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CARSTRACT
Summaries of avallable background hydrological, neological,
and water guality data indicate that there has been a sparcity of
hydrologic and geologic data lelectwd4within the désignatgd
araa. Fast water quality data was primarily restricted to those
o¥f the National Uranium Resowrce Evaluation (MURE) proj;ct. Data
from this project, although helpful from the standpoint éf majdr
ion  and wranium distribution does not have reliable trace metal
analyases or wanium and radium isotopic results, CThis uranium
data  from the NURE project indicated anomalously high uranium
concentrations fraom both sediments and groundwaters of the White
River formation. -

During the fall fo 1981 a comprehensive inventory of wells
and springs identified and described 721 existing wells and 8
significant springs. .

Detailed water quality analysié was performed on 81 selected -
wells, & springs and 10O surfacebwater samples within the project
houndarieg. ' ‘

Lowest conductivities were associated with wells of the
Aritaree unit (=332 umoha/ cmz) and highest caonductivities were
in arteﬁiaﬁ welle compl@téd in thé basal Chadron (x= 182
ummh%/cmz Yo The distribution of  major ions 'described an
evolutionary trend from a CauHCD3 type groundwater in tﬁe
Arikaree unit ' to a Na~504—51 type groundwater fram the basal
Chadran. This evolutionary trend towards & progressively older,
moite mineraliced And nyqen depleted.grdundwater with age, allows
unit idontification of the groundwater source. The end members;
the ﬁr{ﬁaree and basal Chadron are most easily identified while
water presumed to originate $rom the Brule and upper Chadran
cands have considoerable aoverlap.

Hrunium and radium concentrations ranged from 0,02 - 8.0
gg/l armc N0, - 184 pti/l, reepectively. Highest uranium levels

vere  acsociated with aoxidizing groundwaters in Brule and upper

-{w



Chadiron units while highest Radium levels probably are indicative

"of  adjacent waniumn ore bodies. No samples from the Arikaree,

Brule or upper Chadron units had radium levels ahove 0.5 'pCi/I.
Qnly in the basal Chadron did radium amounts exceed the maximum
contaminant level (MCL) of S pCi/i.

The pathfinder elements As, V, and Mo showed same positive
association with. uranium in the oxidizing well waters of  the
White River Group . Arsenic levels exceeded the MCL of S0 ppb
in only pne well water. ’ ‘ 4

Nitrate levels in all well waters were low indicating:
minimum surface contamination.

Surface water quality appeared directly‘relatedvto seepage
from nearby units. Highest path%inder‘element levels and uranium

concentrations were 1n streams cutting the White River Group. oo

{i-
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Well-numbering system
Each well referred to in this report is identified by a
number indicating its location in the U.S.' Bureau of Land
Management’s survey of Nebraska. The figure preceding N (for
“noarth') indicates the tawnship, the figure preceding W
(for"west") indicates the range, and the figure preceding fhe
lowercase letters indicates the section. The lowercase letters
denate location within the section. As shown in figure 1, the
first of these letters indicates the quarter section, the second
the quarter—-quarter section, and‘ the third, if given, the
quarter—-qu rter-quarter section. Thus, in this system aof
numbqring, a test hnle.or well ¢n the SE1/4 SE1/4 SE1/4 sectioni
l?, Township of 30 North, Range 47 West, 1is identified by the

Aumber 3ON-47W-17ddd. '

~ifi-



el Well 30N-47W~17DDD

Fig. | System used for fdentifying

' wells according to location

~iv.



ACKNOWLEDGMENTS

Dr. Arthur Struempler of Chadron State College was most' cooperative in
assisting us in this investigation. Dr. Struempler, with the help of his
son Michael, did the project water sample collection and pfovided analyses
for all but the radiocactive constituents. |

The efforts of several members of the Conservation and Survey staff
are also greatly appreciated. They include Dr. Marvin P. Carlson, Mr. A.
Douglas Druliner, Dr. Charies Lindau, Ms. Cynthia Norris, Mr. Frank Smith,

Ma. Mary Spalding, Mr. James Swinehart, and Mr. Lowell Whiteside.



INTRODUCTION

The priméry purpose of this project was to provide a water
qﬁaljty baseline for an area of northwest N&hrasha.. A twaelve:
township project area was defined alonb the White River drainage
basin in Sioux and Dawes counties (Figure A~-3(1)). 0Ff principal
CorCeErn Was the cuwrrent groundwater chemistry and the
hydrogeological relatimnghips. Fieldwmrh- and analysis wag a
coordinated effort of the Div{sion, the Department of
Envirmnmentqi Contraol and Chadron State College.

Additional tasks of this project included summaries of
bécquuund hydrologic, geologic and water quality investigations
and an inventory of the location of all wells within the project

Aarea.



Historicai USGES Burface water,
Suspended sediment and . seepage records

Tasks A--1 and A-4

‘Water quality samples from station 08443500 located near
Vhitney Nebraska on the White River were cdllécted from  August
1969  through September 1971 by the U‘S.'Gemlogical Survey (UJSDI,
1269a, 1970,1971) . The data demonstrated a general trend of high
disusolved solids at periode of low flow énd low dissolved solids
- at periods of high flow. This trend is primé%ily associated with
the concentration effects of evaporation during low flow  stages.
Throughout this period contaminants such as nitrates and
pesticides remained at low levels. Uranium and radium analyses
afw not available in these reports, |

No seepage  or sédiment studies are reported  for  the
investigated area; howevef point seepage measurements and
sediment characteristics from the Slim Butte b, South Dakota
station on the White River were recorded during the mid sixties
(USDI; 1971a). Suspended sediment analyses indicated that a major
percentage of sedimenﬁ' load was Ffrom .clay-sirzed particles.
According to Mike Ellis (personal communication), the clays were
predominantly bentonitic and presumed to be. from dissociated
volcanit ash beds in Nebraska. Such‘clays would tend to release
. dissolved uranium to the river waters.

Several stream~gaging stations have been maintainedlby the U.S.
Geological Survey Qithin the project area. Station 444000 on the
dhite River at Cfawfard Has'data for 1931-*43 and 1947 to present
(USDI, 1530, USDI, 1940, usm‘,} 1970, USDI, 1971-81). Discharge
extremes in cubic feet pér second are -a maximum of 1580 -and a

miniaum of 2.7. Mean discharge is 20.2 cf/s.

-2



National Uranium Resource Evaluation (NURE) Results
Task A-2-

Both. stream sed;mént énd qruundwater samples were collected
in the north&rn half of the Fanhandle (Alliance 1:250,000 Gheét)
during i97¢. Sediment sampling for the NURE program was performed
by HRiospheric Consul tants International. Groundwatéf sampling
uiilized student help from Chadron State College and .the

University of Nebiaska.

Stream Sediment Data

Approdimately 10% of the 523 sﬁream sediment samples
collected in the Alliance ﬁheeﬁ were located within the
boundaries of the current project. Tatal uranium concentrations
ranged from 2.5 to 4.5 ppm  (Arendt et .al.,1980). Thus
background uranium concentrations are slightly higher than the
averane crustal abvindance which ic 2.7 ppm (Taylor, 1964).

Within the project area, high béchground levelé of hot acid
soluble uranium ocrourred in sediments fraom the White River Group
and Fierre Shale. Adams and 'WEaver (1958) reported that most
marine’ shales such as the Fierre contain higher than average
wranium levels and approach ‘those of brimary igﬁeous rock_
{mainly granite). According'to Filler and Adams (1962) ash beds
with énomalaus uranium concenirations commonly occur in  marine
Cretaceous shales in.the western U.S. Similar asH beds frequently
are noted in drilling through the White River Group and
generally are considered by Arendt et al. (1980) tobbe the most
prabable  source of elevated wranium and arsenic (an assoéiated

element) levels in these Oligocene sediments.



Groundwater Data

Thirty-aix of the 314 groundwater samples collected fram
existing wells within  the Alliance sheet are located in the
project area (Foldmﬁt A—Es. Split samples were collected at each
site during May — June 1979. 0One sasple was analyzed for nitrate
at the Department of Environmental Control in Lincoln and the
remaining samble was shipb&d to Union Carbide Corp. in Dxk Ridge,
Tenn. for major ion and trace metal analyses. Temperature,‘ pid,
alkolinity, hydrogen ;ulfide and conductivity were determingd in
the Ffield. The data (Table A-2a) are grouped accarding to
producing horizon. In some cases there'is a low degree of
confidence in the assigned producing bhorizon since the
investigated area is gqeologically  complex and lacking in
sufficient contral points. |

Except for uranium, sulfate, chloride,.arsenic and selenium,
the remaining 27 elements (Table A-2a) were analyzed by
plésma source emission spectrometry. Uranium concentrations were
determined by either fluorometry or isotope dilution mnass
spectrometry. -Arsenic  and selenium were determined by bhydride
generation atomic absarptipn and chloride and sulfate were
determined Bpectrophoﬁometrically. Details of sampling, aﬁalyses
and statistical procedures are presented in Arendt et al. (1979).

