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(~ M-ZONE RESTORATION

1.0 Introduction

The initial M sand five-spot pattern was drilled and completed in

the third and fourth quarters of 1979. This original pattern was laid

out on an approxinately 60' x 40' rectangle and the wells were drilled

to an average depth of ~350 feet. Surface insulated piping was used to
.

connect the wells to the flow distribution ~ center. The pattern was

placed in production January 22, 1980. Routine mining and test work

continued to July 12, 1980 when mining was suspended in order to install

additional five-spot patterns. Two 5-spot patterns contiguous to the

original M-1 pattern were drilled within the permit area. These patterns
.

A were designated M-3 and M-5 and expanded the field dimensions to 40' xU
182'. (See Figure 1.)

Mining was reinitiated August 8, 1980 in the M sands and continued

to February 24, 1981. At this point, it was determined that adequate

mineral extraction had occurred and due to economic considerations, the

M-zone patterns were placed in restoration.

1.1 M-Zone' Mining - Technical Discussion

6During the mining phase, 28 x 10 gallons were recovered from the

zone containing about 12,000 lbs. U 0 a an m ag mg/l U38 3 8*

Average recovery flow was 34 gpm prior to the expanded pattern operation

and 69 gpm during the final mining operation. Injection flow to the

6zone totalled 27.1 x 10 gallons which represented a bleed volume of 0.9
6

x 10 gallons and an overrecovery ratio of 3%. The bleed volume generatedn

( N) .
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- was diverted to the solar evaporation ponds. Utilizing a pore volume

determined from the actual wellfield area within the injection wells,

average porosity and average total sand thickness within that area

i (969,951 gallons), 28.9 pore volumes were required to mine the zone to

63% extraction.,

'

During the mining phase, certain parameters were expected to rise

significantly above the zone baseline. The major lixiviant parameters

including sodium and bicarbonate were expected to rise along with the

soluble uranium concentration. Chloride ion increased due to the ion

exchange circuit utilized for uranium recovery within the process

plant. Calcium, magnesium and radium increases were noted due to a

; . combination effect of sodium forced clay ion exchange and the C
2

| induced pH reduction altering zone equilibrium. Side reactions between
k H0 and O and the host ore were evidenced by increased levels of22 2

sulfate, arsenic, selenium, manganese and iron. As a net result of the
'

mining process, total dissolved solids peaked at nearly 3,200 mg/l at

recovery or roughly 6 times the 483 mg/l baseline level (TDS determined

by summation of major paramters) . Section 1 - Table .I lists the chemical

concentrations of recovery and restoration monitor wells at the incep-

tion of the restoration program.
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SECTION 1 - TABLE I

M-ZONE AFTER MINING BEFORE RES'IORATION
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2.0 Determination of M-Zone Baseline and Restoration Goals

Restoration goals for chemical parameters were set at the inception

of the R & D project and are included in the Source Material License

Applications under Table 17.1.02 page IV-5. These goals were to conform

to the recommended public, water supply criteria or the mean baseline of

wells 301, 306 and 308, whichever was higher in value. Table IV.1.02 is

attached to this report. (Section 2 - Table I.)

Although the goals seemed realistic and achievable, Teton was

concerned that goals based on a three-well survey might not adequately

represent the entire affected aquifer area. In order to verify the

baseline survey, an additional water quality survey was performed

utilizing 12 additional monitor wells drilled and completed either prior
%_

to mining or during the period from July 12 to August 7, 1980. The

analyses selected were chosen based on a +/- 5% cation / anion balance

criteria. The 15-well survey is attached as Section 2 - Table II and

the supporting, selected raw data is in Appendix "D." Analyses selected

are asterisked on the individual raw data sheets.

As a result of this exercise, it was determined that there was only

minor variation in water quality throughout the zone in the permit area.

The original restoration goals were verified based on the survey and

Teton was able to determine major parameter baseline levels to use as

indicators of restoration progress.

(
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SECTION 2 - TABLE I.

LICENSED RESTORATION GOALS

(!( ' Ground Water Restoration Goc.is for R & D Test(All units in mg/l except as noted.)
.

M Aquifer
Chemical Parameter Restoration Goal '

>pH. 5.0-9.0
Ammonia (NH ) .53
NO /NO, Total
Bicarb 5nate

., 12 3

TDS-
Carbonate TDS-

Calcium TDS
Chloride 250

' Boron < 1
Fluoride 1.4 to 2.4
Magnesium TDS
Potassium TDS .

Sodium TDS
Sulfate

-

250
Aluminum .332 1
Arsenic .05 |Barium 1.0
Cadmium .01
Chromium .05
Coccer 1.0

(( Iron .73
Lead .05
Manganese .063
Mercury

.00{Molybdenum .20
,

Nickel 1.03Radium 226 235.5
Selenium . 01
Uranium i "5
Vana diu.~t -

.34'/ "inc 5
TDS 500- '

,

~
s

1) The concentration of this parameter shall be at a level such that the
restoration concentration for TDS is not exceeded. There is no known
reconmended Public Water Supply criteria for this parameter.

2) No Public Water Supply Criteria exists. Average values shown are
determined from wells Pri5-L301, PN5-L306, and PN5-L308 in M Aquifer
and wells PN5-L302, Pt:5-L312, Pri5-L317, PNS-572, PN5-L573, Pfi5-L574 in
N Aquifer.

..

3) Baseline value (Table II.6.04) exceeds Public Water Supply Criteria. Average
values shown are determined from wells PNS-L301, Pt!5-L305, & PNS-L308 in M

(fp Aquifer and wells Pt 5-6302, Pt15-L312, Pri5-6317, PN5-572, Pt15-L573, Pt15-L574
(v in N Aquifer.

QOGMm
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3.0 Restoration Plan,

Per Section IV.l.2, pages IV5a-IV5c of the Source Material License
!

, Application, Teton agreed to perform restoration by ground water sweep.
|

As this technology was successfully employed in the Upper Zone' (N sands)

and the option was presented to test alternate methods for restoration,

Teton decided to cmploy the electrodialysis process and additional water,

treatment technology in the M sand restoration project. '

1
,

3.1 Determination of Affected M-Zone Aquifer volume
?

The logical first step in planning an aquifer restoration program *

| was to identify the area affected by leach solutions. This determina-
1

| tion was made utilizing data relative to the area geology, hydrological
i

characteristics, operational mass chemical balances, and involvement of

restoration monitors during mining.

k.~
The basic premise involved in determining the affected aquifer

:

!

volume was that the volume could be determined by noting mass addition

j of a foreign trace element to the aquifer during mining and by assaying
i

|
its final equilibrium concentration. The specie added to the zone

,

I during mining that was not susceptible to loading on clays and was not

present in the zone prior to mining to an appreciable degree, was the

| chloride ion.

The source of chloride ion injected to the zone was the IRA-430

strong base anion exchange resin used for extracting soluble uranium,

i

from solution during mining. The mechanism involved is represented by
s

| the following equation:
|

(($)

. - - - v.x pobyu _; w - '-
-

_ . ___._.. _ _. _ . _ _._ _. _ _ _ _._ ,__ _ _ _. _ ___
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, Ext.

Recovered Solution Resin + Injected Solution+

(j SO = SO4 4
+ R E + IUo (CO )2 * N22 3

lico - . HQ
3 3

i

The total amount of chloride ion that was available for addition to

the zone via ion exchange,was determined by noting the total ion ex-

change capacity of the resin and accepting the theory that resin elution
i .

reconverts all sites to chloride form. The expected chloride ion
1

[ increase to the extraction circuit was calculated to be =3,500 lbs.

The actual chloride mass lost to the zone during mining was deter-

mined by daily accounting of injection minus recovery chloride pounds..

The actual mass of chloride residing in the zone at the inception of

restoration was 2,554 lbs. The determination of affected volume and '

O<

! - area was a two-part effort and results and data bases are shown on
i k

Section 3 - Figures I and II.
;

By assuming that all the chloride residing within the wellfield
)

boundary was at equilibrium recovery levels, it was determined that
[

J

i 817.5 lbs. of the total was within the wellfield. This indicated that
!

, 1,736.5 lbs. chloride had diffused outward from the three patterns. The
!

{ chloride concentration in the externally affected area would decrease
1

linearly from the wellfield perimeter to the unaffected area and would;

i

j therefore be approximately one-half the field concentration as an average.
i

By noting the actual chloride mass external to the wellfield and its

{
} cxpected mean concentration, the affected volume including the wellfield
I

volume was determined to be 5,089,136 gallons. With a wellfield pore
,

! volume of 969,951 gallons, 4,119,185 gallons were expected to be affected
; O

k adjacent to the patterns.<

J

h

Q fsw 1. w c ' -1
.

4

-er ..--..,-,._,-w---- ,w.-,-.-%_~.,.m.--,.-..--ww,.-.~,,,,,.u-.,w...,,,,-.,w,,,.-w-.,e ,-c.,,,,.r-, .,.,.,--,,,--w-c,,,,,._ ,-.e.-- _.w-m,.-m vemu-+- -
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,e c ted

| |
u-t Patteen 8.110,786(l) t4 A NA 574.5 PJ A 111.1 463.4 TO' 24.8% 2,776,380 21.381

fMR 1 8,2 5 4,15 3 t R) 1.74 s NA NA 46 N4 NA 80' NA PJ A NA

Mi- 8 2,034,185 NA 25 98 944,1 NA NA 116.2 68* NA 696.192 5.362
Mi 2 2.073.928 f4 A 2 5.5 F 146.9 NA NA 118.5 80' t4 A 709.972 5,468

M 8- 3 2.004.986 NA 24.72 142.0 PJ A NA 114.6 57' FA A 686,606 5,288

M1-4 9.998.498 74 A . 24.64 148.6 NA NA 114.2 65* NA 684,209 5,269
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Af-Zone Wallfield Operation Affected Area Dolormination -
Data Base - 1/22/80 - 2/25/80 Extent of LIxlviant Aflgration

cations rie:4 rieta iseno pi.io i [Lbs Cl* | L b s Ci- I
n e., oi, I Lo: C o-in|tRec Dimenstant Asea /Ft8l T hic h ne s s v olum a /FI8|p,,,,,, V o lum e / G a l | an)-nac I in Fleid l Est Areal g ,,f p ga | AHected1 Area E s t/Ft'| AHectedl Volume / GalI' u-a 2 0.20 4.8 8 4( A 6 0.5'n 4 3' 2.562 70' 579.354 24.n% 332.709 280.4 129.85 'f M3 5.0 6 7.3 9 9( A 72.5's42' 3.000 72.6* 2 t 7.76 4 2 4. A % 403.96: 340.5 134.67u-5 2.7 2 6.8 3 3( A 4 9.5'n 3 9.5' t.926 65.3* 125.755 24.8% 233.288 196.6 121.107 u s.1 5.2 7 0.0 e t(11 68*

! 480.5 332.5 129.85 6.076 788.957Mi 2 4.2 9 t.4 2 t(I) 80* 377.5 266.7 132.26 4.785 632,826e ut-3 5.3 60.7 2 9 f t! 57' 490.9 314.9 129 85 6.193 804.843ul 4 6.7 8 8.9 9 8 H 1 k b* 632.4 4298 132.26 7.711 1.019.830e ut 6 2.481.64201 't' 250.7 168.2 127.89 2.99: 362.4968 ut 8 513.9 2 6( t) 62* S 3.4 34.4 323.10 674 81.624n ; ut io 2.00e.2 3m 66-M i u,. 2 57.836o, 60-
2c. 6 .34.i i27.89 2.488 3,8.,93
s 9.. 3. 4 ,2 . 0 752 9,. i6

| 7. tat 12 7. 4 7.7 7 8 i >I .8 2.5 a.0.5-| 7.48. | 69.3- | ..9. | ,4..% | 969.95. I 2..s. I 8 , 7.5 | . 73. 5 | .29.54 | 3 670 | .. i 9.ia $ I
%

M-ZONE RESTORATION DETERMINATION OF LEACH AFFECTED AREA



_ - . ._ . _ _- - - - . . . -

p you 87;2-W 110 6
;

In order to determine the approximate location of the affected

} volume several factors including duration of well operation, sand;

[
' thickness and porosity, injected volume, and transmissivity directions

were utilized. With the knowledge of pounds chloride injected to each

well during operations and by assuming that simple diffusion was re-'

,

sponsible for field flaring, a radial influence for each injection well
!j was developed. Well-to-well radial influence overlaps were summed in !

| the direction of major transmissivity'to determine an overall affected

area approximation. (See Section 3 - Figure II.) It was assumed that the
| entire M sand thickness was involved in the leach effect.
1

i
.

3.2 Restoration Process

In order to remove aquifer volume constituents while maintaining
i

minimal process bleed, a plan was needed which would concentrate2

() undesirable recovery chemical parameters in a reduced volume. The two

!( processes investigated were reverse osmosis and electrodialysis. Due to

economic considerations, reversing polarity electrodialysis was chosen

as the base unit for the restoration plant.

The basic process employed for the M-Zone restoration incorporated.

the following:
i

i
'

Process Purpose

! A. Filtration of recovered solutions Remove clay and solids prior to
} further treatment.
.

1

B. Ion exchange treatment Removal of uranium.1

; C. Reversing polarity electro- Concentrating constituents in
'

dialysis IX effluent in a reduced volume -
! clean product generated was used
j to dilute IX effluent to baseline
j water quality prior to reinjection.
1

, k(); D. Reinjection of diluted solution Dilute parameters in leach affected
m area. Hydrologically guide affectedI

i waters to recovery wells for
; treatment.

| h

:
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The following diagram (Section 3 - Figure III) illustrates the general
|

( flow sheet for the restoration plant:
'

i
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* *Unit p
* Function

v

1

...%

Recovery Ion Exchange
Surge Feed
Tank

A.

N NSand Filtration to_ %

Filters 25 12a
.

e T T
A

Primary Uranium-

Ion Exchange Removal_

A. *

.-

Secondary - ~

Uranium
Ion Exchange Removal

, Liquid CO ECR Feedy,3 [ Vessel h pH Control

_r m

ECR Feed o' Fend**4 *TarA , g Surge,
fq

8
,

xj .

5 e

(
o. 10 pm Filtrationm R Pw er/

^# ""***I ", . Flow Unit '

Flow Control
EDR Membrane " *E'## UN

Stack & w
A

Injection
8 Injection

Surge Surge
Tank

,

Erine to
Waste

..~
.

WELI. FIELD
,

INJECTION

s m.m T'tPICTI. FT.CW/COND. BA TRICE
,

Flow Solution
i Rate Conductivity

CPM LLtr&oit /cm
1 52.1 1,289
2 52.1 1,289
3 25.4 l,2_89
4 30.8 1,74B
5 2o.7 1,289
6 5.4 3,907

7! 21.2 182
aj 4.2 5,956

9| 4/.9 856
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(V The report attached as Appendix "A" describes the electrodialysis

'

process and summarizes actual operational data gathered during the

restoration program. Additional data relative to the electrodialysis

operation is available on Table I, Section 4-1, M-Zone Restoration Data.

3.3 Wellfield Operation

Due to the knowledge *that the leach area involved restoration

monitor wel). 306 (Note see Section 3, Figures I and II) and that approxi-

mately 12 months were required for the field to diffuse to a distance of -

>85 feet in the direction of major transmissivity, approaching restora-

tion in the same manner as mining relative to wellfield flow patterning

would require excessive time.

It was suspected that operating the field exclusively with external

injection wells would ultimately leave a high TDS halo around the

(. patterns. In order to pull the halo to recovery wells a program was

developed which utilized some injection wells as recovery wells while

injecting baseline quality water elsewhere in the field to provide

hydrological barriers. A phased program which is discussed in the

following section was implemented.

3.4 Restoration Plan

3.4.1 Phase 1 - The initial phase at M-zone restoration was

designed to reduce chemical parameters within the wellfield con-

fines, remeva uranium and other constituents which had been

subjected to recent oxidation and allow time to de-bug the

Ot-
m -

2 04:28
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() electrodialysis unit and develop a comprehensive restoration plan.
<

Phase 1 was to consist of terminating chemical injection to the

zone, treating a recovery split with the EDR unit, and operating

the wellfield in a usual fashion. .

3.4.2 Phase 2 - Phase 2 was designated to begin a directional

sweep approach which was designed to remove the solution external
.

to the patterns. The overall program consisted of recovering from

triangular patterns of two injectors and one recovery well, while

injecting into the center of the field to reduce recovery from the
.

field internal area.

