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CHEMICAL COMPOSITION OF GROUND WATER IN THE 
YUCCA MOUNTAIN AREA, NEVADA, 1971-84

By 

L.V. BENSON AND P.W. MCKINLEY

ABSTRACT

Fifteen test wells in the Yucca Mountain area of southern Nevada have 
been sampled for chemical analysis at least once during 1971-84. Samples were 
obtained by pumping water from the entire well bore (composite sample), and, 
in three instances, by pumping from one or more isolated intervals within a 
well bore. Sodium was the most abundant cation, and bicarbonate was the most 
abundant anion in all water samples. Samples from the deep carbonate aquifer 
penetrated by well UE-25p#l contained higher relative concentrations of cal­ 
cium and magnesium than did samples from overlying volcanic tuffs. Concentra­ 
tions of the stable isotopes of oxygen and hydrogen were relatively negative 
(light) and had deuterium-excess values ranging from +5 to +10. The distribu­ 
tion of uncorrected radiocarbon ages of water from volcanic tuffs sampled 
within 1 kilometer of the exploratory block on Yucca Mountain ranged from 
12,000 to 18,500 years before present. Variation in the concentrations of 
inorganic constituents and of stable and radioactive isotopes indicates a 
significant degree of lateral and vertical chemical inhomogeneity in ground 
water of the Yucca Mountain area.



INTRODUCTION

Part of Yucca Mountain, the exploratory block, in southern Nevada 
(fig. 1) is being investigated as a potential repository for the disposal of 
high-level nuclear wastes by the U.S. Department of Energy. The site is 
underlain by partially altered volcanic tuffs (Caporuscio and others, 1982) 
that probably extend to depths greater than 3,000 m. If approved by the 
Federal government, the repository probably would be excavated within the 
unsaturated zone, 150 to 300 m above the water table. There is concern that 
radionuclides, once leached from the stored wastes, would eventually reach the 
saturated zone, where they would be transported in the ground-water system 
from the repository site to the accessible environment. In order to under­ 
stand the types and magnitudes of chemical processes that affect the potential 
movement of radionuclide species, compositional characterization of ground- 
water samples from the Yucca Mountain area has been ongoing since 1971. This 
report presents the chemical analyses of ground-water samples collected be­ 
tween 1971 and 1984, and incorporates selected data from earlier reports 
(Claassen, 1973; Benson and others, 1983). Drilling, sampling, and analytical 
procedures are those described in Benson and others (1983). The investigation 
is being conducted by the U.S. Geological Survey in cooperation with the U.S. 
Department of Energy as part of the Nevada Nuclear Waste Storage 
Investigations.

WATER COMPOSITION

The chemical composition of samples collected from test wells shown in 
figure 2 is listed in table 1. Certain data for test wells UE-25b#l, 
UE-29a#2, USW G-4, USW H-l, USW H-4, USW H-5, USW H-6, USW VH-1, J-12, and 
J-13 were reported previously (Claassen, 1973; Benson and others, 1983).

Plots of relative cation and anion concentrations in ground water 
(fig. 3) indicate that sodium and bicarbonate ions were the predominant cation 
and anion. Water from the deep carbonate aquifer penetrated by test well 
UE-25p//l was more concentrated than water from tuffaceous rocks (table 1) and 
contained a greater relative concentration of calcium, magnesium, chloride, 
and sulfate. Variation in the concentrations of inorganic constituents and of 
stable and radioactive isotopes indicates a significant degree of lateral and 
vertical chemical inhomogeneity in ground water of the Yucca Mountain area. 
The sample collected from test well UE-25p#l on February 19, 1983, represents 
a mixture of ground water from tuffaceous and carbonate rocks.