The results of the Alliance report indicated that the
Oligocene formations (Chadron and Brule) of the whiée Fiver group
pravide  the most favorable geologic unit for potential uwranium
mineraliration. This conclusion wés based upon the occurrence of
uranium levels adjusted for total disselved solids by the formula

1000 turanium/speci fie conductance).
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WELL # LEGALL 1LOCATION ' DEFTH USES

(FT.)
317 , IOM STH 06 AA 125 HOUSEMOLD
218 ION LEW 00 AL &0 HOUSEHOLD
319 CO3OM STH 06 AC 30 HOUSEMOL.D
: JION ST 06 AC ' 30 HOUSEHOL.D
JON HEM 06 AC 30 HOUSEHOLD
IIN SIW T4 DI 7R HOUSEHULD, STOCH
JIN HEW 26 CO ‘ S0 HOUSENOLD, STOCK
ION HIW O 01 AC 60 STACH
JON E3IW 10 DD 390 STOCK
TON T3 15 AR , 380 - 8TOCHK
IIMN SEN 35 DA 80 HOUSEHOLD  STOCK,
JIN 53IW 3T AN b0 HOUSEHOL.D :
ION ST 01 AD &0 HOUSEHOLD, STOCK -
33O - 30N S3W 12 AC 30 STOCK
I3 30N S3W 11 CD 380 STOCK
332 JON 53W 01 BD 60 STOCK
S 33T JON S2W 07 CC 50 HOUSEHOLD
334 ION S53W 04 AA 104 HOUSEHOLD, STOCK
35 © 30N S3W 04 DD 128 STOCK
336 32N 52 26 DB 40 HOUSEHOLD, STOCK
337 JON S4W O3 BD 30 HOUSEHOLD, STOCK
338 30N S4W 01 CC 60 STOCK
339 30N S4W 12 ED &0 STOCK
340 JON %54W 11 DE o220 - STOCK
341 30N 54W 14 DB - 220 STOCK
34z 30N 5Au 24 DA 160 STOCK
343 JON S3W 15 DC 64 STOCK
44 JON SAW 12 AA 60 STOCK
34T : JON S4W 04 AC 230 NOT REFORTED
306 ‘ ION STW 15 AR 200 STUCK
347 SON 5S4l 05 AR - 180 . STOCK
349 30N S3W 06 DC 40 HOUSEHDLD, STOCK
349 3ON 57 06 DC 70 STOCH, HOUSEHOLD
350 30N 534 07 AC 40 - STOCH
351 SON S53W 07 CA 50 . HOUSEHOLD
352 30N STW 07 AB ' 40 HOUSEHOLD
353 JON STW 07 AR ‘ 40 HOUSEHOLD
354 30N S3W -Z4 CD 252 © STOCK
355 30N 536 26 AC 180 STOCHK
356 SON 53W 26 BED 210 HOUSEHOLD, STOCK
357 JON 53w 27 CC - 310 STOCK.
358 JON S34 27 DR 270 STOCK
359 30N S§3IW 27 ED 290 . STOCK
360 30N SIW 34 CA 252 HOUSEHOLD, STOCK

341 SON I3 34 CA 300 STOCE, IRRIGATION

-23°



WL 8 LEGAL LOCATION DEFTH USES

(FT.)
362 JON 35 BA ) 270 STOCK
Z6HD ZON ¢ 1 OB 250 STOCK
5464 30N 21 ot RED NOT REFPORTED
THY ION 21 ce I00 HOUSEHOLD . S TOCK
Bk AON 21 AD ' 270 STOCK
367 TON G 25ORD 300 NOT REFORTED
268 ZOM 0 CA 240 HOUSEROLD, 8T0CK
DG TON 2% AD 140 STO0K
370 ZON S 23 CBH TG0 STOCK
V2! ION ST 2T CA 90 STOCK
I/ TON 53 36 BA 250 STOCK
373 - TON S 28 AD 260 HOUSEHOLD, STOCK
374 JION SIW 28 CD 270 STOCK
375 SION S3M 1% AA ROO STOCK,.
X764 SON SIW 1% DC o 18 HOUSBEHOLD, STOCK
277 ZON 520 15 CR o4 STOCK
79 ION S3W 22 AD &2 STOCK
379 JION STW 10 CD 400 5THOCK
ZA0 JON S3IW 0B DR 440 STACK
381 ' JON S3W 17 BA 400 STOCK
3632 JION 530 03 AA 110 STOCE
B3H3 JIIN 83w 25 BC 100 HOUSEHOLD
304 IIN S3W 26 AC 80 STOCK
BE IIN. ST 35 AA 0 STOCK
3B TIN 5P IO A0 B8G HOUSEROLD, STOCK
387 3IN B52W F0 AC N. . NOT REFORTED -
ZEE IIN S2W 31 DR I00 HOUSEHOLD , 8TOCK
I8 31N S2W 31 DB 164 HOUSEHOLD, STOCK
S0 ©OZIN 520 31 BA 100 STOCK,
591 TIN 52W 31 OB : 160 STOCK
290 IIN S2W 31 BC L1460 STOCHK
AGE 3IN S3M 2% AC T STOCK .
394 ' JIN 5260 &9 DB &5 HOLISEHOLD, STOCK
39 ZON 52 35 AC 190 HOUSEMOLD, STOCK
394 AN S2W 28 DD 100 STOCK
397 IIN 520 I3 EA 120 STOCHK
I96 1IN S2W 29 AA 20 HOUSEHDLD, STOCK
399 JON S2W 03 EBED &0 . 8TOCK
400 IIN S4W 23 AC 250 . STOCK
401 31B S54W 15 CA 4083 HOUSEHOLD, STOCK
acp 31N S4W 15 CA 400 HOUSEHOLD, STOCK
407 IIN S2W 34 DA 180 HOUSEHULD
404 30N 524 04 DR N.R. STOCK
405 ION S22 04 cC 40 STOCK
406 JON SZW 07 CA 50 STOCK / :
407 30N E2W 18 caA 70 HOUSEHOLD, IRRIGAT ION

28



WELL #

40y
4049
410
411
412
413
414
415
41¢é .
417
418
419
420
421
437
423
424
425
426
427
428
4R9
K0
|
BRI
S
4%
45
456
457
438
439
440
441
447
443
444
445
444
447
440
449
450 -
453
452
453

(R ETAL

KRN
30N
SON
300
BON
JOR
FON
SON
SON

CBON S

SO
IO
AON
JON

ION

JON
SON
30N

JON

SON
JOMN
JON
JGh
IO
HON
JON
JON
TON
SON
HON
JON
30N
SON.
SON
SON
BON
JON
JON
JON
JON
SON

ION

JON
JON
JON
SON

LOCATION

544
S
G2
521
520
ST

b2
;.;..N

2u!
e ”N

SZW
520
G20
S4u)
544

S2W
:""\ld
52
520
S2W
S2W

S2u
oyl

G2

S2W

o2
r*rtw

G2
!ﬁi’w

20

..n..N
&2
O2W
S
| ol "/w
520
SEW
524
S2W
S2W
S2W
.u_w
S2W
S2W
St
St

10
Q3

0o

19 1

20
24
nag

20
17
55

34
34
QF

oy

24
31
11
11
23
25
25
eled

~
LK

24
27
27
24
13
20
30

T HA

cc
AD
CA
AR
B
DC
ED
ED

DEFTH
T.)

260
&Q
&0

N.R.

250

N.R.

320

3GQ

J10

310

190

100

180

200

400
40

360

240

360

350

320

J0O

300

250

280

150

180

160

200

pRIele]

200

300

400 .

430
285
180
180
200
400
265
190
180
265
150
200

189

-26“’

S5ES

T

STOCK

HOUGERQLD
HOUSEHOLD
HOUSEHOLD
HOUSEMOLD,, 5TOCK
STOCK
HOUSEHOLD, STOCK
STOCHK

STOCK

STOCK

STOCK

STOCK

HOUSEHDLD

STOCHK

STOCK
HOUSEHOLD, STOCK
ABANDONED

STACK

STOCK

STCCHE
HOUSEHOLD, STOCK

© STOCK

HOUSEHOLD, STOCK
STOCK. '
STOCK
HOUSEHGI.D, STOCK
STOCHK
HOUSEHOL.D, STOCK
INDUSTRIAL
STOCHK

STOCK

ETOCK
HOUSEHOLD, STOCK
HOUSEHOLD
HOUSEHOLD, STOCK
HOUSEHOLD
STOCK
HOUSEHOL D, STOCK
STOCK
HOUSEHOLD
STOCK

STOCK

STOCK

HOUSEHOL.D
HOUSEROLD
HOUSEHOL.D, STOCK

Note .
No pot® 2



—

Wip L oAl LHCﬁ}lUM DEFTH UGES

(FT.)

A BOM S 2 HOUSEHOLD

A546 AN S 200 STOCK

487 ZOM S 2768 HOUSEHOLD, STOCK
A4%,6) FON Y1 2EO STOCK .
4855 BN OS50 240 FUBLIC SUPFLY
AL KON S 125 HOUSEHOLD, YRRIGATION
441 . OBON 1 25 HOUSEHOL.D, STOCK
443 JON S1W OO STOCK

a6z 30N H51W : 270 STACK

44,4 JION S 33 RR 100 NOT REFORTED
N5 TION Sl 28 CC 260 NOT KEFORTED
Adb TON SiW 3T CD 150 STOCK

487 ‘ BON SiW 23T 0D 150 STOCK

448 JON St 33 A 200 STOCK

469 TON S1W 0 20 DD 145 HOUSEHOLD, STOCK
a0 30N S1W 21 AD . 232 ©STOCK

qa71 ION St 20 CC 150 STOCK

47z TON St 29 AA- 130 HOUSEHOLD, STOCK
LY AR ZON Sl 29 A0 164 STOCE,

474 TON S 21 AC 220 HOUSEHOLD, STOCH
a7y JON SiW 2L AC 2460 HOUSEHOLD, STOCK
A7 ZON S1l 19 AD 40 STOCK

477 BON SIW 28 AA J3A0 S5TOCK

478 S 30N 51w 28 AA 280 STOCK

G419 ION S 25 CC 100 STOCK

460 ZOM S 23 CC 150 STOCK, HOUSEHDLD
4533 J0M 1w 273 CC : 100 HOUSEHOLD, STOCK
A2 ION S1 23 CA 100 HOUSEHOLD, STOCK
4E05 ION S5 14 aA 310 HOUSEHOL.DS, TOCK
4i34 KON Y14 22 DD G5 STOCK

¥la] JON S1l 2R3 CA 160 STOCK

4834 20N HiW 1S DD 200 STOCE

487 CO3ON W 1S B 100 STOCK

489 AON S1W 1S Be 310 STOCY

489 JI0N 51 14 AR 300 . QTACK

450 ZON B1W 0 27 AA 8o STOCHE

4¢3 TON St 27 BD S0 STOCK

497 CZON 51 23 DD 200 STOCH

A9 % TON S 28 CC 50 STOCK

494 JION S 29 BR : 200 STOCHK

4%9% IOM S51W 0 34 CC 225 STOCK

494 ZON Si 36 Cu S ¥ lx) STOCK

AQT7 TON S5 36 BR 100 aToOCkE

.00 ION S 25 AC 150 STOCK

S0l AON SIW 23 ADB 180 : STOCK,

503 JON SiW 24 AA 120 STOCE



WiZLL

5072
S5O
504
5085
506
507
508
509
510
511
512
513
514
515
516
517
518

% .