Phase 2 was designed to remove and treat leach affected solution

adjacent to the M-5 pattern (see M-5 sweep area, (Section 3,

- Figure IV) while maintaining a draw on the M-1 sweep area.

The following pumping patterns were to be used:

Reovery wells - MR-5, M1-8, M1-12, 301

Injection wells - M1-10, M1-6, Mi-2, M1-4

3.4.3 Phase 3 - Phase 3 was designed to remove and treat solution

adjacent to the M-3 pattern and complete any withdrawal in the M-5

area near the injectors. A continuous draw on the M-1 pattern was

also anticipated.

Recovery wells - M1-10, M1-6, MR-3, 301

Injection wells - Ml-2, M1-4, M1-1, M1-3

(
.

)

qe *ef ** ''/

$ ,i,, */ s !I
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3.4.4 Phase 4 - The final phase of M restoration was to be the

O sweep of the M-1 pattern. Reinjection of baseline water quality to

the already restored field area was planned to balance the recovery

flow. -

Recovery wells - M1-1, M1-3, MR-1, 301

Injection wells - M1-2, M1-4, M1-6, M1-8, Ml-10, M1-1
.

3.5 Restoration Schedule
*

,

The means of determining the restoration schedule was based on the

expected chloride removal rate provided by the EDR and an estimation of

the area that would be affected by the directional sweep approaches.

The sweep areas are shown on Section 3, Figure IV, and Section 3, Table I,

outlines the scheduling justification. The major premise involved in

the scheduling was that in removing the noted trace parameter to background

( levels, the affected volume and other elevated parameters would also be

reduced to accep .ible levels. An assumption was also made that by the

selective injection, little injected solution would be directly recovered.

SECTION 3 - TABLE I

RESTORATION SCHEDULE

Phase 1 Phase 2 Phase 3 Phase 4 Total
Expected Initial C1' Conc. 107 103 111 99 NAExpected Final Cl~ Conc. 6 6 6 6 6
Average Recovery C1 Conc. 50.5 48.5 52.5 46.5 NA
EDR Feed Gallons 43200 43200 43200 43200 43200
Lbs._ Fed / Day 18.2 17.5 18.9 16.8 la
% Cl Rejection 75% 75% 75% 75% 75%
Lbs. Cl_ Removed / Day 13.7 13.1 14.2 12.6 NA
Lbs. Cl in Sweep Area 817.5 127.9 226.4 1382.2 2554
Days Required for Removal 60 10 16 110 196

.
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4.0 M-Zone Restoration Results

4.1 Phase 1 - Results and Discussion

Phase 1 of M-Zone restoration was initiated February 25, 1981

with the completion of installation and debugging of the electro-

dialysis unit. Chemical injection to M-zone had been terminated

February 17 and prerestoration samples of operating recovery wells,
.

injection streams and restoration monitors were collected between

February 15 and February 23. (See Appendix "B.")

This phase consisted of routine wellfield operation

(Section 4, Figure I for injection and recovery wells) without chemical

injection and partial removal of recovered constituents via ion

exchange and electrodialysis.

bV
Phase 1 was successful in reducing recovery TDS by an average

57% at the four recovery wells. As expected, rapid cleanup of the

internal wellfield area was noted; however, restoration nonitor 306

showed only minor reductions as a result of 301 pumping. In

addition, it was necessary to treat the EDR feed with hydrochloric

acid to prevent CACO scanng in Ge stack. Ms reduced de
3

chloride removal efficiency of the phase to '20% of expected.

In order to assure recovery and treatment of solution that had

diffused laterally from the operating fields,.the directional area

sweep approach outlined in Section 3.4 was implemented on schedule

April 21, 1981.

'

O

sour
off\C\ia Dd"^El COM'
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OD During.the init121 phase 6,456,750 gallons were recovered
I

from the four operating wells and 5,989,750 gallons of diluted

injection were reintroduced to the zone. A total of 2,012,315

gallons of the IX treated recovery solution were fed to the EDR,

which produced 1,636,277 gallons of product for reinjection and

rejected 376,038 gallons of brine to waste. The EDR unit provided

| an 80.3% water recovery and 85.1% salt rejection. No wells were

completely restored during this phase; however, recovery parameters

were reduced to a point where CO was substituted for the hydro-
2

chloric acid pH adjustment on EDR feed.

Attachments:

A. Section 4.1, Table I - M-Zone Restoration Data Base

B. Section 4.1, Figure II - Phase 1 - Wellfield Operation

( C. Section 4.1, Figures I-VII - Phase 1 - Analytical Trends

,

O1
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Al-Zone Wellfield Operation - Affected Area Determination -
Data Base ./22/80 - 2/25/80

Extent of Llxlvlant Aflgration

I Gallons
| Flegd

lai/Flec | Osmensfons | FieldAves/Ft'| SandI field I
y ]| Velume sReservol | L b s Cl* | Lbs Cl* L bs Cl* | | Allected Affectedy ( T eilch ness | V olurne/F t3 | po,n,gg G a t/F t

_ all InFRec | In Field E st Area] [ Asea E st/Ft' v olu m e / G al
uI 2 0,2 0 4.8 8 4 ( R 6 0.5'a 4 3 * 2,562 70' 179.354 2 4.4 'E 332.709 280.4 129.85! u3 5.0 6 7.3 t 9( A 72.5's42' 3.000 72.6* 287.764 24.9% 403.969 340.5 134.67M5 2.7 2 6.8 3 3 (R 49.5's39.5' t .9 2 8 65.3* 125.755 24.8% 233.281 196.6 121.10
M e- 5.2 7 0.C e t(It 68' 480.S 332.5 129.85 6.076 798.957

| u t- 2 4.2 91.4 2 t til 80' 377.5 266.7 132.26 4.785 632.8268 Ms 3 5.360,729(11 57' 490.9 336.9 129 85 6.193 404.943j ut 4 6.788.998(11 65' 632.4 429.8 132.26 7.731 1,019.8308 Mi 6 2.433.642(l) 7 l' 250.7 161.2 127.89 2.998 382.496j un-8 583.926(11 62* 53.4 34.4 921.10 674 88.624{ us to 2.006.213(11 66* 20n.6 134.1 127.89 2.488 388.1938 Mi 92 5 7 4.8 3 6(t > G O' 59.4 34 4 321.10 752 99.016b | Total | 2 7. 3 4 7.7 7 6141| 8 8 2.5'a 4 0.5'|7.488 | 69.3* | 618.918 | 24.8% | 949.958 | 2.554 | 817.5 | 1.736.5 | 129.54 | 38.670 | 4.119.9 8 5 |

M-ZONE RESTORATION DETERMINATION OF LEACH AFFECTED AREA
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4.2 Phase 2 - Results and Discussion

The M-5 area directional sweep program was initiated April 21,

1981 with wells M1-8, M1-12 and MR-5 serving as recovery wells in

the area. Due to the slow response of restoration monitor 306

noted during Phase 1, wells 301 (4/21-8/10) and M1-3 (6/26-8/10)

were utilized as recovery wells in the M-1 sweep area. Dilute

reinjection was introduced to wells M1-2, 4, 6 and 10 during the

entire. phase. A total of 7,251,711 gallons were recovered during

Phase 2 with 3,636,100 gallons derived directly from the M-5

sweep area. i

Phase 2 required from April 21 until August 10, 1981 in order

to reduce chemical parameters at the three recovery wells to near

baseline levels. During the phase 1,295 lbs. of chloride ion

(50.7%) were recovered and extracted from the zone, 621 lbs. of

( which were derived directly from the M-5 recovery wells. Con-

sidering that only 19 lbs. Cl~ had been recovered from the M-5 area

during Phase 1, it was suspected that 306.5 lbs. Cl- were residing

in the area. Obviously, additional areas had been affected through

the phase which was evidenced by the nearly total clean-up in the

M-3 sweep area.

Of the total recovery fluid, 4,094,016 gallons were fed to the

EDR unit which provided a 89.9% salt rejection with an 84.6% water

recovery. A total of 3,462,493 product gallons were reinjected to

the field and 631,523 gallons were bled to the evaporation ponds as

brine.

.O
t

,

s
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( The purpose of running Phase 2 to 111 days (as opposed to the

scheduled 10) was to reduce the east end of the wellfield to near

baseline level prior to moving forward. This was to facilitate

having a restored wellfield area in which to-reinject clean water

without risking excursion of an unrecovered portion of the " halo."

To the end of Phase 2, a total of 14.1 wellfield pore volumes

had been recovered and treated and only 1.04 pore volumes had been

bled as process brine. A total of 1,455 lbs. Cl- or 57% of the

chloride lost during mining had been recovered.

Attachments:

A. Section 4-2, Figure I - Phase 2-Wellfield Cperation

B. Section 4-2, Table I - M-Zone Restoration Data Base

k C. Section 4.2, Figures II-VIII - Phase 2-Analytical Trends
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4.3 Phase 3 - Results and Discussion

( The M-3 directional sweep program due to the extensive time

required for completion of the M-5 area, was altered from the plan.

As it was suspected that some 315 lbs. of Cl~ had been recovered

from the M-3 area during Phase 2, and that the possibility existed

that additional pounds had been recovered at the M-1 area, it was

decided to focus recovery nearer the M-1 end of the wellfield. M-

3 area recovery wells designated were M1-2, M1-4 and MR-3 and

injection was diverted to M1-6, 8, 10 and 12. M-1 area recovery

wells included M1-1 and M1-3.
,

Phase 3 was operated from August 10, 1981 through September 1,

1981 or 22 days. Although this compared favorably with the proposed

schedule of 16 days, only 39 lbs. Cl of an expected 207 lbs. were

recovered directly from the M-3 pattern. A total of 136 lbs. Cl

were recovered and removed from the total zone and each of the M-3

recovery wells were restored to near baseline levels.

A total of 1,469,742 gallons were recovered from the zone and

after IX and EDR treatment, 1,345,921 gallons of baseline quality

water were reinjected. Of the total recovery, 808,317 gallons of

IX eff'luent was diverted to the EDR unit for treatment and 691,943

product gallons were generated. The unit provided an 85.6% water

recovery and 89.0% salt rejection. A total of 116,374 gallons were

rejected as EDR brine.

To September 1, 1981, a total of 1,123,935 gallons or 1.16

wellfield pore volumes had been bled from the restoration process

while circulating 15.66 pore volumes through the restoring wellfield.

(
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k M-ZONE RESTORATION DETERMINATION OF LEACH AFFECTED AREA
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( 4.4 Phase 4 - Results and Discussion

The final phase of M Zone restoration was initiated September 1,

1981 and consisted of withdrawing solution from M-1 area wells, M1-

1, M1-3 and MR-1 while injecting to M1-2, 4, 6, 8, 10 and 12. Well

301 was brought on-line as a producer September 8, 1981 and Well

M1-3 was converted tb an injector November 17, 1981. Due to the

direct,ional sweep approach utilized and consistently injecting

"behind" the affected area as restoration progressed, it was

determined that the balance of leach affected solution could be

recovered through the M-1 area.

A total of 1,591 lbs. C1' cr 62.3% of that lost during mining

had been recovered and removed in Phases 1-3 which lef t .963 lbs.

available for a total Cl- removal. Between September 1 and

( December 20, 1981, 694.1 lbs. Cl~ were actually removed by the EDR

unit which represented a total 89.St. removal rate.

Phase 4 required 111 days for completion which closely matched

the 110 day schedule. As wells began showing baseline water quality,

they were withdrawn from service. From December 8 to December 20

M1-1 was the sole M-1 area recovery well. Each of the original
,

recovery wells was pumped for a several day period to insure that

all leach affected water had been treated in the other sweep areas.

A total of 7,413,145 gallons were recovered and treated during

Phase 4. Of the total 3,549,215 gallons were fed to the EDR unit

!

O|
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'

( which provided 2,967,679 product gallons for reinjection to the
;

zone. Injection flow totalled 6,462,820 gallons during the phase.

The EDR unit was capable of a 89% salt rejection with an 83.6 water !

recovery. Brine flow totalled 581,536 gallons or 0.60 wellfield

pore volumes.

.

Attachments:
;

,

A. Section 4.4, Figure I - Wellfield Operation |

B. Section 4.4, Table I - M-Zone kestoration Data Base

C. Section 4.4, Figures II-VII - Analytical Trends
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4.5 - M-Zone Restoration - Summary

/'
The overall M restoration program was initiated February 25,

1981 and terminated December 20, 1981. The program had been

scheduled to operate for 196 days based upon expected electro-

dialysis unit performance and lydrological flow patterns, and

actually required 299 days. The project was designed to ensure

recapture of all solution affected by leach constituents as a

result of diffusion.

The affected area was determined utilising a mass balance

between injection and recovery for chloride ion introduced during
~

mining. It was determined that 2,554 pounds of chloride ion had

been introduced to the zone and that at equilibrium concentrations

2
4,119,185 gallons (31,670 ft. ) outside the actual wellfield

confines had been affected. The means of calculating the affected

area was supported by the involvement of restoration monitor 306

and the timing of the involvement.

As it had required over a year of operation for diffusion to

extend the leach affected area over 85 feet in the direction of

major transmissivity, it was decided a directional sweep approach

would be more effective in recovering affected solution than would

be collapsing that area solely through increased overrecovery. As

| a result, a phased program which utilized injection wells and
.

| recovery wells to recover solutions outside the wellfield confines

along with injection sites designed to block recovery of already

I restored solutions was implemented.

'
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A total of 22.6 x 10 gallons were recovered and IX treated

for uranium removal during the project. With a wellfield pore

volume calculated to be 969,951 gallons, this represented wellfield

circulation of 23. 3 pore volumes. Of the 22.6 M gallons of IX

e f fluent, 10.46 M gallons were fed to the EDR unit for treatment.

The unit successfully concentrated 89.4% of dissolved solids fed

into 1.71 M gallons of brine which was diverted to the solar

evaporation ponds and/or eventually transferred directly to a
,

licensed disposal facility. The 8.76 M gallons of low TDS

product generated were used to dilute the injection stream to

baseline water quality. Total injection to M-Zone during the

restoration process was 20.46 M gallons which represented an over-

recoverf of 9.45%. Effectively all of the overrecovery was EDR

( brine and this totalled 1.76 wellfield pore volurres.

Tne completeness of restoratio i was demonstrated both by the

operating welle achieving the appropriate goals and the recos arf of

nearly 901, of the trcce parameter introduced d 2 ring mining. Of the

2,554 lbs. Cl- lost during mining, 2,285 lbs. were effectively

removed by the EDR unit. The residual 269 lbs., assuming that they

are equally distributed in the total affected area would represent

an increase of 6. 3 mg/l above the 5.7 mg/l baseline or 13 mg/1.

The average final restoration chloride concentration at monitored

wells was actually 12.1 mg/1.

,
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At the point of terminating the restoration program, all
,

\

operation and restoration monitor wells were at or below the

restoration goals presented in Section 2. Of the wells, one

showed anomalous behavior after shutdown and prior to the January

1982 initial restoration sampling. Well M1-1 decreased from a

sunnation TDS of 653, o:1 December 20 to 166 mg/l by January 12,

1982. As M1-1 was the last well providing water to the restoration

process plant and the EDR was treating nearly all of the recovered

solution, reinjection to wells M1-2, M1-3, and M1-4 was excep-
,

tionally dilute (<100 mg/l & TDS). It is suspected that in the

process of M1-1 recharging af ter pump shutdown, that solution from

those injection wells was irawn to the well bore area. This is

also supported by decreases of >100 mg/l TDS at non-pumping

wells between the December 20, 1981 restoration end and the initial

sampling. (MR-1, MR-3, M1- 3, 201) See Tabic I, Section 4.5, for
l
I

i final values for wells chosen as restoration monitors.

-

Attachments:

A. Section 4.5, Figure I - Leach Affected Area Det.

B. Section 4.5, Table I - M-Zone Restoration Data Base

C. Section 4.5, Table II - Post Restoration Analytical Values

D. Section 4.5, Figure II - Indicator Parameter Analytical Trends
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M-ZONE RESTORATION DETERMINATION OF LEACH AFFECTED AREA
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5.0 M-Zone Restoration Stability PlanOa
( 5.1 Agency Requirements

Although the R & D permits as accepted by the DEG and NRC

specified a four-month restoration stabilization monitoring period,

it was determined that a longer period was required. Wells 301,

306 and 308 were baselined and designated as restoration monitor
.

wells; however, additional wells were required for adequate post

restoration monitoring.

The period required by the licensing agencies was extended to
.

13 months af ter the end of restoration with sampling to be performed

monthly for six months and quarterly for the duration.