The uncorrected radiocarbon age of ground water within 1 km of the Yucca 
Mountain exploratory block ranged from 12,000 to 18,500 years before present

18 
(table 1, fig. 4). The oxygen (d 0) and deuterium (6D) concentrations of
ground water from the Yucca Mountain area were very light; oxygen concentra­ 
tions ranged from -12.8 to -14.2 o/oo; deuterium concentrations ranged from 
-93.0 to -106 o/oo (table 1, fig. 5; VH-1 not within 1 km). Only two ground- 
water samples plot on or near the present-day meteoric water line. Instead, 
the deuterium-excess parameter (d) varies from +5 to +10 (fig. 5).



! NKVADA

j Carson

16°45'

' 37°00'
116°30 r

,Area of

Las Vega*

T

36°45'

Beatty

CRATER 

FLAT

Approximate boundary 
of Yucca Mountain 
exploratory block

/'
£ /

/NEVADA 

, TEST

SITE

Base from I'.S. Geological Survey 
1 250 000. Death Valley. Cali- 
lornia: Nevada.

10
_I_

15 KILOMETERS

5 MILES

Figure 1.--Location of exploratory block on Yucca Mountain.



Ta
bl
e 

1.
--
Ch
em
ic
al
 
co

mp
os

it
io

n 
of

 
wa

te
r 

sa
mp

le
s 

ob
ta

in
ed

 
fr
om
 
te

st
 
we

ll
s

18
 

[m
, 

m
e
t
e
r
s
;
 
6D

, 
de
l 

d
e
u
t
e
r
i
u
m
,
 
r
e
p
o
r
t
e
d
 
in

 
p
a
r
t
s
 
p
e
r
 
th

ou
sa

nd
, 

o/
oo
, 

r
e
l
a
t
i
v
e
 
to
 
S
H
O
W
 
(
s
t
a
n
d
a
r
d
 
m
e
a
n
 
o
c
e
a
n
 
w
a
t
e
r
)
;
 
6 

0,
 
de

l 
o
x
y
g
e
n
-
1
8
,

13
 

r
e
p
o
r
t
e
d
 
in

 
p
a
r
t
s
 
pe
r 

th
ou

sa
nd

, 
o/
oo
, 

r
e
l
a
t
i
v
e
 
to

 
SH
OW
; 

6 
C,
 
de
l 

c
a
r
b
o
n
-
1
3
,
 
r
e
p
o
r
t
e
d
 
in

 
p
a
r
t
s
 
p
e
r
 
t
h
o
u
s
a
n
d
,
 
o/
oo
, 

r
e
l
a
t
i
v
e
 
to

14
 

P
D
B
 
(P
ee
de
e 

b
e
l
e
m
n
i
t
e
)
;
 

C,
 
c
a
r
b
o
n
-
1
4
;
 
yr
 
B.
P.
, 

y
e
a
r
s
 
b
e
f
o
r
e
 
p
r
e
s
e
n
t
;
 
HT

O,
 
tr

it
iu

m,
 
r
e
p
o
r
t
e
d
 
in

 
p
i
c
o
c
u
r
i
e
s
 
p
e
r
 
li
te
r;
 
°C
,

d
e
g
r
e
e
s
 
C
e
l
s
i
u
s
;
 
d
i
s
s
o
l
v
e
d
 
c
o
n
s
t
i
t
u
e
n
t
s
:
 

Ca
 
(c
al
ci
um
),
 
Mg
 
(
m
a
g
n
e
s
i
u
m
)
,
 
Na

 
(s
od
iu
m)
, 

K 
(
p
o
t
a
s
s
i
u
m
)
,
 
HC
O-
 

(
b
i
c
a
r
b
o
n
a
t
e
)
,
 

Cl
 
(
c
h
l
o
r
i
d
e
)
,
 
SO

, 
(s
ul
fa
te
),
 
Si

O-
 
(
a
q
u
e
o
u
s
 
si

li
ca

),
 
F 

(
f
l
u
o
r
i
d
e
)
,
 
0-
 
(
d
i
s
s
o
l
v
e
d
 
o
x
y
g
e
n
)
,
 
an

d 
d
i
s
s
o
l
v
e
d
 
so
li
ds
 

r
e
p
o
r
t
e
d
 
in

 
m
i
l
l
i
g
r
a
m
s
 
p
e
r
 
li

te
r,

 
e
x
c
e
p
t
 
Li
 
(l

it
hi

um
) 

an
d 

Sr
 
(
s
t
r
o
n
t
i
u
m
)
,
 
w
h
i
c
h
 
ar

e 
r
e
p
o
r
t
e
d
 
in
 
m
i
c
r
o
g
r
a
m
s
 

p
e
r
 
li

te
r;