LEGAL LOCATION

JON
JON

SON

ZON
3N
SN
SIN
ZIN
31N
31N
JIN
B3IN
3IN
1N
1IN
31N
J1IM
31N
31N
Z1IN
31N
31N
JIN
1N
ZIN
SIN
JIN

- 3N

JON
30N
30N
3JON
JON
30N
J1IN
ZIN
JiN
© 30N
30N
3ON
JON
30N
J1IN
JIN
31N
J1IN

i
S1u
Ol
S
&4abl
S4u
Gak
G4
Sau
S4u
S4v
G4
544
54
S4u
Si4u
SaW
Sal
Sau
S4W
Sabl
S4u
AW
5IW
53
530
544
530
S2W
S2u
524
S52W

S2W-

S
51w
S1u
G20
1l

Sl

51
1w
510
54w
541
S
544

24
13
24
5%
o)

Oy

0a

P

Q8

04
0e
=4
20
20

24

Al
Da
Ch
AR

nn -

o
CC
CR
~C
FERE]
DR
AC
AC
cC
278)
DC
cD

DA

EC
RC
DD
RE
DA
AC
AD
cp
BD
AN
CE
CD
BA
AC
CA
EA
Cb
cc
RA
DC
CA
Db
AR
AA
&#C
AA
CA
CD

.28~

DEPTH
(FT.)

120
250
286G
250
350
J30
300
E00
300
4Q0
400
100
400
400
400
350
400
250
JG0
350
400
360
J&H0
360
360
919
300
1225

S0

SO
- 140
320

40
110
.20
180

60
280
273
230
250
250

35
100
400
280

STOCK

STOCK

STOCK -

STUCK

STACK '
STOCK, HOUSEHOLD
STOCK

STOCHK

STOCK

STOCK

STOCK

STOCK

STOCK

STOCK

STOCK

8TOCK

STOCK

STOCK

STOCK

STOCK

STOCK,, HOUSEHOLD
HOUSEMOLD, STOCK
STOCK

STOCK

STOQCK

NOT REPORTED
STOCK

HOUSEROLD
HOUSEHOLD, STOCK
STOCK

HOUSEHOLD
STOCHK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCH
STOCK

STOCH
HOUSEROLD, STOCK
HOUSEHOLLD, STOCK
STOCK

STOCK

. HOUSEHOLD, STOCK

STOCK
HOUSEHOLD
ST0CK

STOCK

STACK



NSO 1

a8
o949

5450

wut
W
U3
il
&%5G
NibG
557
500

559

G60
Sihl
G562
563
Ub4
TN
966
S&47
540
S46%
370
571
572
573
574
S7%5
w76
S77
o778

are

S80
31
8%
586
Sa7
5648
aa?
S0
59t
592
97
uea
AN

S96

LEGAL

310
RON
JON
0N
30N
JOM
JON
TOM
31
31N
J1IN
JIN
JIM
31N
SiN
J1M
31N
J1IN
JOM
SON
ZON
JON
SON
JON
SON
30N
S0
SIN
JON
JIN
SN
JIN
JIN
IIN
1N
JIN
S1N
JON
J1IN
30N
SJON
31N
SON
SON
30N
SON

LOCATION

“0
40
NED)

G544 .

G40
H4AW
Snw
Sau
3

55

5)
&0
570
53U
541
4k
5S40

540

520
S2W
520
524
S10
S1W
51W
51
51l
530
S
540
54U
S1W
53U
510
53U
53N
51U

31w

Sy
SiW
a1l
Stk
Siu
ol
W
SIW

e
POy |
0P
(13
10
05
Ob
(N1
e dn)
o ey

27
27

b
.

26
34
2

30
30
29
26
08
08
08
o]z}
31
31
31
31
31
17

hod e

creted

27
27
29
26
28

s

PR

27

-~
>3

[t

B d

v
02
01
Q1
11

1%
4

10

ne

cD
AL
(9]
CD
DA
AN
cc
474
Al
Ak
AR
CRE
CA
BB
AC
CA
AR
AR
Al
AR
AR
De

DA.

AD
EA
DE
AR
AC
CA
&c
DA
EC
ce
cD
cC
AR
ED
cC
AA
CA
DR
cA
AD
ED
AA

-?G-

DEFTH
(FT.)

250
. 140
J00
80
140
JLH0Q
Z00
N.R.
&40
&0
&0
4O
70
&0
200
150
120
250
100
100
100
100
160
160
100
160
100

brdel
-

200
IS0
320

&Q

60

S0
100
128

27
213
220
210
200
I00
SO0
300
JOQ
300

8ES

STOCK

STOCHK

STOCK
HOUSEHAL D, STAOCK
STOCK

STOCHK

STOCK

STOCK
HOUSEHOLD, STOCK
STOCE

ROUSEHOLD *
NOT REFORTED
STOCK

STOCH

STOCK

STOCK,

NOT REFORTED
STOCK, '
HOUSEMOLD, STOCK

- BTOCK

HOUSEHOLLD

IRRIGATION .
HOUSEHOILLD, IRRIGATION
IRRIGATION

STOCK

STOCK

STOCK

STOCHK

STOCK

STOCK

STOCK

HOUSEHOLD, IRRIGATION
IRRIGATION

PURBLIC SUFPPLY
HOQUSEHOLD, IRRIGATION
WILDLIFE

HOUSEHOLD

HOUSEHOLD, STOCK
STOCK

- STOCK

STOCK
HOUSEHOLD, STOCK
NOT REFORTED
STOCK

STOCH ‘
HOUSEHOLD, STOCK



LU

597
98
S99
&HOO
601
&HOL
HOX
(IR
L7
6108
LA
&28
633
&4
L35
b63b6
637

a8
639
640
645
&44
Q447
4648
OO
&LOLD
&7
&7
679
490
683

LEGAL

20N
JON
AON
3N
SN
AN
31N
SIN
SEN
Y

S2H
JON
31N
SON
JON
JON
30N
SON
IO
SON
31N
31N
31N
SN
S1N
SO
JON
J2N
31N
JON
30N

LOCATION

O1u
Sl
G1u
R NY
Sl
Uil
St
Gl
i
L4
Viabi
NP R
S
ozu
L2u
52U
520
S92W
S2W
S32v
S2W
G1W
olu
SiW
a3
91W
R
G93W
S4W
R0

SaW

10
10
02
20
29
20
Z20
19
14
14
Oy
18
15
16
21
21
14
01
24
30
S0
33
24
2
13
17

~ -

RERA)

10

e 2t

!

[aTR)
AL
BC
ce
BC

o,

AC
AD
DE
BE
«C
DA
B
ceC
cc

DE .

BA
DA
#}2]
EE
AA
DA
B
BA
oD
ce
C
DA
AD
DA
AA

DEFTH
G

JIQQ
300

300 -

7¢
79
60
Q0

N. K.
396
409
70
N.R.
140
JI20
JI30
300
300
400
280
83
80
175
100
120
150
180
280
130
200
300
N.R.

USES

STOCK

sSTOCK

STOCK
HOUSEHOLD , STOCK
STOCK
HOUSEHOLD, STOCK
STOCK

STOCK

STACK

STOCK

STOCK

STOCK
HOUSEHOLD, STOCK
STOCK
HOUSEHOLD, STOCK
STOCK

STOCK

STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
STOCK

STOCK

STOCK

STOCK

STOCK,

STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
STOCK '
STOCK

NOT REFORTED



THE FOLLOWING WELLS ARE IDENTIFIED AS CHADRON

e 4 o LEGAL LOTCATION DEFTH UsESs

(FT.)

001 ITNOSRW 1S AR 30 HOUSENOLD, STOCK,
O Q5 DD N.R. HOUSEHOLLD,, STOCHK
00 14 04 25 STOCK

00 1é Al 40 STOCK

0% 15 LD _ 15 STOCK

OQH 1% DD 35 © HDUSEHOLLD, STOCHK
ooy 32N 21 An N. IR, NOT REFT.

010 SN 17 DD 40 HOUSEHOL.D, ST0CK
01D INN SIW o6 DA T 30 HOUSEHOLD

OLsy JENOE2W 08 DR 20 HOUSEHDLD

017 FEM B2 08 DA ' 30 STOCK

018 IIM B2W OB BD 30 HOUSEHOL.D, STOCK
0z IM S2W 07 CAC - 150 STUOCK

024 IIN SZW 12 AA 45 STOCK,

028 3ZM 52w 04 CC 30 HOUSEHOL.D, STOCK
054 ZEN S2W 11 CC 3H STOCK

G5t 32N 52W 10 DA a5 HOUSEROL.D, STOCK
054 JEN S2W 10 DD 40 HOUSEHOLD, STOCK,
Q57 , J2N S520W 09 LC 50 HOUSEHOLD, STOCK
0us IZN 52W 09 DC 40-45 © HOUSEHOLD, STOCK .
117 32N S2W 1T AA 100 STDCK

1160 AIN H2W 27 AR 100 HOUSEHOLD, STOCHK
119 , 32N 528 27 AN ‘ 250 STOCK

120 32N S2W T4 DD 60 HOUSEHOL.D, IRRIGATION
102 3z S ze LG 35 STOCK

o 32 SOW 39 BEA &5 HOUSEHOLD

134 IZH B2 1T AD 50 STOCK :
1738 - 32N S52W 24 CH N.R. HOUSBEHOLD, STOCK
156 IEN S2W 14 DD 40 HOUSEHOLD, STOGK
141 TEN 52w 23 AR ' 35 "HOUSEHOLD, STOCK
142 32N 520 23 AB 35 HOUSEHGOLD, STOCK
143 TN DWW 27 ED 35 STOCK

114 32N B2 35 BB 55 STOCK
144 3EN 52 T4 AB 50 STOCK

147 IZN S1W 35 AA 30 STOCK

148 IZN SW IS5 AA 30 STOCK

149 F2N 520 34 CC MR, STOCK

208 JEN 52W 26 DD 52 HOUSEHOL.D, STOCK
219 I2N St 23 ED 35 STOCK:
220 I2N G2W 25 AD 100 HOUSEHOLD, STOCK
2 JEN 5ZW 26 DC ‘ 160 NONE

222 32N S2W 26 DC 0 HOUSEHOLD, STOCK
223 32N S2W 35 BD 35 HOUSEHOLD, STOCK:
22y 32N 520 35 CR 480 STOCK, IRRIGATION
250 3N 51W 35 DD ‘ 35 STOCK

-3,



btz

24z

20
ey
290

S0

1

SN
|
SN
SN
SN
SIM
TEM
AEM
RN

&1 MO

LEGAL

Sibl 35 AR
il S AR
S ox B
Sl 0% OA
Yibke 3 DD
F/R T LI B B
Sl 1R UuR
16 07 CC
SO GO D

CROEETORD

TEXACO STAT ION, CRAWEORD

AN

FEN
FIN
JEM
1IN
JIN
3EN
32N

-y ry
¥ e

TN
32N

TN

RN
CERAMIC SHOF,
7 COATES,
701 MATH,
618 MATH,
520 PG,
SOUTHGATE,
119 LInN,

S ZH AC
S22 34 CC
SIW 07 AC
S22 A5 o
S4M 1S BD
S2W 02 CA
S2W 17 Do
92W 27 DA
S2W 27 DA
52w 27 DA
St 19 CC
S1W 19 CC
S22 01 RBD
CRABFE{RD
CRAWFORD
e ani oD
CRAWFORD
CRAWFURD
CRAWFORD
CRAWFORD

LOTAHTION

-3'2.