Wells being sampled during the stability period are MR-1, MR-3, MR-

5 M1-1, M1-6, M1-10, 301, 306 and 308._

V
5.2 Well Sampling '

The monthly and quarterly sampling was to be performed by

means designed to collect representative camples of aquifer solutf on.

In the field operation wells and 301, sampling is performed utilizing

one-half HP Grundfos stainless steel submersible punps hung on 170

feet o.f chemically inert plastic pipe. A minimun of 1.5 casing

displacements en each well is pumped to waste prior to ' ampling.s

Wells 306 and 308 were completed with two-inch PVC casing,

which restricts the use of downhole pumping devices. These wells

are sampled by air lifting solution from the well with a 100 cfm

air compressor and >200 feet of chemically inert plastic pipe.

Each well is air lifted for a minimum of three hours prior to

sampling.

acc mMj , u, u, i + ' m;,, r;
- v. ,
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5.3 Sample Treatment and Preservation

Samples drawn from the wells are placed in unused polyethylene

containers for shipment to the Casper laboratories. Samples are

treated with chemicals as designated by EPA methods for sample

preservation.

'

5.4 Sample Analysis

Treated samples are analyzed utilizing EPA and Standard

Methods Procedures at the Teton Central Research Laboratory and/or

WAMCO Laboratory (Casper, Wyoming) or other accepted commercial

laboratories. Results are checked for quality both by Standard

Quality Assurance Methods and by ionic balance procedures.

5.5 Attached as Appendix "E" ir stability data on the designated
sample wells to date.

v)
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6.0 Implications to Commercial Scale Restoration

(
6.1 Introduction

In addition to performing restoration on the M-Zone patterns

for license compliance, environmental safety and site decommissioning

purposes, the implications to commercial scale restoration were

studied. The following section expands the knowledge gained in M-
,

Zone R & D level restoration to commercial scale wellfield restora-
.

tion.

The R & D restoration effort was actually,a " worst case"

operation due to the following factors:

a) All injection wells utilized during mining were external

injectors which precluded directional or selective wellfield

overrecovery and provided the maximum diffusion rate external

k to the patterns.

b) The rate cf diffusion would be expected to be greatest in

the direction of major transmissivity and this was the case in

tl'e R & D patterns. Although this was detrimental in the case

of an isolated R & D pattern, the diffusion effect would be

beneficial to the Leuenberger commercial wellfield operation.

Fluid migrating or chemical parameters diffusing in the

direction of major transmissivity would generally be migrating

into the next scheduled mining unit, thereby, creating the

possibility of recapturing desirable leach chemicals for

subsequent mining. The volume of affected area that would

(

0?FIC!AI 20CKETCOPY
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V necessarily be addressed by a single mining unit restoration

(
'

program would be reduced. Several knowledge areas gained from

the R & D restoration program and made commerical restoration

projections possible. These areas included:

1) The rate of dissolved solids generation during restoration

as a result of lixiviant action in the affected area ore.

2) Development of a means to determine affected aquifer

v[>lume after mining through quantifiable means.

3) The actual operating efficiency of the electrodialysis

unit and overall restoration process.

The following commerciC scale restoration analysis also

utilizes several " worst case" a:.1;nptions in order to present the

maximum expected restoration time spe s and process bleed require-

k ments.

6.2 Dissolved Solids Generation During Restoration

As was noted in the R & D ef fort, one of the rtore difficult

goals to achieve was TDS reduction to require.d levels. It is

believed that due to the effect of oxidant and pH adjusters in

the lixiviant, TDS was actually generated during restoration.

Because the internal portion of the wellfield was saturated with

these chemicals during mining, it was hypothesized that wellfield

TDS generation and equilibration occurred during the mining phase.

,
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( The source area of the TDS generation would therefore be the

affected area. This hypothesis was supported by the relatively

extended recovery requirements from wells M1-3 and M1-1 and those

parameters which showed marked elevation at 306 prior to restoration.

Section 6, Table I is a determination of the TDS generation rate

in the affected area'. This rate will be applied to the commercial

wellfiqld affected area.

The TDS generation rate was 38.13% which means that one can

expect to remove ~40% more constituents from the affected area

during restoration than would be normally expected.

6.3 Determination of Commercial Wellfield Affected Area

(} The commercial wellfield affected area is defined as that

( area affected by horizontal flaring due to natural diffusion. In

order to determine this linear distance, the average M-Zone R & D

pattern flaring distance was used. This distance is justified by

the fact that not only will chemical constituents be similar in the

commercial operation, but injection well flow rates and pressures

will be similar. This flaring distance is another '' worst case"

| assumption because directional overrocovery will be utilized in a

commercial wellfield pattern.

Section 6, Table II summarizes the assumptions and geologic /

hydrologic data used in determining the " average" mining unit

| affected area. This data illustrates the " worst case" nature of

| (''s
; \_)

i
-

|

}
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,

1

|
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( the R & D restoration operation. The ratio of affected volume to

pore volume for the R & D pattern was 5.25 to 1 and the expected

commercial field ratio would be less than or equal to 1.52 to 1.

6.4 Determination of Post Mining Water Quality

The lixiviant strength and composition was efficient in the

R & D operation; therefore, Teton anticipates using the same solution

make-up for commercial mining. For the purpose of this report, the

assumption that post mining water quality within the commercial

wellfield will approximate that in the R & D operation will be

adopted. This too, is a " worst case" assumption as the R & D

pattern: a) operated more than one year, and b) excessive pore

volumes were circulated in the R & D due to the small field sizeO
.

which promotes chemical spirals in such parameters as C1, SO =,
4

Ca , and Na+. The expected TDS in the post mining wellfields of

mining unit I & II would be 3.0 gm/l. The assumption is made that

TDS would decrease linearly from the field boundary to baseline at

the unaffected area.

6.5 Restoration Process - Mine Plan & Schedule

In order to reduce the post mining TDS in the wellfield area

i

prior to restoration, initiate the leach in subsequent fields and

preserve leach chemicals, a water transfer from a mined out unit to

1

t a new unit will start the restoration cycle. Assumptions made
i

include:

26b2((
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a) The water transfer will approximate a blend of the new unit

- baseline water quality and the post mining water quality from the

transfer unit. This would leave both units half way between

| baseline and post mining quality.

,

4

! b) As progression through the units occurs, post mining TDS will
f

increase as a function of the initial transfer. This straight line'

increase is a " worst case" assumption as leach chemical injection;

i -
.

| demands would decrease after unit transfers.
;

t

; c) The transfer could be performed in the wellfield itself,
1
'

thereby bypassing plant circuits. Assuming a 43.4 x 10 gal.

standard wellfield unit pore volume, 60 days at 500 gpm would be
i

required for the transfer. As there would be no overrecovery on

the transfer, the assumption is made that only the internal unit is

affected, leaving the external affected area at post mining TCS
,

levels.

1
&

) Section 6, Table III determines the prerestoration TDS at each of e

;

the wellfield units following the water transfer. The table also determines e

time requirements for the electrodialysis unit to remove the required

j dissolved solids from solution. EDR efficiencies were determined in the
!

R & D operation and the unit in the commercial flow sheet will treat 200

i

gpm from the anticipated 500 gpm restoration flow.

i

) As Section 6, Table III demonstrates, between 337 and 456 days / mining
:
i unit will be required for complete restoration. Considering the number

j of " worst case" assumptions used in generating these time requirements,

actual time may be reduced by 10 to 20%.

,
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.. - -_ _ _ _ _ . _ ___.-___ _ ____
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The restoration unit flow would be approximately 500 gpm and that

flow would be diverted through an ion exchange syrtem to remove oxidized

uranium. A split of 200 gpm would be taken frera the barren ion exchange

effluent and fed to the electrodialysis unit. The EDR would provide 170

gpm of low TDS water which would be used to dilute the remaining 300 gpm

of IX effluent. The total 470 gpm would be reinjected to the field.

.

In order to draw in the affected area, directional overrecovery

would be used in the restoring field (high overrecovery at outer field

edge with balanced flows in field center).

Section 6, Figure 1 demonstrates the mine plan and schedule based

upon this restoration plan.

10v

t
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SECTION 6, TABLE I

i
DETERMINATION OF TDS GENERATION RATE

R & D Original TDS - Baseline 482.6 mg/l

Total R & D Affected Volume 5,089,136 gals.

Lbs. TDS in Affected Volume - Baselina 20,496 lbs.

R & D"Wellfield Pore Volume 969,951 gals.

Affected Area Volume 4,119,185 gals.

Wellfield TDS at 2/25/81 2.965 g/l

*Affected Area Average TDS at 2/25/81 1.724 g/l

Lbs. TDS in Wellfield Area 24,000 lbs.

Lbs. TDS in Affected Area 59,265 lbs.O
Total TDS Lbs. in M Area 83,265 lbs.

!

TDS Lbs. in M Area at 0.5 g/l 21,235 lbs.

TDS Lbs. Requiring Removal to 0.5 g/l 62,030 lbs.

Actual TDS Lbs. Removed by EDR 86,324 lbs.

Final Average M Zone TDS 0.460 g/l

Excess TDS Lbs. Removed 1,699 lbs.

Lbs. Requiring Removal to 0.5 g/l 84,625 lbs.

Lbs. TDS Generated During Pestoration 22,595 lbs.

TDS Ceneration Rate in Affected Area 38.13 %

* Assumes linear decrease from 2.965 g/l at wellfield boundary
to 482.6 mg/l at edge of affected area.

(O
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- SECTION 6, TABLE II

_.

DETERMINATION OF COMMERCIAL WELLFIELD
VOLUME AND AFFECTED AREA

As well flow rates would be similar to the R & D Phase, lateral
diffusion would be roughly equal.

Based on noted distance of lateral diffusion in the R & D patterns,
a nominal linear distance of 70 feet is assumed.

.

The average wellfield perimeter is assumed to be a rectangle of
X 2X.

t

Average Mining Unit Area 400,000 ft.

Average Sand Thickness 58 ft.

Average Mining Unit Volume 23.2 x 10 ft.

J Average Porosity 25%

Average Wellfield Pore Volume 5.8 x 10 ft.

Average Wellfield Fluid P.V. 43.4 x 10 gals.

Average Mining Unit Perimeter 447 ft. x 894 ft.

Expected Max. Diffusion Distance 70 ft.

Affected Area 587 ft. x 1,034 ft. 606,958 ft.

Affect'ed Volume Fluid 65.8 x 10 gals.

Volume Outside Wellfield Perimeter 22.4 x 10 gals.

|

(O
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SECTIO!i 6, TABLE III

PRE-RES70 RATION TDS DETER!!INATIOri

Fields 1 & 2 Fields 3 & 4 Fields 5 & 6 Fields 7 & 8

Pre-mining TDS (Post-transfer) 0.482 g/l 1.741 g/l 2.371 g/l 2.685 g/l g

Post-mining TDS (Pre-t.rans fer) 3.00 g/l 4.259 g/l 4.889 g/l 5.203 g/l -4::
t>

Fre-restoration TDS (Pos t-trans fe r) 1.741 g/l 2.371 g/l 2.685 g/l 5.203 g/l b
oo

Af fected Area TDS 1.741 g/l 2.371 g/l 2.685 g/l 2.843 g/1 Q

C We11 field Volume 43.4 x 10 gals. 43.4 x 10 gals. 43.4 x 10 gals. 43.4 x 10 gals. M0 0

6 6 6 6 -

J.- Affected Area Volume 22.4 x 10 gals. 22.4 x 10 gals. 22.4 x 10 gals. 22.4 x 10 gals. gril

Cjlj Lbs. TDS Wellfield 630,573 858,753 972,481 1,894,25G Th
'

_2. Lbs. TDS Affected Area 325,457 443,228 501,926 531,462

Lbs. TDS Wellfield & Affected Area 956,030 1,301,981 1,474,407 2,425,718

C
k. Lbs. TDS @ 0.5 g/l Wf. & Aff. Area 274,563 274,563 274,563 274,563

C:
7 Lbs. TDS Generated in Aff. Area (40%) 130,183 177,291 200,770 212,585

,

Lbs. TDS Requiring Removal to .5 g/l 811,650 1,204,709 1,400,614 2,363,740l~T '

ff Ave. TDS Feed During Restoration 1.112 g/l 1.427 g/l 1.584 g/l 2.452 g/l

GPD Feed to EDR 288,000 288,000 288,000 288,000

TDS Lbs. Feed / Day 2,673 3,430 - 3,807 5,893
,

Percent Salt Rejection 904 90% 89% 88s

TDS Brine Lbs/ Day (Removal Rate) 2,406 3,087 3,388 5,186

Days Required /Wellfield 337 390 413 456

85% 85% 85% 85%
Percent Water Recovery

6 6

Brine Generated /Wellfield (Gals.) 14.6 x 10 gals. 16.8 x 10 gals. 17.8 x 10 gals. 19.7 x 10 g,gg,

c>,
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N
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, EVAZATION CF ELEC"'PCOIALYSIS FOR PROCESS WATER

TREATMF.NT FOR IN SITU MINING

R. A. Garling

UNC Teton Exploration Drilling, Inc.
3030 Energy Lane

,g Casper, WY 82601
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o '

S' Since the infancy of in situ uranium mining, a .has the appearance of a plate and frame filter cress.

| growing number of hydrometallurgical prccesses have and auxilliary equipment includes solution pumps,
-5 been incorporated into pilot and comnercial scale electrically actuated valves, filters, piping and a"

e flowsheets. Although initial design efforts were direct current power source. The ion separation
.7 *. geared toward maximizing uranium recovery and mini- mentranes are thin sheets of syntretic cation or*

',' mizing plant and wellfield flow circuit maintenance, anion selective resins. Attaching sulfonate or qua-;.

recent emphasis has shifted to improved means of water ternary ammonium groups to the cross linked copolymerconservation and aquifer restoration. As mining units structure determines the ion selectivity of the mem-
approached depletion, evaporation ponds reached brane. The membranes are separated from each other
ainimum freeboard, and state and federal agencies in the stack by non-cenductive spacers that house
demanded proof of groundwater restoration, processes flow channels which route the flow tortuously and
includin; mixed bed and conventional ion exchange, parallel to the membranes. Direct electrical current
reverse osmosis and electrodialy-is were adopted by passing perpendicularly to the merrbranes and solution

].._
the industry. These units served the additienal passages attracts cations toward the cathode and
function of reducing process bleed flows daring mining anions toward r.he anode (Figure 1). As the tons frem

-

in statea where the deep disposal well permitting ice the feed stream pass through the ion selective mem-.# rematns unbroken. branes, they become concentrated in the adjacent/ \ This report concerns the use of electrodialysis as brine chanrel and are retain 2d there by the combinedV an alternative to the more conventional processes used attractive force of the electrmie and the repelling
in in situ mining. In addition to a brief history and force of the next membrane toward the electrode.