 
--
-,
 
i
n
d
i
c
a
t
e
s
 
e
n
t
i
r
e
 
we
ll
 
b
o
r
e
 
p
u
m
p
e
d
;
 
--

, 
i
n
d
i
c
a
t
e
s
 
th
at
 
no

 
da

ta
 
ar

e 
a
v
a
i
l
a
b
l
e
 
fo

r 
p
a
r
t
i
c
u
l
a
r
 

a
n
a
l
y
s
i
s
 
of

 
in

te
re

st
; 

*,
 
c
e
r
t
a
i
n
 
d
i
s
s
o
l
v
e
d
 
o
x
y
g
e
n
 
(0

 
) 
v
a
l
u
e
s
 
t
a
k
e
n
 
fr
om
 
O
g
a
r
d
 
an

d 
K
e
r
r
i
s
k
 
(1

98
4)

]

Te
st

 

we
ll
 

d
e
s
i
g
n
a
­
 

ti
on

J-
12

J-
13

U
E
-
2
5
b
#
l

U
E
-
2
5
b
#
l

UE
-2

5b
//

l

UE
-2

5c
//

l

UE
-2

5c
//

2

UE
-2
5c
//
3

UE
-2

5p
//

l

UE
-2

5p
//

l

UE
-2
9a
//
2

UE
-2
9a
//
2

U
S
W
 
G-
4

U
S
W
 
H-
l

U
S
W
 
H-
l

U
S
W
 
H-

3

U
S
W
 
H-

4

U
S
W
 
H-
5

U
S
W
 
H-
5

U
S
W
 
H
-
6

U
S
W
 
H-

6

U
S
W
 
H-

6

U
S
W
 
VH
-1

U
S
W
 
VH
-1

U
S
W
 
VH
-1

L
a
n
d
-
s
u
r
f
a
c
e
 

al
 t
i 
tu

de
 

(m
) 9
5
3
.
5

1,
01

1.
3

1
,
2
0
0
.
4

1
,
2
0
0
.
4

1
,
2
0
0
.
4

1,
13
1.
0

1
,
1
3
2
.
0

1
,
1
3
2
.
0

1
,
1
1
4
.
0

1,
11

4.
0

1,
21

5.
1

1,
21
5.
1

1,
27

0.
0

1
,
3
0
2
.
2

1,
30

2.
2

1 
, 4
83
 . 
0

1,
24

9.
0

1
,
4
7
7
.
8

1
,
4
7
7
.
8

1,
30

2.
0

1,
30
2.
0

1
,
3
0
2
.
0

95
4.
5

9
5
4
.
5

95
4.
5

A
p
p
r
o
x
-
 

A
p
p
r
o
x
i
m
a
t
e
 

im
at

e 
I
n
t
e
r
v
a
l
 

C
o
l
l
e
c
t
i
o
n
 

we
ll

 
d
e
p
t
h
 

d
e
p
t
h
 

s
a
m
p
l
e
d
 

da
te

 

(m
) 

to
 
w
a
t
e
r
 

(m
) 

(m
)

