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ADSTRACT

SurilfAries -of. avai lIabile bac kgrounrd hydr'o) Inqical geo Iogic-l.,

and wvater qUall i t y daita indi cater? that there has been a sparcity of

hydcrolojgic and geologic data col lected within the designated

area. Fast water quality data was primarily restricted to those

of the Natiocnal UraniuM ReoUurce Eval uat i on (NURE) project. Data

from thi iu pr-o ject. al though he]pful from the standpoint of major

ion 0 and uranium distribution does not have reliable trace metal

anaIyses or ur.inii(m and r-adium isotopic results. This uranium

data from the NURE project indicated anomalously high ur anium

corncentrations from both sediments and groundwaters of the White

River furmation.

During the fall fo 1981 a comprehensive inventory of wells

and springs identified and described 721 existing well and 8

uignificant springs.

Detailed water' quality analysis was performed on 81 selected

wells, 6 springs and 10 surface water samples within the project

boundarie .

Lowe;it conductlviti vs were associated with wells of the

Ari karee unit (1-332 umohs/ cm 2) and highest concluctivities were

in artesian wells completed in the basal Chadron (x 1824
2

umohs/cm ). The distribution of , major ions .described an

evolutionary trend from a Ca-HCO, type groundwater in the

Ariiarep unit - to - a Na-St4 -Cl type groundwater from the basal
4

C.!adron. This evolutionary trend towards a progressively older,

!,nre mineralized and oxygqen depleted groundwater with age, allows,

urtiit idc:nti-ication of the rcOundwater source. The end members;

thn Arik.;-,r-cŽ and basal Chadron are most easily identified while

wct er presutlned to originato from the Brule and upper Chadron

an~s ha\v'u con I ~id.r-ablt overlap.

iJrani urn and radiumr cwoicenitratiions ranged from 0.02 '- 98.0

uti.)/ and <0.] 131 pCi/l., r(:pectivel y. Highest uranium levels

rIIErrL, l - tcU:I ed wi.th o. i di.i r, (j gguLluCdwaters in Bru e aInd upper

*--



Chadr-on Lunlitsi whi il).e 1)ightest Radium lovels probably are indicative

of adjacunt uraniuf oiare bodies. No samples from the Arikaree,

Drule or upper Chadron units had radium levels above 0.5 pCi/l.

Onily in the basal Chadron did radium amounts exceed the max-imum

contaminant level (MC..) of 5 pCi/i.

The pathfinder elements As, V, and Mo showed some positive

a~ssciation ,with uranium in the oxidizing well waters of the

White River Group . Arsenic levels exceeded the MCL of 50 ppb

in only one well water.

Nitrate levels in all well waters were low indicating

minimum Surface contamination.

Surface water quality appeared directly related to seepage

frum nearby units. Highest pathfinder element levels and uranium

concentrations were in streams cutting the White River GroUp. c....



Well-numbering system

Each well referred to in this report is identified by a

number indicatinn its location in the U.S.' Bureau of Land

Management's survey of Nebraska. The figure preceding N (for

'north") indicates the township, the figure preceding W

(for"1west") indicates the range, and the figure preceding the

lowercaase letters indicates the section. The lowercase letters

denote location within the section. As shown in figture 1, the

4irst o.i 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 of

numbering, a test hole or well in the SEI/4 SE1/4 SE1/4 section

17, Township of 30 North, Range 47 West, is identified by the

number 30N--47W-17ddd.

-ii i -



- 47W- I7DDD

Fig. System used for identifying
wells according to location
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INTRODUCT ION

T h e p r J . mary pttrpc:,.e of tti L projec wLas to providce a- water

qua~ 1 t v a'lIva, f or zin rtaof n~ort~w~t Eir- t :'~l

t () wn s1- j I.p poj j~cw 1 iar-ela witr def 1 rwý IA l ong thev Wh ite FAiver, dr ai na c

ai ni in Si oux and D~e~wi counti i es (.Fi gure A-3 (1I) ) . Of prinoci pal

coricern WA s the current. groundwater chemistry and the

hydrcjotgoogi ca.l rel ati anshi ps. Fi E-1dwcirh and anal ys~isi was a

coordi nated eff ort of the Di vi.si on, the Department Of

Envircsnmentatl Control. and Chadron State College.

Addit~iorwxl tLa s 1,,s o f this project included s .a o f

bactegrOUnd hydrologic~, genlogic a~nd w,-AtFeri qt.tl ity' invostigations

and an inventory of the locattion of all w'ells withini the project

area~.



Historical USUS Surface water,

Suspended sediment and .seepage records

Tasks A--I and A-4

Wa ter quality samples frcnt station 0644500 located near

Wit :ney Nh.)r-as.ka on the White River were collec:ted from August.

1969 throuift4h September 1971 by the U.S. Geological Survey (USDI,

1969a, 1970, 1971). The data demonstrated at general trend of high

dissolved solids at periods of low flow and low dissolved 5olids

at period'ds of high flow. This trend is prima-ily associated with

the concentration effects of evaporation during low flow stages.

Throughout this period contaminants such as nitrates and

pv!s.ticides remained at low levels. Uranium and radium aralyses

are not availbible in these reports.

No seepage or sedi ment studies are reported for the

i nvest i gated .1 rea; however point seepage measurements and

sediment characteri'stics from the Slim Butte , South Dakota

station on the White River were recorded during the mid sixties

(L<SD!, 1971a). Su.sp)ended sediment analyses indicated that a major

percentage of sediment load was from clay-sized particles.

According to Mike Ellis (personal communication), the clays were

predominantly bentonitic and presumed to be from dissociated

volcanic ash beds in Nebraska. Such clays would tend to release

dis:solved uranium to the river waters.

Several stream-gaging stations have been maintained by the U.S.

GeolOqical Survey within the project area. Station 444000 on the

Wihite River at Crawford has data for 1931-'43 and 1947 to present

(USDI 1 950. USDm, 1960, USDI, 1970, USDI, 1971.-81). Discharge

extremes in cubic feet per second are a maximum of 1580 and a

minum o04 2.7. Mean discharge is 20.2 cf/s.



National Uranium Resource Evaluation (NURE) Results

Task A-2

Eloth. stroam o-cdiment and groundwater samples were collected

in the northcern half of the Panrhandle (Alliarnce 1: 250,t00?C) sheet)

during 197Y. Scodiment sampling for the NURE program was performed

by Fliutpheri c Canrsultats International. Groundwater samp Iing

utilized studeint help from Chadron State Col Iege and the

Urniver'sity of Nebi-aska.

Stream Sediment Data

Approximately 10% a f the 52Z stream sediment samples

collected in the Alliance sheet were located within the

boundaries of the current project. Total uranium concentrations

ranged from 2.5 to 4.5 ppm (Arendt et al. ,1980). Thus

background uranium concentrations are ,lightly higher than the

average rrii,,-,1 ab,,ndance which is 2.7 ppm (Taylor, 1964).

Within the project area, high background level- of hot acid

soluble uranium occurred in sediments from the White River Group

and Pierre Shale. Adams and Weaver (1958) reported that most

marine' Shales such as the Pierre contain higher tha'n average

uranium levels and approach those of primary igneous rock•

(mainly granite). According to Piller arid Adams (1962) ash beds

with anomalous uraniu-im concentrations commonly occur in marine

Cretaceous shales in the western U.S. Similar ash beds frequently

are0 noted in drilling through the White River Group and

genera.iIly are considered by Arendt et al. (1980) to be the most

probable source of elevated uranium and arsenic (an associated

el emc mt ) I eve- s i n these Oligocene sedi ments.
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LirOUndwater Data

Thirty--;i;x rif tho c 51A grcundwater samples collected froml

evx i !t i ng we I I ni thin tho Al i ance Fheet are I ocateid in the

project area (Foldout A-2). Split s•rnpies were collected at: each

site o nuri•nq May - June 1979. One sample was analyzed for" nitrate

at the Department of Environmental Contral in Lincoln and the

remaining sample war shipped to Union Carbide Corp. in Oak Ridge,

Tern. for major ion and trace metal analyses. Temperature, pH,

alkaliniJ ty, hydrogen sulfide and conductivity were determined in

the field. The data (Table A-2a) are grouped according to

producing horizon. In some cases there is a low degree of

confidence in the assigned producing horizon since the

investigated area is geologically complex and lacking in

s•.ificievt control points.

Excopt For uranium, sulfate, chloride, arsenic and selenium,

the remaininng 27 elements (Table A-2a) were analyzed by

plasma source emission spectrometry. Uranium concentrations were

determined by either fluorometry or isotope dilution mass

spectrometry. Arsenic and selenium were determined by hydride

generat i on atomic absorption and chloride and sulfate were

determined spectrophotometrically. Details of sampling, analyses

and statistical procedures are presented in Arendt et al. (1979).

The resul t5 of the Alliance report indicated that the

Oligocene -Formations (Chadron and Brulp) of the White River group

provide the most favorable geologic unit for potential uranium

mineralization. This conclusion was based upon the occurrence of

uranium levels adjusted for total dissolved solids by the -formula

1O00(uranium/specific conductance).

-4-



1 kE -2.M emIC2 8a7i qm ZlWSrl MIAcal e ru -rii an3 RPL M 29 low EL 1m)0
MI1S FEMMI FWM IJME im yim STU1 -

UP Rio. LEGAL LGOCTICA KUfL. rtU P R A 4TIS9 TEO?. pff 1.0. NJ 011. 2. Cab
lIFE M3P7HfEL 94-RJZU "It 4--.1cI ql I L I

3930:0 S2M-54V-S05A HS tI Ya
39030.1 3N-152M-Se4A O',5 Y1TaG

303171 31N-9-&7C H 9 Ta?9,l

3•$17 31f•l•, •-S 7 Ta/gal

303174 3.N-55-521cc X's 335 Ts

303175 31OR-54-$SO49 H 30 TaIU2I

302177 3N-54W-S76DB S 266 Ta

313178 SON-54-S60A 5 374 Ta

303101 31N-54W-S349C 9 30 2a

303109 311-5v-S15ta X'S 404 Ta

303194 33I-541-230 Rs 443 Ti

303125 32N-MV-S29tf HS! 282 Ta

30319 30f-S2W-S A S 260 Ta

303192 91-3-iA S 43 1`4

30S13 32N-',4K-S!iO.9 S 275 Ta

.403157 SOHM-5~SMDD H,! 312 Ta

30:198 aO-2- D B Yo Tat

;M, 0 H2f5VS75 1 26 Taw~j

.03201M 323 53U-S243 R a8 TA

1303212 3C-SIM-SOMJS . 177 73

,.03213 3lI-5131-3SM 6 3T Ta

3031 308-;• iC RI,• 344 TA

Rx bause; S--stott

12 7.7 ?.5 IN

12 7.5 5.7

12 5.2 5.6 0

14 7.7 6.3 a

15 1.3 8.1 NI

13 7.9 9.2 Im

13 7.9 7.8 0

.14 7.5 9.8 N1

14 7.7 0.5 10

14 7.7 1.5 NO

13 7.0 V.0 a0

14 7.2 3.9 F3

12 7.5 9,3 ND

14 1.0 10.4 it

14 8.0 95 3

14 7.2 9.5 IM

21 7.3 9.2

11 649 5S5 ND

12 7.1 7.2 1i

32 7.b 10.5 n

12 7.2 5.S G

14 7.3 10.3 1I

360

790

220

220)

230

230

420

340

470

470

3"0

340

330

410

430

770

40

530

5i

430

1.3 4.1

16 11

2. T.4

0.4 3.

5.2 1.5

7.5 g.

9.5 14

8.1 3.

6.4 5.~

7.M 7.1

7.7 4.7

8.7 6.t

3.;? 6.1

1.1 II

4.3 21

5,7 143

5.3 13

2 03 m6 a ( nO M.4 ( S1 O

5i 4, 1 10 (, CI 7,I 1204

1 4.3 W6 14 (10 7.1 (.12 60

3. 376 156 (if 3.9 (.12 67

1 16 112 54 (i0 4.0 (.12 6.3

7 I.5 175 5 (tO 3.5 (.12 14

1 2.2 154 (5 (to 6.4 (.12 76

1 4.1 120 (0 (10 7.5 (.12 74

3 6.1 14 (G (to 7.5 (.12 65

1 6.9 166 a5 (1o 7.1 (.12 65

1 7.7 170 (5 (10 5.6 (.12 71

4 0.5 162 (5 (10 5.9 (.12 70

4 4.7 I50 (5 (10 22 (.12 61

2 6.3 116 (5 (0 3.53 (.12 62

1 5.2 200 (0 Of V. (.12 64

Li .3 16 (5 (10 4.4 (.12 54

9 6.9 183 45 (i0 3.1 (.12 is

t 2.0 172 (5 (10 3.! (.12 77

1 2.2 19O 05 (10 4.6 (.12 7t

1 19 35. 42 200 8.4 9.40 7n

P. 9.3 231 3 (10 3.5 (.12 U6

4 3.6, 223 20 (10t 9 (.12 54

7 6.2 3U4 14 .04, L 8 . ,(.12 53

2.2 111 14 (10 M. 4.1 79

I I

II
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TmaE &-28 MuMw

&W P20 M FRW BIE MLE FWnM!

10 NO. LICAL L0ATouION I e ELV. PSUCIND TW. ON D.C n2S COO. 2 l P4 K W. so
IYPE EPTIIIL.I HW IN0 1 ' ANli 0 s/e 2 2

303031 M2N-1,34-30$A H,S 161 Tb 14 7.9 13 .1 3 10 41 4.7 33 7.2 t9O 14

303186 32N-53d-SISDC S 158 Tb 14 7.3 M.3 SD 39" 40 3.2 9.7 9.2 190 05

303187 32N531M-S07M N 33 Tb 12 7.3 2.9 NO 440 62 8.5 8.3 7.2 217 (0

303194 5IN-52V-SIBBD S 149 lb 15 8.3 5.1 N 520 7.5 0.7 .10 It 230 40

303195 31N-3?2-S302.A H,5 197 Tb 14 6.7 9.3 10 490 29 3.0 5.3 7.6 lo6 5

303196 3w-5L-SoIID P's 194 Tb 12 6.9 8.6 MD bo0 i? 4.6 54 It 334 Io

303216 3J1-5S'- A N 99 Tb 14 7.2 9.? 3 510 49 5.4 49 17 336 3

c'a

W3 IV

(00 2.7 (.12 71

(10 31 (.12 52

(10 3.1 (.42 82

(10 2.7 0.20 70

(t0 20 (.12 68

I 14 (.12 64



ID WI M1. AL M~AIMN Y2LL KELL PPRDIJWI
TYPE DEPF1((ta. PARIZO

303203 3111-51M-S1203 11 541 ThITc

303204 321X-SIV-5248 H,$ 49

303,^05 32A-B:M-S21AR Os 5? 4f

303214 32R-521-92420 i 49 1c14F

303N0 321-51K-SO3DC H.S 52 4

10 M0, LESL LMCATION ELL LtTLP I•UC1.
TYPE W•TH11ft.1 RMIM/

30.3202 3LH-i1-5MiB X- s 640 Tc

13072-D 319-52V-310rA Pf, M2 Te

Im•.
1C

14

16

14

13

13

Table 4-2a (rmtlmedln

,,IM C&, ,2+ p. +1 ,,' ; f c " NCO, so• c," Xý" n4" ,-
;1 .. I 4 C 12 0 SC1

1.@ .1 0 1040 11 0.7 IN41.9 29 M3 IV? u6 O. (.12 n2

7.4 I. a 1040 63 14 103 14 43 132 is (.03 (.12 so

7.4 9.53 7380 6i 1I, 283 20 32 7M2 78 so (.12 51

6. III 5s0 46 - 2.4 50 23 Si0 40 20 13 (.12 6f

7.4 2.? aI 1980 76 17.9 306 24 710 "0 .24 1. 03 .29 3

MIS FWO11 FM THE am a1m= gmIJ

T. PH D.C. Y2 62F 3 2- 4 -

14 8.4 4.7 In CA -3 0.2 10? 6.,z. 1 I 0 (to

17 8.2 1.2 a t1?10 1? 4A. 2u 12 :26 457 163

Ku
S

3d

(.0I

(.12

910i

72

I;Ii

ii
1!
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!ahte k- 22 O'ntinud)

bmgs JIM=~1K FRO rif ASirMM 41 Immb STmT

It,10 .8a AR Al As 1 64 S Co r to

303030

303 173

303174

303177

30M2Mi

303181

3018

30'184

303185

303192

303193

303191

303200

303201

(2

3..
'7

(2

(2

(2

(2

(

(2

(2

(2

(2

3

2

(2

2

3

3

(10 3.7 16

(10 7.0 158

(20 2014 Ili

(It 2.1 23

(10 3.7 23

14 2.3 26

(10 3.7 24

(10 3.8 26

(10 2.7 24

(10 2.4 24

(10 1.3 20

so 1.9 24

(10 3.7 31

(10 L.t. 24

(10 2.8 27

(10 4.7 21

(!0 3.4 26

(10 19 16

(10 5.4 49

lei

13.