DEFTH

(FT.)
35
50
40C)
&HT7S
&0
520
b0
N. R.
40
198
N.R.
S50
129
30 (%)
280
&H10
280

60
&L70
110
110
Q0
75
6HO0
380
N.R.
280
198
209
N.R.
1460

STOCE
HOUSEHOLD, STOCK
HOUSEMOLD . STOCK
STOCH

STOCK

HOUSGEHOLD
HOUGBEHOLD , BT00K
EMETY HOUSE
HOUSEHOLD
IRRIGATION,
IRRIGATION,
STOCK
HOUSEHOLD, STOCK
STOCK, (ARTESTAN)
STOCK, (ARTESTAN)
IRRIGATION
HOUSEHOLD, STOGK

(ARTESIYY
(ARTES TS

- STOCK

IRRIGATION
IRRIGATION

IRRIGAT ION
HOUSEHOLD , STOCK
STACK

IRRICATION (ARTESTAN)
IRRIGATION (ARTEST AN
IRRIGATION
IRRIGATION
IRRIGATION
IRRIGATION
IRRIGATION
HOUSEHOLD

(ARTESIAN



THE FOLLOWING ARE IDENTIFIED AS PIERRE FORMATION

Wil ID.

199
00
201
202
207
2049
205
206
209
213
214
215
216
<17
218
226
227
224

it

240
241
240
204
218
291
498
497
542
S84
607
113
&9
H10
&1

ALZ2
6‘1 >
614
H1G
616
L2
HG0
B

e

wladt?

634

LEGAL. LOCATION

2N
SN

SN

2N

R
32N
J2N
JZ2N
32N
32N
3I2aN
3EN
32N
32N
32N
JI2N
32N
2N
TN
32N
32N
JIEN
32N

v
~ e

J2N
2N
e
ol
32N
32N

32N

32N
JZN
32N
S2N
IZN

-y
WL

32N
IEN
32N
32N
SN
3EN
JIaN

32EN

ik
IR R D)
51
Sl
S0
510
Si
510
51N
51t
510
511
S
510
514
1w
51l
51
£
510
S0
S
51
511
510
S
S1W
51t
510
Siu
10
510
51y
S1U
510
514l
511
510
Sl
510
510
Sl
S

S

20
1Gy
08
(14
00
09
17
17
19
Q2
o2
Q09
04
21

17

[ -
i

—- Ny P e
IR EGRUBPRELRE

14

ER
no
AR
AR

6n
AA

BE
Bz
BA
cc
cC
BE
Ch
AR
AC
DD
DD
DD
DD
3]
AA
AA
CA
DE
DE
CA
AC
cp
DA
AE
CA
DA
CA
CDh
ER
ER
BR
BA
AA

S BD

ne
Ck
AD
cC

33~

\
DEFTH
(F1.)

20
75

N. R.

36 |

M.R.
47

40
SO=-&0
18

30

30
35
35
GO
60
31
31
31
10
44
28
25
4O~50
28
S50
26
39
45
27
S0
100
. NIR.
100
&0
3G
35
35
&HO
41
50
50
&0
. 40
N. R.

USES

NOT REFPT.

GTOCK

STOCK

NOT REPT..

STOCK

STOCK

HOUSENOLD

STOCK
HOUSEHOL.D , 5TOCEK
STOCK '
NOT REFT.

NOT REFT.

NOT REFT.
HOUSEHDLD, STOCK
STOCK,

HOUSEHOLD
HOUSEHOLD
HOUSEHOLD, STACK,
NOT REFT.
HOUSEHDLD, STOCK
STOUCK

8ToCk,

© 5T0CK

HOUSEHOLD, STOCK.
HOUSEHOLD
NOT REMT.
NOT REFT.

- 8TOCK

NOT REFT.
IRRIGATION
HOUSEHOL.D, STOCK
STOCK
STOCK
STOCH

NOT REFT.
NOT REPT.
STOCK

NOT REFT.
NOT REFT,

STOCK

HOUSEHOLD
HOUSEHOLD, STOCK
HOUSEHOLD, STOQCHK

NDT REFT.



~ THE FOLLOWING ARE LISTED AS IN THE ERULE FORMATION
WELL ID LEGAL. LOCATIUN DEFTH USES

(FT.)
U32N SDW 17 LD ’ 20 HOUSEHLLD (SFRIMNG)
I2N S22 17 DA S50 HOUSEHOLD, STOCK
32N S 17 BE 150 HOUSEHULD, STOCK
=AM LW 04 GD 28 - HOUSEHOLD , STOCK
32N SIN 12 AA 5 HOUSEHOLD ~
xe 11 BD 200 IRRIGATION
I2N 53 05 AA 100 HOUSEHOLD, STOCK
IIN S5 14 HA 40-50 SYOCK
XN SIW 06 BC 280 HOUSEHGLD , STOCK
I2N SEW 06 BC 220 HOUSEHOLD, STOCHK
CIEN 53N 07 BA N. . ~ NDT REFORTED
0A L TN SAW 09 DR - 40 STOCK
ABA 32N SPW 29 BB 160 STOCK
040 AN S3IW 13 CD . 110 HOUSEHOLD, STOCK
06t IOM 5IW 13 CD 140 STOCK, IRRIGATION
120 : I2N 52W 33 DA 80 HOUSEHOILD
; 32N 520 34 DD SN HOUSEHOLD, IRRIGATION
130 Z2N G2 34 DC 45 HOUSE, 8TUCK, TRRIGATION,
145 . 32N S2W 27 DC S0 - HDUSEHOLD , STOCK,
165 IIN S2W 15 AA 100 HOUSEHOLD , STOCK
184 31N 52W 15 BA o 100 STOCK
157 ZIN 52W 15 DA 70 STOCK
189 ‘ 31N 5326 15 DC 60 HOUSEHOL.D
24 ION 526 35 EC 84 © HOUSEHOLD
259 SHIN SiW 02 EA 80 HOUSEHOLD, STOCK
Tx) : 32N 1M 26 DE g 8TOCHK
2HEE FIN Sl 02 BA 75 STOCK
A 31N OS5I OZ LA ‘ 75 HOUSEMOLD
274 IIN S1W 02 BA 75 5TOCK
s 32N S1W S GO 75 sTOCK
2 32N S1W 34 DO 75 STOCK
w7 TN S1W OF BD N.R. NOT REPORTED
RS TN 516 O3 CA 75 STOCK
207 31N 510 12 CC . 400+ " NOT REPORTED
S IIN 52W 12 AR 70 STOCK
25 31N SiW 09 DB 115 HOUSEHOLD
5L CRIN S1W 0% An 40 STOCK, IRRIGATION
2557 IIN S5iW 09 DD 400 HOUSEHOLD
2EEG IIN SiW 11 EA 90 HOUSEHOLD, STOCK
256 IIN 510 14 AA b5 HOUSEHOLD, STOCK
261 32N S51W 33 CC 50 HOUSEHOL.D
2HZ 32N S1W 33 CC g0 STOCK
287 32 51W 33 CA ' 60 STOCK
245 SIN S1W 04 EB - 50 - STOCK
266 IIN 51W 04 AR . 80 STOCK
247 ZIN 510 04 DB 310 STOCK
266 IIN S1W 06 EBC 45 HOUSEHOLD, STOCK
5&9 SIN 51 06 BC Y- HOUSEHOLD, STOCK
270 IIN 51N Q& CC : 40 NOT REFORTED
271 TIN S51W 04 G0 N.R. NOT REPORTED
272 IIN SBI1W 07 CC N.R. SYOCK. .

27% JIN UZ2W 13 AB N.R. HOWUSEROLD



WELL TD .l..E(-SI\L. LOCATLION DEFTH UGES

(FT.)
274 IIM GRW 11 AR N. R. NOT REFORTED
2iG S AIN B1W 07 ED 25 STOCE _
0760 SIMOSSW 13 DD @5 HOUSCEHOLD , STOCK
@77 HAN ERW 13 CD 35 STOCHK
274 AN SN 13 BRA 1] STOCK
27 3IN YW 12 DB 110 IRRIGATION
2E : IIN 52 12 BE 40 HOUSEHOLD,, 5TOCK
TEHT FTIN SHW 12 I N.K. NOT REFORTED
&EOS FIN GLW 189 CD 2 HOUSEHOLD, STACK
L0 SIN RN 19 EA 40 STOCE
19 AAN 52 OIS DO 125 HOUSEHOLD, $TOCK,
620 CEEN S2W 35 CA 120 . - STOCK
625 ION GAW O3 DR L6HO NOT REFONTED
629 ' JIIN 52W 01 DC 55 . HOUSEHDLY, 3T0CK
b0 IIN Sik 22 BA 80O . HOUSEHULD, 5TOCK
6731 JTIM S2W 22 BD 80 STOCH
612 ZIN S2¥ 22 AA N. k. NOT REFORTED
&1 FIN 520 2% BD 95 HOUSEROLD, STOCK
6422 31N 52 23 CD : 60 i STOCK
643 FIN G2W 24 BD < 100 " HOUSEHOL.D
644 IIN H2W 23 AR < 100 STOCK
b9 . 31N 526 08 AC 380 8TOCK
HALO IIN H3W 13 CA 150 STOCK
XS o 3IN S3W 13 AR N.R. STOCK
bLH6? 31N S3W 11 DD 150 STOCK
bOs ) TN S3W 24 AR 70 - NOT REFDRTED
nérih Jiti %W 20 CA 150 STOCK
bbb IIM SR 20 AC 150 STOCK
Hb7 31N S2W 21 CA 150 STOCK
660 J1IN 52 07 DE 300 STOCK
b71 IIN 5IW 23 AD 40 HOUSEHOLD, STOCK
b7 : 32N 53 08 AA 45 STOCK
Y JIN 516 04 AA 60 HOUSEHOLD, 8TOCK
670 ION O2W 28 CC N.R. . NOT REFCRTED
P01 " 311 DAK, CRAWFORD 45 IRRIGATION
P02 7 COATES, CRAWFORD 55 IRRIGATION
QS 14 FADDOCE, CRAWFORD 100 IRRIGATION
G086 723 ELM, CRAWFORD 40 IRRIGATION
FO 211 ANNIN, CRAWFORD 60 IRRIGATION
406 LIMN, CRAWFORD S0 IRRIGATION
315 0AE, CRAWFORD T AG IRRIGAT LON
235 ‘MAIM, CRAWFORD 50 NOT REFORTED
402 E.MAIN, CRAWFORD 80 IRRIGATION
134 LINN,CRAWFORD 50 IRRIGATION
1109 &6TH, CRAWFORD &0 IRRIGATION
216 FPADDOCK, CRAWFORD 50 IRRIGATION
233 PADDOCH , CRAWFDRD 50 IRRIGATION
1100 15T, CRAWFORD 45 ~ IRRIGATION .
418 AMN1M, CRAWFORD &0 HOUSEMOILLD, IRRIBAT I
111 ANNIN, CRAWFORD - N.R. HOUSEHOLD, IRRIGATI
113 L INN, CRAWFORD N.R. IRRIGATION '
302 LIMN, CRAWFORD 50 HOUSEHOLD, IRRIGATI
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LEGAL LOCATTON