( description of the process, a comparison to reverse Limiting factors on the degree of demineralination
osmosis and operational data derived from testing an Possible include chemical solubilities in the brineIonics, Inc. 1. 31 x 10" m"/s (30,000 gallon / day) flow and the current density that will produce an

. unit at the Teton-Nedco 1.euenterger Research and De. unacceptable degree of polarization (Figure 1) . Feed
velepnent pilot will be presented, or brine solution treatment with complexing agents or

acids has been successfully applied to prevent mem-
| HIssY_ brane scaling. Folarization can occur when suffi-

cient current density is applied to disscciate water
Comercially practicele electrodialysis was con. in the ion depleted region of the diluting compart-~

tingent upon the development of synthetic ion exchang, ments near the membrane surfaces. Significant polar-.

i me.abranes in 1940's. In 1952, Ionics Inc. domen. iration is evidenced by large electrical resistances
strated that the process was amenable to the treat- across cell pairs and notable pH differences between
ment of salt and brackish water and, in 1954, made diluting and concentrating streams. Limiting current
their first commercial sale. The following decade densities have been increased in U.S. manufactured
saw several major electrodialysis unit sales which equipment by utilizing tortuous flow paths of rela-
were generally targeted for use on private or munic. tively high linear velocities thereby promoting con-
Apal potable water treatnent. Major increases in tinous solutior. mixing. Energy consumption is due to
membrane desalting unit capacities, facilitated by separating electrolytes and solutions, oxidation and

. - technological advances in the reserve osmosis indus- reduction reactions occurring in electrode compart-
try, were noted during the 1970's. T'e development tients, overcoming electrical resistanae, conversion
of polarity reversing electrodialysis equipment which from AC to DC power, solution pumping and auxiliary
reduced feed pretr(atment requirements, increased equipment actuation,
water recovery ratet, and simplified unit creration, A major improvement to the basic electrodialysis
kept Ionics Inc. competetive in the water treatrent process was applied in 1970 which resulted in fre-
industry. Engineering advances which incorporated quent, automatic cleaning and descaling of membrane
automated equipment, non-corrosive construction surfaces. The process, polarity reversal, incorpo-
materials, and improved ion exchange membranes allow, rates alternating the cathode and anode on a periodic
ed the electrodialysis process to compete in indus. basis while exchanging product and brine ficw channels
trial .aste treat-ent among other commercial markets. via electrically actuated values. The reversal re-

duces the potential of stack plugging with CACO"
PPOCE33 AND APPARAT"3 CESCRIPTICN (calcite), CaSO (gypsum), and colloidal materials4

and, in most waters, eliminates feed pre-treatment "O The electrodialysis process utilizes direct elec- requtrements. Fcr approximately two minutes during() trical current passed across a stack of alternating and following the reversal, off spec. water is flushed
cation and anion selective membranes in order to to waste or reintroduced to the feed supply. The
achieve an electrochemical separation of ionized usual feed treatment on polarity reversing electro-
materials in an aqueous solution. The membrane stack
_ - . . _ . - _ - - . - -
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( |dialysisequipment (EDR) consists of filtration of nnnce clearance are 4.27 m (14 ft) x 6.1 m (20 ft) x
.particulates exceeding 10 tsu (micron). 3.65 m (12 ft H)..

| The unit was to be tested on feed solutions com-
8

EDR CCPPARED TO REVERSE OSMOST3 (P.O.) parable to those anticipatsi during the commercial
f operation including ion exchange barren effluent,

The tool widely adopted by the ISL industry for mining zone restoration fluids, and impounded bleed.
process bleed redaction and groundwater rest. oration Continuous operation began 2/25/01 with a 2.9 g/l

,,g 'has buen reverse osmosis (R.O.). R.O. units utilize TDS feed split from the ion exchanggbarren ef fluentexcessive pressure exerted across semi permeable , stream. Due to the high initial Ca and HCO con-

d spiral wound cellulose acetate or holicw fiber poly- :centrations (0.25 g/l and 1.7 g/l respectively), pH*

amide membrane elements in order to reverse the natu- ' adjustment of the feed flow' to pH 5.8 to 6.0 with
ral osmotic process. The net result is similar to 351 hydrochloric acid was required to prevent
electrodialysis in that dissolved solids in fe.ed CACO)(g) precipitation in the brine stream. AsT* water are concentrated into a reduced volu.me and feed parameters reduced from the ef fect of field
relatively high " clean" water recover *ies are noted. restoration. CO2 (g) , intr duced in gaseous form to.There are several dissimilarities between the pro- the feed tank, replaced hcl as the pretreat. tent

. cesses that suggest significant advantages to the ELR chemical.
operator. Due to the microscopic pore size of the Pretreatment costs during the test were 50.80/
R.O. membrane, n. ore chemical pretreatnent and fil- 37G5 L (1000 gal) for hcl and S0.91/3785 L (1000 gal)/' tration is required than for the 1 mm flow channels .for coy (g). Although costs were 4141 higher for

3* in the EDR stack. Pre-sof tening or cortplexing EDR CO (gT pretreatment, the addition was continued in
_ f eed is not generally required and the membranes orver to prevent reintroduction of C1 lon to the

withstand silica scaling. ED memDranes can be restoring . tining zones.

operated in ghe pH 1-10 range and exhibit stability Ionics Isc., testwork indicated that membrane life
to 316M(110 F) . R.O. F.embranes typically operate would not be significantly reduced by feeding ele-
only in relatively small pH and tenperature ranges. vated levels of free chlorine which allowed recircu-
Materials of construction and maintenance costs are lation of electrode corapartment flows to the feed

4reduced for ELR due to the comparatively low feed
aglution. This reduced brine flow f rq ]/s.5 x 10pressures. m /s (8000 gallons / day) to %2.5 x 10 m (5700

Parhaps the greatest single advantage to the EDR gallons / day).-. 7
. process is the stability and accessibility of the ion During the evaluation period, 1.25 x 10 L (3.31

exchange membranes. Althougn ED and PO are similar x 10" gal) wre fed at an gverage TDS of 2.35 g/1,, ,

p in that the icn exchange raedia represents a large and 1.02 x 10 Lf2.7x10galgproductat0.35g/l
t I proportion of the initial capital cost of the unit, TD3 and 2.24 x 10 L (5.8 x 10 gal) of brine wereV ED is unique because of the long term stability and generated representing a salt rejection of 87.5% and

g maintainability of the memoranes. Due to the low water recovery of 81.5%. Cheeical results from the
( pressura feed and nature of the process, ED membranes final month of the test ara presented in Table 1.

do not saf fer from the gradual compaction noted on The unit operate <3 96% of the t he available re-
R.O. membranes, and, as a result have demonstiated quiring only four cleaning cycles and no stack dis-

- working lives in excess of 10 years. Formation of assembly. Cleaning downtime was necessitated by
CaSO scale that can result in RO membrane failure or operator error in neglecting to maintsin flow to the4

j plugging, is restricted in EDR operaticn due to polar- feed tank during polarity reversals. The off aroc-
ity resersal and the commercial stack cleaning cir- ification water generated daring the reversals'

cuit. In contrast to R.O. embranes, ED mertrane continually enchances raw feed parameters by %55t.
stacks may be physically disassembled and mestranes Euutine operating costs averaged S1.02/3785 L
may be individually scrubbed if scaling cannot be (1000 gal) and broke down into pH adjustrnent chem-

~
controlled or dissolved by the " clean in place" Icals (50.06/3785 L (1000 gal)) and power require-
circuit. snents (30.149/3785 L (1000 gal)). Approximately

Dased on recent quotes f rom both PO and EDR manu. four manhours / day were required for data collection
factures, capitalequipmentcostsarecomparabje and and unit operation anu one manhour/ day was needed ,

3range from 3175,000 to G250,000 for 1.26 x 10 m /s for site analytical work.
(200 gpm) units. Operating costs for EDR units have A single day, 52,900 L (14000 gal) test was per-
historically been equal to lower than comparably size formed on feed from impounded bleed derived from an
ho unita (when feed TDG remains below 5000 mg/1) and earlier groun Nater restoration sweep. This test__

EDR feed pretreatment costs are typically Icwer. was designed to determine the feasibility of reducing
water storage volumes by concentrating dissolved

PILOT TPST PED 4TS solida in a reduced volume and creating a product
that met state surfaco discharge criteria. Test re-

In late 1990, Teton Exploration and Ionics, Inc. sults indicated tt t the 3.1 g/l TDS feed could be
initiated an agreement to perforn a three month test split to provide 784 product water recovery at 0.66
with a comercially sized EDR unit on the ISL cir- 9/1 TDS. Additional pre or post treatment of the
cuits at the Louenterger pilot project located near product to further reduce Pa-226 levels would be
Glenrock, Wyomini. An Aquamito V-M 1.31 x 10 m'/s requited to meet discharge quality.
(30000 gallon / day) unit was received, installed, and Ana;yses performed over the duration of the test
operating continuously by 2-25-81. The dual stage period showed a divalent ion rejection of 90.54 and
unit was expected to produce %5 mg/l TDs water f rom a monovalent ion rejection af 84.04 Radiometric
a Ced of 2650 mg/l with a product water recovery of and detectable trace elements showed feed to product
%e04 splits equivalent to major constituents (Table 1).p| Installation of tho thr ee ton, two piece unit re->

[ quired skid placement, plumbing unit feed, prody t( and brine lir.es, and providing a peak 1.2o x 10 J
(35 KVA) power source. Electrical power wa. provided
by the plant three phase diesel generators. Overall
dimensions of the unit including reabonable mainte- - - - -
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TABLE 1 '

( At this t we, the Aquamite V-M unit continues to ~EpR TcsT/ ANALYTICAL PCANS
operate ..A a *et.ste of the art" pilot sesJe well- 5

fielJ restoration is nearing compArion.
P A RA*'.ETER FEED BRINE PPODUCT PEJEC'"I] i e .;.

REFEPP:CE3Major mg/l mg/l mg/l
Pa rame te r Mason, E. A. and Kirkba.m. T. A., 1959, " resign of

Electrodialysis Equipmene," Cherital Encintering,

*
. . . . . . HCO 573 2,38 loc 81.!%3 Pr uess - svm sim sepa, voltm 55, ta). 24,

C1' 432 1.684 46 1 8b"% EE" ~*

Ancn. 1973, "Caricn-Transfer Membrane # Eallatin AMso[ 363 1,656 23 93.74 123.0.D., lonia , inc.++
191 826 * 16 91.6% An n, l?79, "C& tion-Trans'er Membrsnes".Sullet!.n CR

61.0.L, Ionica, Inc.Na 337 1,464 61 81.9% ratz, W. E., 1977 " Electrodialysis (EDI vs. Feverse++
39 44 208 6 84.6% Osmosis (R.O.)* Bulletin 100 - ED/RO, Ion!cs, Inc.

- Mason, E. A. and Juda, W., 1959, * Applications ofK+ 20 88 2 90.0* Ion Exchange Membranes _in Electrodialysis * Chmi-
Traces cal Onqir.eering Py anren - Sv"'posiu:= Series,

Volume 55,t;o. 24, 1953, pp. 155-162. . -
As .022 0.104 0.009 M.1% Matcson, M. E., 1975, " Membrane cesilting Gets Big

Push," Water and Wastes Enoineering, ?pril, 1975.Ba 0.15 0.23 <0.1 >$0% Katz, W. E., 1977, "The .:lectrodialysis Reversal ,[
NO +NO 1.9 8.0 0.44 76.8% (EDR) Process" Salletin TP-307, InternationalJ 2

Congress on. Desalination and Water Reuse, Tokoyo,*

se 0.11 0.19 0.02 81.8% Japan, Noventer-December,1977.~"
u 9.15 21.4 1.80 80.3%

Radiometrics PC1/L pCi/I, pCi/L

*~
Ra 226 667 2,904 64 90.4%

Th 230 54 415 10.0 81.54
crcss a 735 3,294 149 79.7%

Gross 6 2,182 4,390 379 82.6%

CONCLU$IDff
i
| Based on the results of the three month test

period, Teton-t;edco purchased the Aquamite V-M unit ~

for the pilot restoration and decommissioning project.
We feel that the EDR process has satisfactorily
proven its amenability to HC0 ' leach ISL water
treat.mentrequirementsandthfsandalargerunit
have been incorporated into the commercial scale
' flow sheet. Ease of operation, mechanical avail-
' ability, capital and operating costs comparable to
, alternate systems, the units ability to provide >80s
water recovery at >801 salt rejection, and the coop-
eration of the manufacturer were all factors in the

,4,.,,, decision to use EDR at the coccercial level.
The anticipated uses of EDR under connercial

oFeration include:

1) Provision of a source of low TDS process
water for Na,CO makeup, slurry product3wasning and East elution resin rinsing.
The unit feed would be the 0.5 to 26 field "

overrecovery fluid.

2) Commercial scale wellfield restoration
would be aqco.Tplished using an Aquamite 20
1.26 x 10" m#/sec. (200 gpa) unit.

3) Process bleed reduction may be attempted
by reducing product radiometric levels to

[ a point where the solution is usable for
( construction water, dust control, drilling, .

+

plant washing or, with appropriate approvals,
surface discharge.

~ ~
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t ! TETON EXPLORATION DRILLING, INC.

LEUENBERGER PILOT
~

10NICS AQUAMITE V-M OPERATING RESULTS -

FEBRUARY 25, 1981 - SEPTEMBER 1, 1981
,

i -

% MECilANICAL AVAILABILITY >98%

FEED VOLUME 6.9 x 106 GALLONS

! FEED TDS 1.72 G/L

O B'RItJE VOLUME 1.1 X 106 GALLONS

t BRIT 1E TDS 9.5 G/L

PRODUCT VOLUME 5.8 x 106 GALLONS

PR0auCT TDS 0.20 G/L

% SALT REJECTI0tl 88.37% '

% PROoucT WATER RECOVEP,Y 84.06%

.
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. TETON EXPLORATION DRILLING, INC.
;

O' LEUENBERGER PILOT
"

( ' <

.

,

10NICS AQUAMITE V-M TEST RESULTS
~

$ +

FEBRUAR.Y, 1981 - MAY, 1981 '

! ;
-

.

EXPECTED RESULTS: -
; i

; i
-

>

! !
FEED TDS 2.65 G/L -

I
! PR0aucT TDS 0.655 G/L -

i

% PR0oucT WATER RECOVEhtY 80%
~

i f .

'

: ACTUAL RESULTS:
,

. % MECHANIC'AL AVAILABILITY 96%!(; -

) FEEo GALLONS 3.3 x 106 GALLONS
-

t ,

,

!
i

| FEED TDS 2.35 G/L
i

'

| j BRINE GALLONS 580,000 GALLONS

PRODUCT GALLONS 2.7 x 106 GALLONS

PR0nucT TDS 0.35 G/L.

i

t

% SALT REJECTION' 87.5%,
,

,
,

:
% PR00ucT WATER RECOVERY -

81.5%
i

,

OPERATING COST $1.01/1000 GALLONS
,

~

! I

| .
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APPENDIX "B"

WATER QUALITY ANALYTICAL RESULTS
OF RESTORATION PROGRESS
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om s"ntd 2 is.e t 9. i .a t __

AuALic:S
DATES '

-
f.

q
. .

,

HCD; nc/l l 14 7- l Y
_

998 |1 !
'

CDs m;/1 ca .o. __ l| .

Cl n;/li e t.6 ii . 4 |

SO{ mg/l 4 75- isS l
;

i
i

IAnion ec. 42.44 8.13 - | | |
Ca" =g/l 2 + 4- l I

{
'

c 2.8 -i

Me" en/l .

s7 a 15. 9 | j
Na~ mg/l 5 5 fo B+ |
K'- ng/1t a2.5 9.8 -

- l|-

Cation ec.
-/+ balance

--
l4i. r o 8.42

i c i . 7 to i o B.6 S j

Sun TDS 9231 I |es t o :
.

Cond un/cm l | 30 3 c- 1 | |184. -
,

TDS ec/l I I 21 t .* |! I IA rg -i -

- .pH- unit 73 -.o3
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Te- mn/l ! <o.oS o.90- - - *
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50 ,/;:0 "
3 ! o.30

Se et/l o.o2 :
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nmonia (NH1 as N) (.I 32. , | |.
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carbonate (HC03) ? . o, 232. g44 2t4 2so

srbonate (C03) &- -D- _o- -O-

b l. 14 r a; lo3 8alcium (Ca) - t -
o

.hloride (Cl) ~.03 8 Li 14 4.I

:oron (B) ( . ~2. 5 -( , o / (.2.6
*

*1uoride (F) .48 .94 ,45

tacnesium (Mc) /.56 \G.*1 fr/ / t, 4 , */,

otassium (K) 9. a f B.1 8 ' '; 9.o
: odium (Na) r . c '. 19 c2(o 28- 2/o |
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.luminum (A1) <.0 5 <_) 3 -4. /o
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i/ium
r-

n (Ba) | (. 5 (I <.l 4,/0
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f |ladium 226 (Ra) pCi/l 1.4 la t 6[. 0 1.5 ' 8. 3
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{2 d68 W 324 330 |

[ -210 oCi/L |

Nitrate (N0 i) as N (.05
'itrite (N02) as N
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NATER QUALIn
WELL NAME tn Of\ - 2.

(Chenical units in mg/l except as noted)
OYDo 8'? 28//DE .y o

g> Sanoled
't- ri 90 9.eks.L g- 19- e 1 ! 'T -14 el I 'l-14--8 l IC-S-61

_.

'.U T /inity com as C,Co1
~( e2qo MO
.

-

>h iUnits) 7.9 1. 5 71f ' 7, 7 7.97
&_1s=c:onduc tivity (umhos/cm)

3 8_5 SOS qe9._ 485 033--
.