23

17

32

91

51$II

1211

66

53

60

42

49

73

19

39

129

93

(30 (2 (4 -(2

(30 (2 (4 (2

32 3 3 (2

(30 (2 (4 (2

(30 (2 (4 (2

(30 (2 (4 (2

(30 (2 (4 (2

(30 (2 (4 (2

(30 2 (4 (2

(30 (2 (4 (2

(SO (2 (4 (2

(30 (2 04 (2

(30 (2 (4. (2

(30 5 4 (2

(30 (2 (4 (2

(10 (2 (4 (2

(30 (2 (4 (2

(30 (2 (4 (2

32 <2 5 (2

(30 (2 (4 (2

(30 (2 (4 (2

(30 (2 (4 (2

qnsg wi yj 2 uqfl

Fe U I
qill

24 10 (2

12 46 (2

17 23 (2

15 12 (2

I8 s $ . (2

16 15 (2

17 t1 (2

17 18 (2

16 12 (2

11 14 (2

17 10 (2

16 If (2

17 14 1

1I 12 2

I? 11 2

17 1' (2

1i 17 (2

(10 it (2

(10 35 2

(10 12 2

(10 It a

(ti 16 3

Co Ni So Sr V z. Ir 9

7 11 0.6 3i3 04 41

(11 A

10 (4

4 (4

(4 (4

(4 0

4 (4

(4 (4

(4 (4

(4 1

24 (

12 (4

7 8

(4 (4.

(4 (4+

0.6 127" 10 77

0.3, 294 t0 133

0.3 373 7 480

0.4 3S. 7 10

0.3 303 12 30

0.3 303 (4 43

0.4 303 (4 43

0.4 243 to 5s

0.2. 224 11 95

V.2 269 (0 42

0.4 247 (0 j0o

0.3 351 6 1167

0.3 174 21 1O0

0.4 206 8 121

0.4 396 (4 101

0.5 436 (0 100

0. 1371 13 t0

0.3 47r 60 I50

50,2 59 (4 52

(0.2 524 0 11.08

(0.2 407 9 134

(2 5.2

(2 40,2

5 20.5

2 ;,1

(2 5.5

(2 5.9

(2 3.4

(2 5.6

(2 7.7

(2 7.1

(2 4.0

(2 3.9

2 4.9

3 4.6

(2 3.7

(2 9s,-

3 7,0

4 12.2

3 2.7

(2 .0 '

(2 7.2

301212 2 4U 1.3 29 177

303213 Q2 31 1.3 29 321

4 303215 <2 20 4.5 34 28

All a1alymes fo I htvl#11; Sc (0 U2l; TI 12
. -I
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taeIt A - 2a t icmUfwd

Iff. Ism S-

303031

303186

30319$

•30395

303196

303216

Ag

(2

(2

S

(2

(2

Al Ai I , a

419 2.1 21 1~6

(10 0.6 28 29

(10 64 157 14

(10 4.2 30 61

(10 3.5 75 213

23 3.0 50l 113

to Co cr Ca

(S0 (2 (0 (2

(30 (2 (4 (2

(30 (2 (4 16

42 2 3 (2

36 (2 (4 (2

(34 (2 .04 (2

(30 (2 (4 (2

Fe Li g

( gfl -i I
(20 11 6

13 10 (2

14 14 7

.49 29 (2

17 20

U2 50 13

(to 37 (2

_A

fi

*1

(4

0(

11!

(4

14

So Sr v

,.3 395" (4

0.3 364 (4

0.3 437 (4

0.4 106 21

0.3 132 (4

0.4 1254 (4

(0.2 PC I 8

u

Za .Zt VZ)

214 (2 11Q

35 2 8,1

138 (2 6.9

6i0 6 0.4

66 6 9.0

34 (*21.t7

102 (2 19.1

I -

-1

All wlyi#Ifc {W 4e1 qj/11 kC 01 agil TI U2 qInj ad YJ 2 qI
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Table k- k.ustiotedl

MUL M~UM FM 19- WMS 063w, t.OO F.U& W~ PMl FWTJC

ID UNDO A Al As I ha Ce Cc Cr Cu Fe Li so
( ----- ---- ola 11

no Se Sr v Zn Ir U

30Q203

303204

303205

303224

30W59

(2 (10 6.7 647 23 (30 (2 (4

(2 (10 7.6 163 103 (30 (2 (4

2 (10 18.4 444 21 .(30 2 (4

(2 (10 7.7 12 88 (30 (2 (4

(2 (10 13.6 334 73 (30 (2 (4

(2 31 so (2 28 4 0.4 238 (4 28 .(2 5.8

(2 (10 87 82 12 (4 0.3 937 (4 23 U2 23.6

(2 (10 153 (2 q 4 0.4 1781 5 13 2 5.9

(2 (10 52 (2 (4 (4 0.5 784 (4 48 (2 18.6

(2 (10 258 (2 9 (4 0.5' 1239 48 34 (2 12.0

NIES C•FLEI• Im UiE o N S
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303227 4 (10 (5 12t 8 38 1 (4 (2 (10 100 t M6 (4, 0.2 48 1! 4 4 .2.8
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TAIlS A - 2
SM-UND~ MIER1C~ 90 OECAL O1U1SUIE a VAJTZE m413 r

TA -- 4 Tb-lcig,- 11-c

EIM 13 12-i; 13 .-

StUM'1106 1.13 1.04 t.09 1.5

Ta lb Th1TcIKF Te Ta Ti TI•7c/4 7.

M8Umi21

23-443
200.3
141.7

33-197

S14.3

1.1.7
130

195.5

423-64+0
531.5
106.5

a7.54

St4.E'eATIUN 0.35

1.7-i.S 4.4-1.0
7.37 7.3P
0.5t 0.3V

ca 2f(2411)

8.0.-8.4

6.20

0.2

*1

I'D. l1i2ll =li. 2AMOUja

Ts lb ThibTc~p It Ta Tb TbITcIKp Ic Ta Tb ThiTc/4

3R213E 5.5-10.4
RMI 1.22
std. I"ATICN 1.?

2.9-13..1
1.2

1.07

2.4I-4.

7.1
2.43

1.2-4.7
2.•5
1.75

220M-790
NEAN 409.1
SIW AIu 146.1

310-690 590-1930
491.4 140b
fil.1 665.2

430-1V9
1210
780

MEAN
StdJ10IATION

16-42 7."-2
41.2 42.3

to 19.2

11-46
53

23.2

It

3-17
t0
7

so 2 Inn)l I+ ISOM
KK (aI/fl

tl Tb Tb/Tc/Z It Ta Tb TbITc p Itc Ta Tb TbllcIgp

lM!SE 0.4-11
RUNY 7.43
std.REVATIGH 2.88

0.7-2.5 0.7-17.8
4.54 6.68
2.20 6.56

O.24.1

2
1.95

URG~E
Amn
stdJEvlTI

3.4-113 613-108
20.26 36.2

29.1 33.9

50-306
MIA4
"?.7

107-262
164.5
77.5

ItME.gm~fv6l

2-30

7.52
6.42

7.2-11
10.74

3.96

I5.2

3,72

Cc T

Ts Tb Tb/Tcf4 It
3

Ta Tb Tb/Tc/Kp TC

2-
4

ta Tb Tb'TIc/4

m(5456 (5-40 40-400
MA•A (17.68 (16.89 400.2

Si.YI4U N2.61 )14.6 367.2
SM.VTIlAIM

20
20
0

1.1

1.1
0

LEA

nd.METN

147-344 I -336
20.62 239

6U. 5 62.P

300-710
441.2

45.87

I1W326
M5

Tc

M.-12 j
9.40 1

2.60 I
.1

TI

20-457
238.5

218.3

Te

(16-765
+67.5

Ta Tb T•r/7cX Tc

CI 1:21"h 1
Ta, I b ,thT.r~i.•Ta ib Tbflcft; Tc

3EaJI 10.20

2.7-31 (.06I-58I

11.50 (15A
11.3 )22.17

(.08•-5.1

(1.57
)IM!

smamii

C{l2-.40 (.12-.!t (A2-.281
L(.13 (113 (.15
M&0 3.03 M;.

(.12 ROM (10-200
(19.64

s~.vz~z m33.5

GO•- H!
(10-11
(0.13
30.35l
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TANle I - 1acMlAE!d

lia 2 (zq;I,

Ta l Tb/TUlt It Ta lb Tbfllc!4 Ic

Al Wq!)

It T o/TiIT~Xp

(10- so (10-28 (10
stw (6.41 (.26.3 2o
RM.dIE'WTII H16.31 A-,30 )o

VU .3-70 52-92 31-72
fmA I
StUCEVlAIN

64.01 67.43 1,7.6
14434 E. 35 12. la

1-72
40.5
31's

VA (2.23 (2.u
std.wr1AUm W042 H1.34

(2
)Q

(2-3 (2-5 (2-2 (2-4
(3
20

(10

)I0

As NVgID I tq11) Is (OgIll

To Tb TbITcIKp it

P, "E 1.3-I.9 0.6-64 6.7-18.4
UA ..1 4.21 12.01 10.80
Std.IDVATIGW 3.13 21.33 4.52

(5-39
(21.50
Ml.So

PM-158I 20-137 12-647 131-1216
NFA 39,73 63.43 329.40 483.5
StdMA TOl 33.13 41.47 220.03 532.5

Ta Tb Tb!Tc/Kp Tc

TA Th lb/TtI(4

M.1-128 14-213 21-103
A 7I641 36.71 42.00
U.0VIAUIM. 66.27 64.07 33.25

fr sIqlll

TI lb lhltcap

(4-3 (4-5 (4
aIm (4.09 (4.14 (4

SU.SIATION 30.29 A035 X0

+7

Ct (Coll)

To Tb Tb/TclI4 It

FAlo1SE (30-32 (30-42 (30 (30-38

LCAR (".1s (32.57 (50 (34
Std.VEVINTIOS M0.57 )4.37 )O A4

am <2-5

mo - (2.19
St<2,1M W0S

I <2I 2-2 (2-2 (2-q
(2 (2 05
)0 N0 )3

(4

30

cc, iuini Fr lagn) U Iutg1)

Ts Tb Th, "Tc/rp Ta Ta n lbflc/ql I

P;xai (2

;Sti.MIAilTIM )0

(2-lb (2 (2
(4 (2 (2

H4.9 )o A0

vim (10-24 (10-46 (S-31
WAi (15.32 (17.71 U14.20

StU.§EVIAJ M3.52 M12.57 A8.40

(10
(10
Jo

T& Th Tbflc/Ip

RA ~ It1- M6 10-50 50-258
20.00 24.0 120

SU.2PV4TIMI 14.94 14.13 n.42

It

11-101
65.5
34.5

I
1qn1) m (ngi

Ua Tb ThlTcl/p IT

VISE (2-8 (2-33 (2-82 2-10
5Ek1 (2.59 (9.29 <I1.0 i
Std.DEUATIU M1.73 30.36 1 32.0 4

Ta Tb roirlum TC

WE (4-21 (4-11 (4-28 (4-16

MW (3.77 03.57 (12.40 (t0
SnK m IATrca )3.3 )i277 )2,.-"2

7, Th ,TtlTc/1p

ma (4-11 (4-13 (4-4
MrM (4.93 (3.119
td.NV'.AT1I3 M1.80 M3.1S 30

Ic

(4
(4
30
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WETLL. it LEGAl. LOCAT1011 DErPTH USES
(FT.

3i 7 Os, 5.W (16 AA 125 HOUSEHOLD
31 F430N p W 06 AC 60 HOUSEHOLD
519 301.1 54A 06 ^C 30 HOLSEHOLD
-1,.20 3(N WVi.I.,J 06 AC 30 HOLISEXHOLD)
"21' I "I -- A 06 PC 30 HOUSEHOLD

.31N ,,N 74 Di-,, 7?. HOUSEHt]Lr.:, ';TOC*
oz- Z1 N L.'W 26 CC 90 HOUIS'C IOL..- STOCK

I:•, 30•.N L`W 4 • ('1 AC 60 STOMCK'

C25 30N 5.3W 1 DD 390 STOCK
526 13011 5'"m 15 AD• Z,0 QT•K

i7 N r", WJ 35 DA 80 HOUSEHOLD, STOCK
TN2a 3IN '5 W 3. AA 60 HOUSEHO1.D
-29 30N 5W1J (1 AD 60 HOUSEHOLDq STOCK

Z30 SON 53W 12 AC 30 STOCK
3331 3N 53W 11 CD 38(1 STOCK
332 3(N 53W 1 B D 60 STOC K
333 30N 52W 07 CC 50 HOUSEHOLD
.334 30.N 1'53W 04 AA 104 HOUSEHOLD, STOCK
335 3ON 53W 04 DD 128 STOCK
336 32N 52W 26 DB 40 HOUSEHOLD,,STOCK
3.37 3ON 54W 01 BD 30 HOUSEHOLD, STOCK
338 3ON 54W 01 CC 60 STOCK
339 5ON 54W 12 BD 60 STOCK
340 30N 54W 11 DE 220 STOCK

N30N 54W 14 DO- 220 STOCKl
342 3(N 511W 24 DA 160 STOCK

343 SON 514 15 DC 64 STUCl
44 7,01N 54W 12 AA 60 STOCK

345 30N 54W 04 AC 230 NOT REPORTED
346 30N 5.W 35 AF 200 STOCK
347 3ON 54W 05 AB 180 STOCK
748 3N 53W 06 DC 40 HOUSEHOLD, STOCK
349 30N 53W 06 DC 70 STOCK, HOUSEHOLD
350 3ON 53W 07 AC 40 STOCK
351 3 ,N 5 W 07 CA 50 HOUSEHOLD
352 ZON 53W 07 AB 40 HOUSEHOLD
:353 .30N 55W 07 A- 40 HOUSEHOLD
354 3ON 53W 34 CD 252 STOCK
355 30N 531.1 26 AC 180 STOCK
356 S0N 63W 26 9D 210 HOUSEHOLDSTOCK
357 SON 53W 27 CC 310 STOCK

5 30N 53W 27 DB 270 STOCK
359 3ON 53W 27 PD 290 STOCK
360 30N 53W 34 CA 252 HOUSEHOLDSTOCK.
361 -30N 53W 34 CA 300 STOCfL::• IRRIGATION

-23



WFLIL It LEGAL L.ODCAT O1N

"• 62
363

364
.t,5

367

3"61

372

374
375

376
Z377

379
306

38 1
382
363

3134

3i86

391
.."% V 74

897
396

2

395

3797

494

399
41 () I

,q 01

405

4U7

3ON
30N

30N
30N
SON
SON
SC0N

SON
.SON
S0N
S()N
S0N

7SON
,.SON
SON
30N
30N
30N

30N

SON
30N

3IN
31N
50N

1NO

3IN
30N
7,N
3SN
3ON
31IN
31N

• .5 1 N
:MN

31N
3IN
31N

3IN
Z0N
3oN

UON

5 7 L, j

5 3

5.,

53W
5:31,,

53W
53W'
5:3W

53W
5.7:W
53W
53W
53,W
52W
52W
52W

52W
53W
53W

53W

52W

52W
52W
52W
52W
53W
524
52W
52W
52W

52W
52W

54W
54W
54W
52W
52W4
52W

52W

35

2121
2 1

,. IS

15
15

232

10C
08
17
03

26

35

31
31
31

31

25
2"?