300 LINM, CRAWFORD

119 FINE, ClRANFORD

102500 HOLF LT DIRIVE, CROBI-GIRD
AOT MATH, CHOWTORD

11 HALE FORE, CRAWEQRD
60 ELM, CanFarDn

Z14 P OaDDOCE, CIaui= fn
1100 QG CRAWEORD
#1157 CRAWFORD

141 LTNN, CREWEORD

70U A4TH, CRAWFORD

Q1% STH, CR&EWFORD

502 ANNINM, CRAWFORD

"35_’

DEFTH
(FT.)

ao
1)
N. .
' 26
N. .
cdy]
50
36
27
70
.80
57
6HO

Usies

TRRIGAT 10N
IRRIGATION
HOUSEHOL L ¢
TRRIGAT TON
IRFIGATION
IRRIGAT TGN
HOUSEHOLD,
IRRIGAT 1O
IRRIGATION
ITRRIGAT YN
IKRIGATION
IRRIGATION
IRRIGATION

IRRIGAT Y

IRRIGATI



northeastern  portion of the investigaéed area (T32N, FRS1W)  the
wells are completed in either the Tertiary Chadron or- the
Cretaceous Fierre formations. In general, wells near Crawford
anti within T3IN, R31W praduée frbm-the Tertiary HErule and/or the
Tortiary Chadeon formations.

Within tha proposcd hining area in the northeastern sections
of TAIN, RS the principal wotar-bearing formation fér domestic
use  ts Lhe RBrule, Sand lenses and  filled fracture channels

provide low to moderate yvielding cstrata for wells within the

Firule. Many wells im the Tertiary Chadron near and east of
Crawford are artesian. These wells are producing from sands of

the lower Chadron.
Ity far most wells within the investigated area are used for

watering stock (Table E-—-ib)

- bl e A A I I T T ST

TABLE B-1b. SUNMARY OF WELL USE UITHIN INVES{IGATED AREA

( --=-PRIMARY LELL USE )
UNIT WIAL  SICCK DOVESTIC  IRRIG.  MILSLIFE  KOT REPT.  ABAMDDNED  DNDUSTRIAL  PUBLIC SUPPLY
ARTXAREL 494 08 142 3 2 23 3 1 2
BRULE 12 noow 2 . 12 - - -
CHADRON % % 35 1 - 2 2 - ' -
PIERRE & 16 12 1 - " - - -
WIS 75 388 2% sl 2 51 5 1 : 2
1.7 0T T 6 a 1T 1 <

L T T P - -
- - D T U



Many of the domestic wells also were used to water stock,
trebs and lawns. In such cases a priurity‘was given to "the
weell' s use /s a Sb]e source of potable water for the household.
In addition several stock Qells aleo were used for small-scale
irrigation. In such cases priority was given to their use for
stack. Although Cfawford derives its Wéter from the White Rivér,
public supply'wells serve schools and campgrounds.

SPRINGS

Seven active springs were inventoried within' the

investigated area (Tabie B-1c?. These springs represent the

larger and better known springs in the investigated area.

‘Table B~1c. Spring Inventory

Spring ID L.egal btocation ' \Uses Probable producing
Unit
SAMELED '
5P-1. SIN 51W 23 AA Not Rept. Ta
SF-2 30N SZN‘19 ED | Not Rept. Ta
gp-3 - JIN S3W 06 CA Not Rept.- Ta
SP—4 31N 52W 146 CC Not Rept. Th
GH=5 (649) 32N S1W 31 ED Household - Tc

gP-& (658) SIN S2W 08 CD Public Supply Tb
NOT SAMPLED

5FP-7 (681) " SIN SiW 11 DD Household  Tc or Kp
EP-8 (140) . 32N 52W 13 CA Not Rept. Te

- e em wm me me G e e e B e e MR e G G e G e S e mes  E e we @ e e e
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Several smaller seasonal springs and seeps along rivers and
crecks  probably  do occur but to ouwr knowledge these were not
active during late summer and fall 1981 when the inventory took

1lace.
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SELECTED SITES FOR STREAM SAMFLING
TASK EB-2

Ten samples were collected from streams dissecting the area. The
stroeam  samples were collected by wading into the middle of the main
flow and sampling halfYway betwsen the surface and bottom -of the
stream.

The diutrib@tiun of the smmpiing sites is shown on Foldout B-T(2),
The legal locations are listed in Table B-2, Sites were selected on
the rationale that at least one sample would be taken from each of the
major streams in  the area and more than one taken from selected
streams flowing through the proposed mining area. Cn this basis
samples 5T-B, BT-9? and 8T-10 are from streams cutting into the
Arikaree Formation in the western part of the study area. Samples $T-1
and ST-2 are from Ash Creek which flow on the Cretaceous Fierre Shale
in wne cactern part of the ctudy arca. The remaining stirgams saapled
cut  into the Brule formution and are in part within the proposed
uraniun mining area. They include Squaw, 'White Clay and English
creeks. ‘ Since Sqguaw Creek is centrally-located.within the proposed
mining area, upper (S5T-3), middle (5T-4) and lower (ST-5) samples were

collected.

e
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Sonate Site Ho.

SN
Gl
GT-3
T4
G0
Gl
5T--7
G578
ST~
GT--10

LEGAL LOCATION.

ZIN
TN
JON
31N
I1N
3iM
31N
31N
SIN
31N

TARLE

10
EERY)
i1l
5100
LR
Al
524
RaD)
57

544

i)
02
O
20
12
11
12
Qb
32

31

-

P

cc
AR
BR
EC
BA
Ak
b
DA
BV}
CA

STRENM
STREAM
STREAM
STREAM
STREAM

STREAM.
STREAM

STREAM
STRizAM
STREAM

STREAM SAMFLING

#1

$#2

ez

#4
#S
#é6
7
#8

49
#10

SITES

(UFFER ASH)

(LOWER ASH)

(UFFER SOUAW CREEE)

(MIDDLE SQUAW CREEK)

(LOWER SEUAW CREEK)

(WHITE CLAY CREEK)

(ENGLISH CREEK)

(S0, FORK SOLDIER CREEEK)

(MIDDLE WHITE RIVER)

(WHITE RIVER NEAR ANDREWS
NEBRASEA)




:

BASELINE DETERMINATION OF MAJOR IONS
TASK B - J(1)
Introduction
‘ 2+ . RNy
Major ions include the cations calcium (Ca” ). magnesium (Mg ),

sodium (Na+) and potassium (k') and the anions bicarbonate '(HCDvw),
~

’

‘-

sl fate '(904£ )  and chloride (1. The hydrogeclogic units are
characlterizced by different groundwater chemistries and can  be

classificd by the distribution of these ions.

Methods
Except for bicarbenate all analyses ware done on samples that
had = bewein filtered thrmugh 0.45 um filters. The samples for cation

analysis were aCidified aftér filtration.

Calcium, magnesium, sodium ’and potassium were measured by
standard atomic absorption methods (APHA, 1975).

Sulfate was analyzed by turbidimetric titration (AFHA, 1979).

Eicarbonate was measured at the collection site (AFHA,1%973).

Chioride was measured by titration with mercuric nitrate (AFHA,
1975) .
results and Discussion

The results of the major ion analyses (Appendix A, Tahle 1) are
reprosented  graphically in a diamon*—sﬁaped field [Foldout E-3(1)1
known as & Fiper diagram (Fiper,1%44). Piper diagrams provide &
basis for comparing water types as they relate to geologic
formations. in this case the total concenfratinn (expressed in
percentage on a milliequivalent basié) of B8 major ions are plotted.
On a milliequivaleﬁt basis the total cations minus the total anions
should be . near zero ta maintain an electrochemically neutral
solultion. The major ion bélances (Appendix A,Table 1) indicate that
this' prerequisite has been met and that the quality of the major ion
data is good.

The Fiper diagram ([Foldout EBE=Z({1)] shows two distinctly

=42~



different hydrochenical facies. These tend to cluster at the extreme

deft  and  the oxtrooe ri@ht sides af the diamond Ffield. These
cluster e represent the Ca2+ - HCDK" type groundwater of the Arikaree
umit  and fhg Na+ - JOAE". c1 tyée qroundwéter of the basal Chadron
unit. Theae Lo qrpundwatwr‘typaﬁ represent the end members in the

evolultion of groundwater chemistry within the invecstigated area.
Thic roprecents a normal sequence in major jon evolution and reqguires
nundreds of thousards of years, ‘

In the cation sequence, éoluble_calcium exchanqges with sadium on
clays and a "natural softening” of the water takes place. Also as
gypsum  is dissolved a high degree of supersatwation causes calcium
and magnesium  to precipitate out as calcite and dolomite. This
results in an eventual lowering of the HCOv- concentration ‘and an
increase in  the 8042— concentration. . The final step in the

. -+ -
evolutionary sequence produces Na - Cl type groundwater. This step

is  being approached in the groundwater of the basal  Chadron
vTurmation., The Cl1  increases probably result From the upward

migration of €1~ from the Cretaceous Fierre shale.
The evolution is exemplified best by the progression. of the

2
<

) ‘ 2+ + + + - - .
ratios of Ca + Mg 7/ Na + K and HCI:);S / S0 + Cl in Table B-

3¢1). AN arrow drawsn thrnugh plotted points of4the average formation
concentrations [Foldaut B-3(1)1 indicates a gradual evolution to the
Na' - 50 . 1 groundwater of the basal Chadron.

