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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#1 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#1,
UE-29a#2, USW G-4, USW H-1, USW H-4, USW H-5, USwW 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#1 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

(table 1, fig. 4). The oxygen (6180) and deuterium (8D) 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).



]
!
NEVADA '|
|
|
)
|

36°45'

l

1
1
|
-’ Carson 37900" 116°30'
'Q Ci ty ‘ Q/
8
N N
90 §\\u“‘k""/v'u, Q>
</ \\ A f | \\\\\\\\\\ ! //// 1 ()‘b /
(N [ rea o < 2
é/l/\ / map | “, %, /
A “, Ty iy, L,
7 Las|Vegas % g,
N ° ", Z | \
\\4 S . H |
116°45’ =% = 2|
K8 e R
;v 3
Beatty Z -, . SH
i ”/ l <
7 s,
:\4\—\\\;:;;: /,;/ % | ‘
)):\ ’//v/z \\,,// //9” C/
2 Zp 2 (4 ,/ Z (
Zz = 7
"//é 0‘7,9 E:“\\\ . ‘/if— :/
i & ! 2, Z, /
E’//l/ @ ,:f {///‘\‘//
% 7o, 2 7, . /NEVADA
/////4/ 4) N 7 z
7;//; ‘V//I/ :;//i:: “: / TEST
S CRATER SITE
S FLAT
z = N
7 = N
r///(y,\‘ N . ; § \LP~55
o Approximate boundary AN \ yhE <5
7z N
< of Yucca Mountain 7w < P
K exploratory block g} ]

—_— — ,
//l‘\\\\
e
_

7).
~ ”1//0

- 12

—
|
|
|
|
l

Lathrop Wells

AN
Base from ULS. Geological Survey
1 250 000, Death Valley, Cali-
fornta: Nevada, 1970

5 1|0 15
|

r
5 MILES

KILOMETERS

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



zoy 88¢ -- 02> 000°L1 z'zr Se- T yl- 801-  18/11/20 --- %81 29t S %66 I-HA MSn
L6€ S6€ -- -- -- -- -- -- -- 18/80/20 --- %81 9L S %S6 1-HA MSN
oLy oLe - -~ -- -- - -- -- 18/90/20 --- %81 9L S %56 1-HA #MSN
80% zoy -~ 1 008°91 L2 4 SEE S A 0°9L- L01-  %8/90/L0 (9%9-809) -- ozz'l 0°20€°1 9-H MSN
T6€ 09€ -~ % 006°8t 0’0l €°¢- 0 H1- S01-  ¥8/0Z/90 (S€8-€SL) -- 0zz‘l 0°20€°1 9-H MSN
-- TLe 6°S  0I> 009‘y1 €91 G L- 8-€l- 901-  Z8/91/01 --- 97§ 0zz't 07201 9-H MSN
9LT 8.2 -~ 002> 00%°‘CL %17 €0I- 9°¢€l- z01-  Z8/92/L0 --- %01 ozl 8 LI%'1 S-H MSN
€LT Sz €9 002> 00L‘€l z'8l  €0I- 9°€l- 201-  78/€0/L0 --- %0/ 0zl 8 LL9°1 G-H MSn
18€ ove 8°¢ 0I> 00z L1 8 1L YL~ 0°'y1- %0I-  Z8/L1/60 --- 616 0zZ 1 [ TAN #-H MSN
SES €2S 1"0> ¢ 00181 S0 6°%- 6 €1~ 01-  #%8/v1/c0  (0TT‘1-228) -- 0zzl 0-esy‘l €-H Msn
99z Lz -~ 02> 00021 6°€C  y'I1- G€l- 101- 08/80/2t  (628°1-189) TLs 628°1 (AR A/ 1R 1-H MSN
862 14 -- 02> 000°€E 6°61 -- % €L~ €01~  08/0z/01 (L89-2LS) zLS 6281 zzoe‘l I-H Msn
LOE (4¢3 %°9 -- 09121 0°2¢ 16~ 8 €l- €01-  28/60/T1 --- %S S16 0oLzl 7-9 MSN
L1E 85T 9°6 (LE 001y 0°09 1°€l- 8CI- 0°€6- z8/s1/10 (E12-(8) 62 Y 1°61Z°1 Z#e6z-4n
1994 ovT 'S LE 008°‘¢ €79 0°¢€l- 8'CI- S'€6- z8/80/10 (¥SE-L%92) (4 Ty 1°61z‘1 Z#e6Z-4n
oz1'1 ozr‘r €1 o1 00€‘0¢ 84 €z- 8 €I~ 901~ €8/T1/S0  (S08°1-/6T°1)  19¢€ 008°1L 0" yIT‘I 1#dgz-4n
6€9 829 -- 0> 00692 S°€ Y- S €l- 901-  €8/60/20  (L61°I-18E) 18€ 008°1 o wILL 1#dsz-1n
60€ 862 -z 006 ‘91T LSt S L- G €l- €01-  %8/60/50 -~ zoy €16 0°ZEL‘T €#262-4n
€0€ 562 - 00% ‘91 9°91 0 ¢L- 9 €l- 001-  #%8/€1/€0 --- 0% €16 0°ZEL'T ZHI6Z-An
o1€ 062 - D> 002 ‘St 0°ST 1l S el- zO0l-  €8/0€/60 --- 00y %16 0 TET‘T 1#262-130
16T 162 9'1 T 00% €1 681 9°8- S €I~ S 66- 28/02/L0 (S18-£98) oLy 0zz‘1 %°00Z°1 1#452-4n
182 00€ --00Z> 00%‘%l L79T  %°0l-  %°€1- 10T~ 18/10/60 --- oLy 0zz‘1 %°00Z2°1 1#95z-4n
6T€ 81¢ 81 -~ -- -- L°0T- %7 €T1~ S°66- 18/20/80 --- 0Ly 0zz‘1 %°002°1 L#45Z 40
(44 [8:14 LG 0TT> 006°6 76z £°L- 0°€1- S L6~ 1L/9z/€0 --- [4:14 €90°T € TI10°1 €1-
[4%4 [:74 -~ 02Z> 001‘'6 z°ze 6°L- 821~ G'l6~ 1L/9z/€0 - (¥44 LyE S €56 Zi-r
Kiojeioqe] 231suQ
(0 oST 3¢ (w)