-3

2 9
-!r:..

20

29
0_
23
15

15
374
04
04
07
18

ADCC
CC

A D
CA

AD

CD

CA

DC
c El
AD}
CD
AA

BC
AC

AA

PC

DB
FA
BCc
AC

AC

DB

DB

BA
CA
BD
AC
CA

CA
DAA
BDS
AC
CA
,CA

DEFPITH
(FT.)

270
250
252
30 C
270

240
140
300

90
2 !5 0
260
270

1E3

64
62

400
440C
400
110
100
s0
90

N. R.
3100

166
1 C0
160
160

90
65

190
10

120
120

60
250
408
400
1 SC

N.R.
40
50
70

STOCK
STOCK
NOT REPORTED
HOUSEHOLD, S rOCK
STOCK
NOT FREF'OI'tf"FD
HO.ISE HOLD, STOCK

STOCK
STOCK
STOCK
HOUSEHOLD STOCK
S'T- CIh.
STUCK
HOUSETOKLD, ST'CK
STOCK
STOCK
STOCK

STOCK
STOCK
STUCK
HOUSEHOLD
STOCK
STOCK
HOU16L-HOLD., STOCK
NOT REPORTED
HOUSEHOLD., STOCK
HOUSEHOLD, STOCK
STOCK
STOCK
STOCK
STOCK
HOUSEHOLD, STUCK
HOUSEHOLD, STOCK
STOCK
STOCK
HOUSEHOLD. STOCK
STOCK
STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, . STOCK
HOUSEHOLD
STOCK
STOCK
STOCK
HOUSEHOLD, IRRIGATION

UISES

-2.4-



WEL.,. t L.i:UAL LOCATION DEPTH USES
(FT.)

4Q15 4 54W I(1 MA 260 STO)CK
409 30N 12W It t EIO 60 HOUSEHOLD)
4rI0 );0N St2W 00 ) D 60 HOUSEHOLD
41 301 '1 52W, 19 D' A N. R. HOUSiI-IOLD
412 301 52W 20 P A 250 HOUSEHOLD, STOCK
4173 ,0W 53W 24 D D N. R. STOCK.
414 3 tN 52W 2B DD 320 HOUSEHOLD., STOCK
4 15 30N 521 20 'C 35o STOCK
41 :, 30N 52W 20 AC 310 STOCK
417 30\ 52W 17 B1D 310) STOCK
410 3011 52W 35 DC 190 STOCK
419 30N 52W 34 [D 100 I.m)STOCK
420 30N 52W 35 D B 10D HOUSEHOLD
421 301 54W 03 CA 2o0 STOCK
422 301N 54W 16 DD 400 STOCK
423 UON 52W 26 C,(A 40 HOUSEIHOLD. STOCK
424 30N 52W 26 DO 360 ABAINDONED
425 301 52W 26 SC 260 STOCK
426 30N 52W 26 CB 360 STOCK
427 5ON 52W 27 DA 350 STOCK
428 30N 52W 33 AD 320 HOUSEHOLD. STOCK
429 30N 52VW 32 AC 300 STOCK
430 3014 52W 32 i0B 300 HOUSEHOLD, STOCK
431 301) 52W 37 CB 250 STOCK.
4:32 30N 52W 33 BD 280 STOCK
433 -0N 52W 36 BA 150 HOUSEHOLD, STOCK
434 30' 52W 36 A C 1 80 STOCK
45 3N 52W 25 CA 160 HOUSEHOLD.STOCK
4 e6 30N 52W 3B BC 200 INDLUSTRIAL
437 30N 52W 30 DA 300 STOCK
4:3FI 30N 52W 29 CA 200 STOCK
439 30N 52W 31 BA 300 STOCK
440 30N. 52W 11 CC 400 HOUSEHOLD, STOCK
441 30N 52W 11 CC 430 HOUSEHOLD
442 301 52W 23 AC 285 HOUSEHOLDSTOCK
443 30N 52W 25 BA 180 HOUSEHOLD
444 30N 52W 25 BA 180 STOCK
445 30N 52W 23 DC 200 HOUSEHOLDSTOCK
446 30N 52W 23 CC 400 STOCK
447 30N 52W 24 AD 265 HOUSEHOLD
440 30N 52W 27 CA 190 STOCK
449 30N 52W 27 AA 180 STOCK
450) 30N 52W 24 Do 265 STOCK
451 30N 52W 13 DC 150 HOUSEHOLD
452 30N 51W 30 BD 200 HOUSEHOLD
453 30N 51W 30 BED 105 HOLJSEHOLDSTOCK

-26- "



WI- I. L It L..l*_AI. L(17I/CA I ON DEPTH

(FT.)

4 ':,5 *UN ,'I N *) BD 1.235 HOUSEHOLD
O,63N 51I I :, WD L20 ') GTOCK.

4 3015I 51w 1 CrD 27EJ HOUSEHOLD,STOCK
4 :) JUN 5ul, '.:.o0 B) 260 STOCK,
4. 31N 51W V .0 BD 240 PUBLLIC SUPPLY

4 (51 30N 2 FI 1.25 HOUSEH-IOLr), I RR I GAT I ON

46 ei1 30N 51W 2 BC 35 HOUSEHOLD, qSTOCK

462 30N 51W 32 C A 60 STOCK
46b.' 3N0 51W 32 AC 270 STOCK
464 30N 51W 3N I ()0 NOT REPORTED

465 30N 51W (8 ( C 260 NOT REPORTED
466 S I5W :7 CD 150 STOCK
46/ 30N 51W 33 CD) 150 STOCK
46F. 30N 151W '7- AC 200 STOCK
46? .ON 5 1W 20 DD 165 HOUSEHOLD, STOCK

.7 30N 5W 21 AD 232 STOCK

471 30N 51W 20 CC 150 STOCK
472 30N 51W -29 AA- 130 HOUSEHOLDSTOCK
473 30N 51W .29 A0 184 STOCK
474 'J0N 1iW 21 AC 220 HOUJSEHOLD,STOCK

475 30N 51W 21 AC 260 HOUSEHOLD, STOCK
476 r0N 51W 19 A:D 340 STOCK
477 .on W '28 AA 300 STOCK

47E 30HN 51W 20 AA 200 STOCK
4 /9 30M 51W " CC 100 STO0K

41,3O '30rN 51 W 23 CC 150 STOCK, HOI.UVSEHOLD

4101 ZON 51.W 23 CC I 00 HOUSEHOLD, STOCK

4 12 30N 51 W 23 CA 100 HOUSEHOLD, STOCK

4 " Ff..N 51W 14 A A 310 HOUSEHOLDS, TOCK

4 3IAN 1!,1 22 DD 65 STOCI
48 :70N 51W 23 CA 180 STOCK

416 Q0N 51W 15 DD 200 STOCK

1Fl7 30N 51W 15 BC 310: STOCK

4Qfi 30N 51W 15 BC 310 STOCK

489 30N 51 W 14 AL) 300 STOCK
41 9 30N 51 W 2.7 AA 80 STOCK
49 1 30N 51 W 27 DL) 50 STOCK

.39IN 51W 23 DD 200 STOCK

493 b0N 51W 28 CC: 50 STOCK
030N 51W 29 B B 200 STOCK

495 30N 51W 34 CC 225 STOCK

496 30N 51W 3 6 C; 101) STOCK

11;17 30N 51 W 36 R3B 100 STOCK
30N 5W I W 25 AC 150 STOCK

501 30N 51 W 24 AD 1!;o STOCK
30N 51W 24 AA 120 STOCK



WELL.L- 44 1. rGAIL LOCAT I ON

503
5 (04

505
I506
507

5o9
510
511
512
513
51.4
5515
516
517
5JB
519
520
521
522
5231

526
527
5':)20

529
530
531
532
5.27..,5- -:,4

5315

536
537
538
539
54 (0
541
542
543
544

545
546

547

.,,ON

30N
31 N
31N

3 N

3 IN

31N

31 N
3 1N
311N
31N
31N

31 N
3i N
.3iN
3iN

31N
31N
31NSs I N~

31N

1 N
31N
31N

31N
31N

7 .5 1 N

31N

3ON
30N
30N
-ON

3iN
30N
30N
3CIN
31N
31N

30N
30N
3iN
3IN
30N
31N

31N
3,1 N

51 W
514W

54W

54W
54W
54W
54W

501
50W

54W

54 L'
54W

5.4W
,54W'

57-7 W

5': -2 W

52W
5421
51W
514

51W

54:52W
51W

51W

54tJ

IS 1,4

51W
54W

54W

51W
51W

54W

54W

54W
54W

2A
13
24

03

17
17
21
21

28
16
09
22
72
222

27
26

08
24

11
19
34
056
06

11
14

12
05
31

*., -5

(i3
17
16
04
69
34
20

20
24

C; BA 1DA

DD

C C

c BA~ c

DD
AC
AC
Cc
Bcr
DC

CD
DA,
BC
DC

DD
3BB

A. ri

CD
BD

All

CB
CD
BIA

AC
CA
BA
CD

Cc
DA
DC
CA
DD
AS
AA
BC
AA
CA
CD

DEPTH
(FT.)

120

350350(
S50
3001
300

400
400
100
400
400
400

350
400
250
Z50

400
36(1
560

360
360
515
300
125

50
50

140
320

40

PC)ISO180

60
280
275
250
250
250

35F

400
280

USES

STOCK
ST C)CKSTOCK:
STOCK

GSTO0CKf. -' US.HUISTOC K
STOCI< ., HOUSI:--HFWLD

STOCK*

STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK

STOCK , HOLJSEHOLD
HOUSEHOLD, STOCK
STOCK•
STOCK
STOCK
NOT REPORTED
STOCK
HOUSEHOLD
HOUSEHOLD, STOCK
STOCK
HOUSEHOLD
STOCK
HOUSEHOLD, STOCK
HO)USEHOLD, STOCK
S*rOcK
ST OCK
HOUSEHOLD, STOCK
HOUSEHOLD. STOCK
STOCK
STOCK
HOUSEHOLD, STOCK
STOCK
HOUSEHOLD
ST.OCK
STOCK
STOCK

.28-



I,, tL L .E(AI.. LO-C.ATI(.N DEP'TH USES
(FTI.)

4 F3 31 At EAW DC 250 STOC:K
549 OQN 'i4W-J 02 CD 140 STOCI<

C5 30N .j4W Of,' Af[. 30IS STOCK
I 30M' 54W 10 CB 8JC HOUSEHOLD, STOCK

055 3014 54W 05 C D 40 STOCK
301, 54W 06 DC 360 STOCK
5$uN 54W 06 AA 300 STOCK

555 .N.cI 54W 22 CC N.R. STOCK
556 31N 53W 27 AA 60 HOUSEHOLD, SrOCK
557 31N 57rW 27 A El 60 STOCK
550 31N 5C'.W 26 ALI 60 HOUSEHOLD
559 31N 53W 26 AB 60 NOI REFPORTED
560 31N 53W 34 CD 70 STOCK
56 1 31N 53W 26 CA 60 STOCK
56-2 31N 54W 3 0 B B 200 STOCK
563 31N 54W 30 AC 150 STOCK
564 31N 54W 29 CA 120 NOT REPORTED
565 31N 54W 26 A[ 250 STOCK
566 30N 52W 08 AB 100 HOUSEHOLD,STOCK
567 30N 52W 08 ABE 100 STOCK"
560 30N 52W 08 AS 100 HOUSEHOLD
569 30N 52W 09 AB 100 IRRIGATION
770 'ON bSW 31 DD 160 HOUSE-HOLD, IRRIGATION
571 30N 51W 31 DA 160 IRRIGATION
572 30N 51W 31 AD 100 STOCK
577 30N 51W 31 BA 160 STOCK
574 30N 51W 31. D D 100 STOCK
575 31N 53W 19 AD 220 STOCK
r.76 30 1N 5S1.W .35 AC 200 STOCK
577 31N 54W 27 CA 350 STOCK
57B 31N 54W 27 DC 320 STOCK
579 31N 51W 29 DA 60 HOUSEHOLDIRRIGATION
5' 31N 53W 26 BC 60 IRRIGATION
"5131 31N 51W 21-) CS 50 PUBLIC SUPFPFLY
51! 31N 53W 22 CD 100 HOUSEHOLDq IRRIGATION
5,-6 31N 53W 27 CC 125 WILDLIFE
511-7 31N 51W 33 AA 27 HOUSEHOLD
b E) 9 30N 51W 02 BD 213 HOUSEHOLDqSTOCK
599 31N 51W 35 CC 220 STOCK
590 30N 51W 02 AA 210 STOCK
591 30N 51W 01 CA 200 STOCK
5j92 31N 51W 35 DS 300 HOUSEHOLD, STOCK
59.7 30N 51W 01 CA 300 NOT REPORTED
:;911 30N 51W 11 AD 300 STOCK

30N 51W 12 BD 300 STOCK
5926. 30N 51W 10 AA 300 HOUSEHOLD,STOCK

-70-



WELL. it L.EGAL LO:CAT'ION D)E:1P TH USES
(FT,.)

597 30N 5 1W 10 AA1) 300 STOCK
59N 3 iNa 14 10 AL) .00 STOCK

5V9 ::01 N"I.W."2' C 5 0)0 STOCK
S31 N : 14 20) CC 70 H0US[:*HOLD, STOCK

601 31N 51W 29 BC 79 STOCK
602 11" 5'111 20 (t'. 60 HOUSE 1. HOLD A ;TOhCK

1 N t 1 14 20 AC 90 STOCK
Z,1 11114 t:;IW 19 AD N. R. STOCI.

61 7 N21,h 5,4W 14 L)b 396 STOCK
61E- 2 N 54W 14 SO 409 STOCK
632N 42W 35 CC 70 STOCK
6211 30N 51W Qi9 DA N.R. STOCK
633 31 N 51WN 5 DC 140 HOUSEHOLD, STOCK
634 30:N 521W 15 CC 320 STOCK
635 30N 52W 15 CC 330 HOUSEHOLDSTOCK
636N 3ON 52W 16 DB 300 STO[CK
637 30N 52W 21 BA 300 STOCK
638 30N 52W 21 DA 400 STOCK'
6e9 30N 52W 14 CB 280 HOUSEHOLD,STOCK
640 SON 5214 01 )I 85 HOUSEHOLDSTOCK
645 31N 52W 24 AA 80 STOCK
646 31N 51W 30 DA 175 STOCK
647 31N nlW .U aViB 100 STOCK
64) :IN I51W 31 4A 120 STOCK
1,65 :;IN 53W 24 D)D 150 STOCK
669 70N 51 W 29 CC 180 STOCK
672 *7,ON WIN1W 13 CD 280 HOLISLEHOLD, STOCK
67t 32N 53 W 17 DA 130 HOIUSEHOLD, STOCK
679 31N 54W .33 AD 200 STOCK
60- 70N 53t7J 10 DA 300 STOCK
603 3ON 54W 23 AA N.R. NOT REPORTED
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THE FOLLOWING WELLS ARE IDENTIFIED AS CHIADRON

WELL. 11 i. EG'jAL .CiCATI (IN

015

Q) 17
017

021

024
020
0:)154

i117
11 E

119
120

133

I'll
1 436

141114 IS
1 '14

*1 7

149(-E

219'

220

22c

1-2 N

32N

32N

3211
32N

32N

3214

32r,
32N
71214

32N
32N
32N
32N
32N

32N
32N
321\1

32N
32N
32N

32N

321 N
32N
32N
32N

32N
321N

32N1
3211
32N
321432N

2N
'32-N

5W.tq

52W
W

52W
5";:Wv-; 2 W

52W
52W

•W

52W
52W
52W
52W
52W

52W
52W
52W
02W

52W
52W
52W4

52W
52W

552W
51 W

52W

52J. w

51 W52W
52W
521W
52W

52W

L2.'.1.