\nmonia (MH3 as N) (\ (| 2.1 l 4.(
otal N0 /NO, (as ?J) (.18 .15 (./ I

?

lica rbona te ( ~iC O3) 1 3|00 M z/ q u,4 2fs 2c6
__

arbsnate (CO3) -G-- -@ '

-Q- .o O
:alcium (Ca) 857 v' /oS 63 I (,7 6 '/ 9 |
2hloride (Cl) 38 .U8 6 .5 2/, / |

loron (B) ( . 2. s (. 2.5 | <. oj (, 2 5..
*

luoride (F) .4c . Lfg |
'

3 .Q0 f ,g |
!agnesium (Mg) l 7.3 877.2/ '/7 | /6 /o72-

4
.I 9'B.J B | 3, 6.2 |

'otassium (:< ) 9
: odium (Na) s931 848 i t. 2. 5 25- |
iulfate (503) iN| /96 86 //S I 99 |
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.morms no n rn 1 - n o Nitt 2. rsonrH 3 ttouvH + NO N TH 5( \TE SMPLs ' * 8 '8 2 * * ' ' * * "' * * *
3-29*8 2 *-2t*-8 2 S* 24 - R 2s.i2.a g 2 2.u 2 3 3-62 3 30 a2 4 21 82 3*25-82AN A L'iS IS

4 4 4 ,) J jDATES 2 . ica 82 '3 .'!3 *8 2 4 .ti, 6 2.
W S.2 g. g 2 5. ga . a 2,

HCO3 mg/1 93 ria. 2 < 3 s. 3 I
,

!

e34.9 / + 3. 5 15 7. + -C0] mg/1 .o. .o. .o. .o. .o. .o.Cl~ mg/l no i. c, 3.4 3. 8 3. 4 43-SO3 mg/l 2s a o. o 43.0 S6.o So. 2 1 59.0,

Anion eg. o.sf 2.72 3.27 3.49 3.49 I 3 93Ca" mg/l f5 / 7. 8 22.0 24.2' 2 4 . t, 27.5
,

Me" mg/l *3 4.73 5.4 s.9 4, . s t, . sN a'' mg/1 2 S. o so.o s4^ | 3 t, . 3 s t, . a s s . t,
TK- mg/l

.

2 3. ; 3. 9 4.4 3. 9 5.2Cation eg. 2,,4 2.77 3.13 3.'3 9 3.44 3.88~/+ balance 98.t o 98.I9 p a s . 3 t, s o 2.13 I o 9.4 2 to t. 2 }Sun TDS *

14, 6 2 11 249 2 c, t, 2G9 S o 2.Cond um/cm '24o 275' 34 S38 349 395

__ _

TDS mg/l s/9 iso 424 ~//o 22o it. spH- unit 7.44
/. I t. 9 2 to . 9 3 7.22 7.33U mg/l o. co 7 o.25 o.32 o.35 o.28 o.34"'3/s r7 32 so ,. 6 i s o . t,

t i v. t. 129.0
. mg/1 < o.oS t o.^ t o n.13 < o. l oatII mg/l < o-lo "***6 '

<o.oS * < o. oS * < o.oS * eo.oS e < o. o S * o.22As eg/l -< o.oo5 ', o. o s o . o.o u e o. o s t, o.o 21 . o.o c o.'a mg/1 ~ < o.o 3 \ to.r o <o;eo |
'

< o. r o < o. r o <o.roB -- mg/l .co.or 'e d o. o t ~ a o. 2 o < - o.ro e o.23 * o.t3Cd -- mg/l <o ; oo 2, < o.o f <o.oi- - < o. o a < o.o i < o.o i -Cr mg/l <o.os < o. o s - < o, o g - < o.o S < o.oS < o.o.SCu- me,/1 co.ol < o.o s - <o.os < o. o 5 - < o.o S W o. o SF mg/l o.27 a o. 3 t, > o.45 = o.30 v. o.24 . o.22Te- mg/l -<o.or- o.22- o.29 'o.20 I o.17 < o. oSPb mg/1 *

a o.o r <o.oS a o.o S * o.o5 -< o . o S <o.oSMn mg/L o.o s < o.o s- <o. os to.o S <a.o s o.05He en/l <o.o005 a<o.ooos , < o. coo 5 . 40.0002 * * o. coo 2 e < o.o co 2MO mg/L do.oS 4 o. 9 o <o.So <o.to to.lo d o.t oNi- mg/l' < o.o2 <o.oS <o.oS < o.05 < o.o S <o 06NO.,ltlO "
2 < o.05 *<o.oS , O. S 3 <o.05e n t o.oS < < o.o SSe og/l < o. c o s < o.co . o.osa . o . o o t, , <o.co a * < o.co iV mg/l co.os t < o. e o < o;to < o.s o <o.ro <o.toZn mg/l < o. o cS i < o. i o < o. o i < o. o s <o.o i o. o #

R 6 pei/l 75tS *i2tS 't2 41 t, 'i s 1 t I, is 2 f t, 4 8 f 7 t 5. 3vj pei/1 2.s t o.a + 2.7 t o.ot

2.7 t 1. 2 + 2 0. 7 ! 2.8 4 13.312.3
_*
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sNavon A N OM Tt* I no M Tid 2 NonsH .3 No an rH 4 NOMTH $nTE SMPLi s .a.8 2 L . t - R 2. 3382 32982 4 2 t, -8 2 S.24 62f. ,2. e 2 2282 __ 3 3-82 3 - so- 9 2 4-27-82 s.25 82ANA IU

4. .J '4 . .) . } f
DATES

, . n, . g , , 3. go.g g z , , g, . g 2, g.gg gg 5.pg.g g.

HCO i mg/l 24o 244.o 24s.8 2 44.5 2 S 3.8 3 50.3 ICoh mg/1 .o. .o. .o. .o. .o.C1' eg/l .o.
8 s. S 8.o 9. 2. 8.3 e.8Soz mg/l ,3 ic. 77 8o 8 4. t 82Anion eg. S.76 5.83 5.79 5.93 s.is 6.oc

*

Ca"- og/l 54- 24.o 46.2 46.2- 49.5 44.o
t

Mg"' mg/l +' i s . 2^ ri. I' it. 2 e l- 7 so. 9Ma'' mg/l 59 f., s. o 53,3 gg, o 59.2 s o. 9If mg/1 . S 5.8 u.3 4.+ a.o 1. 4Cation eq. s.,2 S.93 s. 9, s,93 'a.ja S.95-/+ balance soo.7o s s. it, 94.97 /oo.o 9 99.r3 eo s. 9 2Sun TDS 447 45/ 45o '457 473 Ac4Cond um/cm soo 566 __ 5 73' 57+ 588 583TDS mg/l 326 330 SS2 030- 370 30 6pH- unit 7.i7 v.o a.93 7. / 2 7.15 7.51U mz/1 o.o a to o.62 o.59' O. S+ o. So c. 3 7197 200.0 198.2 2 o0.4 2 o8.o 1mg/l 1o.05 < o. t o

*- 2 o5. 2
< o.s o < o.s o o.sr so.oS\. .d mg/l <o.oS . <o.os u 4 0. o5 . <o.os e < o.oS * o.22As- eg/l < o . co5 . o.o i 4 s o.o5o , o.o 4 f, , o.oo 3 * o . 1 7 4. |Ba mg/l < o. o 3 <o.io < o. i o <o.io < o.s o

B -- mc/l <o.cl "<oon * o. 2 /o w o t8
-

< o.ro
. * o.28 < o.Cd - mg/l 4o.00 2 < o. o 1 < o. o l - < o. o do.ol < o.o l -Cr - mg/l c o.o t < o.os - < o;os - <o.oS <o.oS < o.oSCu- mg/l <ocon <o.os <o.os v o. o S < o.o S < o.o S

~

F mg/l o.30 = o. 3G 40.4o . o. 3 (s v. o.24 < o. 2 i-7e- mg/l < o.ol o.10 <oro5 o.oa o.32- o.21_Pb mg/l <ooI <o.oS < c. os < o.oS < o. oS e o .o S

~

.

Mn mg/l o.o t 4o.o 5 - <o.oS w o.oS o.o7 o.o gHg mg/l < o. ooo s w<o.oco5 = <o. coos W<o. coo 2 +4o.0002 * 40.0002Mo mg/l <o.oS < o. 5 0 do.t0 c o.s o < o.ro < o. s oNL- ng/l < o.o2 - <o.o $ do OS < o.oS < o.oS <ooSNO,/NO3" o.3o - e o. 3 4 a o.29 . o.ie w < o.os y < o.os

.

Se eg/l 4 o.co5 * o.co s * o.o26 * o.oi4 , 40 008V mg/l < o.oS < o. n o <oao < o. s o < o. i o <o.so
+ o.oo 2'

Zn eg/l < o.c oS ' O.02 <o.01 < o;o i <o.os 4 0.0 t| | |
| i

|Ra220 pci/N 326 to '215 d 9 3383to* * 238f8 e 2 78 f 9 43(.2tet.4|pti/l 14.It1.8 * 10.8 11.9 c.9 -I 1 = 21.9 f2.9 w 2 4 . s f .7.9 + -
=
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ono ron t. nonrH nonrH 2 esosurn 3 nourn 4- rs oni ts SATE SMPLv s.e-82 2.t. 8 2 3282 32992 4 2, 82 5-24 82. s.12 82 2. Q . 81 3 3-82 3 3o 82 A.27 62 .535-834, 4 .) .$ d hDATES g . ,, 8 2 4 33082 4 . i t, 8 2 52892 5-28 82

'HCO3 nn/l 236 336.9 039.9 3 44. 2 2 4 to. 9 241.4C03 mg/l .o. .o. .o. .o. .o-Cl- en/l .o .6 i. 9 7. 2 B.S 8. '3 9.450% mg/l e2 v6.i 79 as i as. : i stoAnion eg. 5.74 S.71 S.78 6.0/ G .o S
'

Ca" mg/l 44 4 t. 2 4G2' 46.2- 47.3 44.o

f, . o 8

Mg" mg/l s o' - si. o ' / s. o 10 9 si. 2 s o. (,Na* ng/1 GI so* 59.3 57.3 S6.4 c,0. 817 ng/1 5 s.o c, . 7 s . ca e,. oCation eq. 5.Bo S.99 S.98 S.'8 8 s.99 5.83

.r. h

-/+ balance 98.97 95.S8 94.74 /02.30 101.04 103.28Sun TDS 444 446 449 459 463 4g4Cond .n/cm 4So 555 S to to- S72 579 5 76TDS eg/l 324 330 570 ce2 372 096
_

pH- unit i.32 to. 9 G.94 7. J + 7.07 7.9 'tU cc/1 o.oi5 o.SI o.4B o.4 I o.35 o.28'"J /i ! 193 I S S. 8 I S6. to _ 200.2 202.4 202.8* ag/l to.oS <o;so c.2S 4o.10 to.so < o.oS\ il ng/l 40.o5 * * o.oS w e o.oS * < o.oS d 40.05 * o.33As mg/l < o.co5 w o.o t4 - o.o45w * o.o s 4 * o.o3+ + o. 808Ba t 7/l_ < o. 0 3 < o. to <c.to < o. / o < o. t o < o.s oB -" m2/1 < o .c l ..e 40.o1- * o.21 +"otB + o.20. 4 o.tbCd - ng/l 4o.002 <ool <o.ot < o. o t < o.o 8 40.01 -Cr - en/l < o .-o n e o.os - <o.oS < o.o S <o.oSCu- en/l < o.o i .c o .o S < o. oS < o. o S do oS <o.oS

< o.o g

F nt/l o.3o ' o . 3 to w ocS to w o.33 * o.s3 -v o.277e - en/l < o.o t o.22 c.3 0 'o.4 o o . 3 to

'

~

Pb mg/l < o.o q
< 6,o g < c.oS < o. oS < o.oS 4 o.o 5 < o.o SMn Cg/l! o.o I o. o S o.o D o./o o.Jo 0.slHg =g/l <o.ocod l <o. coos w<o.ocos + <o.ooo 2 w < o.o o o 2. * 4 0.0co2

'

Ma og/l < o .o S c o. io co.so | < o.to t o. 80 t o .n oNi -- mg/l <o.02' 4o.05 <oloS 40.05 d o.oS <o.oS 'K0 /;;0 "
3 3 o.g o - 4 o.it = o. 2 I * t o.o S * < o.os- V 40 05Se ng/l <o.cos w o.oo to 4 o . o 4. 4 c .co t, w d o.co t *V mg/l < o.o S <o.Lo <o.to 4 0.10 < o.80 <o . 8 0

wo.oco r'

Zn og/l < o.ooS e o.o i < o. o I < o.o : < o.o 8
_

| 4 o.o I |

Ra226 pei/1! i99 i 8 223 i B * 37G t80 v 4is t i * 3943:: y 32it8.8pci/1 4 . 3 i t. o e s.8 t o.8 2.8 d t. 2 , r 2. (s ! 2. 2 - 410.85f.9,
" y -.iss At un nA A3 4 na NA y/t -Cross B uA
"

un uA NA N4 es A-
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oms ro AL nono ret i N O N 719 2 HoNTH 3 94oNTH 4- HOMTH S' ATE SMPL. e-0 8 2 2-t-92 3 2.R 2 3-29 82 4 2 t. 8 2 S-24 82
,

\
i.i2 82 2 2.B2 3.a.s2 3.ao . 8 2 4-27 82 525-82Ali;,L Y G I S

j 4 j 4 4 4oATrs 2.,u .8 2 v _s .3o .s 2 4 % .82. 5 2 8.a 2 s 28 82 |
HCoi en/l 244 2 3< 7 233.s 24s.4 2u 3.3 24 y,9C0] mg/l .o. .o, .o. .o. .o.Cl- mg/l .o.

7 v.s a.S 7. 7 } 7.a 7, gS0i mg/l 82, 3 7. B 93 SG 95.4 ,oAnion eq. S.9/ S. 9 / 6./o G. 2 G o.53Ca" mg/1 , 4o 44.0 47.3 4 4. 2- 43.5
3 ,gg

Mg" mg/1 \ ! l' . 10.7' t o . l, to.3 e s. 4
47.3

T y 9. 2Na ' mg/l t, 4 of- 64.9 62.4 t., 3. 8 ' 6 5. /K' mg/l 5 _ 6.s c. 7 - 4.B t7 a.BCation eq. g. g f 5. 9 o r, .' 2 4 4. o 6 t 37 6.30-/+ balance tor. 7 2 roo.f4 9 7. o g /o3.32 so 2. 4 7 103.95Sum Tng -453 453 470 4 7 (, 438 497
__Cond um/cm soo 5 77 ss 9- 6oo o2c useTDS mc/l 339 340 $~ 10 328 39 2 A+2pH- unit 7 o2 7. o 6.78 6.79 7.09 i.39U mc/l o.oo? o. ss o.ts o.' t B o. 2 o o.16*3 /r | 20o /94.0 19 t. . o 202.0 2 I G. 8 2 11. 4-'' mg/l t o.o S < o.ro c a.10 4 o.10 40.10 < o.o34 mg/l <o.oS * < o. oS a o. n 4 * o. 2 4- v < o.o S y o . 3(oAs mc/l < o.ooS v o.om o = o. o 2 5 * o . c 3 4- 4 o. c o a e o.o o sBa mn/l1 I e o.0 3 0.10 <o.so <.o.so < o. s o 4 o. i oB- mg/l | < o. or * <o.of a o.23 w 0 12 o.42 4 o . t t.*

Cd m2/1 < o.co 2 <o.01 <o.cl < o.o s < o.o i < o. o -Cr - ng/l <o.o: <o.oS < o. oS c o. oS so. o S 40.05
'

Cu- en/1 < o;o < o,os < o. oS < o.o S < o.o S < o.o SF mg/l o.30 * o.33 4 o.'30 * o.40 * o.30 * o.30'Te' mg/1 ' < o. o I - o.*17 /. / 3 /. 5 4 2.oS o.To "

Pb mg/1 ca.o i < o.05 < o. o S < o.o s < o.oS < o.o sMn ng/li o.02 | o . o to o./c o.o S o.so i o.//Ug DR/l | < 0.000 5 * < o.0 00 5 4<oooos e d 0 000 2 * < o. 00 0 2 < < o.c oo 2MO mg/1 <o.oS 4o.lo 4 o. Io < o. / O < o. I o <o.tofli- mg/l < o. 0 2 * < o.o s <o.o S v o.oS < o.oS c o.oSNo,/no, "
_ o.no- * c o.oS s s o.oS * < o.oS * <o.0 5 +<ooSSe mg/l 4 o.co S < o. o i a =eo.ooi o.co 4 . o . c o t, , o.co3V mg/l < o. oS ! < o. n o < o, s o < o. io .c o . , o < o_. , oZn mg/l < o.co s <o.on <o.oi <o.os < o.o s < o.o r i

R.2D_pci/]] 391t11 '4 t= 2 ? i 2 SG4 t:2 * 4 5 3 d t! i *49:ti2 v t= 4 8 ! ' 2 51
<

'' L M PCi/ 8. 0 f . 4 1.4 i t. lo D 3. (, t 1. 4- =24.3f3.o w oo. 4 f 2Ja l ~

*

b.JSS A sa A
" y

uA u4- NA NA WA *

CROSS 3 ' MA
"

uA DA AJA NA N /4-
4 /hu A tlf 2 P.C O*1 OUTS gon I.A 60 E A TO C.Y

- - - 2062f;.aam . ._
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.