1233wWT3uad 1ad ("d'q 1K) uiapow qad MOKS MONS (w) 133eM 03] (w) (w) uor?y
SUdWATS01DTW) No* OLH a8e juadiad oo/o oo/o oo/o ajep pajdues yadap yaidap 11 Ipniiy[e -eudrsap

ajuelanpuod juaaeddy o¢~ Umﬁo om~© ao uotr3daflod 1eAI33U] ajewt ajewrxoaddy aoejains-pue 113m

213103dg uc— ~xoxddy 183]

[(%861) YSTi13Y pue pie3d) wWoiJ uaxjel Sanjea Awov u33AX0 PIATOSSTIp UTRIIID ‘y £353137UT JOo sisffeue
aeindtiied 103 I[qe]Iese 3Ie elep OU JeY) SIILDIpuT ‘-~ (padwnd 210Q TT3A 3ITIUI SIILDTPUT ‘--- 23317 aad

swei80i1dTw Ut paliodai ae yYorys ‘(wnriuoals) g pue (umrylry) 17 3daoxd ‘13317 19d sweadr(irw UT pajuodas

SPI[0S PIATOSS1p pue ‘(uadAxo paAToSsIp) No ‘(eptaonty) 4 ‘(ed11Is snoonbe) Noﬂw ‘(33e3Ins) cOw ‘(aprao1yd) 10

¢ (91eU0Qq

aesrq) ©

0JH ‘(wnissejod) y ‘(unipos) eN ‘(untssufBew) 3y ‘(wnidied) e)

‘D0 $3931T 13d satandodt1d utr pajaodax ‘wmijray ‘QIH fIuasaid a10jaq saeak ‘-g-g 1L fyr-uoqied ¢y

Y1

1SJUINITISUOD PIATOSSIP SNISI) saaidap

t(93TUWaTaq 39paad) dad
03 3ATIe[31 ‘0o/o ‘puesnoyl i13d sjxed ut pejrodax ‘gr-uoqied [aIp .um_@ fMOKS 031 aatje]ax ‘oo/o ‘puesnoyy xaod sjsed ut pajrodsa

‘g1-uadhxo Tap .ow~© ¢ (19184 UBIDO URIW PIBPUERIS) MOWS 03 3A11B]I1 ‘0o0j/o ‘puesnoyl 13d siied ur pajaodaa ‘wniiaInap [Ip ‘qQ ‘saaaw ‘uw]

S[[em 3583 Wodj paurezqo sa[dues Jsjem jo uorjrsodwod [esrweyd--‘1 3I[qe]