52W

15

1 4

17

10
21
17

013
07
12
04
11

10
I 0
09
09

15
27
27
34
26

'3

24
14
2Z
23-

2-
315
7%, 4
34

34
26

26

-5
M35

35

IA)
A D

AADI)
J) D)

DA

DO
DA
EID
'AC
AA
CC

DC
DA
DD
cCC
DC
A A
AA
)AA

DD
CC
BDA
A D

DC

DD
AD
A B

P(B
A D
AA
A A
cCC
D D
BD
A D
D C
DC
ElD
CB1
DD

DEPTH
(FT.)

30
N. R.

35
40
15
35

N..

40
30
30
30
370

150
45
30
35

65
40
50

40-45
100
1O00

250
60
3b
65
50

N.R.
40
35
35
35
55
50
30
30

II.R.
52
35

100
160

3o
35

480
35

HOUSEHOLD, SToc]i<
1H0LJSEH-L)LD, S £"1UCI;:.

STOCK
STOC K
S TOK U
HOIJcEHOt.D, STOCK<
NOT REPT.
HOUSEHOLD, SiTOCIk:
HOLJSEHOL.D
HOUSEFHOLD
STOCK
HOUSEHOLD, STOCK
STOCK
STOCK
HOUSEHOLD, STOCK
STOCK
HOUSEHOL.D, STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCI<
ST DCK
HOUSEHOLD , STOCK
ST OCK
HOUSEHOLD, IRRIGATION
STOCK
HOUSEHOLD
STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
STOCK
HOUSEHOL.D, STOCK
STOCK
HOUSEHOLD, STOCK
NONE
HOUSEHOLD, STOCK
HOUSEHOLD, STOCK

STOCK, IRRIGAT ION
STOCK



WE.LL I L) LE GuA L LOCAT ON

290

623.

62.2

627
6552
653
655
656
657
673
67-?
6B2

902

904

9( 16
907
911

I Pl All ~BM !5' 51 W '25 DD

3 N 51W 1 AL
""M 5 114 074 C C

61a IN 51W 0VOfD

3N 512U 2:: r)

7N 512W 3.6 CC
.,IN 51W 07 A. C

321. 5'N4 ~;!15 C c
3 1N 50~.1 L5. TEf D
31N 52W 072 CA
32N 52"'W 13 DC
32N 52W 27 DA
32N 52W 27 DA
32N 52W 27 DA
32N 51W 19 CC
32N 5114 19 CC
31N 52W 01 CA

CERAiMIC *CRAWHI)R~jD

7 C 0 ýiT C~ JP, WL]R D
2N 51,C 1 1) F 0"

'520 52W 7 c 1
SOUT IATF, C--,WFRDA

119 L ,INP, CRAItW FO1D

DPT:prH
(FT.)

50

675

620

60
N. R.

40
198

N. R.
50

125
2900
28t:)

610
260

60
670
110
110

9 C)

75
600
300

N.R.
28H0
19E
2015

N. R.
160

L JS 1-13

STO)CKh
HOLJ2EH-IOLD), STOCK

UHOO10L.i), S TOCK
STOCK
STOCK'

HOUL*,.,[H(h.lI.) .•1]OCl:::

EMPTY HOUSE
HOLUBEH-JL_)
IRRIGATION, (ARTESDt
IRRIGiATION, (ARTES I

STOCI
HOLUSEHOLD,` STOCK
STOCK, (ARTESIAN)
STOCKI.', (PARTESIAN)
IRRIGATION
HOUSEHOLD, STOCK
STOCK"
IRRI.GATrION

IRRIGATION

HOUSEHOLD,) STOCK
STOCK
IRRI GATION (ARTESI AN)
I RR I GAT ION (ARTE,-I AN)
IRRIG ATION
IRRI GATION (ARTESIAN
I RR I GAT I"ON
IRR IGATION
IRRHOUSHON
HOUSEHOLD
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THE FOLLOWING ARE IDENTIFIED AS PIEIRE FORMATION

WEL.L ID. LEG(AL LOCATION J)-:FrTTH USES
(FT*.)

199 32N .... t*J 20 B~ 20 NOT REF"I".
)32 .- I ,W I (' )D 75 STOCK

21 12 .5N 1 IN 08 PA N. R. STOCK
2..32111 '5 Ij 09 AA 36 NOT REPT.

-32N IW (")9 AA N. R. STCI-K
204 "3,2NN 5 IW 09 AA 47 STOCK
2(5 32N 51W 17 B b 40 HOUSEI'HOLD
206 32N 51W 17 DD 50-60 STOCK
2)9 32N 51N 19 BA le HOUSEHOLDSTOCK
213 32N 51W 02 CC 30 STOCK
21.4 32N 51W 02 CC 30 NOT REPT.
215 32N 51W 09 BB 35 NOT REPT.
216 32N 51W 04 CD 35 NOT REPT.
217 32.,;.N 51W 21 A B 60 HOUSEHOLD, STOCK
218 32N 5V4 17 AC 60 STOCK
2:26 321 51W 13 DD 31 HOUSEHOLD
227 32N 51W 13 DO 31 HOUSEHOLD
220 32\ 511 1-3 UD 31 HOIJSEIEHDID, STOCK

3:79 •21 IW 1., DD '0 NOT REF'T.
24(i) 32N 51W 25 1DE 44 HOUSEHOLD, STOCK
241 32N 51W 25 Ak 26 STOCK
248 32N 51. W 13 AA 25 STOCK
284 32N 51W 14 CA 40-50 STOCK
2-88 32N 51W 03. DC 28 HOUSEHOLD, STOCK
291 32N 51W 12 09 5Co HOUSEHOLD
498 32N 51W 01 CA 26 NOT REF"T.
499 32N 51W 11 AC 39 NOT REFT.

321 51W 16 CD 45 STOCK
0 32N 51W 20 DA 27 NOT REPT.

607 32N 51W 01 AB 50 IRRIGATION
608 32N 51W 15 CA 100 HOUSEHOLD, STOCK
609 32N 51W 15 DA N.R. STOCK
610 32N 51W 15 CA 100 STOCK
6111 32N 51W 16 CD 60 STOCK
61.2 32N 51W 14 PS 35 NOT REPT.
6 32N 51W 14 DB 35 NOT REFT.
614 321. 51W 14 E1B3 35 STOCK
615 32N '51,W 21 BA 60 NOT REFT.
616 32N nlW 20 AA 41 NOT FF"T.
6 32IN 51 W. 2.5 50 50 STOCK
6 5 3.N 51W '.I DC 50 HOUSEHOLD

2.N 51,W 2(' CB 60 HOUSCHOLD. STOCK
3., .- 52 4 AD 40 HOUSEHOLD, STOCK

6,'A 32N 51W 25 CC N.R. NOT REPT.
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THE FOLLOWING ARE LISTED AS IN THE MURULE FORMATION

WELL ID LEGAL LOCATIUN DEPTH USES

(FT.)

Oil 32N 52W 17 DD 20 HOUSEHOLD (SrRING3)
O..2 32N 521w 17 DA 50 HOUSEHOLD, STOCIK1"
013 32 52W 17 DO 1-0 HOUSEHOLD, STOCK
02 00 7,21\1 ,.:'tW 04 CD 28 - HOU SEHO L.D., STOCK
027::, 32N 5Z3W 12 AA 45 HOI GSETOLD
0,.16 32N 53I 11 D D 200 IRRIGZTION
027 32'N ;.53W 05 AA 100 HOUSEHOLD, STOCK
029. 31N 52W 14 DA 40-F5 STOCK

S32N 53W 06 C 280 HOUSEHOLD, STOCK
3.2N 531) 06 RC 22'0 HOUSEHOLD, STOCK

03• 6 32N t'"3W 07 BA N. RI NOT REPORTED
041 ,32N 5W 09 D D 40' STOCK.-
(50 32N 52W 29 BR 160, STOCK

1:6 53:I\ 13 CD A1(0 HOUSEHOLD, STOCK'
06.1. 32.. 53W 13 CD 1A0 sOcK.. IRRIGATION
12( 32N 52W 33 DA 80 HOUSEHOLD
129 32N 52W 34 DI) 6HOUSEHOLD., IRRIGATION

I 0 32N 2 2LJ 34 DC 45 HOUESE., S'T10CKI I RR I GAT O0 N.
!.45 32q ,2W 27 DC 0C) HOUSEHOLD, STOCK

10W 52W 15 AA 100 HOUSEHOLD, STOCK
1 ]5 31 N 521 15 BA 100 STOCK
1 f77 311 52W 15 DA 70 STOCK
1,9 31N 52W 15 DC 60 HOUSEHOLD
224 32N 52W 35 DC 84 HOUSEHOLD
229 "31N 51W 02 EBA s0 HOUSEHOLD,STOCK

t... 4 2. -. r STOCK
232 31N 51W 02 D A 75 STOCK.31 51, 02 A 75 HOUSEHOLD
2.4 31N 51W 0.2 'BA 75 STOCI0 C
235 32N 51W .'!.5 (2.'C 75 STOCK

32W 51W 34 DC 75 STOCK
2.37 31N 51W 03 BD N.R. NOT REPORTED

-31 51W 03 CA 75 STOCK
247 311 51W 12 CC 400+ NOT REPORTED

i31N 52W 12 A 70 STOCK254 31N 51W 09 DLA 115 HOUSEHOLD
2.. . 31N 51W 09 AD 40 STOCK, IRRIGATION
257 31N 51W 09 DD 400 HOUSEHOLD
25 S 31N 51W 11. BA 90 HOUSEHOLD,STOCK
25 31N 51W 14 AA 65 HOUSEHOLD,STOCK
261 32N 51W 33 CC 50 HOUSEHOLD
2612 32N 51W 33 CC s0 STOCK
2-6.. .-N2 51W 33 CA 60 STOCK
265 31N 51W 04 B9 50 STOCK
266 31N 51,W 04 AB 60 STOCK
267 31R 51W 04 DLB 310 STOCK

260 31N 51W 06 BC 45 HOLJSEHOLD,STOCK
269 31N 51W 06 BC 18 HOUSEHOLD, STOCK
270 31N 51W 06 CC 40 NOT REPORTED
771 31N 51W 06 Cc N.R. NOT REPORTED
272 31N 5114 07 CC N.R. STOCK.
273 31 N 52W 13 AB N.R. HOUSEHOLD

-34-



WII... I. I D LEGAL. LOCAl' iON

274
'.,1.

276
277

271

27.

6 1.1.

61962.,:

62.2

6 '1; I

613
644

660
661I
66q 4

666
667
662

677
6670

671

670
9C03
903
909

31N~ ~',';J ii AI?
31N 1.' W C7 DD

3ii4 ,L; 1", 1 DD

i's11`4 !...b ]31 [1,31

3IN 512' D2 F
3 1. N 5'2 W I12 B 8

31N .2 W 12 DY)
3 .N ,14 W 1.0 CD
"s 14 ',;W 19 L.-At

•.15 2N .J.,2W 35 DC
:,21\ 5 2 W 35 CA
• -2W s.;W (\:3 DB
31N 52W 01 DC
31N 52W 22 !A
31N 52.14 22 D-)

N 1 52W 22 AA3, 1N 57J BD
31N 52W 25 BD

3IN 5212W 23 CD
31N r:W 24 E'D
Z1N 52W 23 AB
31N 52W 08 AC
3iN !53W 13 CA
31N 53W 13 AD
3iN 53W 11 DD
31N 53W 24 AD
31N 52W 20 CA
31,IN .,;'W 20 Afr
31N 52W 21 CA
3IN 52W 07 DFE
31N 53W 23 AD
32N 53W 08 AA
S1N 51W )04 AA
32N 52W 28 CC

311 OA', CRAWFORD
7 CMOATES, CR-AWFOR1D

14 PADDOCK , CRAWFOkRD
723 EL H UCRAWFORD

311 ANNIN, CRAWF'ORD
406 LINN,CRAWFORD

315 UAI.., C.RAWF(]RD
235 MAIN0. CLkAWFORD

602 E. MAIN, CRAWF[IRD
136 LINN, CRAWFOrD
1109 6TH ,CRAWFORD

216 PADDOCK. [CRAWFORD
233 PADDOCK., CRAWFORD

1100 1 ST . CRAWFORD
4 1 0 AN.r1 I'1, CFAWFORD
111 ANNIN, CRAWFOIUD
113 *L INN, CRA WFOR)
302 LINN. CRAWFORD

D F]:'ITH

(FT.

N. R.
25
11.5

40
N. R.

32
40

125
120.

660
55

80

N. R.
95
60

< 100
< 100

380
150

N. R.
150

70

1 tC,a150

150
300

40
45
60

N. R.
45
55

1O0o
40
60.
50
45
50
.80
50
60
50
50
4.5
60(

N. R.
N. R.

50

USES

NOT REPF'Th:TED
STOCK
IOU" El. •]i.]OL. ,) STOCK

STOC K
STOCK

I RR I GAT I ON
HOUSEHOF.LD. STOCK
NOT RIF'F,"[L.
HOUSEHOLD, STOCK
STOC K
HOUSEHOLD, STOCK
STOCK
NOT REI-"Of!;TED
HOUSEI IOLD 1s"OCUK
HOUSEHOILD.D STOCK
STOCk
NOT FEF'OkTED
HOUSEHOLD, STOCK
STOCK
HOUSEHOLD
STOCK
STOCK
STOCK
STOCK
STOCK
NOT REPORTED
STOCK
STOCK
STOCK
S9101CK
HOUSEHOLD , STOCK
STOCK
HOLISEHOLD4 STOCK
NOT R:EPFORrED
I RR I GAT' I ON
IRRIGATION
IRRIGATIO(I\I
IRRIGATION
IRRIGATION
IRRIGAIION
IRRIGATION
NOT REPORTED
IRRIGATION
IRRIGATION
IRRIGATION
IRRIGATION
IRRIGATION
IRRIGATION
HOUSEHOLD, I RR I GAT I
HOUSEHOLD, IRRIGAT I
IRRIGATION
HOUSEHOLD., IRR I GAT I
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L.EUAL. LOI'AI I ON

302' LT NI" ',RI J'vR,• I-RD
11 9 F" I N E, ClI: ,Pe D

1023!.;.4':0 II'IF 1: I 1(;, ]f VN UT{l,' I.J'ilhD

11 ; 5 tA . [" I F';','IV . C : k,

I k' I R

I ,i 1 1 I i', ., CF;R"d'JF OfR I:)

70'2 i.'t "H, CRýWFRD
9 1:. 5 5T H , CrtWF.)rD

502 ANNI 1 c,.RAWIORD

DEVI1"H
(FT.)

S0
`54

NI. R~.