In e rt r* 4 momru s nou rte 2 n o sc rit 3 nourH + rs oorn S[ ' ATE SMPL1 /- 8 - 8 2 2. /. R 2 _3292 _ 3 -0 9- R 2 4 2r 9 2 594 82s.t2 8 2 2382 3382 3 30 82 4 2 7 . ns ?. S.DS.82AllALYSIS y
DATES , 4 4 43 .pg, . g 2 4 32082 4 10 B 2 S. 2 8.g 2 S.2 a.g 2
-

HC0i nn/l 268 260.6 a5 8. 2 a os. S 2 t. 9. G 2 too. 6
CO$ ag/l .o. .o. .o. .o. .o. .o-Cl- mg/1 a s. i s. 2 e. 6 3. t, 9.i
SOK mg/l 82 84.9 ,' 88 67 B 5.1 8 t,'

Anion eq. 6.34 4.27 6.23 t,. S 7 6 . 4 (, 6.32{ Ca"' mg/1, 42 44.o 44.0 44.0 4 G. 2 42.9Mg" ng/l io- l /0./- 9. 9 9. 4 so.I 9.8
<

Na'' mg/l 74 70 7/ s t,s.S 69.7 f, 3. 3I? mg/l t, 7. 3 - 8. o - 8.1 1. I 8. OCation eg. o.29 6.27 c.3S 4T/9 6.38 (4 . 18
'

-/+ balance 100.95 /oo.o o 98.st sos.od s o r. 31 10 2. a 8Sum TDS -4 3 o 485 4&4 489 498 A 8 (oCond um/cm 540 4o7 a/+ -cos 42I c, o 4
TDS mn/l 358 362' 526 332- 38(o __ 3 3 4-pH- unit 7. / 2 v. o 6.Sa v. / a i.46 r. 9 co !t m2/1 o.002 o./3 O.so 0.11 o.08 o.oS

'

m9lo 22o a 13. 8 00R.4 2/G. o '121.0 2 s 3. to'' agl1 <o.0 5 < o .10 .co.so < o.1 o < o.1 o < o .o S.. aT ng/1 <o.05 .*<o.oS u e o. o.5 m ao.os s to.os s o . 2 o,As m2/1 <o.co5 = 0. 02 0 v o.o S * o.030 * o.o s 2 * o. o 2 5Ba en/l <o.o3 < o. o eo.io < o./ o < o.r o <o.ioB- mc/l <o.ol d e o. o s - *o.22 l = o. s 2 * o.94 + o. t rCd - ng/l: 4o.o02 c o. o s < o;o s - | <o.of < o.o 1 <o.ol -Cr - mg/l c a.o <o.oS- < o. oS -
'

< o.oS <o.oS <o.oSCu- nn/l 4 o. o I e o.o 5 < o. o5 < o. o 5 < o.o S < o.o SF nn/l o.33 * o.33 d 0. 3 c = o.30 * o.27 * o.249c - nn/1 <o;o - < o.~ o S - < o.c5 < o.os o.o a < o.os *

Pb ng/l < o. o i <o.05 40.05 <o.OS <o.oS < o. oSMn ng/l o.03 " O. oS - .co o S | c o. o S o.o8 o. o toMg DE/li < o. c oo$ * <o. coo $ l V< o.Ooo S w 4 0. 000 2 44o.0002 440.0002MO Eg/l 40.o5 < o. in < o. a o _ #o-to d o 80 < o Lolii -- eg/l < o. o 2' < o. os <o; o s < o.oS <o.oS < o.oS

_

NO,/NO t o.no W o.08 4 o . o *7 w < o.05 + * o.oS *<ooS

"

Se og/l < o.co s = o. o 2 (o M do. cot + o .0 2 (, * o.o t o * o.co 5V mg/l c o. oS <o.50 < o.~ 8 0 < o lo ' <o80 4 o. 5 o
'

Zn og/l < o.00 5 40.01 <o.of <o.ol vo.o f < o.o l

R 29 pci/l / 8. (, f a. 4 y /7 f 2 * e5.5 f 2.s ! = se,. 3 d 2.2 l 4 15. 3 d 2.2 w se.st2.3
*

f A pci/.t 9. 2 i s. S a io. S t t. 9 l , 3. 5 t 1. 4 . a 1. s !:.d u 17. a i 2.t. t -DLoSS A f4A NA NA N4 NA NA '

"

Gross B wA a; A na NA NA NN

"

+ Au A tef I.6 0 M ouTSsoC ABOCAToAY

]i- g gg{ '
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. '

on o rr eo s. rso u rn a tsaarn 2 naarx 3 rsosiin +ATE SMPL I- n - 8 2 24-R2 2. .92 _3 39-92 a.26-R2 . S. 3 4 -M
r.sonn u s

f.12 6 2 0.a.82 3 3-82 3 30 82 42782. s.25-82ANALYSIS
4 ,4, 4 4 g gDATES

3. /G 8 2 w 33082 4.i6 82 S-28-82 E.2g.82
.

HC0~ mg/l 2G8 ! 263.8 2 G4. 7 _264.7 26 7.2 2 14. l
'

C0Q mg/l .o. .o. .o. .o. o. .o-C1~ mg/1 9 s o. / 10. 9 so.3 .o.4 to. o '

_

SO~ mP,/1 82 30.7 9.f. 95 * r. 7 93 IAnion eg. 6.36 6. So 6. 6 / 4.64 6.63 6.72
'

Ca" mg/l +3 47.3 47.3 4 8. 4.- 49.S 4 i.3M ? mg/1 to- 11. 4 10.7 10.9 11. 0 s r. oNa7 mg/l 72 7/ 73.0 6 9. / 69.3 t 3. 9 !Kt mg/l 6 7. 9 e.o- 6./ 7.6 i. 8Cation eq. 6.25 4.4o 6.64 o.54 ' G. o o 6.52-/4 balance 10s.76 38.40 99;54 so /. SS soo. 4 0 toS.40Sum TDS ~430 602 SOS sos 509 St+Cond um/cm SSo 633 62B 633 a46 as4

__

_

TDS ec/1 364 3 74 SSO 35o 4 o 2. 356pH- unit 7.o 2 -r. o 6.83 7.26 7 50 1.65U me/l o. o o S o./8 o.'29 o.sS o.tS o.itO '''3 /s } 22o o /6. 2 2 s 7. 0 o /B. 6 at9.o 325.2^[ =g/l\\ <o.05 go:so s o.to _to.go go. g o g o. oS_\ 4 mg/l <o.os = < o.o S = < o.oS v eo.os * < o.oS * o.27As- mg/l < o. 005 * o. o 3 2 * o. o 78 * o. t 5 o ** o.oS 9 + o ' 08\ Ea mz / l_ <o.03 1 < o.10 <o.Io < o.s o d o .1 o eo.so3- mg/l 4 0.01 }*<o.0/ *o./S w o.it V 0.18 + o.o8Cd m2/1 40.002 <o.ol <o.01 c o.o n < o.c l < o.o t -Cr - mg/1 <o.os < o.oS < o; os - 1 c o.oS .c o .o S <o.oSCu- =2/1 i<o.ot .r o. oS c o. oS t o.oS a o .oS < o .oSP mg/1; o.27 *o.33 * o.27 * o. O e o.07 * o.' 2 7 '-Te- mg/l < o. o f - ,c o. o S - w o.'o S o.32 o. S + o.o s- "

Pb mg/l <o.of .c o . oS < o. o S <o.oS < o oS < o o3Mn eg/l1 c. 02 o.06 0.08 o.09 o 8o o.03
,

Hg mg/l } 4 o.000.5 ' 4 40.000$ w < o. 0006 y < o . oco 2 -me e o. 000 2 w<o.c oo 2
__Mo eg/l i < o.oS vo lo < 0.1 o < o. s o < o.so < o. ioNL - mg/1 40.02 < o.oS -c* o. oS < o.oS <o.oS < o.oSNO,/MO, " e o. os- w < o.oS = -( 0. 0 5 * 4 o.oS * <c.oS * < o.0 5Se og/l < 0.0 o 5- * o. 0 84- * < o. 0 0 8 '

x o.o i 3 + < o.co l * o.cos
4

V mg/l < o.oS > < o. s o 4 o.1 o < o.so 4o.lo <o.to7.n ug/l <o.005 < o. o I < o.o I < 0.01 -< o .c o 8 ' 4 0.0 t
RPRO pci/l 215 i8 3 /74.t 7 k >6 4 'f 7 l=16916.9 | *1713 7 + is o d 7.4. |

i

k pel/1 s.s t o.: > a.s t i.o \, o.81a.e ~

, i a.n 2.u ~ 12.+ 12.2 + \ -6.oss A "
NA NA ,J A Na uA NA -Gross B NA

"
NA NA NA M As A '9 ' A N ALv g ED BV Ou72nDE Lacoeuro n

] g .

,

Omv-c
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.

{ S M P L}.,
*N o r * ** L rien s a s 14onsu 2 efou ru .3 rsoniH & f rAou7 of S(

'ATF. i.a. a 2 2 -i. e 2 3. a . 8 2 a. 29. &2 a 2 s, . 2. 2 I s. 2 4 8 2s. o 2 . a 2 2.a.92 3 3.a2 3 3a.aa 4 1 s. s 2 s.2s .n2ANALYSIS *

4 4
4 . ib ,8_ 2 5 . [a . 8'2 4 4DATES 2 - /<, .' 8 2 * 3 30 82.

3 52892

HC0"i mg/l o s/ 2 o 7. 4 a 1/. B o /o. 3
.

'

b2872 2 [8.3'

Co{ mn/1 .o. .o. o' .o . \ .o.C1' mg/l -o.
t, v. a e.3 a. 2. 8.3 I 8.2SO{ mg/l 84 e 5. 9 96 97 s 2. ; } 98Anton eq. S.38 5. 4 | 5. 71 5. 7 o 5.93 s. 8 ca

'

cat 7 mg/l l 45 39 44.o 44.o 45.3 44

i

M e" mg/l t; 1
10 3 10 5 ' 10. 4 ro.S s t. oMa* mg/l s1 SB' S 7.1 SS. .s S t . ta S6.9K*- mg/l 5 4.2 4. 4c 6.4 5.9 s, . 3Cation eg. 5.35 5.49 5.72 S.64 S. G I, 5.75-/+ balance soo. 54 98.6 1 99.73 sno. 7 i tot. 2 S so1.90Sum TDS 4t+ 4- ts

_ _ _
_

; 434 432 4 34 443Cond um/cm 410 54i g53 ss8 ss+ SatTDS rw /l 3 11 320 456 ' P o 2. ~ 348 9 8 IopH unit 7.45 v. o 6.87 7. 3 3 b 7.43 v. 53U mc/l o.co8 o.34 l o .~3 3 - 0.30 c. 3 8 o.30 I

,j
1

173 170.2 _r73.4 \ 172.4 178.0 } , 179.4, ' ' mg/l < o.oS < o.'s o < o.t o <o.so .c o . io 4o.05\ .d CS/l < o. o S _v o. 2 0 *<o.oS * v o.oS 4 < o.oS * o. Q o

_

As mn/l 4 o. co 5 < o.oS I w o.oS 2 * o . 1 8 4. 4 o.oS5 * o . sSo
'

Ba mn/l < o. o a j < o.io < o. i o <o.so < o.so <o.,oB- mc/l < o. o i I = < o .o l- < o. 2 4 . o.30 + o. 2 3 4 0.07Cd - mc/l 40.002 < o. o n -< o. o l
Cr - mc/l < e.o s _ <o.o# .c o. o f -

<o.o _

<o.oS' < c. o S c o.oS < c .o S <o.oSCu- =c/l i < o.o l < o. o5 ' < o.oS '< o OS *o oS 4. o '. o S
'

F mn/1 o. s o n o. 3 7 = o S to 4 o.3t..
# o.30 * o;30'Tc m2/1 <o.og o.13 12S o.99 \ s.19- o . S to *

Pb mg/l < o.o i .c o. o S e o.o s < o.oS < o.os <o.osMa eg/l o.o 2 | o.o S o . o (.s o.ot o.o S 1 0.08He m;/1 , < o.ocos '<o. coo 5 ' =<o. coos | w < o.oco 2 * < o. 00 0 2 } *<o oco2Mo eg/l < o.oS < c. 8 0 <o.to l k.' o . 8 0 <o 80 * 0 80Mi -- m;/1 c o.o2 < o. o S < o. o S _ _ _ < o.oS <o.oS
_ j do OSNO,/M03" o. i o - = < o.o s v e o.oS < rg_5 * < o.0 5 * * 0 oS*

Se eg/l < o. oos v .c o.oo t = <c. oo i = < c.co J *< o.co I * <o.co iV mg/l 4 o.05 > <o.to .<o.no .< < e . i o < o.s o < o foZn mg/l .c o. o o 5 < o. o t .c o. o n < < >. o i <o.o a < o.o ' '

| $g 25 pci/l :os d i 5 k 78to i is 18 s t IS Le 8 3to t is | * G 3 t t 14- * 82 + !s5. 2 f
*

A. J pci/l _5.5 d s . I e o .3 d i.-S *.1313- _ v i&. 2 ! 3. 5 */G.712.4 * I -Loss A "
wA uA u s.

CROSS B "i ,
e, A u4 NA -

<

uA ls A pA NA NA N4o dortvzEo G, outsios LneosAvogy^

? O.(s 'i.[(
'

{ Ng: Lqo
,

rini:
.

r . -"
,

v v i u._. ;
.. ;-

-
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'
.* * *.; . . . . . . -. . ..

.
. .

sur re n t, nou vH I Hou rn 2 HOAJ fH 3 P10 U T)4 + tion TH S') ATE SMPL s.o 8 2 0182' 3 9. A 2 3-29 82 4. % .B 2 $=34 82gggg /./2 8 2 2282 3 - 3 - B,2
D A''""' S

,
3 3o.82 42782 5 25 82

' '
2 . /t, * 8 2 < 3 3o.82 4 . its . 8 2, 5 28*82 52881-

*
.

P.COi ng/l '281 !
. ,

'322.8 siv. o 317.7 3o 3. 5 309.+CO$ rac/l .o. 3.i 9. 4 v. 9 , s. S 8. tomg/l 8 8. g e.o S.3 a. S 8. o' S0? mg/l i35 /24.9 /28 /29 r 21.8 / 2 4-Anion eq. 1. 5o 8.44 d. 41 8.42 8.f4 8 . *1 i

,
i

Ca " eg/l as so /oo. f 33.o. 93. r 33,4M 2" nc/l So 24.2 33.0 33.B '2 3. '3 Q 2. 4
. '

Na# mg/l 32 33' 3 /.'S 32,6 32.3 32.IK'- mg/1, 7 8. 7 - e.g g. 7 - 8.7 s.5Cccion eq. 7.45 g,,, g.52 g 43 g.35 g, g o
'

-/+ balance soa.4 7 so3.2 sg. s 3 - _o q.19 37.33 soo.83__S u n TDS *S68 62/ oc6 ' t, r 9 uoS coSCcad um/cm ooo rs 3 vs2 14. + r30 s28TDS mn/1 +38 4 76 ~ S 70 _ ^ 4 3 2- 458 424pH- unit 7.84 s.2 8. o / a.19 s.32 8.23

.

U mg/l o.o S3 /. 6 4 1 /JS / /. S 4 i. 3 (e /. S o
'

'" 3 |t | 33o _ 319.8 _3 15. 6 D73.6 208.0 168.0- '1 Cell < o.os o./o o. ca 'o. 2 o o.so < o.oSd( Cc/l do.oS =co.oS d s o. oS V e o.o S 4 <o.05 s 0 20

'

As- ec/l < o.coS = o.cos = 0. o 14 * o; o 3 f, y o.o s 2 * o.0 2 iBa ng/l' ' < o.0 3 < o.to do;to t o.so to.ao so.to
_

B -' ne/l eo.of , 4 < o. o / - *o.24
_

__

e o.s 2 * o.to|

.w- 0. o 8_Cd - n2/1 c o. c o 40.01- < a: 01 - 40.01 <o.ot < o.o ICr - ng/l < oco t- < o. o S < cco S - < o.oS < o.oS < o.o S

-

Cu- =c/l vo.o s < o. o S < o. o S <o.oS c o.o s < o.oSF mg/l o.57 *o.57 a otS/ 1 o. t,5 * o.45 +o.51
r
'

'Te- ng/1 < o.o I ' O.44 - o . 1.9 o.42 o.S3 < o.05Pb mg/1- <o.os e o. oS < o. o S e n.oS < o.oS < o.o s -

*

l Mn mc/l | | < O.o f o. o G o.08i O.oB o.o S o.o t,
i

| He *. ,/ 1 | < o. O C o S
-

. avo.000$ w do. coos 44o.o002 4. < o. o co 2 * 4o.000'2.
i ;

IIO Og/l < o. OS < o. to vo.Io eo.do <o.60 <o.to
.