It appears that moﬁt\large excursions of ions from the basal
Chadron to tbhe Brule formatiaon caused by mining activities could
eaaily' be identified. The one exception might be in the Crawford
area where Erule wells @01 and P09 have cafion ratids similar to
those of the basal Chadron. The Erule envelope [Foldout B-3(1)] does
overlap wells in both the Arikaree and the uppér Chadron formations.

Thus chemically distinguishing Brule groundwater from that in  the

othoer formations (excluding the basal Chadron) is most difficult.
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Table B~ &(1)

Baseline concentrations of major iong

SERINGS
RANGE ag-73
. MEAN a1
Std, DEVIATION 9
SFRINGS
ROANGE 4~-11
MEAN 6.5
Std. DEVIATION 2.4

SFRINGS
PANGE 7-327
AN : 21
Std. DEVIATION 45

SPRINGS
RANGE 1-13
 MEAN 5,3
Std. DEVIATION 3.7
SFRINGS
Ca/Mg 8.9
Ma. i 5.0

(Ca+lg) / (Na+K) 1.9

in analyzed waters

o+
Caz (mg/l)

STREAMS Ta
30-78 40-88
56 51

13 16

‘ -+
Mgz (ag/l)

5TREAMS Ta
4-10 1~-13
7.2 6.2
2.0 2.5
+
Na (mg/1)
STREAMS Ta
9-37 3-35
ig il
10 7
+
K. (mg/1)
STREAMS Ta
2-13 1-8
5.9 3.4
3.3 1.5

STR
7

3
2

Cation Ratios

EAMS Ta
.8 B.3
.1 3.1
) 4.0

-44 -

Th
8101
o8

o

Tb
4-44
10.1

8.2

23

Tb/Tc/kp
15-114
&8

30

Th/Tc/Kp
1-14
7.8
3.8

Tb/Tc/Ep
21-270
117

69

TS/Tc/Kp

6-23
14‘8

S22

Tb/Tc/kKp
8.8

708
0. 61

TC

- (3
Do O

Te
310-540
39
&b

Tc
g-14
11.5

2.3

Te
6.3

J4.7
0.09



HCO.  (mg/1)
3 M9
SERINGS  STREAMS Ta Th
RAMGE 150-250 - 1B0-310 120-270 160-420
L AN 217 2 179 271
Std. DEVIATION 26 36 45 &9
80 %7 (mg/1)
4
SERINGS  STREAMS Ta Th
RANGE 1-98 1--2¢ 1~-17 5-260
AN 2 6.5 4.8 39
Gtd. DEVIATION 35 5.9 4.6 50
Cl~ (mgsl)
SFRINGS . STREAMS Ta b
RANGE 1060 2-26 330 Z-113
MEAN 26 12 14 29
‘Std, DEVIATION 17 10 8 25
Anion Ratios
SPRINGS  STREAMS - Ta Tb
HCD,/(50,+C1) 4.6 12.0 8.5 4.0
MAJOR ION EALANCE
SERINGS STREAMS Ta Tb »
ANGE 097,33 =R, 2= +7.8 -5.3 ~ +5.5 -B.~+b.9
EAN 43, 08 +1.468 0,77 +2. 00
3id. DEVIATION 2.3 4,1 4.1 3.8

Table B—- 3(1) (continued?

-45

Tb/Te/Kp
175-460
331

89

Th/Te/Ep
20-320
118

84

Tb/Tec/kp
15-110
G4

27

Tb/Tc/Kp
1.9

Tb/Te/Kp
-9 -+5.9
~-(.08

4.6

T
2RO-3I70

ey
D

29

Te
175~&00
392

e ded
]

Tc
110240
183
=)

 Te
-85 - +6.9
+Q. 94

S 4



Thig process, however, may be enhanced hy locking at other
paramaeters, . A an exampla, Arikaree wells 441 and 211 force the
dawrerd movament. of the Arikaree envelope in Fol dout' B-3(1). Thetﬁm
welle  contaired the highest wanium "loevels Cand  lowest  uwranium
activity ratios in the forpation water (Oppendix A, Table 1). This
significant chemical difference signifies thot these wells may indeed
be HBrule. This change would further confine the Arikaree envelope
Ldacshed line in Foldouwt B-5(1)1] and.éliminaté a significant amount  of
the Brule-Arilbarce averlap.

In aereral the observed trends in'chemical character [Foldout R
~ 311 of the streams abpéar to be closely associated with the
formation tﬁcy dissect. Upper Ash Creek (57-1), Soldier Creek (S5T-8)
and White River ($7-9, 8T-10) have chemical chéracteriatics similar
to the groundwater in the Arilkaree and undoubtedly receive most of
their baceflow from this formation. The sampling locations for Lower
Saquaw (5T-5), White Clay (8T-6) and English (6T~7) Creeks are in the
trule furmation  snd the water has chemical characteristics of that
formation. The sample from middle Squaw Creek (8T-4) h&ﬁ
cha?antwwiﬁtics similar to the upper Squ#w Creek sample (8T-3) and
probably  receives its major contribution from upgradient Arikaree
€een. Sample 5T-2 from Lower Ash Creek vould appear to have a
gignificant contribution from the Brule formationy however, this
portion of the stream may also be receiving seepage water from the»
Fierre formation. The chemical characteristics of Qrmundwatér in the
Fierre formation were not well documented in this study due to the
sparcity of wells sampled from this formatibn.

Chemical chafacteristics af the sprihgs indicate that sample &49
is receiving water from the Chadron formation and Spring &P-4
probably origiﬁates in the EBErule. The remaining eprings ‘have

chemical characteristics similar to those of the Arikaree formation.
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ﬁAGELINE PETERMINATIONS OF FPHYSICAL
CHARNCTERISTICS OF ANALYZED WATERS
' TASK B-3 (2)
Introduction

Mell  depth, temperature, conductivity, pH, Eh, and'HQS are
rwpnfted for B2 groundwater samples collected from the investigated
arén (Appendix A), The data are grouped accordiné to the suspected
producing horizon (ﬁppmndix.ﬁ). Differeqcesvand sihilariti&s in the
physical characteristics of the water fraom each ' praducing horizon
will be emphasized in this section.

In addition to the aforementioned groundwater samples, 1&6 surface
water  camples - b frém active springs and 10 from rivers and creeks -
were collected and analyzed. ‘The physical aata are tabulated in
Appendin A,

The location af the sampling sites is shown in Foldout B-3(2).
Moerthods

Wall  depth  was delermined during discussians with the property
owner and the local well drillers. In the majority of cases the
raeported well depths eppear to be relatively accurate.

Témparatures were recorded with a mercury thermometer (+ O.EOC)
immersed in a bucket of the water. For wells water was discharged into
the bucket until the temperature stabilized.

Conductivity was.‘determined with a temperature compensated
conductivity probe contéined in a Hach Direct Reading Environmental
Laboratory (DREL/4).

Both pH and Eh wefe measured at the time of sampling with an
Orion 408 A/F meter. Measurements of pH were made using a
cahbination electradé LOrion pH (21-05)1 and the double buffer
tochnique. - The estimated error is 0.05 pH units. Eh  measurements

were: determined in A& flcw—thraugh‘electrode system, At least 15
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betore equilibrium was assumed and the Eh

minutes were allowed to pas

potential e

corded . Eh potentials . are based upon  the saturated
calonel reference electrode standard and were measwed with an Orion

model 2678 redox electrode and have not been corrected.

&

Any  odor  resembling H,. 9 was condirme

.|

using the lead ac

paper method (O =% ppm) contained in the Hach DR
Results and Discussion

The arte

sian Flow from flowing groundwater in.the deeper basal

Chadiron  demonstrated higher average temgs wductivities and

pH  values  than groundwater from walle producing  in  younger: atrata
[Table RB-3(2)71 . The temperature increase appears related primarily
to  the geothermal gradient where tﬁEVQ is an increase of 0.56" € for
every  Gh-foot im&wmémm in depth.

The high conductivity imn the grmﬁndwatér from the basal Chadwmn
relates directly to a high dissolved solids content and- indicates that

the groundwater is  old. A increased e

idence  time within a
formation generally promotes a more highly mineralized groundwater
such as  that which characterizes the basal Chadron. The average
dissclved solids  of ~ 1200 mg/l i MOL6S X conductivity) is
considerably greater than the 500 mg/l level normally advocated by the
.S, Public Health Service for public supplyv svstems. In contrast the
low  digsalved solids of ™~ 205 mg/s)l in water from  the Arikaree  and

WAOLNT

strata indicate that these waters have had a relatively short

regidence i the  formation. I regard bto dissolved solidg  the

proposilion  holds that poorer quality waler

sults  from &  longer
rasidence time in the formation.

The g@n@ra]irwd increasse  1n pH Qith the increase 1n age of the
tormation  is  anticipated in  the normal  evolution of mineralized

groundwater s from the west

Great FPlains.

increased pH is

believed to be associated with a depletion of hydrogen ions during

-48~



TABLE B- I(2).

. Baseline determinations of physical

characteristics of analyzed waters

BFFRINGS
RANGE
MEAN v
Std. DEVIATION

RANGE
MEAN

Std. DEVIATION

SFRINGS
ELO-7EO

4475

RANGE
" MEAN
Std.

SPFRINGS
b.9-7.8
7.4
DEVIATION o

RANGE
MEAN
Std.

SFRINGS
HO--700
217

217

RANGE
MEAN

Std. DEVIATION

- BFRINGS
RANGE ND
MEAN ND
Std. DEVIATION ND

ND = Not detected
* 51l Bh values

DEVIATION 138

WELL DEFTH (Ft.)

STREAME

GTREAMS T

tia-24

Thy
18- 1 EO
HEL O

g o
S

CONDUCTIVITY (uMHOS/CM)

STREAMS - Ta
BT D540

T
et il

373

pH

STREAMS Ta
b 9=8. b  b.9-B. D
8.0 7.5
b 4
En
Ta
= EEO- 700
197
200

H_.5 (ppm)

- BTREAMS ‘ Ta

ND ~ND
ND NI
ND ND

are based on Calomel reference

_49—.