28
N. k,

30
,50

36
27
7 C)
50
57
60

T RF kIC i AT 10 1
I RR I GAT I ON
I-.ICISLH(]I. V,.
I FRR I ( AI T UIN
I R R I C, AT 1 C, 14

H 0 LJS )F.'I- I(~ C!L .
I RRk I GCAll, 1 ONJ
I1 FR IGAT I' CjN
IRkRIGAT ION
I RR I GATI ONI RR IG1AT I ON
IRRIGA~TION
IRRIGA(TION

USES

I RR I BAT I

I R, R I G AT I
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nortl i.uzi;tc.(rrn pcir-l:ion of th, ir",vestigated area (I32N, R 1W) thhe

well are ccln.1 p Ivete in either the Terti ary Chadron or- the

SCretaw'ecjus F'i,..rre formations. In general, wel I s near Crawford

a.nt within Tr1I'.%, R51W produce from the Tertiary Frule and/or the

lv;rti;Ary CId7.ron formations.

Wi thin thf: pr:)ropc':1d mining area in the ncirthIeastcern sections

oaF 1T. IN, R'..I0 the, print, ipal fJt er-btar i ncj formation for domestic

l i is th, BF: ule. Elnd 1 Vn1-.cs and filled fracture channels

provi de I nw to )moder-ato yielding strata for wells within the

FDT-u UC. M n t1in Terti ary Chiadr-on near and east of

CriiwcaTvci r 'd are artesian. These wells are producing from sands of

the: lower Chadrrn.

13y ar most wells within the investigated area are used for

waterinci stock (TablP. E---b)

TABLE B-lb. SUMARY OF WELL USE UJININ INVEl6•1ATED AREA

----- ----------------------------------------------------- ---------- ---------------------

----------------- PRIM¶AY VELL USE ----------------- -----------------------

UNIT IVTAI. STMC MDSTIC IRRIG. WIMLTFE
---------------------------------- ---------

ARIYA VE 484 3)(18 142 3 2

MULE 112 37 37 26

CHADROM 76 24 35 11 -

PIEEP,• 43 16 12 1 -

IMT.LS 715 388 226 41 2

1 -_TUTMI 54 32 6 <1

--- ----- - -- - -- -- -- -- -- -- -- -- -- --

LOT REPT. AEAX. INDUSTRIAL PUBLIC SUPPLY
--- - - - - - - - - -- - - - - - - - - -

23

12

2

14

51

7

3

2

I 2

5

(I

I * 2

(1 -1
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Mainy of the domestic well!; also were used to water stock,

tr'eres and lawns. In 5Lsch ca•os a priority was given to 'the

W 0l1 us ,Cs a sol e Source of potable water for the household.

In addition several stock wells also were used for small-scale

irrigation. In such cases priority was given to their Use for

stock. Although Crawford derives its water from the White River,

public supply wells serve schools; and campgrounds.

SPRINGS

Seven active springs were inventoried within the

investigated area (Table B-Ic). These springs r

larger and better known springs in the investigated

Table B-Ic,. Spring Inventory

Spring ID Legal Location Uses Probat

represent the

area.

)le producing

Unit
SAMPLED

sp-1ý

SP-2

SP-3

SFP-5

31N

30N

31N

31N

(61449) 32N

(65B) 31N

51W 23 AA

52W 19 BD

53W 06 CA

52W 16 CC

51W 31 BD

52W 08 CD

Not Rept.

Not Rept.

Not Rept.

Not Rept.

Household

Public Supply

Ta

Ta

Ta

Tb

Tc

Tb

NOT SAMPLED

SP-7 (681)

SP-8 (140)

31N 51W 11 DD Household

32N 52W 13 CA Not Rept.

Tc or Kp

Tc
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•r~vera1 :•mn~ler .~sonal springs and seeps along rivers and

=rurIks proba•bly do occur but to our knowledge these were not

Activi., during late summer and fall 1981 when the inventory took

-39-



SELECTED SITES FOR STREAM SAMPLING

TASK B-2

Ten samples were collected from streams dissecting the area. The

rtrf!o1rmt Lanmples wjere collected by wading in rto the middle of the main tiri

fcI.w* and sampI i nrg hal f way betwviue.n the surfac-e and botto)m of the

s t. ream.

The dis;xributll cn of the samplirng si teis i •- iown on Fol clOut P-371 (2)

The legail locations are listed in Table B-2. Sites were selected on

the rationatle 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. On this ba-is

zamples ST-., ST-9 and ST-10 are from streams cutting intc. the

Ari karee Formation in the western part of the study area. Samples ST-i

atnd ST-2 are 4rorf Ash Creek which flow on the Cretaceous Pierre Shale

in '-nv utc--,.... n p,•., t of the: :tud, -cca. The! remaining stre,-a.s samar~pled

c tuL inito the Brule form.ttion and are in part within the proposed

uraniuM mining area. They include Squaw, White Clay and English

creeks. Since Squaw Creek is centrally -located within the proposed

mining area, upper (ST-3), middle (ST-4) and lower (ST-5) samples were

cuol le.ted.
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TABLE 9-2. STREAM SAMPLING SITES

o:.:.I Site No. LEGAL LOCATION

SV T

ST-9

Z1N 51W,•
31N 51IWU
30N 51i.W
3IN 0:IW
31N b2W

31N 52W
31ON1 52W
31N 5:_",',
31N 53::.
Z1N 54W
31N 54W

24 CC
02i. AA

20 PC

12 DA
I I A9
12 BB9
0 b DA
32 CD
I3I CA

STI:EAM 01I (UPF'ER ASH)
STREAM 0*2 (LOWER ASH)
STREAM 03 (PIPF'FER SQUAN CREEK<)
STREA&:M 04 (MIDDLE SQUAW CREEK)
STREAM 05 (LOWER SOU.lAW C'REEK)
STREAM. 106 (WHITE CLAY CREEK)
STREAM i07 (ENGLISH CREEK)
STREAM 08 (SO. FORK SOLDIER CREEK)
STREAM 09 (MIDDLE WHITE RIVER)
STREAM 10 (WHITE RIVER NEAR ANDREWS

NEBRASKA)
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BASELINE DETERMINATION OF MAJOR IONS

TASK D - 3(l)

Introduct ion
2+.2

Major ions include the caLions calcium (Ca2) magnesium (Ilg2)

sod ium (Na) and F)Otassiurm (KV) and the anions bicarbonate- (HCO... )

suIIat-.e %SO4 ) and chl••ride (CI ). The hydrogeologic units are

c*rI ac:Lei i i-zod by di +ferent groundwateLr chemi stries and can be

clai.sifiod by thu distribution of these ions.

Methods

Ex:.cept for bicarbonate all anctlyses were done on samples that

had buc;t filtered through 0.45 uLM filters. The samples for cation

a'alysis were acidified after filtration.

Calcium, magnesium, sodium and potassium were measured by

standard atomic absorption methods (APHA, 1975).

Sulfate was analyzed by turbidimetric titration (APHA, 1975).

EB4carbonate was measured at the collection site (APHA,1975).

Ch I orj d( w,4s m 3':ured by titratio,)n with menrcuric nitrate (AFPHA,
175) .

reiuLtlts and Discussion

The results.t of the major ion analyses (Appendix A, Table 1) are

repriL.sented graphically in a diamon-.-nhaped field [Foldout B-3(1)3

known aS a Piper diagram (Piper, 1944). Piper diagrams provide a

bani s for comparing water types as they relate to geologic

4or mations. In this case the total concen.tration (expressed in

percentage on a milliequivalent basis) of 8 major ions are plotted.

On a milliecquivalent basis the total cations minus the total anions

should be . near zero to maintain an electrochemical ly neutral

solutieon. The major ion balances (Appendix ATable 1) indicate that

this prerequisite has been met and that the quality of the major ion

data is qood.

The Piper diagram [Foldout V-3(1) 3 shows two distinctly
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di f fer-nt hydrucjc-,crmical . acies. These tend to cIluster at the extreme

Ie ( t and the ':,tr.me r iqcht sidtis of t.te di amacnd field. These

crl L.Uc.2•I -e. rt1, 1% the C+ - HCOC type 'qrcundwater of the Arikar-ee

unri t .,ind tI-jr N-A SO4 CI type qroLtnrIdwater of the basal Chaclron

uni t. Th,'I-Ac tvjwu qrounLdi.Jate-.r types reprc.tesnt the end members in the

ev\0l 1Ut: i cri of (IrQun-IdtatCr- chemnist;ry wi thi n the i nvet i gated areaa

Thý rCFres(-'ent2 a normal ,.equenrce in majurr infl evolution and r-Cqu. res

hIrldr(.-dsi of thnoti arids c)f years.

In the 'cation sequerce, soluble calcium exchznqes with sodium on

clays and a "natural softening" of the water takes place. Also as

gypsum is di5;solved a high degree of supersaturation Causes calcium

and taqn esiurm to precipitate out as calcite and dolomite. This

results in an eventual lowering of the HCO concentration and an

increaý;e in the SO concentratio•n. The final step in the
4+

evolutionary sequence produces Na Cl type gr'oundwater. This step

is - being appro-ached in the groundwater of the basal Chadron

fur-mation. The CI increases probably result from the upward

migration of Cl from the Cretaceous Pierre shale.

ThQ- evolution is exemplified best by the progression. of the2+ 24 + + -HC- -

ratios of Ca + Mg / Na + K and HC /so- + Cl in Table B-
zS 4

3(U). An arrow drawn through plotted points of the average formation

concentrations CFoldout B-3(1)] indicates a gradual evolution to the

Na - SO4 2 Cl groundwater of the basal Chadron.

It appears that most large excursions of ions from the basal

Chadron to the Brule formation caused by mining activities could

easily be identified. The one exception might be in the Crawford

area where E'rule wells 901 and 909 have cation ratio% similar to

those of the basal Chadron. The Brule envelope [Foldout B-3(1)3 does

nvurrlap wells in both the Arikaree and the upper Chadron formations.

ThL.is chemically distinguishing Brule groundwater from that in" the

othor Formati onu (excluding the basal Chadron) is most difficult.

-43-



Table B- 3(I)

Baseline concentrations of major ions

in analyzed waters

Ca2+ (mg/l)

BFPR I NGIS
RANGE 40-73

MEAN 61
Std. DEVIATION 9

STREAMS

56
1 Z

Ta
40-8(3

51
16

Tb
8-101

58
23

Tb/Tc/Vp
15-114

68

30

Tc

19
5

mg
2 + (mg/l)

SFPR I NGS STREAMS
RANGE. 4-11 4-10
MEAN 6.8 7.2
Std. 1DEVIATION 2.4 2.0

Ta
1-13
6.2
2.5

Tb
1-15
5.83
2.7

Tb/Tc/Kp
1-14
7.8
3.8

Tc

2-6
3.1
1.4

Na (mg/i)

F. ANGE

St~d. DEVIATION

ý,R I NGS STREAMS
7-127 9-37

43 10

Ta

3-35
11

7

Tb
7-210

48

Tb/Tc/Kp
21-270

117
69

T r

310-54 0
399

66

K+ (mg/i)

SPRINGS

RANGE 1-13
MEAN 5.3
Std. DEVIATION 3.7

STREAMS
2-13

5.9
3.3

Ta
1-8
3.4
1.5

Tb
4-46
10.1
8.2

Tb/Tc/Kp
,6-25

14.8
5.2

Tc

5-14
11.5
2.3

Cation Ratios

ScF'R I NiS STREAMS
0.9 7.81Ca/Hcj

Ta
8.3

3.1

4.0

Tb
9.9

•5.3

0.98

Tb/Tc/Kp
8.8

7.8

0.61

Ta

6.3

34.7

0. 05

4a ,'ia 5. 1 3

(Ca +11g) / (Na+K) ý .1.?

3.1

2.6
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l~ablv YA- '%(I) (cointiried')

HCO3 (mg 1)

RANGEI ?0- ;C

HI;AN 217
Eltd. DEVIATION 26

1TR-EAMS

221
36

T a
120--270

179

Tb
160-420

271
69

Tb /Tc/Kp
175-460

69

Tc
280-370

323
29

so 4 2-(mr /1)

sr.:'r Nc.S
A)NGE. 1-98

Srt. DVTION 35

S TREiAMI13

1-20

6.5
6.9

T a

1-17

4.8
4.6

Tb
5-260

39
50

Tb/Tc /1Kp
20-320

1183
04

Tc
175F-6(&c"

382
123

Cl (mg/l)

Sf
RANGE

;MEAN
St6, DEVIATION

-'R I NGS
10-6o

STREAMS

2-26
12

L0

Ta

16

8

Tb
3-113

29

25

Tb/Tc/K~p
15- 110

56
27

Tc
1 10--2x;O

183

3617

Anion Ratios

SPRINc-S STREAMS Ta Tb Tb/Tc/l<p Tc

0.57HICO 3/(O 4+Cl) 4.6 12.0 4.0 1.9

MAJOR ION £?ILANCE

SiRINGS STREAMS
'ANGE .09-7.3 -3.2- +7.8
1IF"CN +3,.0 +1.68

3td. DEVIATION 2.3 4.1

Ta Tb Tb/Tc/Kp
-5.3 - +5.5 -8.-+6.9 -9 -+5.9

+0.77 +2. 00 -0.0,

4. 1 " 3E8 4,6

Ta
-5 - +6.9c

+0. 94

3.4



T11 pt- ('.PC., however may be enh anc-ed by loolk:ing at other.

ý Iu',cM E? et car, . AuJ a r ex amppI. c? Ar iaree wle Is 441 and 211 force the

dc,'.•rcd ,r,.'7mrnt. of the Ar l.:ar-.r•e ?r!vE:i-ope in Fo dc)ut L--3 ()I rher

WIel I COntai i-10d t. 1-1e hi ghe~ft Ltrani tur 1 ?vel s and 1 owIet ur ran i u m

t . iv:i ty rti o F in the formaition wate r (opppe.ndi x A, Table 1). This

Si c ni f( i r t chemii c :al di f forencc vi qin if ies that these wel 1 s may indeed

b(.e. Brul .r Thisi crhI-ince wOuld furthi:r cornfinc the Arilkaree envel ope.

rdLa-.ýhicd Iine in Foldout D-3 (1) 3 aind eli mi nate a si gni ficant amount of

the Erul.e-Ari i.:aro.e over lap.

In genreral the observed trends in chemical character EFoldout 13

- 3(1)) of the streams appear to be closely associated with the

formation thcy diss(ect. Upper Aslnh Creel,: (ST--), Soldier Creek (ST-8)

cmtld White River (ST-9, ST-1O) have chemical characteristicsi similar

to the groundwater in the Arikaree and undoubtedly receive most of

thteir baceflow from this formation. The sampling locations for Lower

Squaw (ST-5). White Clay (ST-6) and Engjlish (ST-7) Creeks are in the

Fir ,i. f orfitation and the watc•r hans chemical character tlc.4.:.; of that

fcirmation. The sample from middle Squaw Creel: (ST-A) has

charar-,.eri-tir:s simi. lar to the upper Squaw Creek aample (ST-3) and

probably receives its major contribution from upgradient Arikaree

seep. Sample ST-2 from Lower Ash Creek would appear to have a

significant contribution from the Druie for-mation; however, this

port.iUri of the stream may also be receiving seepage water from the

Pierre formation. The chemical characteristics of groundwater in the

Pier're formation were not well documented in this study due to the

sp.arcity of wells sampled from this formation.

Chemical characteristics of the springs indicate that sample 649

is receiving water from the Chadron Formation and Spring SP-4

probably originates in the Pruul e. The remaining qsprings 'have

chrmical characteristics similar to those of the Arikaree formation.
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ASEL INE PDETERMINATIONS C11 PHYS1CAL

CHARACTERISTICS OF ANALYZED WATERS
TASK B-3 (2)

Introduction

SW II itepth, tvrnperature, conduct i vi ty, pH, Eli, and H2S are

r p rt- ted for _.3 groundwater samples collected from the investigated

Ai- (Appendix A). The data are grouped according to the sLpectVed

prrduc:ing horizon (Appendix A). Differences and similarities in the

physical characteristic:s of the?, water from each producing horinz.n

wil]l be emphasiized in this secti.on.