Le x4 LT 09 06 6% vy ot 851 791 81 8L ST 66 [ 0'8 S L I-HA #ASn
1784 6.2 L'z 0L 06 0S Sy ot 8G1 S91 671 08 Sl o1 (4 6L St I-HA MSN
182 082 L2 0L 06 0s vy 1t 861 L91 6°1 6L 9°1 11 [AKs 0'8 6L [-HA MSN
-- -- L'y 8 €9 6% (49 9L 981 wee 91 88 0" LY [ANL €8 €8 9-H MSN
-- 692 6°¢ € 1L I A A €81 (e ¢t 88 20" %'l 9° 1y v°8 €8 9-H MSN
-- -- L'y 8 4] 8Y 62 9L 881 z81 €1 98 60" 1'% g L€ €8 18 9-H MSN
902 R AR O 1L 8y 91 1’9 'ZA (g1 'z 09 10> 0°¢ €6 08 6L G-H MSn
022 -~ %1 6 79 8y 91 9 1ZA! 9z1 'z 09 107 61 S 9¢ 8L 8L S-H MSN
8ne 192 9'% [Z 0fl 9y 92z 69 |93 €Ll 9'z €L 6T {1 8 v¢ 6L v L v-H MSN
-- 1v€ 6 1 0zz £y 1€ 66 91z -- 11 0zl 20" 8" $° 97 0°6 6 €-H MSN
881 -- 0°'1 0z o0y oY 61 8°< [AA - 91 s I'> 29 Lye 0°8 S L I-H M$n
9L1 -- [l SIS W Ly 81 LS SIt -- vz 1§ I'> Gy 0°¢€ 8L Lt I-H #sn
912 siz Sz LU {9 ) 61 6°S eyl 6€1 1"z LS T €1 9°6¢ S L Lt ¥-9 MSN
z61 w61 6° €€ oIl v 1z 88 ort L01 €1 vy € oL Lee v L 0L Z#e6z-1n
961 861 0°'T 6£ 00T oy 44 11 A1 Lot Ul vy T o1 1°6e 9L (A Z#e6Z-3N
98L z18 L'y 0SY 06§ 1y 091 87 69S -- L 0SI 6 001 95 (AN 99 1#dsz-an
96¢ g8l7  %'¢ 081 0€C 6Y 8€ €1 782 -- 9°¢ 26 01 (¢t € 9y L1 89 1#dSz-an
-- 622 0°¢ %y 0Ll €5 A4 L X2 L1 61 SS oy 0°11 87 0% 8L Lt £4#96Z-1n
-- (X4 'z S %6 s (44 18 (22 6€1 'z %S oy 0zl S oy 8L Lt ZH#26Z-4N
- 622 1'c o¢ o0zl 9¢ 14 vL ov1 161 0°c 95 we  0°ll S 1y (L 9L 14#262-4n
122 02¢  9°1 L% 0%l 1S 12 StL 8¢l X1 8z 97 L 81 TLe L 1L [#452-3n
STz glz 91 8¢ 0T 4 44 S8 vel 6¢1 S'¢ 9% 6S° Lt 0°9€¢ S L St 14452140
992 %92 S'L w7 0S6 €S vT €1 85I €L1 Lt €S €L70 61 0°9¢ 89 1L 1#45Z-40
202 €1 4T 0T o LS L1 L vzl -- 0°S Ty 1'2 A 0°1¢ -- AN £1-r
S0z 11z ' oL o% S (44 €L 611 -- s 8¢ 17 Yl 0" L2 -- 1L zZi-r
(palel (K303 (a1rs

(20081) -nated) -ei1oqer) -uo) (90) (s3tun)  (situn) uory
SPT[0S paajossiq i 15 1 %o1s os 10 Yoom “oom A eN 3N 2) a1nmy nd Hd -eudisap

s e s e INMWQEQH >LOU WUMWEO ~Hw3

SIUANITISUOI PIATOSSI( A3Vem -eaoqe’] 1S9],

pPaNUIIUO)--S[[OM 3SS7 WOIJ paurelqo serdues Jsjem Jo uorzrsodwos JeoTwsy)--'| 31qe]



36°50

36°40'

106° 30 106° 25’

I I
' UE-29a” 2@
1
1
1
1
Approximate boundary of L
Yucca Mountain exploratory block @ UpW H-1
@ UE-25b % 1
usw H—6.
@/ USW H-4
@ UE-25¢ #1,2,3
® UE-25p=1
]
g e /13
IU)
&
w
|—
<
@ USW VH-1 'S
<
>
]
2
[}
J-12
o
I
] l
[¢] 1 2 3 4 5 6 KILOMETERS
- ] 1 i 1 1 1}
I ] [ T
0 1 2 3 MILES

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

exploratory block.




EXPLANATION
O WATER FROM TUFFACEOUS ROCKS
® WATER FROM CARBONATE ROCKS
® MIXTURE OF WATER FROM

CARBONATE AND TUFFACEOUS
ROCKS

20

700

% > o9 C‘/ ™
—_—
Calcium Chloride
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