Ni - ec/l' e o.o r < o. oS c o. oS l e o.oS < o.oS d o.oSNOo /!!O, " < o. OS << o.oS w <o.oS v < o.o$ 9 < o.o S * < o .o SSe eg/l < o.c o s eso.co r a o,cos . <o.co . < o .co + s o.co lV ng/1 <o.oS < o. t o < o;to < o.n o d o to <o.tO
'

-

Zn en/1 t o.c o S c o.o r s o. o i < o.o < o.o i < o.o I |

| l
l

EB SY pct / /229 $ 20 a* /113 2 /8 e t 2o 3 *. /8 \ e t o le 7 i l')
S

+ flG4 $ 14 4 9 2 is t ito.1A P pei/.t s. i 2 i. s 8.t i r. 7 s.s 2 1.t, e i2.4 !2.4 + i c . o do.t..

h.oSS A " -

aA
" ,

n4 N4~ NA NA NA *Gross B NA.,- u4 33 A 1 uA NA NA
M ANALY2Io bU O

kp.-
.

_ _ _ _ _ _ _.
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.
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..

-
.

saso rise a. HoMTH s noc tH 2 *scM 7H 3
'

.

, t) ATE St'p Lo s. B . 8 2 c. i. R 2 _ 3 9 . # ./ 33982 .t . e s . A 2 6-04 832 ~

140 NTH 4-
.

Pfo u Too ,5
f.ta = 8 2 c.Q*83 3 . a = 8_2 33082 4 2~1 6 2 S 36 82

ANALYSIS 4
DATES ,4, ,

44

s . it, . 8 2 3 3o-82 4. I4-82 4
. S.as 82 62882

,

-

HCO~ nn/1 2 11 201.4 !
,

n o 9. s ] _o 11. 8 \
CO3 n g /.' 219.o ' o tta . 9 |.o. ,s. 5 7. o s. A te . 7

,

C1~ cg/1 7. 2 !no s. 5 t sR s. 2 n.S 3.0Sol =g/1 000 399_ g 923 3 j <a 319. g 3
, _

Anton eq. 3.38 so. o # to .'4 4
_

_ fo.So| Ca" mg/1 s23 13 8 /28.7 s09.8-
so.08 10.3 3

__M;" CO/ll ao CL8 36.4' 0 7. J-
t19:B r 0 9. 8''

Ma* CR/1 32 33^ B D.' / - 3 3. to SQ.l' 'jS . 4

97.2 27.5
K" nn/l_ 9 so.8- s o .'4 so. s so.3 10 2Catton eq. 9.40 10. 4 3 so:30 10.50 so . 4 2 t o.s o-/+ balance 9e.72 St,. 3 2 sol. 35 '93.9 2 98,69 98.44Sum TDS t, 75 713
Cond um/cm _ 739 ~ 74 4 ~13 3 13S7so 93I s2r 933 3s7 9i;TDS et/l S69 6 5 /, ' 74 0 't o8- t (= 4- OO4cH- unit 1.88 8. 3 8.14 '8.17 8.' 2 to a. 3 2
' az/1 o.00+ s.43 ( __. o. 't 2 0.33 o.o S o.oA

'

'"91, 173 18 9. 2 s B 3. 0 /30.0 18 5.o 19 9.8Al CR/l < o.oS ._ _ o. / o _ o./c o.86 0.44 .c o. o S l

_

<

.f{ cg/l
_

v o, o g ( 4 eo,og , < o. o g = < o.oS * < c. o S i. < o.o S
'

A *i - c2/1 < o. oooS ' a o.0o 2 < <' o. co S * o.ot4 +0.003' * o.co ?Ba n;/1 <o.oa < o. s o < o;s o 4 o.s o 4 c.so < o. t o

'

3 ** nt/l .<o.oo [a4c.o;-
4 0. S 2 w*o.so +02S 4 o.I3Cd - =c/1 .c o. oo 2 < o.o s < o. o s t o.o n < o.o s .< o .o tCr - nt/l <o:os .c o. o S - < o;oS e o.oS < c.o s d o.o S

-

Cu- =2/1 \ c o:ot < o. o S - < o.oS c o.os < o.o s <o.oSF ng/L o.-45 sO.7+ .* o:cos + o. G 5 + o.t 5 o o ; t, $ -Te- mc/l c o;o t ' o.33 - 2.33 s.73 iPb - ng/1 ' o. 2 + <o.05 *

<o.oI c o.oS < o. o S <o.oS <o.os < o.o5Mn m2/1 o.o 2 o. o t, o.to o.so o.o S o.o c.Hg CR/l 4o.oco5 *<o.00o5 w.t 0. ocoS w<0.0002Mo mg/1, < o. o s <o.so < o./ o ( < o.s o
v.< o. coo q qi (o.ooo 2

Ni - ng/l' < o.c o < o. t o<o.o2 < o.oS <o;oS < o. o S <o.oS < o.o SNO,,/N03" < o.o S a c o.oS * o.06 m ~ 4 0. 0 5 * .c o. o S * o.20Se eg/l e o.oos a < o.co , = o.co to , 4 o.co I w.< o. o o i * <o.co iV eg/l < o. o s <o.ro <o.so e o.s o < o. s o
_

i ! Zn eg/l <o.o05 vo.Os
__

< o. n o
o. c lo d o' o I d o.o l 40.08 i

.

l R,A36 pei/1! f3,f f2,j , 9,5 s f.7 I e 521 E |*32'!c.9| _T J pct /L n. 5 ,1 0. 8 * # #. 7 f s. <1 v 3 3. (, t 3.t9. 2 d 1:1,s * 9.5 4 o.lo o s 1. s f 2.(, + e 4.3 $2.4 4
aL sss A "

~u4 #A nA- es A NA AJ A *

4A M' 'I O b 4.1T5 t OE b/% S A"l~o y,',

Db. -

-- - - - - - - - - . .
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1 P.O. BOX 3632 * CASPER, WYOMitJG B2602

(. ' *'3. . .

AfJALYSIS REPORT

C OMP A ff Y : TETO:1 EXPLORATIO!1 DRILLI!1G, I!!C . DATE: February 16, 1982

'

UANCO fJ0. SAMPLE DESCRIPTI0tJ gg
i.

Water 6 7 8 9 10 ' Detection.y n g ,

Analysis reported in Milliorams Per Liter except where noted: Limit

fTotal Dissolved Solids 5 t; q 532 498 339 35R |

Sodium (Pla ) 31 38 37 64 74

| 9 8 5 6
'

Potas<,iom (K) R

Calcium (Ca) 112 96 93 40 47 |

|Maonesium (Mo) 26 23 21 11 10

sulfate (5%) 270 254 245 82 82 |

|Chloride (Cl) c; 2 0 7 8

|[ ) ' Ca r' ona t e (CO )3 0 0 0 0 0

| Bicart ona te (HCO ) | 1 203 187 244 268 |3 773
IHvdroxide (CH) I |

|8.13 7.67 7.02 7.12 }|pH. Units 7.79

|Condintivity. Mirror 4 T W S"C.| 710 700 680 500 540 |

Cationf0.29 8.56 8.18 5.81 6.29Total Millicouiv. Maior

Total Millicaniv, Maior Anions 4.42 8.67 8.16 5.91 6.34
'A!> solute Value. Charned Bal. 0.75 .64 0.12 .85 .40

Ammonia (f41 3 as N) T.T . 0 5 LT.05 LT.05 LT.05 LT.05
'Nitrate (N0; as n) O.5 LT.05 LT.05 0.1 0.1 , 0.05

LT.001 hT.001 | 0.001JLT.001 LT.001Nitrite (N0y as n) LT.001

Floride (F) 0.74 0.40 0.51 0.30 0.33 | 0.1
Total M La t i ni t y as CACO 3 183 | 167 153 200 220 |

'

| Total Hardness as CACO 2 387 334 319 145 146 I

Boron (D) LT.01 LT.01 LT.01 LT.01 LT.01 0.01

- 180" CREGARK5: ' Determined by evaporation Q

6. 570
7. 574 o f,, ts , A< a < < .< b,,.,

( . 8. 317
( v' g g,.,,m
.

9. MR-1
10. MR-3

T|(Jfi ti 20 6;L yw.
,
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' P.O. BOX 3632 = CASPER, WYOMING 82602

LA3
'

'

'

j - AtJALYSIS REPORT
' '

'

.

j COMPANY: TETON EXPLORATION DRILLING, INC.
DATE: February 16, 1982

UANCO tJ0 SAMPLE DESCRIPTION ' '610 4 -) *
l snfj

2981 Water 6 7 8 9 10
Detection

Analvsis.in Milliorams ner Liter excent where noted: Limiti

' Aluminum (AI) |LT.10 LT.10 |LT.10 LT.10hT.10 |o.to
| Arsenic (As) |LT.001 LT . 00iT . 001 LT . 001 |LT. 001 0.001
} narium (nal LT.10 |LT.10|LT.10 LT.10 .LT.10 ; o,io
i radmium (cd) | LT . 002 LT.00iT.002 |LT.002 LT.002 | o.002
3 Chromium (cr) !LT.01 LT.01 |LT . 01 |LT.01 |LT.01 !o,01
i

cnnner (co) LT.01 'T.01 LT.01 LT.01 LT.01 o,01L
Irnn (Fe) |LT.01 LT.01 LT.01 ;LT.01 LT.01 | 0,01

!
,

Irad IPb) LT.01.LT.01 'LT.01 LT.01 LT.01 0.05
i Manoanese (Mn) | 0.01 0.05 0.07 0.02 0.03 |0,01

-

(
Mercurv (Hal |LT.000 2bT.0002 bT.000 2 LT. 000 2 LT.000 2| o.0002

'

i

Iriietel (tii l | LT . 0 2 IL'I . 0 2 |LT.02 LT.02 LT.02 {o.02
| LT . 00dLT . 0 01 |LT . 001 ; LT. 001 LT . 001 | 0,001Scionium P.r i

' Zine (Zn) LT.00$LT. 005 |LT. 005 LT.005 'LT.005 | o,cos

|tulvbdenum (Mo) LT.10 LT.10 LT.10 LT.10 |LT.10 o,10
(U 08) PPB | 2 28 44 7 L 2 i ppn

Uranium 3

(V 0ri) .LT.10 LT.10 . LT.10 . LT.10 LT.10 L o 10
i Vanadlum 2 ,

I 0 Radium (Ra-226) niC/l Prec.| 2.8 d. 46 738 |391 '18.6 i|0.2 oiC/l
.9 4 15 | 11 2.4 |

Thorinm-230 |12.3 d{ l7.2 i 9.2 t '8.0 t '9.2 i
'

' '1.7 2.0 1.5 l.4 'l.5 |
|

'

gggggg3; Ana b, mis performed according to EPA Manual, 1979 and/or Standard Methods for
Exami na t ion of Wa t er and Was tewater, 14th Edition.

,

,

S
]0FE.2 DOCKET COPY> my

4

4
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1J WAMC'"AB
P.O. BOX 3632 * CASPER, WYOMING 82602

' 'A3.
ANALYSIS REPORT

COMPANY: TETON EXPLORATION DRILLING, INC. DATE: February 16, 1982

' 'UANCO No. SAMPLE DESCRIPTION gg
. i

2981 Water 11 12 13 14 15 ' Detection
Analysis reported in MilIiqrams Per Liter except where noted: Limit

Total Dissolved Solids 364 119 328 324 311 |
Sod i uin (Na) 72 25 59 61 57
Potassium (K) 6 | 2 5 5 5

Calcium (Ca) 43 15 54 44 45
Maonesium (Mo) 10 3 4 10 6 |
Sulfate (50I) 82 28 77 82 844

Chloride (Cl) 9 0 8 6 6

h Ca r' ona t e (CO ) 0 0 0 0 1 0 |3

/ Bicarbonate (HCO ) 268 | 93 240 236 211 |'

3,

!Hvdroxide (OH) | |
|pH. Units 7.02 7.44 ' 7.17 7.32 7.45 |
Condaitivity, tt i c roml8d' v25"C . ) 550 240 | 500 490 470 |
Total Millicquiv. Maior Cation < 6.25 2.14 5.72 5.80 5.35 |
Total Millicauiv. Maior Anions 6.36 2.11 5.76 5.74 5.38 (
Absolute Value Charged Bal. | .87 0.71 .35 0.52 .28

Amnonia (NH2 as N) LT.05 LT.05 LT.05 LT.05 LT.05 i

Nitrate (N0; as N) 'LT.05 LT.05 0.3 0.1 0.1 0.05

Nitrite (N07 as N) LT.001 'LT.001 LT.001 LT.001 ILT. 001 | 0.001
'Floride (F) 0.27 0.27 0.30 0.30 O.30i 0.1'

Total Alkalinitv as CaC01 220 | 77 197 193 173 |
'

I Total Hardness as CACO 2 149 | 50 151 151 137 I
i LT.01 LT.01 LT.01 LT.01 LT. 001 | 0.01Baron (B)

RENARK5: 1 Determined by evaporation a 180" C
11. MR-5

('~') 12. MI-l %), y
13. MI-6{v y g,gy
14. MI-10
15. 301

L'0FFIC!AL DOCKET COPY amy
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WAE0 LAB
P.O. BOX 3632 * CASPER, WYOMING 82602

j( u.: .

'

ANALYSIS REPORT

COMPANY: TETON EXPLORATION DRILLING, INC. DATE: February 16, 1982

UANCO NO. SAMPLE DESCRIPTION I'

| Mo/1
2981 Water 11 12 13 14 15

*

Detection

Analvsis in Millinrams ner Liter excent vd.ere noted: Limit
Aluminum (A1) | LT.10 k,T.10 bT.10 LT.10 LT.10 | 0.10
Arsenic (As) LT.00lbT.001 hT.001 GT.001ILT.001 0.00!
qarium (pa) LT.10 [>T.10 LT.10 LT.10 bT.10 | 0.1o

| LT. 002bT .002 !LT. 00 2 |LT. 00 2 bT. 00 2 | 0.002cadnium (cd)

Chromium (Cr) |LT.01hT.01 |LT.01 !LT. 01 hT.01 |0.01
Coaner (Co) LT.01 hT.01 L'T.01 !LT.01 ,LT.01 | 0.01
Irnn (Fe) | LT . 01 bT. 01 |LT. 01 |LT . 01 |LT . 01 | o.01^

1ead (rbi | LT. 01 bT . 01 hT.01 LT.01 |LT. 01 |0.05
|Manaanese (Mn) | 0.02|0.01 | 0.01 0.01 0.02 | o 01
I Mercurv (Hn) |LT .0 002 hT. 00 0 2 fLT. 000 2.LT. 0 00 2 |LT. 0 00 2 | 0. 0002
| Nickel ( fJ i ) | LT.02 bT.02 |LT . 0 2 %T.02 LT.02 |0.02|Selenin, ( c. e )

| LT . 005kT . 001 |LT . 001 |LT . 001LT . 0 01 | o ,001
|zine (Zn) |LT . 0 0 5 ILT . 0 0 5 |LT . 0 0 5 ,LT . 005 |LT . 0 05 0.005
I I

Molvhdenum (Mo) | LT .10 |LT .10 LT.10 ;LT.10 LT.10 0.10

| 5 7 36 15 | 8 ,i ppo
Uranium (U;08) ppe

(V 0c,) | LT.10 LT.10 LT.10 LT.10 LT.10 |0,10vanadium 2

j Radium (Ra-226I niC/l - P r e c . | 215 i |7 5 326 | 199 709 | 0.2 oiC/l
| 8 5 l 10 8 15 |

'

| Thorium-230 oCi/l | 5.5 i |2.5 i |14.1 i |4.3 5.5 i |
| 1.1 0.8 | 1. 8 'l.0 ' l .1 I

| | !

