 
were mapped as bare soil during this investigation. 
Because this study was made just after a period of 
extensive playa flooding, the area of bare soil may have 
been more extensive in 1983 than in 1963. Estimated 
evapotranspiration rates for the seven zones of woody 
phreatophytes shown in table 3 ranged from 0.05 to 
0.41 ft/yr, with the average rate for all zones being 
approximately 0.1 ft/yr. This is identical to the rate 
used by Cohen and Everett (1963, p. 21) to represent 
the entire area of woody phreatophytes.

GROUND-WATER BUDGET

A revised ground-water budget for the Dixie 
Valley area is in table 6; it includes the average annual 
subsurface flow of ground water from valleys tributary 
to Dixie Valley. Total recharge to the Dixie Valley area 
of about 23,000 acre-ft/yr is within the range of esti­ 
mated natural discharge (20,000 to 31,000 acre-ft/yr). 
Ideally, the two estimates should be equal. The range in

estimated discharge is large enough to preclude any 
detailed evaluation of the difference between estimates 
of recharge and discharge.

For Dixie Valley, the total recharge of 8,900 acre- 
ft/yr (table 2) and the estimated subsurface inflow of 
11,000 acre-ft/yr produce an estimated average annual 
inflow of about 20,000 acre-ft/yr, compared to an esti­ 
mated discharge between 17,000 and 28,000 acre-ft/yr. 
The estimated inflow is within the range of estimated 
values of discharge; however, the location of the inflow 
does not correspond well with the location of the 
discharge.

The estimated discharge in Dixie Valley north of 
T. 22 N. is 11,000 to 18,000 acre-ft/yr and the estimated 
discharge south of T. 23 N. is 6,000 to 9,800 acre-ft/yr 
(table 5). In contrast, the estimated recharge north of 
T. 22 N. (2,700 acre-ft/yr, table 2) plus the subsurface 
inflow from Pleasant and Jersey Valleys (2,200 acre- 
ft/yr, table 6) total 4,900 acre-ft/yr and the estimated 
recharge south of T. 23 N. (6,200 acre-ft/yr, table 2) 
plus the subsurface inflow from Eastgate, Cowkick, 
Stingaree, and Fairview Valleys (6,300 acre-ft/yr, table 
6) total 12,500 acre-ft/yr. The division between the 
north and south parts of Dixie Valley was selected to 
pass across the lowest area of the playa; large amounts 
of ground water would not be expected to flow between 
the two parts of the valley through this low area.

Table 6. Estimated average annual ground-water budget for Dixie Valley area, Nevada 
[All values in acre-feet per year, rounded to two significant figures]

Valley

Budget elements

INFLOW
Ground-water recharge 

from precipitation (table 2) 
Subsurface inflow

TOTAL INFLOW

OUTFLOW
Ground- water

evapotranspiration (table 5) 
Subsurface outflow4

TOTAL OUTFLOW

NET IMBALANCE
(inflow minus outflow)

Dixie Fairview

8,900 2,300
hi, ooo (2)
20,000 2,300

17,000 to 28,000 (2) 
(2) 2,300

17,000 to 28,000 2,300

3,000 to -8,000 (2)

Stingaree, 
Cowkick, 

and Eastgate

6,700

6,700

400 
6,300

6,700

(2)

Pleasant

3,300

3,300

2,200 
1,100

3,300

(2)

Jersey

1,400

1,400

300 
1,100

1,400

(2)

Entire Dixie 
Valley area 
(rounded)

23,000

23,000

20,000 to 3 1,000

20,000 to 3 1,000

3,000 to -8,000

' Combined subsurface outflow from other six valleys in Dixie Valley area.
2 Assumed to be negligible.
3 Assumed to be negligible; subsurface inflow to Dixie Valley and outflow from other six valleys are internal to overall Dixie Valley area.
4 Difference between estimated recharge and evapotranspiration, except as indicated.

10 Estimated Natural Ground-Water Recharge, Discharge, and Budget for the Dixie Valley Area, West-Central Nevada



Either one or more of the estimates are in error, or 
the distribution of subsurface inflow is different from 
the original estimate. The second possibility appears to 
be the best explanation on the basis of current data. 
Specifically, subsurface inflow from Stingaree, Cow- 
kick, and Eastgate Valleys was thought to enter Dixie 
Valley by crossing beneath the edge of Stingaree Valley 
through a flow section that extends from Dixie Wash 
several miles to the north. An alternate flow path would 
be for recharge from parts of Stingaree, Cowkick, and 
Eastgate Valleys to move north through areas of frac­ 
tured bedrock and enter the basin-fill reservoir of Dixie 
Valley either in or near the northern part of the valley. 
This concept has some support from geophysical work 
by Catchings (1992) and Okaya (1985). They devel­ 
oped geophysically based models indicating that Buena 
Vista Valley and Dixie Valley are underlain by highly 
broken rock masses to appreciable depths (6 to 12 mi) 
and that the Stillwater Range is largely a solid rock 
mass. Areas of highly fractured rock beneath Dixie 
Valley and possibly parts of the Clan Alpine Mountains 
may provide conduits for subsurface flow toward the 
north part of Dixie Valley. Much additional work is 
required before this possibility can be confirmed or 
rejected.