34
7

1,
06
3

1,
22

0

1,
22

0

1,
22

0

91
4

91
3

91
3

1,
80
0

1,
80
0

42
2

42
2

91
5

1,
82
9

1,
82
9

1,
22
0

1,
22
0

1,
22
0

1,
22
0

1,
22
0

1,
22
0

1,
22
0

76
2

76
2

76
2

22
5

28
2

47
0

47
0

47
0

40
0

40
1

40
2

38
1

36
1 29 29

54
1

57
2

57
2 --

51
9

70
4

70
4

52
6 -  18
4

18
4

18
4

0
3
/
2
6
/
7
1

0
3
/
2
6
/
7
1

0
8
/
0
7
/
8
1

0
9
/
0
1
/
8
1

(
8
6
3
-
8
7
5
)
 

0
7
/
2
0
/
8
2

0
9
/
3
0
/
8
3

0
3
/
1
3
/
8
4

0
5
/
0
9
/
8
4

(
3
8
1
-
1
,
1
9
7
)
 

0
2
/
0
9
/
8
3

(
1
,
2
9
7
-
1
,
8
0
5
)
 

0
5
/
1
2
/
8
3

(2
47

-3
54

) 
0
1
/
0
8
/
8
2

(8
7-

21
3)

 
0
1
/
1
5
/
8
2

12
/0
9/
82

(
5
7
2
-
6
8
7
)
 

1
0
/
2
0
/
8
0

(
6
8
7
-
1
,
8
2
9
)
 

12
/0
8/
80

(
8
2
2
-
1
,
2
2
0
)
 

0
3
/
1
4
/
8
4

0
5
/
1
7
/
8
2

0
7
/
0
3
/
8
2

0
7
/
2
6
/
8
2

10
/1
6/
82

(7
53

-8
35

) 
0
6
/
2
0
/
8
4

(6
08

-6
46

) 
0
7
/
0
6
/
8
4

0
2
/
0
6
/
8
1

0
2
/
0
8
/
8
1

0
2
/
1
1
/
8
1

6D

0
/
0
0

S
H
O
W

-9
7.
5

-9
7.
5

-9
9.

5

-1
01 -9
9.

5

-1
02

-1
00

-1
03

-1
06

-1
06 -9
3.
5

-
9
3
.
0

-1
03

-1
03

-1
01

-1
01

-1
04

-1
02

-1
02

-1
06

-1
05

-1
07 - -

-1
08

6
18

0

0
/
0
0

S
H
O
W

-
1
2
.
8

-
1
3
.
0

-
1
3
.
4

-
1
3
.
4

-
1
3
.
5

-1
3.
5

-
1
3
.
4

-1
3.
5

-1
3.

5

-
1
3
.
8

-
1
2
.
8

-
1
2
.
8

-
1
3
.
8

-
1
3
.
4

-
1
3
.
5

-
1
3
.
9

-
1
4
.
0

-
1
3
.
6

-
1
3
.
6

-
1
3
.
8

-1
4.
0

-
1
4
.
0

  

-
1
4
.
2

6
13

C 

o/
oo
 

P
D
B

-7
.9

-7
.3

-1
0.
7

-
1
0
.
4

-8
.6

-7
.1

-7
.0

-7
.5

-4
.2

-2
.3

-1
3.

0

-1
3.
1

-9
.1 --

-
1
1
.
4

-4
.9

-7
.4

-1
0.

3

-1
0.
3

-7
.5

-7
.3

-7
.1 --  

-8
.5

14
c

p
e
r
c
e
n
t
 

m
o
d
e
r
n

32
.2

29
.2  

16
.7

18
.9

15
.0

16
.6

15
.7 3.
5

2.
3

62
.3

60
.0

22
.0

19
.9

23
.9

10
.5

11
.8

18
.2

2
1
.
4

16
.3

10
.0

12
.4

-  12
.2

I4
c

A
p
p
a
r
e
n
t
 

a
g
e
 

H
T
O
 

*
0
2 

(y
r 

B.
P.
)

9
,
1
0
0

9
,
9
0
0

 