— (?? l‘:j o e

Ty

ALE-1210

610

oy
e

Ty
7034
VA

o 4

T

Th
MDD
ND
MDD

and

Th/TYo/skp
F0-GR0
?1.8
151.9

Tl Te /B
318
14,5

1.7

Th/Tac/kp
AET - 1 EE0
893

Th/Te/Ep
$.9-7.8
7.4

\

Th/Te /R
= RO 290
117

45
)

Th/To/kp
ND
ND
NI

Te
1OQO-&600

313

128.3

Te
14602450
1824

g

wie e

Tc
b.9-8. 4
7.9

-9

Te
-A80~+70
-24%5

124

T

Qul-3
1.5
1.9

are not corrected.



carbonate dissolution.
Eh wvalues and H_ S levels are indicators of the oxidizing
2 v

conditions of the groundwater. In genegral the oxidizing nature of the

formation waters demonstrated a trend towards lower oxidizing capacity

with apparent incrouased residence time in the formation [Table B~
321, The . relatively high Eh values in the Arikaree and younger
formats on waters  suggost  that recharge occuwrs rapidly thVQQQh

fractures . BNegative average Eh values in the basal Chadron formation
indicate that thig water js reducing-relativg to the H+/Hv couple.
Nogative redox  potentials résult from consumption of oxygen by
Bacterial ovidation of aorganic matier.

The observed H,.S levels in the groundwater of the basal Chadron
formation indicate the presence of anaerobic sul fate reducers. These
bacteria convert organic matfer and sufate to hydrogen sulfide and
bicarbonate. Although not usually harmful at low levels, the presence
of the rotten egy odor of HZS makes the basal Chadron waters less

palatable.



BASELINE MEASUREMENTS OF TRACE METALS
TASK B-3 (3)~NONRADIDACTIVE

introduction

The sampl.s  were analysed for the trace metals arsenic '(As),
G e tm {8r2) vanadium (V), ahd molyhdenum (Mo) because  they are
considered pathfinder elements {or potential wanium ore bodies-(Wamty
et al., 1981) and in western states V and Mo are byproducts of uranium
mining., Elevated levels of vanadium in run-off off have occasionally
rosulted from wranium mining and milling operatiaons (HopkinsA et
al.,1977).
Methods

Arsenic  and  selenium were determined by tha hydride generation
method using an argon-—hydrogen flame and a Ferkin Elmer 303 atomic
absorption spectrophotometer (APHA,ié?S) The detéction limits for
poth elements were 0.5 ppb.

Molybdenum ‘was analysed by flameless atomization using a FPerkin
Elmer HGA-Z2000 graphite furnace. The detection limit was § ppb.

Vanadium was detected using a spectrophotometric technique via
the gallic acid method (AFHA,1979). The detection limit for vanadium

was .0 ppb.

Resultes and Discussion
Selenium levels were very low in all analyred groundwater samples

(Appendix A, Table 1).° Only 3 sampleslcontained Se concentrations

greater than 1 ppb. All three samples were from groundwater from the

Brule formation and none of them had concentrations above 2 ppb; In
Lterms  of water quality no samples approached dr exceedad the current
maximum contaminant level (MCL) of 10 ppb Se. These low selenium.

levels negate the wuse of selenium as an indicator of potential wranium
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depoul te withih this invéstigated area,

.Arsenic Jevels weré quite variable but showed a ggeneralired
increase in older oxidizing formation waters [Table B-3(3)al. This
is denonutrated in a trend towards higher average As concentrations in
tower Trule  and upper Chadron formaticon waters than in either the
Brule or Ariliaree waters.

Soluble arsenic levels are controlled by the oxidation potential
of the groundwater. Arsenic would precipitate only in strongly
roducaing  envivonments in the precsence of sulfide. Extremaly low As
levels in the basal Chadron-ére associated with the strongly reducing
nature of that formation. Therefore, in slightly oxidizing.
environments such as those reported in the upper Chadron>»and 1 ower
Brule where there are occurrences of relétively high arsenic levels in

“the  sediments, the groundwater could become enriched in As. Such
enrichment appears to be occuwrring in the vicinity of wells 006, 014,

245 and 654 and also 1n bHrule wells 201, 202, 903, 908, 209, 242, 023

and 187, These wells also contained relatively high uranium levels
end  low U-Z34/U-230 disequilibrium ratios. The above association is
cugqgestive of @ an  accumulation of elements which are presently

Cdispersing (Osmond and Cowart, 1976 and Wanty et al., 1981). Arsenic
lavels excesded the maximum contaminant level (MCL) of S0 ppb in only
one well (006).  Thus in terms of the water quality,>arsenic is nat of
particul ar concern in the groundwater of the investigated area.
Molybdenum is often associated with reduced uranium ores as
molybdenum sulfide. Similarly to arsenic the highest concentrations
are expected in oxidized and maoderately rgduced.waters. Molybdeﬁum is
slightly more stable than uranium in reducing groundwater and
ther cfore maolybdenum ore tends to be concentrated = slightly

downgradient from uranium ore bodies.

-

Molybdenum levels range from { (minimum detectable) to 12 ppb
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CoTADLE B < S0 &
BASEILINE MEASUREMENTS OF TRACE METALS
IN ANALYZED WATERS

As (ug/i)
SERINMNGS  STREAMS Ta T Tb/Tc/Ep  Tc
RANGE 212 1-9 1-11 1-26 1-81 0.9~
MIZAN . ) 4.3 4.1 3.2 &.9 15. 4 0.54
Std. DEVIATION 3.9 2.3 2.3 .S 20.7 1.14
Se (ug/l)
SPRINGS STREAMS Ta T  Tb/Teskp  Te
RANGE <1 <1 <1 . C1-1.6 <1 <1
MEGM <t <t <t <1.1 <1 <1
.V {ug/l)
SFRINGS  STREAMS Ta Y Tb/Teskp Te
RANGE 1.1-9.0 3.0-10.7 0.5-9.7 1,62 0.9-155  0.5-20
MEAN 3.6 4.9 4,5 6.9 . 17.0 6.0
STD. DEVIATION 2.8 2.3 2.3 6.3 41.8 . 5.1
Mo (ug’/l)
SFRINGS  STREAMS Ta Tb Th/Te/Kp Tc
RANGE 1-5 1-6 1~5 1-7 1-12 1-10
MEZAN 2 2.6 1.8 2.9 5.4 4.8
STD. LEVIATION, 1.4 1.5 1.2 2.6 2.9 2.9



Appendix A ). As predicted molybdenum demonstrated a trend similar to

-
|

che apparont‘agﬁ of the oxidizing formations. The highest mol ybdenum

hat of arsenic; that is, the average concentrations increased with

fevels generally were found in wells with the highest arsenic and
aranium  concentrations and were in the White River Group.’ Thus
the coluble molybdenum concentrations probably are associated with
Jispereing accumulations. | |

Molybdenum levels in the basal Chadron ranged from 1 = 10 pph
(fppendix A). fhé levels were elévated slightly in samples containing
WA LW cmnc@ntrationﬁ_ greater than 10 ppb and are probably higher
oecause the wells are screened near the ore accumulations.

Vanadium levels have been shown to follow Frends similar to those
of wanium in  the vicinity of uranium ore bodies in south Te#as
t.ongmuir  and Chatham, 1980). These trends are substantiated by the
occurrences of  high grade ore4bearing minerals containing both
elements. | . , .

In the investigated area, vanadium followed trends in the
onidizing formations similar to ’thcse discussed for the -other
pathfinder elements. The ﬁajor difference was that the V
concentration range (0.5- 155 ppb) was much greater than that of the
other non-radioactive trace elements. While no samples {from the
Arikaree contained &var 10 ppb V, 9 samples from - the White River
sroup contained 1Q pbb or more. These samples also cantained more
than 10 ppb U (Appendix A) and probably are related to vdispersing
mineral accumulations. ' '

Vanadium levels in the basal Chadron formation ranged from ©.5 -
20 ppb with no epparent association with uranium or any‘af the other
pathfinder elements. The reasons for the relatively high V levels in

wells 622 and &52 remain unresolved.



Spring and  stream levels of the pathfinder elements generasa,
were low (Appendix A). Slightly elevated As and Mo appeared in #4649
which is believed to be a spring originating in the Chadron formation.

Highest concentrations of pathfinder elements result  from a

rmla*i?ely hiqgh component of White River Group geepage in the base

tlav of the creeks,

Nedther molybdenum nor vanadium has maximum concentration level

(MOL) values , and therefore it is not a water quality concern at pph

Jevels,
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BASELINE DETERMINATIONS OF RADIDACTIVE CONSTITUENTS
TASK B-3(3)

Intraduction

q
=4.5% 10 yr.) and radium (Ra-22&6, t =

Uranium (U-2Z8, /o

t1/’.-."

S1620 yr.) are the two most mobile elements in the uwranium natural

decay series. Their mobility in groundwater combined with their
relatively long half-lives allows them to be transported considerable
distances fram their points of origin. This potential for transport

is dependent on the geochemical nature of the rocks and the rates of

'grouhdwater flow. It is essential to know the_preMihing soluble levels

of thesec nuclides if a future assessment of the impact of the mining
activity is to occur. This is especially appropra for in situ leach
ﬁining whwre the uranium is remcbilized by various lixiviants and
restoration of the formation water is necessary. In some instances
significant increases in U-238 and Ra-226 levels above béckground have
been reported in post restoration groundwaters (Thompson, 1980).
Uraniuwn isotopic ratios (U-234/U-238) were determined because
uranium éctivity ratios cover the total U alpha particle activity in
drinking water (EFA, 1980) and because uranium activity ratios are

valuable -in prospecting for wanium deposits.

Methods

traniun  and uranium isotopes Were measured by standard isotope
dilution,~ alpha>sp¢ctrometry techniques using electrode deposition of
purtfied wranium on polished stainless planchettes and a 2~9 day
counting time with FGT - 400 mm. surface bar#ier detectors interfaced
with & Canberra 4096 multi-channel analyzer split 4 ways (EFA, 1980;
Cowart and Osmond; 1977 and Spalding and Druliner, 1981).