In addition to the aforementioned groundwater samples, 16 surface

wattr samples - 6 from active springs and 10 from rivers and creeks -

were collected and arnalyzed. The physiical datta are tabulated in

App(-endi), A.

The location of the sampling sites is shown in Foldout D-3(2).

Methods

"I& d, ci;t, , dPL,,i ,- titsd duriny discussions with the property

owner and the local well drillers. In the majority of cases the

r ppnrted wel) depths appear to be relatively accurate.

Temperatures were recorded with a mercury thermometer (± 0.2aC)

immersed in a bucl.':et of the water. For wells water was discrharged into

thf, bucket until the temperature stabilized.

Conduct± vity was determined with a temperature compensated

cciductivit.y probe contained in a Hach Direct Reading Environmental

Lac.oratory (DREL /4).

Both pH and Eh were measured at the time of sampling with an

Or i on 4C)8 A/F meter. Measurements of pH were made using a

cormibination el ec:troda [Orion pH (91-05) 1 and the double buffer

.c h ni qu. The estimatled error is 0.05 pH units. Eh measurements

wet-r? dLtermined in a flow-through electrode system. At least 15

'-4 7;-'



minu1tes .were allSowed t o pa ss bef :ore equil[ibrium was assumed and the Eh

potent i a]. r:ec'orded Eh potrenrtti a].s art-e based upon the. satur'ated

1 memo 1referen::ce el ec~t rode st.and ar d and were mieasuir'ed w it.h rin Or'i on

model 96.-78 r-ed o>" el.ectGr'ode and have not been c:(r-'r-•cted.

Any odor rtesembl. :i.nrcg H,9, was con.fi :i 'med usi nq the lead acetate

p ape- mte ' c:;d (0 . .. - 5 p:ittn) c:onrtainreo-id in "-tie F-I• DRIli) /. 4,

Results and Discussion

The r:'i rtesian . ::i -fl ro w fr I ro:inj trciundwateor i r, • It"e deepel:r:' basal

C lhadt-ron demornst'rat red lhighe rJh" ave-r'.agcj-e t:empeioratlu:et s, c:t:t:niductivit:1ies anrlc

pH v alt. t a gro::unr"rdwatI:.er ... t : ,] 1 es pr'oduci ng inrA younger strata

ETable Bt-3(2)3 'Thle temperature incr.ease appe-tars rielated primarily

to th'ie ge.ot-hermnal qr-at:i, ega d -i where there is. an itc::rease of 0- 56- C 'For-

every 55--riot. it-c;rease :i n depth.

The-t Igt ci ndutr: t::iv:i.tly in the groundw..ar•diva'Lert -From the basal Chadr"cn

r-elates directlJ y. to a high d:issolved sol.ids cont enlt arid- indi cates that

the gi"orod wat er i s CIl d. An irnc:reased resi dence ti. me wi t hli n a

'formr-atiion generally promotes a more highly milnerali].. zdci groundwater

such as that whi cth c:haracteri zes the basal C-hadr'on, The average

dissolved solids of 1" 120'0( rag/1 ( "M(;65 X conductivity) is

c:ornisider-ably grteater"" than the 500 tag/1 level normall].y advoc:ated by the

UL.S. FP.tuhl.ic Health Servic::e for publ.:]ic suppl.y systemsw In c:ontr-ast .the

1 l:i ., :i. disso vle.d ilid . cs of"' - 2 1 5 r.. '., i]. in •a•e•a .or f o mi'r f o i. the Ari k.r e and

youngr. pert strata ind:ic::atse-t - It -h .e e wate:rs''- hav'.' h'•-A a relatively s-hot-t:

r, ::iden ,. in the 4 cit- .'t :i. n::tri, In regtard L: i : si :i. 1S.Vl e-d ci e .Jl i :e t.: I~)

pro:posi tion holdsI t that poore t ur ]. q i .l y w, .ua'er t-e:'sul t:s f- r ow i I oct :. r

roes:i denc: e t itme :i n tihe f or-mat:i cn.

The g0 entteral i ;:..e.d: in c;rease in ipHI-.I wi tli the i nic:rease in age of the

f or'mat :i on s anti :: i pated i ri the normal e,/cil evto ui on of' ni neral i zed

gr'ciutdwatver" . from the. westlern c Great lF' ai•rs. Thre i nc:ir'eased pH is

be].ieveyd to be associated with a depl.et:ion oC f lydrogen i onsF during
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TABLE B- 3(2).

Baseline determinations of physical

characteristics of analyzed waters

WELL DEPTH (Ft.)

ISPR:IFýIINýGS. STREAMS-:

RANGE
MEAN
Std. DEVIATION

17 ~

~.ci '

73C.
157.9

Tb

635. 0
5!r:

.:0-520
91.)

1 .9

100-60C)

231 3
1.28. :

0
TEMPERATURE C

RANGE 12.26

MEAN 15, 7
Sltd. DEVIATION 4.9

......................24
j9 6~

12 - 1. 1
1. .4. ZI

:I.

T1

.C-.1:

17

1 :

:1. 5
:16..

2. 1

CONDUCTIVITY (uMHOS/CM)

RANGE J.

MEAN 443
Std. DEVIATION 1C8

SPRINGS
RANGE 6.9-7.8
MEAN 7.4
Std. DEVIATION ..

SPRINLGS
RANGE E0 C ?- ()

MEAN 217
Std. DEVIATION 2"1.7

7 0

STREAMS3

6. 9-8B.. 6

.6

SRFAMS

227

1 7:2

240--54C)

83

pH

Ta

6.9-8.2
7. 5

.4

Eh

Ta

197

2 00

915-1 21

61(0

7.6

.4

:13)3.

8393

It 11.lt:ý /I1-:'p

Tb/T(: 1:/.p

6.9--7.8

7. 4
.3

117
75

T(-

1460-2450

1824

Tc

6.9-8.4

7. 9

Tc

-245

124

H,,S (ppm).a

PI NGS ST-REAMrS

RANGE ND ND
MEAN N\) ND
Std. DEVIATION ND ND

Ta

ND

ND

NID

141.)INDI:

Tlb / T7 C: / Iý".

ND

ND
ND

Tc
0.,1-5

1. 5

1.9

ND = Not detLcted
* All Eh values are based on Calomel reference and are not correcLed.
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c.:rbubat• dissolution.

Eh val ues and H2 GS levels are indicators of the oxidizing

cc ndit ion!-. of the groundwater. In general the oxidizing nature of the

formaticon waiters demonstrated a trend towards lower oxidizing capacity

with -pparfrvnt ir cr, ased residence f ima in the iormati on [Table B-
S(2)). "IThe .relatively high Eh values in the Arikaree and yotnqer

4 orma-t jCwI w wt•ter1. C sugg$st that: recharge 0c :c urs rapi dl y through

fr'cr:turA.t:r Nr egative averaqw Eh values in the2 basai Chadr'cn formation

inrdicatce that thits s water c s reducing relative to the Hu/Hp2l

Nc.,Oativ. redo:.: potenti al s result from consumption of oxygen by

bacteria), cxidation of organic matter.

The observed H2S levels in the groundwater* of the basal Chadron

formation indicate the presence of anaerobic sulfate reducers. These

bacteria convert organic matter and sufate to hydrogen sulfide and

bij.arbonaLe. Although not usually harmful at low levels, the presence

of thE rotten egg odor of HS makes the hasa2 Chadron waters aess

pil atabil e.
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BASELINE MEASUREMENTS OF TRRACE METALS

TASK, EB-3 (3)-NONRADIOACTIVE

Introduc Li on

The semp, -7 werce analy..ed for the trace metals arsernic (As),

sw'].,t;" j ii (S:) vanadium CV) and molybdt.-n.tnm (Mo) because they are

coriulercd pat:h.finder el ements or potenti zl ri urani ore bodies (Wanty

et al., 1981.) and in western staten V and Mo are byproducts of urani.urL

mlnng. Elevate,'d levels of vanadium in run-off off have occasionally

re3(ulted from uranium mining and milling] operations (Hopkins et

al. ,1Y77).

Methods

Ar'renir: and selenium were determined by the hydride generation

method using an argon-hydrogen flame and a Perkin Elmer 303 atomic

ab5;orpt i on sperctrophotometer (APHA, 1975) The detection limits for

both elements were 0.5 ppb.

Molybdenum was analyzed by flameless atomization using a Perkin

Elmor Hf3A-2000 graphite furnace.' The detection limit was I ppb.

Vanadium was detected using a spectrophotometric technique via

the gallic acid method (APHA,1975). The detection limit for vanadium

was C.5~ ppb.

Resultc• and Discus-sion

Selenium luvels were very low in all analyzed groundwater samples

(Appendi x A, Table 1). Only 3 samples contained Se concentrations

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

Brule formation and none of them had concentrations above 2 ppb. In

terms of water quality no samples approached or exceeded the current

maximum contaminant level (MCL) of 10 ppb Se. These low selenium

levets rngat- thr 0 use Of selenium as an indicator of potential uranium
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cito!:,t wi thin this %investi gated area.

Ars-erni jc ],vels were quite vari ab e but showed a general i :ed

i nci.. n .•;e Ii c, cder. oxidizing formaiktion wat rs.[lable D-3 (3) a Thi s

';S dl,,.itr~td i~n a trendcI t owards hi chvr average As concentrations in

:o-v,'.,r PIirur a nd upper Chadron formation waters than in either the

Dru! f .or Arj iilaree watt÷r'i.

Soluble, arsevnic Icvels are controlled by the oxidation potential

of the UjrouU)dwater. Ar senic would precipitate only in strongly

r)lou•in• erivironments in the presence of sulfide. Extremely low As

levels in the basal Chadron are associated with the strongly reducing

n t ire of that formation. Therefore, in slightly oxidizing

environments such as those reported in the upper Chadron and lower

Yirule where there are occurrences of relatively high arsenic levels in

the sedi ments, the groundwater Could become enriched in As. Such

enrichment appears to be occurring in, the vicinity of wells 006, 016,

24t ,uid 654 and aiso in DrtAle welIls 901, 902, 903, 908, 909, 262, 023

.ind V3:7. These wells also contained relatively high uranium levels

i and low U-23'I/U-230 disequilibrium ratios. The above association is

\lC1,-tiv, of an Xc-cumulat ion of elements which are presently

di spet :;i ing (Os~mond and Cowart, 1976 and Wanty et al., .1981). Arsenic

lovels exceeded the maximum contaminant level (MCL) of 50 ppb in only

one w.l 1 (006). Thus in terms of the water quality, arsenic is not of

partiCular 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 expec:ted in oxidized and moderately reduced waters. Molybdenum is

.slightly more stable than uranium in reducing groundwater and

ther- cf ore mol ybdenum ore tends to be concentrated slightly

downqradicernt from uranium ore bodies.

NonlybcL.10um l.ve]s range from I (minimum detectable) to 12 ppb



BASELI NE MEASUREMENTS OF TRACE METALS

IN ANALYZED WATO-NS

As (ug/1)

SFR I1,GS STRE:AMSi& Tb Tb/Tc/1<p Tc

St cl. i)uV I A'r i o1".I

2-12

4.3

3.5

1-9

4.1

2.3

%-.2

2.3

1-26

6.9

6.3

15.6

20.7

0.54

1.14

1-8 a 0.5.- I.

ME ANGE

SPRINGS

<1

<1

STREAMS

<1

<11

Se (ug/l

Ta

<1

<1

Tb

<1-1.6

<1.1

Tb/Tc/Kp

<I

<1

Tc

<1

<1

SF'R I NOS

IN 1. 1-9.0

rIErD.\ 1\1 Z;. 6

STD. DEYIA-t'IDN 2.8

STREAMS

3. (-10. 7

4.9

2.3

V (ug/l)

Ta

0.5-9.7

4.5

2.3

Tb

1.6-27

6.9

6.3

Tb/l'c/Kp

0. 9-155

17.0

41.8

Tc

0. 5-20

6.0

~5. I

R:ANGE

MEAN

TrD. DLEVIATION.

SPR I NGS

1-5

2

1.4

Mo

STREAMS

1 -6

2.6

1.5

(ug/l)

Ta

1-5

1.8

1.2

Tb

1-7

2.9

2.6

Tb/Tc/Kp

1-12

5.4

2.9

Tc

1--1(

4.8

2.9
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tppLrndicx A ). As predicted molybdenum demonstrated a trend similar to

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

-he apparent age of the oxidizing formations. The highest molybdenum

Iov ls generally were found in wells with the highest arsenic and

.tranium concentrations and were in the White River Group. Thus

the soIuble molybdenum concentrations probably are associated with

iisper-sing accumLtations.

Molybdenum levels in the basal Chadron ranged from 1 - 10 ppb

(Appendix A). The levels were elevated slightly in samples containing

:.trnriiuim concentrations greater than IC) ppb and are probably higher

QeCause the wells are screened near the ore accumulations.

Vanadium levels have been shown to follow trends similar to those

of uranium in the vicinity of uranium ore bodies in south Texas

.•I-,ngmuir and Chatham, 1980). These trends are substantiated by the

occurrences of high grade ore-bearing minerals containing both

In the investigated area, vanadium followed trends in the

omidizing formations similar to those discussed for the other

pathfinder elements. The major 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 over 10 ppb V, 9 samples from the White River

Group contained 10 ppb or more. These samples also contained more

than 10 ppb U (Appendix A) and probably are related to dispersing

milneWral accumullations.

Vanadium levels in the basal Chadron formation ranged from 0.5 -

20 pph w.ith no apparent association with uranium or any of the other

pithfinder elements. The reasons for the relatively high V levels in

Yvells 622 arid 652 remain unresolved.
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5pr jng cnd st-.r-h:.am levels o'f thin pathfinder eI elements geneIrLa

wcrc'? ]o., (Appcndix A). Slightly elevated An and Mo appeared in #649

whicr.h i bclieved to be a spring originating in the Chadron formation.

Hi cqher:;t concrntrati on% of pathfinder elements result from a

rI,:jive1y hiqh component of White River Group seepage in the base

Irtw of the creekýI:s.

Nn: ther molybdPI.,L'm nor vanadium har ma1tximum concentration level

(MCL) valt,,us , and therefore it is not a w.Jater quality concern at ppb

V ew-, f.



D(ASELINE DETERMINA~TIONS OF RA~DIOACTIVE: CONSTITUENTS

TASK B-3 (3)

Introducti on

UraniuL6 (U-23:, t /4.5X 109 yr.) and radium (Ra--226, t
1/21/

It,20 yr.) are thre two most mobile elements in the uranium flatutral

decay series. Their (nobility in groundwater combined with their-

relat:,ively long hal F-lives allowvis them to be transported considerable

distancess from Vheir points of origin. This potential for transport

is depen-dent on the geochemical nature of the rocks and the rates of

groundwate.r flow. It is essential to know the premining soluble levels

of these nuclides if a future assessment of the impact of the mining

a(it:ivity is to oIcuLIr. This is especially appropro for in situ leach

mi ning where the uraniumrt is remobil1ized by various lixiviants and

restorati nn of the formation water is ne:essary. In some instances

signific:ant increases in U-238 and Ra--226 levels above background have

been reported in post restoration groundwaters (Thompson. 1980).

Uranium isotopic ratios (U-234/U--238) were determined because

uranium activity ratios cover the total U alpha particle activity in

Or rinki rig water (EF'A, 1980) and because uranium activity ratios are

valutable in propeucting for uranium deposits.

Methods

Uraniumi and Uranium isotopes were measured by standard isotope'

dilution - alpha spectrometry techniques using electrode deposition of

purified uranium on polished stainless planchettes and a 2-9 day

cOunting time with PGT - 400 mm. surface barrier detectors interfaced

with a Canberra 4096 multi-channel analyzer split 4 ways (EPA, 1980;

Cowart and Osmond; 1977 and Spalding and Druliner, 1981).