1
4
,
4
0
0

1
3
,
4
0
0

15
,2

00

14
,4
00

14
,9

00

2
6
,
9
0
0

3
0
,
3
0
0

3
,
8
0
0

4
,
1
0
0

12
,1

60

13
,0
00

12
,0
00

18
,1
00

17
,2
00

13
,7

00

12
,4

00

14
,6

00

18
,5
00

16
,8

00

-- --

17
,0
00

<2
20

<2
20

 
5.
7

1.
8

<2
00

2 
1.
6

<1 <2

2

<1
0 10
 

1.
3

37
 

5.
4

37
 

5.
6

6.
4

<2
0

<2
0 2 

<0
.1

<1
0 

5
.
8

<2
00
 

6.
3

<2
00 <1
0 

5.
9

4 1

-- -- <2
0

S
p
e
c
i
f
i
c
 

c
o
n
d
u
c
t
a
n
c
e
 

(
m
i
c
r
o
s
i
e
m
e
n
s
 

p
e
r
 
c
e
n
t
i
m
e
t
e
r
 

at
 
25

° 
C)

O
n
s
i
t
e

28
5

28
5

31
8

30
0

29
1

29
0

29
5

29
8

62
8

1,
12
0

24
0

25
8

31
2

25
5

24
7

52
3

34
0

27
5

27
8

37
2

36
0

40
2

37
0

39
5

38
8

L
a
b
o
r
a
t
o
r
y

25
2

25
2

31
9

28
1

29
7

31
0

30
3

30
9

63
9

1,
12

0

25
5

31
7

30
7

25
8

26
6

53
5

38
1

27
3

2
7
6 --

39
2

40
8

41
0

39
7

40
2



T
a
b
l
e
 
1.
--

C
h
e
m
i
ca

1 
c
o
m
p
o
s
i
t
i
o
n
 
of
 
w
a
t
e
r
 
s
a
m
p
l
e
s
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
e
s
t
 
w
e
l
l
s
-
-
C
o
n
t
i
n
u
e
d

Te
st
 

we
ll
 

d
e
s
i
g
n
a
-
 

t 
i o
n

J-
12

J
-
1
3

UE
-2
5b
//
l

UE
-2
5b
//
l

UE
-2

5b
//

1

UE
-2

5c
//

l

UE
-2
5c
//
2

UE
-2
5c
//
3

UE
-2

5p
//

l

UE
-2
5p
//
l

UE
-2

9a
//

2

UE
-2
9a
//
2

U
S
W
 
G-
4

U
S
W
 
H-

l

U
S
W
 
H-
l

U
S
W
 
H-

3

U
S
W
 
H
-
4

U
S
W
 
H-

5

U
S
W
 
H-
5

U
S
W
 
H-
6

U
S
W
 
H-

6

U
S
W
 
H-

6

U
S
W
 
VH

-1

U
S
W
 
VH

-1

U
S
W
 
VH

-1

On
s 
it

e 

PH
 

(u
ni
ts
)

7.
1

7.
2

7.
1

7.
5

7.
1

7.
6

7.
7

7.
7

6.
8

6.
6

7.
2

7.
0

7.
7

7.
7

7.
5

9.
2

7.
4

7.
8

7.
9

8.
1

8.
3

8.
3

7.
9

7.
5

7.
5

L
a
b
o
r
a
­
 

to
ry
 

PH
 

(u
ni
ts
)

- -

6. 7. 7. 7. 7. 7. 7. 7. 7. 7. 7. 7. 8. 9. 7. 7. 8. 8. 8. 8. 8. 7. 8.

- - 8 5 7 7 8 8 7 2 6 4 5 8 0 0 9 8 0 3 4 3 0 9 0

W
a
t
e
r
 

t
e
m
p
e
r
a
­
 

tu
re

27
.

31
.

36
.

36
.

37
.

41
.

40
.

40
,

44
,

56 25
,

22
.

35
,

33 34 26 34 36 35 37 41 37 35 35 35

0 ,0 0 ,0 2 5 .5 .8 .3 .1 ,7 .6 .0 .7 .5 .8 .5 .3 .8 .6 .2 .2 .5 .5

D
i
s
s
o
l
v
e
d
 
c
o
n
s
t
i
t
u
e
n
t
s

Ca
 

Mg

14
 

2,

12
 

2,

19
 

0.