Radium was determined by the radon emanation technigue (EFA,
1979> uUsing scintillator—-coated lucite Lucés cells and RCA

photomultiplier tubes (Reid, 1979).
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Riesults and Discussion

Radium 206 levels ranged from less than 0.1 pCi/l to 181 pCi/l

(Appendisx A), lLowest average levels occurred in groundwater from the
AriLaree  Group TTable B-3(3)1 where only 9§ of 23 samples contained

*.11 pCi/l. The highest averége Ra—-226 levels [Table BE-3(3)1
pveourred  in the basal Chadron formation where only 1 of 12 ’samplem
contained < 0.11 pCi/l.. Unlike the previously dis;ussed trace metals,
radium  cancentrations geﬁerally are too low in natural systems to be
controlled by cﬁemical precipitation (RaSO4) and therefore Ra-226
levels are dependent 'on the proximity of dispereing sources and
chemical  exchange. For that reason and the potential of radium to
faorm soluble chloride complexes, banomalous radium levels are useful
indicators of parent wanium ore accumulations. Elevated radium
IGVels in artesian wells in northwestern Crawford appear to signify a
nearby ore accumulation. Several of these wells in the basal Chadron
formation have radium levels greater than the MCL for public supply
systems of 5 pCi/l. Nome of the wells in the other formations that
were surveyed had Ra-2Z26 levels greater than 0.5 pCi/lf

Slightly elevated radium levels (0.2 pCi/1) in several
groundwater Eampies from the Bruie, lower Brula.and upper Chadron were
associated with anomalously high U concentrations. Nater—bearing'sand
lenses  have d;spersed sdluble uwranium from se@imentﬁ and over time
these waters appear to have become slightly enriched in Ra-22 via
radivactive decay in the U-238 decay series.

Uranium levels ranged f£r-om ‘6.02 - 98 ugs/l1 and U-234/0-238
activity ratios ranged from 1.350 ~ 12.60. With the exception of wells
211 and 441 , all Arikaree grqundwater contained less than 8 ppb.
uranium. Both of these'wells édntained anomalously low isotopic
ratios and high relative U levels for the . Arikaree Group. As
discussed in  the major ton section both samples are more similar

chemically  to groundwater from the Brule than the Arikaree  Group . -
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Average waniun concentirations show a marked increase and " U-234/0-238
ratios demonstrate & marlked decreasse in_the oxidizing watérs of tﬁe
“White River group relative to those df theé Arikaree ([Table B-3(3)1.
This is a normal progression of events for onidizing formation waters
which have undergone continuous leaching for long periods of time. As
more Uranium-234 is preferentially leached from the grain surfaces,
the surface slowly becomes depleted with respect to U~234 and
eQentually equilibrium is reached (U-234/U-238 =1) in_.groundwater.
I+ 1leaching continues, ratios considerably below | occur as is
evidenced by groundwater ratios in Florida Miocene fnrmati;ns'(osmond
et al. l?bQ).. The effects of this leaching are especially evident in
the upper Chaaron formation (wells 006, 016 and 249) where wanium
concentrations are greater than S0 ppb aﬁd disequilibrium ratios range
from 1.49 - 1.6,

The highly variable uranium levele and isotohic ratios in the
basal Chadron sands> typify those of a éeducing aduifer with known
uranium deposits  (Osmond and Cowart, 1976). In this formation,
uranium levels range from 0.02 - 22.5 ppb and disequilibrium ratios
range from 1.49 -~ 1Z2.60. _ The ratios gréater than 4.0 are associated
with uranium ievels below 1 ppb. These low levels and high ratios
accur  on  the downgradient side of deposits. The highly reducing
nature of this groundwater is thought to prohibit Ffurther salute
migration of U. (UOsmond and Cowart, 1974). High'isotopic ratios are a
direct result of alpha recoil which preferentially ejects the U-234
nuclide into solution. High uranium levels (310 ppb) ocecur in ciaseb
prozimity to the bre body and are related to movement of the uranium
within the deposit. The relatively high ratios (> 3.2 ) in wells 904,
205 and 906 are suggestive of conditions on the'downgfadient side of
an ore bhody (Cowart and Osmond, 1977). |

Fresently there is not an MCL for either uranium or uranium

sCtivity because of the additional camplexity of uranium being both
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FANGE

HEAM
STD. DEVIATION
AMGE
e
$Ih. DEVIATION
RANGE
HMEAN

STD. DEVIATIONM

TABLE B - 3(X).

BAGELINE MEASURENENTS OF RADIOACTIVE

CONSTITUENTS IN ANALYZED UATERS

Ra-226

(pCi/l)
SFRINGS STREMNMS Ta
Coel=alD Col-i16 L.1-,14
<.11 <.11 <. 10
>, 02 >.02 >.01

U-238 (ug/1)

SFRINGS

STREAMS Ta
2.2-15.7 3.3-11.8 3I.1-15.8
7.6 6.0 5.7
4.8 2.9 2.7
U-234/U-238
SFRINGS  STREAMS - Ta
1.99-2.26 1.88-2,33 1.87-2.61
2.09 2.12 2.2%
.10 6 .21
-59-

Tb

<.1-.40

<.18
>.08

Tb

J.8-46.7

16.8
11.9

To
1,68-2,35
1.96
19

Tb/Tc/kEp
<.1-.48
e 20
.12

C Th/Te/Kp

Z2.8-98.0
29.4

27.5

Tb/Te/kp
1.5-2.9
1.90

[ =
-3-J

Tc
> 10-181
34

58

Tc

. C):"—?::a a9

6.' 2

7.6



Chemically and radiologically toxiac (EFA,1981). A level of 3 ppb has
en equivalent activity of ™ 1 pCi/l. The activity of U-208 in pCi is
multiplicd by the U~234/U*238 disequilibrium ratio to calculate the
contribution (pCi) from U-234. The total éctivity (pCi/l)  from
wanium  represents the summation of the pCi/l of both nuclides. The
range in the toﬁal pCi/l {for the investigated formation waters is from
less than .02 to ~ 80 pCi/l. If the suggested MCL for U of 10 pCi/l
(Lappenhusch,‘1979) was approved, several groundwater samples from the
White River Group would not comply.

Tﬁw source classification of seepage water into springs  and
streams by uranium and radium levels and disequilibrium ratios appears
in good agreement. with the previously discussed méjor ion
classification. Highest levels of U and Raiare in springs and streams
associated with the White River Group. .Lower disequilibrium
ratios of ™ 2 were common in streams draining the Brule while higher
ratios occurred in streams draining the Arikaree and Pierre units.
Thus uranium and radium levels in these streams can be used to
characterize base flow from the adjacent strata and provide further

confirmatory evidence of the origins of this surface water.
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BASELINE DETERMINATION OF NUTRIENTS
TABK B = 3 (4)
Introduction ‘

The nutrients nitrogen (N), phbaphmrus (P) and silicon (Si) are
important in water quality investigations. In éurface watér, excesses
in concentration can result in eutrophication while in groundwater
elevated levels of nitrate~-nitrogen (NDs-N) (2 lo'mgll) are reported

to cause cyanosis in infants. Elevated nitrate (MO, ) levels in
: : 3

groundwater are aleo reliable indicators of contamination from

anthrupogenic activities.
Methods

Nitrate, phosphate and silicate were_determﬁned on filtered
samples by EPA-accepted spectrophotometric techniques using Hach
Company reagents,

Results and Discussion _

Nitrate levels in the investigated groundwater were all less than
.0 ppm  (<Zppm NDS—N) (Appendix  .A)., Thus the groundwater is
considered _pristine (Exner and Spaﬁding . 1979) and inputs  fram
fertilizer, barnyarq and septic tank leachates are {insignificant
considerations). ' ,

In comparison to other areas in Nebraska the groaundwater appears
as same of the leést influenéed by agricultural activities. Since the
primary agricultural use is as rangeland, thé data indicate that stock
wells within the investigated area presently are not being
contaminated oy leachate from manure near the wells. No wells
c&ntained NOS—N levels that approach the present MCL of 10.0 pﬁm 45
ppm for NDS_); Thus, in terms of health, groundwater nitrate is nat a
prohlem in this area. 4

Phoﬁphate levels range from the minimUdeetectéble (0,10 mg/1)
to 2.2 mg/l and generally were ™~ 0.5 ppm [Table B -3(4)1, No trends

wore observed, Fhosphate is not considered harmful in drinking water
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RANGE

-MZAN

Std.DEVIATION

RANGE
AN
STN.DEVIATION

RANGE
MEAN
STD. DEVIATIAN

RANGE
MEAN
§TD. DEVIATION

SFRINGS
O.l"l‘os

TABLE B - 3(4)

BASELIME DETERMINATIONS OF NUTRIENT

LEVELS IN ANALYZED WATERS

SPRINGS -

0.,02-0.5

NDS- AS N (mg/1)

STREAMS Ta

0.1-0.9 0.02-1.5

. 20 . 2(’ . M 27
<13 .24 .30
Nosf (mg/1)
SPRINGS STREAMS Ta
0.1-2  0.5-4 0.1-7.0
.87 .88 1.3
.58 1.1 1.4 .
5
PO4 (mg/1)
STREAMS Ta
0.05-0.80 0.1-1.05
52 .32 .45
. 46 .21 .28
810, (mg/1)
SPRINGS . STREAMS Ta
| 53-47 38~47 22-48
60 50 54
S 8 9

-2 -

0.13-1.5

T Th/Te/Ep Tc

0.09-1.8 0.1~1.9 0.1-1.6

.49 .58 W63
<31 .53 .61
7B Tb/Te/Kp  Tc
0. 4-8 G.5-8.5 0.5--7.2
2.2 2.6 2.8
1.4 2.4 2.7
T  Tbs/Teskp Tc

0.1-2.2

Q. 13""1-7

.33 .57 .44
.26 .63 .52
™ Tb/Te/Kp Te

31-88 ' 35-70 0-20 -

57 55 14
10’ 9



arnd dee not have an MCL,

1n oxidisning formations silica levels qgenerally were at or above

their saturation level with respect to silica gel, however,

they were

-w2ll below satwation levels in the reducing basal Chadron  formation.

. -+ .
High na levels may be instrumental in the uptake of &Si0
. <o

authigenic formation of clays in the basal Chadron.

Concentrations of nitrate,: phosphate and silica in’

(Appendisx A of the area were slightly lower than the
concentrations in the groundwater of the underlying
LTable B-34)1. This decrease may be partially due

assimilation of these nutrients.
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