Radium was determined by the radon emanation technique (EPA,

1979) usi ng sci nt i 1 atcor-coatecl lucite LUCaS cells and RCA

photomultiplier tubes (Reid, 1979).
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E•.eultv, and Discus5ision

l1 di uM 2-26 levels rancicld {rom less than 0. 1 pCi/l to 181 pCi/1

(.ppeindii A) Lovwr.st aiverage 1levels occurred in groundwater from the

Ari kareo Group 'Table U-3(3) ] where only 5 of 23 sampl es contained

>0.I1 pCi/I. The highest average Ra-226 levels ETable B--3 (3) 1

ic.ir.Lrrfd in the bsa!il Chadron formation where only 1 of 12 sampleI -

contained < 0.11 pCi/l. Unlike the previously discussed trace metals,

raidium c( c JLntratit.ns generally are too low in natural systems to be

c:ontroi 1 I ed by chemical precipitation (RaSO ) and therefore Ra-226
4

I evels are dependent on the proximity of dispersing sources an d

rhImic.d ea.chan Ie. For that. reason and the potential of radium to

form soluble chloride complexes, anomalous radi'um levels are useful

i rdi czators of parent uranium ore accumulations. Elevated radium

levels in artesian wells in northwestern Crawford appear to signify a

nearby ore accumulation. Several of these wells in the basal Chadron

forrt ion h vC radium levels greater than the MCL for publiAC supply

systvrr.s of 5 pCi/l. None of the wells in the other formations that

were surveyed had Ra--226 levels greater than 0.5 pCi/I.

Slightly elevated radium levels (>0.2 pCi/l) In several

grot.tndwater samples from the Drule, lower Brule and upper Chadron were

associated with anomalously high U concentrations. Water-bearing sand

lenses have dispersed soluble uranium from sediments and over time

these waters appear to have becoma slightly enriched in Ra-226 via

radioactive decay in the U-23B decay series.

Uranium levels ranged from .0.02 - 98 ug/l and U-234/U-238

ac~tivity ratios ranged from 1.50 - 12.60. With the exception of wells

211 and 441 , all Arikaree groundwater contained less than 8 ppb

uran ium. Baoth of these wells contained anomalously low isotopic

r a'tios and high relative U levels for the Arikaree Group. As

discussed in the major ion section both samples are more similar

chrhmi cally to groundwater from the Brule than the Arikaree Group.

.. 57-



Aver ago-j ctrin i uit c:cricrentr-i.t i nnsfl show a iarkl:d i ncrease and " U-234/U-2E38

rat i o L doiions',e a marled dcr'e~e in the oxidizing waters of the

Whi te kiver gro.l)up rclativcy to those of the Arikaree [Tabl e B-3 (3) ].

lhi!ý in a nor-mal progression of events for oxidizing formation waters

which have under'cone continuous leaching for long periods of time. As

more Uranium-2Z"4 it; preferentially leached from the grain sEurf.aces,

the surface slowly becomes depleted with respect to U-234 and

eventually equilibrium is reached (U-234/JU-238 =1) in groundwater.

If leaching continues, ratios considerably below 1 occur as, is

evi denrced by groundwater ratios in Florida Miocene formations (Osmond

et al. 1969). The effects of this leaching are especially evident in

the upper Chadron formation (wells 006, 016 and 249) where uranium

concentrations are greater than 5o ppb and disequilibrium ratios range

froro 1.49 - 1.66.

The highly variable uranium levels and isotopic ratios in the

basal Chadron sands typify those of a reducing aquifer 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 1.69 - 12.60. The ratios greater than 4.0 are associated

with uranium levels below 1 ppb. These low levels and high ratios

oC:cur on the downgradient side of deposits. The highly reducing

nature of this groundwater is thought to prohibit further solute

migration of Li. (Osmond and Cowart, 1976). High isotopic ratios are a

dr-ect result of alpha recoil which preferentially ejects the U-234

nul1 ide into solution. High uraniuIm levels (>10 ppb) occur in close

proximity to the ore body and are related to movement of the uranium

within the deposit. The relatively high ratios (> 3.2 ) in wells 904,

905 and 906 are suggestive of conditions on the downgradient side of

an ore body (Cowart and Osmond, 1977).

Presently there is not an MCL for either uranium or uranium

c5tivity because of the additional complexity of uranium being both
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TADLE D - 3(",

BASEL.INE. MEASUF-EHENTS OF RADIOACTIVE

CONSTI'IENTS IN ANALYZED WATERS

Ra-226 (pci/l)

STD. i)EVIAIP iDr4

(.11

>. 02

STREAIS Ta

<-. J6 <. 1-. 14

<. I1I <. 10

>.02 >. 0l

Tb

<. 1-. 40

<.18

>. 08

Tb/Tc/Kp

<. 1--. 48

<. 20

>. 12

Tc

1. I0-181

34

58a

U-238 (ug/l*)

SFR I NGCS

2. 2-15. 7

7.6

4.0

STREAMS

3.3-11.8

6.0

2.9

Ta

3. 1-15.8

5.7

2.7

Tb

3.8--46.7

16.8

11.9

Tb/Tc/Kp

2.8-98.0

29. 6

27.5

T c

02-22. 5

6.2

7.6ZED. D-VIcr'1O4

U-234/U-238

RANB!E

M DEAN

£TD. DEV IfAT I Olr

SPR I NGS

1..99-2.26

2.09

.10

STREAMS

1 .88-2.33

2.12

.16

Ta

1.87-2.61

2.23

.21

Tb Tb/Tc/Kp

1. 60-2.35 1.5-2.9

1.96 1.90

.19 .35

Tc

1.69-12.

5.22

.3.2
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chc'rmi c t1 1 y and raldi ol ogica I Iy toxic: (E:'A, 1981). A level. of 3 ppb has

.n equivalent activity of I I pCi/l. The activity of U-238 in pCi is

MU Iltipli Cd by the 0--234/U-230 disequilibrium ratio to calculate the

r.'otretributiorn (pCi) from U-234. The total activity (pCi/i) from

uranrium reprpsont•, the summation of the pCi/l of both nuclides. The

range in the total pCi/l for the investigated formation waters is from

I s-,s than .02 to 1 50 pCi/l. If the suggested MCL for U of 10 pCi/l

(l...,pr, ~nbu~h, 19 7 9) was approved, several groundwater samples from the

White River Group would not comply.

Tho source classification of seepage water into springs and

AVdfream•) by uraniumn and radiUm level S and disequilibrium ratios appears

i n good agreement with the previously di5CUSsed major ion

classification. Highest levels of U and Ra are 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

TASK B - 3 (4)

Introduct i on

The nutrients nitrogen (N), phosphorus (P) and silicon (Si) are

impor-tant in water quality investigations. In surface water, excesses

in concentration can result in eutrophication while in groundwater

elewv'ted levoIls of nitrate-nitrogen (NO -N) (> 10 rag/l) are repor ted

to Cause cyanosis in infants. Elevated nitrate (NO3-) levels in

groundoater are also reliable indicators of contamination from

arithrupogenic activities.

Methods

Nitrate, phosphate and silicate were determined 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

9.0 ppm (<2ppm NO3-N) (Appendix A). Thus the groundwater is

consldered pristine (Exner and Spalding, 1979) and inputs from

fertilizer, barnyard and septic tank leachates are (insignificant

considerations).

In comparison to other areas in Nebraska the groundwater appears

as some of the least influenced by agricultural activities. Since the

primary agricultural use is as rangeland, the data indicate that stock

wells within the investigated area presently are not being

contaminated tjy leachate from manure near the wells. No wells

c;rontained NO -N levels that approach the present MCL of 10.0 ppm (453

ppm f or NO3 ). Thus, in terms of health, groundwater nitrate is not a

problem in this area.

Phosphate levels range from the minimum detectable (0.10 mg/l)

to 2.2 mq/l and generally were 1 0.5 ppm [Table B -3(4)3. No trends

were observed. Phosphate is not considered harmful in drinking water
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I TABLE B - 3(4)

BASELINE DETERMINATIONS OF NUTRIENT

LEVELS IN ANALYZED WATERS

NO3- AS N (mg/1)

SPRINGS

0.02-0.5

STREAMS Ta Tb Tb/Tc/I:p Tc

0. 1-0.9 0. 02-1. 5 0.09-1.8 0.1-1.9 0. 1-1.6

MrIAN

Std.ID!VlAT ION

.20

.13

. 20

.24

.27

.30

.49

.31

.58

.53

.63

.61

RANGE

MLAN

STD. DEVIATION

SPRINGS

0.1-2

.87

.58

NO (mg/1)

STREAMS Ta

0.5-4 0.1-7.0

.88 1.3

0.4-8

2.2

1.4

0.5-8.5

2.6

2.4

Tb Tb/Tc/Kp Tc

0.5--7.2

2.8

2. 71.1 1.4

PO4 3 (mg/1)

SPRINGS STREAMS Ta

RANG3 0. 1-1.5 C1.05-0.80 0.1-1.05

MEAN .52 .32 .45

STD. DEVIATION .46 .21 .2B

Tb tb/Tc/Kp

0.13-1.5 0.1-2.2

.33 .57

.26 .63

Tc

0.13-1.7

.44

.52

SPRINGS

RAN13E

MEAN

STD. DEVIATION

53-67

60

5

SiO2 (mg/i)

STREAMS Ta

38-67 22-68

50 54

a 9

Tb

31-88

57

10'

Tb/Tc /Kp

35-70

55

9

Tc

0-20

14

3
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rand r rc nt: hi~v;:: an MCL.

I ( o.x i ci.-I r {cwma5;ti ols sili ca l~eve2 gerjnerall Iy wo-re at or above

the~ir t7,atu&riktion 1 evf( with respect to sil ica gel, howeve~r, they wcer-e

Well Lbolow satureitiun levels in the rce.dUtCirlq ba'S~l Chadron f ormat io~n

Hi jhI'I~ ~ve sm~yb~instruinentia1 in t~he uptake~ of SiC) in the

aultti 1-1L(11r1i C fcornict 1.on of Cl ays it- the basal Chadron.

Lcincuntrziti ons of- ni treAte, phosph4--tt and f-i 1i ca in' streams,

Ap p un d ix A ) of the area were sl ightl.y l ower than t heL average

c~~ t ~i ons, i n the qroUn-dwater of the underlying rc..

I Ta I c -D 4 ) I. This decrease may tie partially dUe tO. alg.1

c av~imilatiori of the~se nutrients.
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PHYSICAL NO CEICAL. DATA FRM IELS CMEE IN TE ARIKAREE AM YMNSR STRATA

WELL WELL COND. M!JOR CATTON3 MAJOR AMIONS .A•OR NUTRIENTS TRACE METALS RFDICIACTiVE CONSTITUENT!
;•JH ~2+ + + - ?ID LEGAL LOCATION TYPE DEPTH FROD. TEMP pH _.. S UlHOsiCm.CAI mg Na K no so c i+N 7 K PC S- 0 Si S! As .V ýo Se Ra-226 U-238 U-2341U-238

2 3 4 3 4 2 c s

i
0(FT) HnRD Ecci -- mo/i~~ ~~ -.. m i -- SA_!-h-gl - -- Uo/l-- pCil L a /I A.R.

065 31 54 11CC S 420 Ta

(70 31 53 03• 1 H, 98 Ta

077 31 53 1 2 SQ O S 420 Ta

114 3 54 107; C H.S 343 T

150 32 54 35 R E 420 Ta

173 3! 3 54 2 5 AM S 35 0 T a

153 327 53" 2Y CA S 2'5 T a

211 31 52 26 DD S 180 Ta

243 31 51 20 D S.H 65; Ta

276 31 52 13 DD H.S 25 Tb

337 3057 10 31 0 Ta!a

370 30 53 23CA S 300 Ta

507 f1 54 ()G SH 3j "

527 31 53 3, I I 55F T a

532 30 52 1BA , 140 Ta
538 3!j 25 u 19 ' 0 T.a

539 30 51 08 DC 3, H 280 Ta

542 30 51 04 A. - ,H 250 Ta
544 3- 54 34 3 H j5 Ta

1. 7.8 +2110 ND
7, +11015 1 1 ND

14 3.2 N.A. ND

+ 15 ND

5 7.9 +140 ND

13 6.9 + 30 ND
15 7.? +200 N1

12 7.3 +100 ND

!3 7.1 +190 ND

13 7. +140 ND
14 7.6 +310 ND

15 6.9 +13 ND
1 • 9 +210 ND

14 7.6 + 25 ND
12 7.0 + 90 NM

, 5; 7.4 +180 ND

16 7.4 +150 ND

I3 7.6 +700 ND

280

320

280

250

500
5405; 4 0

390

340

240

39Ai

290

460

310
280O

280

4340
380

430

60 h

42 8
48 6

46 4

45 13
43 1

72 4

88 7

64 5

J2 7

33

50 8
$4 4

8 6
40 E

39 5

38 6

40 6

42 7

63 B

10 4 220
3 580

4 4 190

15 i 80
4 4 150

. 2 50

35 8 270~"

9 3 ''0

2 180

413 1 75

1 9 145

2 40

7 5 140

16 4 150
6 3 !70

4 260

1.0 3 -- 5. . 75 47

1.0 11 4. 25 53
1.0 3 3-7 0.1 .41 22

8. 0; - 4.7 0.9 .40 53

I 3 .el 6 J.2 55

1.0 2 . IF ¶ 05 68
. - 0.8 .53 4"

17.0 -5 7. C! .30 65
!.O 29 +~ 4. '0 31I 51

8,0 2 4.9I, 1,05 58

,v 27 .17 f17

.0 2 64 55

. + 5 5

M0 'U f 7 .0 .2a 53

,0 + 3. ,6 . . 35 52

0 .23 58

1.0 E - 0.4 .25 58

3.0 23 - 3.6 1.0 .40 48

3.U 10 + 5.5 1.1 !.05 53

7.0 10 + 1.3 2.0 .10 45

1.0 t, - 21.3 2.5.3' 45
11 ,0' "s-4 - I . 0 .3• 4' 6

SB S 2 3.4 1 Ie

S S I 2.4 1 (1

SS 5 1 0.5 2 (1

U S 3 6.0 2 <I

S S 2 9.2 3 (1

U SS 2 5.0 1 (1

SS S 1 3.3 2 <,

U SE 5 5.6 5 (1

U S 4 1.4 1 (1

U S 1 3.2 1

-) SS 4 6.9 ! <I

U 5S if 7.1 21

SE S 1 5.5 1 '1

S5 SS 2 5.8 1 <i

LU SS 2 3.4 1 (f
U SS 5 3.4 i (1

SS SS 7 9.7 4 <1

U SS 4 2.7 1 (1

U S 3 2.0 31 1
U SS 3 3,3 I <1

UL S 1 1.3 4 !1
U CS 7.0 1 •j

U S 4 5.0 1 (!

(0.1i

.12

0,U. 11

,24

,01

(.13

<0.1

0.13

3.2

6.3

6.0

3.4

4.6
.5.3

J

6.5

4.9

3.1

5.5

5.1

3.1

2.17

2.21

2.61

2,23

2.42

2.59

1.89
2. 3 '

2.46

2.42
2.2!