17 18 11
.0

12
.0

11
.0

37
 

10

10
0 

39

10 10 13 4.
5 

<

6.
2 

<

.8

17

1.
9

2.
0 

<

4.
1

1.
4

4.
7

11
 

1

10
 

1

9.
9 

1

, 
I

. 1 .7
3

.5
9

.7
2

.3
4

.4
0

.4
0

.2 .3 .2 .1 .1 .0
2

.2
9

.0
1

.0
1

.0
9

.0
2

.0
7

.6 .5 .5

Na 58 42 53 46 46 56 54 55 92 15
0 44 44 57 51 51 12
0 73 60 60 86 88 88 79 80 78

K 5.
1

5.
0

3.
7

3.
5

2.
8

2.
0

2.
1

1.
9

5.
6

12

1.
1

1.
3

2.
1

2.
4

1.
6

1.
 1

2.
6

2.
1

2.
1

1.
3

1.
3

1.
4

1.
9

1.
9

1.
8

HC
°3

 

(o
n- si
te
)

-- -- 17
3

13
9

13
3

15
1

13
9

13
7

- -- 10
7

10
7

13
9

-- - - 17
3

12
6

12
7

18
2

21
7

23
4

16
7

16
5

16
2

H
C
O
 

Cl
 

SO
, 

S
i
O
 

(l
ab

or
a­

 

to
ry
)

11
9

12
4

15
8

13
4

13
8

14
0

14
3

14
3

28
2

56
9

11
2

11
0

14
3

11
5

12
2

27
4

17
1

12
4

12
4

18
8

18
3

18
4

15
8

15
8

15
8

7.
3

7.
1

13 8.
5

7.
5

7.
4

7.
1

7.
2

13 28 11 8.
8

5.
9

5.
7

5.
8

5.
5

6.
9

6.
1

6.
1

7.
6

7.
2

7.
4

11 10 10

22 17 24 22 21 23 22 22 38 16
0 22 21 19 18 19 31 26 16 16 29 25 32 44 45 44

54 57 53 52 51 56 54 53 49 41 44 44 45 47 40 43 46 48 48 48 47 49 50 50 49

Li

40 40

95
0

22
0

12
0

12
0 94 11
0

23
0

59
0

10
0

11
0 67 40 40

22
0

13
0 62 71 82 71 63 90 90 90

Sr

10 20 44 38 47 30 45 44 18
0

45
0 39 33 17 5

20

1

27

9 4 8 3 8 70 70 60

F 2.
1

2.
4

1.
5

1.
6

1.
6

2.
1

2.
1

2.
0

3.
4

4.
7

1.
0 .9

2.
5

1.
2

1.
0

5.
5

4.
6

1.
4

1.
4

4.
7

3.
9

4.
7

2.
7

2.
7

2.
7

D
i
s
s
o
l
v
e
d
 
so
li
ds

(c
al
cu
­ 

la
te

d)

21
1

21
3

26
4

21
8

22
0

22
9

23
3

22
9

41
8

81
2

19
8

19
4

21
5

 - 34
7

26
1

-- -- -- 26
9

-- 28
0

27
9

27
5

(1
80

°C
)

20
5

20
2

26
6

22
5

22
1 -- --  

39
4

78
4

19
4

19
2

21
6

17
6

18
8 --

24
8

22
0

20
6  -- --

28
7

27
4

27
7



UE-29a°20

36° 50'

36°40'

Approximate boundary of 

Yucca Mountain exploratory block

USW H-6,

USW VH-1

HJE-25b*1

USW H-4 

UE-25c» 1,2,3 

  UE-25p Q 1

J-13

J-12

o 1 3456 KILOMETERS

3 MILES

Figure 2.--Location of selected test wells in and near the
exploratory block.
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