SUMMARY

Dixie Valley is a large basin in western Nevada 
that receives surface- and ground-water flow from six 
smaller valleys (Fairview, Stingaree, Cowkick, East- 
gate, Pleasant, and Jersey). The total area is about 
2,380 mi2 . In this report, Dixie Valley and the six trib­ 
utary valleys are referred to as the Dixie Valley area. 
Dixie Valley alone encompasses about 1,300 mi of 
this area. Drainage within Dixie Valley is toward a 
playa, which, at an altitude of 3,363 ft, is the lowest 
point in the northern two-thirds of Nevada.

The relation between precipitation and altitude 
was evaluated using data from 9 precipitation stations 
and 24 precipitation-storage gages. The results of this 
evaluation indicated that 8 in. of average annual precip­ 
itation occurred at an altitude of about 5,000 ft and that 
the rate of change of precipitation with altitude was less 
than originally estimated. Empirical estimates of 
recharge for the Dixie Valley study area were revised 
accordingly. The revised estimate for the total Dixie 
Valley area is 23,000 acre-ft/yr. This includes 8,900 
acre-ft/yr in Dixie Valley, 1,400 acre-ft/yr in Jersey

Valley, 3,300 acre-ft/yr in Pleasant Valley, 2,300 acre- 
ft/yr in Fairview Valley, and 6,700 acre-ft/yr in 
Eastgate, Cowkick, and Stingaree Valleys. The seven- 
valley total is greater than the recharge of 16,000 acre- 
ft/yr estimated by Cohen and Everett (1963, table 3).

Phreatophytic vegetation in Dixie Valley was 
mapped and partitioned into nine zones on the basis of 
species composition and foliage density. The composi­ 
tion and density were extrapolated from measurements 
made at 15 transect sites. For woody phreatophytes, 
annual evapotranspiration rates of 0.7 ft3 of water per 
cubic foot of foliage for greasewood and 1.1 ft of 
water per cubic foot of foliage for rabbitbrush were 
adapted from lysimeter studies near Winnemucca, Nev. 
These rates were multiplied by the foliage density of 
the respective phreatophytes in each zone to determine 
a specific rate for that zone. Rates for saltgrass (0.5 to 
0.8 ft/yr) and the playa surface (0.1 to 0.3 ft/yr) were 
based on a range of rates used in other recent studies in 
western and central Nevada. These rates were multi­ 
plied by the areas of the zones to produce estimates of 
the annual volume of ground-water discharged. The 
discharge estimated for Dixie Valley is between 17,000 
and 28,000 acre-ft/yr. This is greater than the discharge 
of 16,500 acre-ft/yr estimated by Cohen and Everett 
(1963, p. 21).

A revised ground-water budget for the entire 
Dixie Valley area has a total recharge of about 23,000 
acre-ft/yr, which is within the range of estimated natu­ 
ral discharge (20,000 to 31,000 acre-ft/yr). For Dixie 
Valley alone, the total recharge of about 8,900 acre- 
ft/yr and the estimated subsurface inflow from tributary 
areas of about 11,000 acre-ft/yr produce an estimate of 
average annual inflow of about 20,000 acre-ft/yr, com­ 
pared to a discharge estimate of 17,000 to 28,000 acre- 
ft/yr. Ideally, estimated recharge and discharge should 
be equal. The range in estimates of discharge is large 
enough to preclude any detailed evaluation of the 
difference.
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i I Basin fill
mm Consolidated rock 

Phreatophytes
v^m Phreatophyte areas in Pleasant, Cowkick, 

and Stingaree Valleys-As mapped by 
Cohen and Everett (1963, plate 1). Largely 
greasewood; includes some rabbitbrush, 
grass, willow, wildrose, and cultivated alfalfa

Phreatophyte zones in Dixie Valley-Zone
numbers are from table 4. Average area! cover, 
in percent, is indicated parenthetically for each 
phreatophyte category

rr"! Zone 1-Greasewood (4), rabbitbrush (1), 
other scrubs (1)

   Zone 2-Rabbitbrush (9), greasewood (3), 
other scrubs (8)

   Zone 3-Greasewood (15), other scrubs (4)

iH Zone 4-Greasewood (6), other scrubs (1)

IZZl Zone 5-Greasewood (6), other scrubs (3)

EM Zone 6~Greasewood (7), rabbitbrush (1)

   Zone 7-Greasewood (26)

   Zone 8~Saltgrass (10 to 100)

E3 Playa-Bare soil

        Study-area boundary

       Hydrographic-area boundary

A1 Precipitation station or storage gage-Station 
name or storage-gage number (table 1) is 
indicated

±1 Vegetation transect site and number- 
Numbers are from table 3

I

40° 301

40" 00'

39° 30'

39° 00'

Base from U.S. Geological Survey digital data, 1:100,000,1979-85; 
Universal Transverse Mercator projection, Zone 11

118° 00' 117° 30'
Geology modified from Stewart and Carlson

(1978); digital data from Turner and Bawiec (1991)

MAP SHOWING GENERAL FEATURES AND AREAS OF PHREATOPHYTIC VEGETATION, DIXIE VALLEY AREA, NEVADA
by

James R. Harrill and Lawrence B. Hines 
1995