2.13

2.301

2.15

2.23

2.22

2.08

2.15

50 31 53 34 SB o 70 T z'a 14 7.6 +320 q NO
579 31 5! 29 DA H,l 60 Ta 14 7.5 +700 ND

600 31 51 2,,0 C. L , 70 T: 14 7.4 +230 ND

R 02 3 1 20- ' -rP S H 60 Ta 14 7.5 +190 ND

Al, Eh values are based an Caloae! referenca and are not corrected



PhjYSCAL MIA CIEIrCAL DATA FI ELLS CONIM I THE WdRLE FIATIDN

WELL WP L REOO0 COND. MAJOR "TONS JRTRIENTS R,. - CONSIT-ENTNSMAJOR ANI MAJOR TRACE METALS 5 ,:1,11, E

ID L CTO RO.T ii y!CT ORS"2 + + " - - -
L AL.O. CAT•°' ~ION TNPE .HSEPTH PROD. TEP pHl ON Ehl F'. sin SV SI AB V Mo Se Ra-226 L-238 U-234!U-2H8

7 - r s
t :F T) 9DZ.

Oi1 32 5' 2,O DD

Of2 32 52 17 DA HPS

00 3 t 2~ 17j N 1,

o23 7 57 12 A

-2 3 ,2 34 3-H,

1i - F. 74 nn3I3 JO K ... 3 D HIS.;

18. 3; 52 5 DA

26 8 31 1 -016BC HS

273 31 52 13 A3 N;
275 31 5' 17 3D S

282 '! 52 12 B3 H. S
44! 30 52 it Cr H

609 32 52 35 DC HA:

630 31 52 22 BA HE,
641 31 52 25 8B HS

642 31 52 23CD S

643 -1 52 2420 H

644 41 52 23 AB S

660 3! 53 11 CA S

666 31 52 20 AC S

677 31 51 04 AA HS

901 311 OAKICRANFORD 1
902 7 COATES,CRAWFORD 1

?03 14 PADDOCK, CRANF.i

908 723 ELM,CRAWFORD I

909 311 ANNIN,CRAWF. I

20 Tb b 8 8,2 ÷Vf,

,507 15 ' 7.8 +.3T2

45 Tn 158. • I "-2(

45 7T 4 . 170

i~n T !5 .5 +16

Of) T,, ' 8.4 +lt0A.. .l '' .-

60 To j, 74 7 +245 Tbo 16 7.4 A240

15 Th :O7.3 +95
,.. -3' ' "7 7 7 ,'

;:. l i. ._ 250~
7 3 7.2 +1314 7. + +250

25 T3
, i5 7.42 + 95

3T 14 7.' + -7.

4 T 14 7. +150
4 -ý, T r, 7 .6 * [ 5 0

Z0 Tb 15 7.4 + 19
SO it 14 "7.6 + 170

05 Tb i4 7, 5 +30

.100 Tb i2 7.2 10

I 0, Ti 14 7.4 1-:J

14 7.0 2

60 Tb 15 7.6 +165

45 T- t 7 S 45

~- . :37.6 + 70

100 Tb -3 7.9 +170

40 Tb 13 7.5 +170
60 Tb 14 8.1 - 95

7~ 1

ND

ND

ND

NO

ND

N, D

ND

ND

ND

N D

ND
NO

ND

'RD

ND

ND

ND

NDND

ND

ND

ND

ND

ND

ND

ND

ND

RD

ND

--- ~Q/l- BALANCE --r~8--

650

530450

450

890

550

570

610

420

400

690
75.

450

D0O

450

450

450

350350

315
3!5

890
1110

ii0
!20I

60 5 49 1! 290 36

50O 6 48 7 250 5

72 4 100 12 290: 13
jC -

= A 4p 1 - i =

-60 5 27 5;90 3

17 I ;O ,0 220 6,
52 4 29 1 28"

11 2 "5 5 790 'l
76 4 17 4 270 25

75 8 26 6 271 25

96 6 20

69 9 12 4 25 . 2
67 7 14 5 19

101 11 3 C

55 5 73 !; 11 ,. 35

72 e 65 515 30 65
55 6 27 13 2' 0 2 5
79 2 0 A 3 2-) .3

68 8 3! 20 20Of

77 8 15 4 275 li

6. 6 22 6 23 10 "
co c 11 qr -

38 7 2 ii4 !Th0 11

51 4 9 4 190 a

13 3 210 10 370 10

82 8 i17 30 7,0 2ý0

97 15 125 46 420 165

39 6 115 20 420 45

S 2 120 13 330 33

4~ S,

44

47 4 A. Z:

14 + . '

7 - ;2. . . 5,

14 -4 ,.- . 51 2 S3

23 - .. -... .! 55 U

28 43 ,S .f 53 SS÷¶ ' = 0 S

!2 -3: .! '. .•3, .3

4 + I.8

S - 9 7.. 3..: 3 . S

21 - C,-. 5 75 bS

50 -37 i5.2 '0S

50+ 3.7 2.15 .53 80
35• + 6. .11 4I' - .2. ý0 fP: J 3

12 - .42 1 . U

16 ÷2 73.8 2 - 7n %

5.4 57 1.7 S

19 -4.3 0.9 S 7 S

135 - 1.9 1.4 .2 50 U

94 -4.7 0.4 .3? f 0
32 i 2. 7 7 5 77 A7
45 2' . 4 0 53 7 u!5 - 2.4 4.0 1.0 70 U

18 -4.1 2.0 .24 71 U

S3. i 4. 1 :l 19.

j S 1

55 2 64.3

2) 3 .23 .' 2 2 1  7.1

SO 5 .4 < .7 , .-S 7 7 4 '.'.

85 4

8 28, C, 4 1'' 1 '

S$ s 5.0 3 1 1 S ,4

SS 26 27.0 2 1.6 0.i 46.7

SS 2 3.4 2 i.5 21

U I 7.4 1 (1 26 7.1

ES 1 8.2 3 (1 .12 7.3
S . L2 3 <: 3) 4'.3

S 3 1.B 1 (1 .13 ý.9

S 8 5.0 1 (1 .22 29.4

S3 3 5.4 2 (1 .1 1.'-

55 5 1.7 5 '8! 16 15.7

S 6 4.0 4 (1 (0.: S5.0
3 " 3.0 2 •i ",, 1 ,

SE 3 2.2 3 51 .
2 2 3,2 1 (1 " 1

55 3 5.1 1 ( .25 4,5

ES 2 1.6 3 (1 .2 !.

SS 2 .8 2 (:! 0, I. 9

S5 3 3.2 1 (1 11,'• "
55 2 5.4 1 ( 15 ".

SS 23 7.9 41 .10 37.4

S 10 6.1 7 .14 2

5 14 '3.0 2 1.5 .40 4b.i

SS 22 6.8 5 (i .31 44.!
56 I' 21 .0 4 ( 3 .03 26. 2

'.4

7.3

147
2.02

2.07
.7

1.99

1.87

2.B0

1.95

!9
2.06
2.02*3

2.06

1.76

t A Eh v a! es aret- based C aaji:eI referen3ce and are not -orr ec ed



PHYSICAL FA DECIC AL 1IA FRON *11 CIN 2LETED IN TIE LUU.R MILE , WU OIW AND PIME

OELL WELL nrji' COND. MAJOR CATIONS MAJOR ANIONS MAJOR NUTRIE
... 2+ 2+ + + - 2- - - 3-

K" LESAL LCP.T1CIJ TYPE 0EPTH PRjO. T'EM pH En H S uMHOS/C1.CA Ma Na K HCO SO Ci ON . p S
3 4 3 4

'FT) •.R - -- RAIAKE

NTS TRACE METALS RADIOACT1VE CONSTITUENT:

Me S Se Pa-226 U-238 U-2'34!U-2

016

02!

142

32 52 15 Pi H

3, 52 -1 ' . Dr H4 C S

' . 52 -3 . . .. - i,
2 6 C
Q• 2 E6 H

32 51 *3A .

'44 , 47 4

35 T 5 I5 7. t1
.,4. Ii. !4 7. + 8

,'P T,- Tt 18 . +9

•5 +z~ 44 7. 1

11 Tc 17 7 . Z

N!?

ND

ND

ND

890

•50

640

505
.110

51 7

76 9
74 13

100 6

4, 4

34 7

1016 1I
"25 4

270 25

165 18
61 13

54 10
S 2

95 23

63 1!
152 18

95 10
70 17

460
460

370

210
250

380

250

147
175

.-IL

124;

210
3.8

6!

* .

- 1.2 1.p
+ 4.5 L
- 52 31.3

- 9.0 2.

- 1. 5
+ 4, !1.!

* 5. 1.

- .5 I .

- 5..i 7.0

.45

7a-.

35
L= 5

r57

J.4.

_--t

SE

4..,

444.

U 'B1 '55.

S 7 1

3-:, 5 ,

4. 4.

44 13 i .

SS /2.

A (

'41

"14..

4' 4'i

.4 444
4Ž *41

.22 98.0

(.10 53.4
.26 31,8

.10 14.5

.48 65.4

.13 1I.6

1.49

1.73

1.7!

i.85

I.9(.

PHYSICAL AND) ERIICAL DATA FRi F LOUIN I HELLS SLOTTED IN T•E BASAL CaDRON SAMD

WELL N.SLL :.' CD . MAJOR CATION S
S .* 2+ ÷ ÷ -

;4' 4i LCATI°N T L, DEPTI7 T'•2, A. VI , \ tn,4
2

A-
2  

g

!FT) 1- •: "

~1~JCP ~N1ONS .~AJ0R NUTRIENTS TRACE METALS RAUD!ACTIVE CDý,nITUEN:TC

O PD 5 1 o' s V -.. ... e Ra-226 U-238 U-2341U-2K8

4 4 .

1 1 9

220

225

240

284 .

652

682

685

904

g117

25 2' ý- .32 52 25• mAAh5

t" J:" 3'r 5,1

32 52 25 pp HS

71 51 12D2 P

71 51 07 AE

7 2 52 315 CC E

31 52 02.Cp H4S

3152 01 SD I

31 52 022t;0 1

70! ?.AIN CRATF. I
61S M•!N CR4WF. 1-

52, PINE CRAWF. I

.... TH SATE CRAW.I

250 Tc
100 Tc

480 Tc

44 )4
520 T ITb

30 Tc

Z 80 Tc290 Tc
28C

198 Tc

285 Tc
?JR Tc

2 7.0 -1L5 ND 2450 32 6 480 13 310

16 8.2 -295 5.0 1460 15 2 335 12 360

17 6.9 -300 ND
12 7.2 + 70 ND

!577-K ND

158.0 130 .

17 .4 -3 40

I L7. 20 Q .0
15 -285 510

6 3. -270 0.5

15 8.2 -1320 6.!

'C 7.8 -265 0.1

I7 7.7 -250 0.1

2150 22 2 310 12 280
'775 44 8 81 8 400

.,50 15 1 230 12 •0

1690 16 2 325 10 32f

2150 13 2 325 10 320

1690 16 2 '395 11 320

1600. 14 2 400 5 370

1710 22 4 440 13 370

1620 !7 4 400 12 320

1750 18 5 420 !2 320

1830 23 4 540 24 280

1800 25 2 420 4 300

540 140 + 6.
175 f240 - Q,0

370 1I ~

44 J0 + 5.

180 20. 4

,380 13( - 5.0
410 187 - 1.7

20 '175 + 3.7

425 200 + .+ 6
600 200 + 5.3
l': = i202 -+

ND

0.5

30. .

ND

0.5

0.5U

ND

ND

ND

.18 14

.20 18

.20 14

.1 54

.24 13

.1,9 15

.24 14

!.5 20
1.7 147

U 0. 5 1 4.2 5 (1

S.S... .. . .5 6UU 0.5 4.1 fl<

33S - 4.9 "? 1

4•, 05 1.9 5 i

u U . <
S4- 0 4,I i

SS U .5 2.5 I55 U . -,' I " -.,' <l

O U- o.5 4.5 5 1i

13.S 0.7

<.10 0.4

.,3 0.03
.A 4l.6

,4 2. 7
1.24 "02
.14 "02

5.1 1.1

24 0. 80

1. 1"5.90

43 15.70

141 11.8
171 2254

"7• .9

22.6

7.94

I.82

4.06

2.-$9

5.28

A.4

8.10

t A.l Eh values are based on Calomel reference and are rot corrected.



PHYSICA. AD ClUICAL DATA FROM SPRINGS

1rn, R COND. .SJOP CAT] ONS MAJR ANIONS 1 MArR NUTR•ENTS TRACE METALE
t 2 + 7+ + + H O -

SS/Cm.CO Ci p N 0 As No V SeID LE8AL LO0~T1CN

I

RADIOACTIVE CONSTITUENTS

Ra-226 U-232 U-234iU-238

0,

SF-I 31 51 2. 9A (NEAR LEVI'
SP-2, 3 0 5 21 'Q D DEAD MAN"S UK.
SP-3 31 53 06 [' SO.SOLDTEP CRK.

SP-4 31 52 I6 S0 FREDS 1ST FISH POND

4 32 5 •31 B5 . S. N jITTr;t F.

65 3!ý 7 2 08 11 f! T.RB. Nf L'P

47, '4

I'

4

4.V')

~11.'

*4 444

350
480

''0

73:j

"4'

.4'

.1

9

It

6

S

.7

"A

4.'

4

4

S180

230
I190

210

240

10

98

10
71

27

"2

1'"

1'.*

U

-4-;

4

2.

27

I.:

4
4.v

(1

(1

(1

:" 1

40. I

4.I
"...5

5.5f12.
3.7.

12.0

15.7

2.26

2.180

PHfYSICAL AND OEJCAL DATA FRDMI STUFAPES

IC LESAL LCC4TICN

REDOX COND. 1,WJ0R CATIONS MAJOR ANIONS N NUTIER TS . TRACE METALS> .7+r + q• -22- --N. D I C C s O.........+"-
TE44 Eh - -K HCO so.1•/--C !LNCE F s- n S S , A S c v SE

•. - .,, .... ,ell -- ,',,-IL :.l.E -'• • ... t•,:•:-

RADIOCTIVE CINSTTTUENTS

Ca-.2 4-/i i -3 -,

ST-I Z1 51 24 CC UPPER ASH 12

ST-2 31 51 02 AA LOWER ASH 24
ST 30 51 03 BD UPPER SgUAW

ST-4 31 51 20 BC NIA LE SOUAW 20

-ST-5 3! 52 12 BA LOWER SQUAW "I

ST-6 3! 52 11 AR WHITE CLAY CREEK 22

ST-7 31 52 82 BB ENSLISH CREEK 20

ST-B 31 53 06 DA SO. FORK SOLDIER CR. 22

ST-9 31 53 32 CD MIDDLE WHITE RIVER 19

STIO 31 54 31 CA ýEST WHITE RIVER !9

E. 4

8.6
8.1

8.6

7.1

8.5

8.1
8.3

- g 30 40 10 12 2 240 1 3 + 4.4 - 53 55 SS 3 E 3. 1 1 " 0.1

+240 35) 40 8 17 4 200 4 3 + .58 '.1 .5". 54 SS U 4 3 3.4 (1 .10
+ 2', 4I 68 7 9 3 240 5 2 + 4.9 D.5 .17 S SS 42 7. 3 ( .

>700 70 64 7 1 - 220 1 2 + 7.3 A.5 4Z5 4 5 U 2 2 3 0.
+10 500 78 5 27 10 310 !! 3 +2.'? .,r .4 42 58 U 9 3 5.7 (I .+3

+295 420 3. 7 .2 . 50 1 5 -3 2, ' : .7 U U 6 6 5.1 .

+,,65 460 54 10 37 13 230 20 20 + 6:6 10 . 5 U U 7 4 3.2

+909 0 0 51 486 200 1 26 - "1 3. 4 113.0<1 <0.!
+140 305 8 7 5 210 1 25 - 1.5 '.- 9 5353 S 2 .13.6 (0..

+ 275 46 - ):2 5 280 3 10 + *' 57 5 5 3 1 i,.,,

4,'

4.4
4.8

226

2.03

1.98

1.88
2.00

1.97
2.7

All Eh values are based on Calame1 reierence and are not corrected.