REMARK 5 Analysis performed acc rding t EPA Manual, 1979 and/or Standard Methods for*

Exami na t ion o f Wat e r and Was t ewa ter , 14th Edition.

1 (h(J
'

100CKET CW <c 1
s

h Db LW
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J WAM00 LAB,

h I P.O. BOX 3632 * CASPER, WYOMING 82602

'U.
'

_ AtJALYSIS REPORT

COMPANY: TETON EXPLORATION DRILLING, INC. DATE: February 16, 1982

' ' '
UAMCO NO. SAMPLE DESCRIPTION '

gg

2981 Water 16 17
Detection

Analvsis. reported in Milliorams Per Liter except where noted: Limit

| Total Dissolved Solids 428 569 |
'

32 |Sod i u:n (Na) 32 '

1

dPotassium (K) 1 7 | 9 I

Calcium (Ca) | 85 123 | | |
'

Maonesium (Mo) 20 | 20 | |
Sulfate (50 ) | 135 280 | |4

| Chlor ide (Cl) | 8 0 |

h | Car' onate (CO3) ! 0 0 |
'

| Bicarbonate (HCO ) | 281 | 211 | |('
hHvdroxide (OH) | |

3

,

|7.84|oH. Units 7.88 | |
'

| Condus tivitv. M i c ro. ME' 2250C . ! 600 750 | |

|TotalMillicouiv. Maior Cat ion $ 7.45 l9.40 |
'

|
*

l i
, Total Millicauiv, Ma ior Anions t 7.50 9.28 a |

| Absolute Value. Charoed Bal. | .33 |0.64
Anunon i a (NH4 as N) | LT.05 LT.05

Nitrate (NO 3 as N) |LT.05 LT.05 | | 0.05
| Nitrite (N07 as N) bT . 001 | LT. 0 01 | |0.001|

|

|Floride (F) | 0.57 |0.65 | f0.1|

| |lotal Alkalinity as CaCC3 | 230 173 | |
'

| Total Hardness as CACO 2 | 294 389 | | |

Boron (8) |LT.01 LT.01 | |0.01
REMARKS: c De t ermined by evaporat ion 9 180" C

16. 306 -

r L p w /u m d,a

) 17. 308 g,,

> l'! D\/.
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I P.O. BOX 3032 . CASPER, WYOMING 82602

( .13'

ANALYSIS REPORT

COMPANY: TETON EXPLORATION DRILLING, INC.
f) ATE : February 16, 1982

UANCO NO. SAMPLE DESCRIPTION ' ' '

Mn/1
*2981 Water 16 17

_

Detection
Anaivsis in Mi11iorams ner Liter excent where noted: Limit

! Aluminum (Al) LT.10 | T T .10 | | |0.10
| Arsenic (As) h,T.001 T,T . 0 01| |0.0011

oarium (Ra) h,T.10 LT .10 | | 0.10
radriium (Cd) h.,T . 0 0 2 | LT . 00 2! | | | 0.002
Chromium (Cr) h,T.01 LT.01| | 1 0.01
rnaner (Cu) h,T.01 LT.01| | | |0.01
Icon (Fe) "LT.01 LT.01| | | I0.01^

lcad (Pb) rh>T.01 iLT.01iI | | |0.05
|Mannanese (Mn) !LT.01 | 0.02 |0.01

Mercurv (Ho) !LT. 0002!LT. 0 00 2| l | |0.0002|Nictol (Nii IT,T . 0 2 |LT.02 | | 0.02
! Selenium ("o) |LT.001|LT.00d | !0.001

Zinc (2n) !LT . 0 0 5 LT . 0 05 | | |0.005
I l i I (

l Malvbdenum (Mol |LT.10 |LT.10| |0.10
| 93 4 | | |1 PPD

Uranium (Uzo8) PPB

(V 0c;) fLT.10 |LT.10| | |0.10
Vanadium 7

Padium (Ra-226I oiC/l - Prec. |1229 1| 13.1 | | |3.2pic/l
| | 20 2.1 | ! |
| Thnriun-?70 nci/1 |6.7 | 2.5 i| | | |
| 1.3 | 0.8 | | |
I I I I
^""IRENARKS: Exam?'i' pnformed according to EPA Manual, 1979 and/or Standard Methods for

inat.i on o f Wa t e r a n d Wa s t ewa t e r , 14th Edition.

,a

;0ECKDOCKET COPY
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b kOO WAMCO LAB

P. O. Box 2953 - Caspor, WY G2602O
ANALYS!C REPORT(

COMPANY: T. ton E:< p ! .:. r a t i o n Dr il lina Co. DATE's March 3C, 19CL

Sample ture Water W. O. No. 3C26

Ana190.. i re M i l l i urwTis per Liter except whero Noted

Sa nit' l e No. 1 2 3 4 r,

A meri.. n i a (Ni13 a: T.* ; G.2C . . OS .CS .OS .C'
.

Nitratu (NO3 as N) <.C5 ' . C5 <.05 .C5 0,34
N1tr to iNO2 a N) <. 001 <.001 <.001 <.C01 .001-

. F1oride (F) * 0.27 0. S *7 0.74 0.36 C.36
| Arson 1c ( A r. ) O.031 C.009 C.000 C.G30 O.C14

Barium (Ba) <. 10 <.10 ' 10 < .10 : .10
Mercur9 (Ha) s'. OCO2 <.000^ "002 < . 0 0 /$2 .CCO2

'1

Selenium (Se) <.001 .G01 .001 '.001 c.309
'

Pcdtum-226 pCi/L Proc 736+-15 1175+-10 9.5 -1.7 ~72+-S 27Sr-9
+-

Thorjum-230 PCi/L. +- Prec 6.3+-1.5 8.1 +- 1. 7 7.2+-i.6 ". 7-t -- 1. 0 13.G+-i.4

Sodium (Na) 58 33 33 30 61
Calcium (Ca) 39 90 128 20 44

amp 1. Do r c r t r t l o r.

3026-1 301 2-1-82( 3026-2 306 2-1-32
3026-3 308 2-1-G2
3025-4 MI-1 2-1-02
3026-S MI-6 2-1-82

.

I

LO FINF"" NY$ 20to28
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O 9 0 0ff7 2 filoE wAMCo LAe

P. O. Box 2953 - C.a s p e r , WY S2602

ANALYSIS PEPORT(
COMPANY: Toton Enp1 oration Dri11ir.a Co. DATE: March 30, 1982

Sa rre p l o t9Pe Water W. O. No. 3026

A n.1 1 971: 2n Milligrams per Liter except wher e Noted

S ara p i e No. 6 7 0 9

Anem o n i a (NH3 4 .c N) .G5 '.05 4.05 .2Si .

Nitrate (NO3 etc N) C.11 < . 00 C.OE ' . 25
Nitrits (N02 a? Ni ' 001 <.001 <.001 <.001
F1oride (F) * 0.36 0.33 0.33 G.33
Arsenic (Ar) O.014 0.C2C C.C2O O.022
B.n r i um (Ga) <.10 <.10 c .10 .10
Mercur9 tHa) ;.COC' -' 0002 ,' . 00 02 . <.0002
S e 1 e r,i u tr (Se) C.006 0.018 3.026 0.314
Ra d l u rt-226 pC1/L +- Prec 223 +--O 462+-12 17+-2 174+-7
T h o r i u ni-230 pCi/L +- Prec 1.5+-0.8 7.4+-1.6 10.S+-1.9 2. 5 +- 1. O

i Sodium (Na) 60 61 70 71
Ca 1 c i um (Ca) 49 43 51 47

a rri p l e Description:

3026-6 MI-10 2-1-52( 3026-7 MR-1 2-1--82
3026-8 MR-3 2-1-02
3326-9 M9-5 2-1-02

.

,

(O -
0FF C A_' J0CKET COPY .2 e r
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0400873[fHOE u,.,nco u,.a

P. o. co, Ova - cancer, wv e2 !. 02

( ANALYCIC T?E PO TIT

C 0Mi'/.N Y : Te t o r, E:P i ..ra t i .n Dr 112 r:0 Co. D AT' ' Ar r .1 16, i c L~. C

i

Surir l e *: v e e W.:. t + r W. O. No. 3394;

Area 1 9 :. . ' a re M i l 11 era m:- per Liter e cept .gn -; e , , . . t c. . !'

G.v:, e i s, No. 1 J. 2 4 "

*
An'.ni.. i ; ei ( Ni i2 a: N '' L* , ~ : 4 .US . :,5 . C '., s .C,.

f!i t r .it e fNO3 .'e N) .CU G.C7 ' . C 'a .CS ' .OS
Nitr: ?e (NO2 a .- N. ) .001 <.001 <.001 '.CGI .001
fi l o r 1.j e .' r ~ ) 0.2C O.30 C.27 C . 3 '- C.31

,

'
A r r. e r. 2. c (As> 0.251 C.019 C.J7C O.000 C.C14
Coron (G) 0.23 0.22 C 19 U - 24 C . :. +

; M e. r c u t u (HG) .0202 ? . 000'- COO 2 '.3232 s .SCZ2' '

Se 1 e rii mi 3. L .. '.001 .OC* .001 '.G01 G.OC9
.r-.c " f,4 4 - 12 15 . ". + - 2 . 1 ; 64+-7 707*-13 1203 +- 1 :,R-idi ur, ,'/2 6 eCi/L '+-

riio r , un.-2 30 ;Ci /: e -- '' r . e c 3 . a +--1 . 4 3.5+-i.4 U . d ~~ G Z 2' ~Z S 4 '' '~ 1 o

Durr.p 1 e Dencrirtior.
I

C)[ . I !b$ ~ 1
u.,..,.""'...' 'J G ", .,yt ,

. w ,,

f. 3037-3 MR-5
2009-4 201

1

, . . . ..
W %.J %h Y d. D.

|

|

|
i

|

.

cO

;0 F C AL DOCKET COPY 23 ,
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DYool?2f(hoe iWAMCO LABi

'
,

P. O. Box. 2953 - Casper, WY C ~.6 02
I

n ,

.
( ATJALYSIC REPORT ,

j CO!.* rs Ar;Y : Ti. * e r. Ec:.P l o r a t i o n Drillino Cv. CATE: Apr1! ; 6, 1732
1

.'
Sample type W r. i. c t- W. G. No. 30ec; ;

,

i *

t

Anai 92is in Mi;Iicrams per L i t u r- e::c ep t wher- Noted !.

'
,

h

tSample 14 0 . 6 7 E '? !
,

, a
| Ammenia ( TJ4": u N) C5 ' .05 '.CC .Ci' .

N i t r -a t e (NCG az N) 0.06 0.33 0.29 0.2%
! Mitrite (M02 as N) s . 001 <.001 s . COi :.001
| ~1orIde (F. G.65 3.45 0.40 G. 36

.

[{ Artenic (Ar) 001 C.C44 C.CSC C.045.

: Boron (B) O.22 0.20 G. 26 O.21
f Mercuru (Hg) '. GOC 2 c.0002 4.C002 '.3002
; e1enium (Se) O.006 0.015 C.026 0.014

c

: Ra d i um--226 rCi/L +-Pr..; 52e-4 124+-6 33O+-10 376--IC
I Thorium-230 PCi/L +- Prec 9.3+,6 2.7+-1.2 0.9+-i 4.8+-1.2

Sample De s e r i p t l o r. .

I

GE9-6 3CS
i 3 C C 9--7 MI-1

( 3009-0 MI-6I

3G50- 9 t'I-1C
i

E

l
,

r
i

I

t
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1

gdd8'778//d WAMCO LAB.

j

P. O. Box 3632 - Casper, WY 82602.

ANALYSIS REPORT

(JMPANY: Teton Exploration Drilling DATE: May 28, 19E2

Sample type Water W. O. No. 3165
.

Ana19 sis in Milligrams per Liter except where Noted
; Limits of Detection are Noted Following Less Than Mark (<>
'

Sample No. 1 2 3 4 5
,

1 *

|

Ammonia (NH3 as N) <.05 <.05 < 05 0.24 <.05
Nitrate (NO3 as N) <.05 <.05 <.05 <.05 <.25,

Nitrite (NO2 as N) <.001 <.001 0.005 <.001 <.001
Fluoride (F) 0.36 0.65 0.65 0.40 0.30
Boron (B) 0.30 0.12 0.10 0.12 0.12
Arsenic (AS) 0.284 0.036 0.014 0.034 0.030
Mercur9 (Hg) <.0002 <.0002 <.0002 <.0002 <.0C02
Selenium (Se) <.001 <.001 <.001 0.004 0.026

j Uranium (as U) PPB 127 1230 63 142 41

Analysis in Picocuries per Liter except where Noted

G adium 226 +- Prec 838+-15 1267+-19 32+-2.9 453+-11 16.3+-2.2
O horium 230 +- Prec 16.2+-2.5 14.4+-2.4 17.1+-2.6 24.3+-3.0 21.6+-2.8

( Sample Descriptions

3165-1 301 3-29-82
3165-2 306 3-29-82
3165-3 308 3-29-82
3165-4 MR-1 3-29-82
3165-5 MR-3 3-29-82

'
,

1

.

.o '

.

t'
)?FL..._-.aJ0PV

.
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", OYdd[~/>8//N WAMCO LAB

AtALYSI T
'

JMPANY: Teton Exp1 oration Dri11inu DATE: May 28, 1982

Sample t9pe Water W. O. No. 3165
,

Analysis in Milligrams per Liter except where Noted
Limits of Detection are Noted Following Less Than Mark (<>

!

Sample No. 6 7 8 9
\

, .
s

! Ammonia (NH3 as N) <.25 <.05 <.05 <.05
! Nitrate (NO3 as N) <.05 <.05 O.14 <.05

Nitrite (NO2 as N) <.001 <.001 <.001 <.001#

Fluoride (F) 0.27 0.30 0.36 0.33
Boron (B) 0.11 0.10 0.18 0.18

j Arsenic (As) 0.150 0.056 0.046 0.054
; Mercury (Hg) <.0002 <.0002 <.0002 <.0002

Selenium (Se) 0.013 0.006 0.014 0.006
Uranium (U308) PPB 106 288 254 263

Analysis in Picocuries per Liter except where Noted

Gad i um
226 +- Prec 169+-6.9 117+-6 238+-B 419+-11

horium 230 +- Prec 16.9+-2.6 20.7+-2.8 21.8+-2.8 12.6+-2.2

'

Sample Description:

j 3165-6 MR-5 3-29-82
! 3165-7 MI-1 3-29-82
! 3165-8 MI-6 3-29-82

3165-9 MI-10 3-09-82

:

.

d

;

,

4

O
: t .

4
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'
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O 960872p //d.(,nco L,,

-

; -

P. O. Box 2953 - Casper, WY 82600

ANALYSIS REPORT
'

OMPANY: Teton Exploration Drilling DATE: Maw 28, 1982

. Sample type Water W. O. No. 3214
e

Analysis in Milligrams per Liter except where Noted,

Limits of Detection are Noted Following Less Than Mark (<>

Sample No. 1 2 3 4 5

.

Amtr.o n i a (NH3 as N) <.05 <.05 <.05 <.05 <.05
Nitrate (NO3 as N) <.05 <.05 <.05 <.05 <.05
Nitrite (NO2 as N) <.001 <.001 <.001 <.001 <.001
Floride (F) 0.30 0.45 0.65 0.30 O.27

'

i

Boron (B) 0.23 0.10 0.25 0.42 0.24
Arsenic (As) 0.095 0.012 0.003 0.008 0.012
Mercury (Hg) <.0002 <.0002 <.0002 <.0002 <.0002,

Uranium (U308) PPB 240 1200 46 1550 105
4

(

Analysis in Picocuries per Liter except where Noted;

I

( Radium 226 +- Prec 631+-14 1164+-19 11.7+-1.9 491+-12 15.3+-2.2
# \ Thorium 230 +- Prec 16.7+-2.6 16.2+-2.6 14.3+-2.4 20.4+-2.8 17.2+-2.6

Sample Description:

3214-1 301, 4/06/82

3214-2 306, 4/26/82

3214-3 308, 4/26/82

3214-4 MR-1, 4/26/82
3214-5 MR-3, 4/26/82

t

-

.i

: O
t.

i ;0- C A. 20C E" C0 ?Y
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:
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*
WAMCO LAB

.

P. O. Box 2953 - Casper, WY 82602

ANALYSIS REPORT

_JMPANY: Teton Exploration Drilling DATE: May 28, 1982

Sample type Water W. O. No. 3214

: Analysis in Milligrams per Liter except where Noted
Limits o t' Detection are Noted Following Less Than Mark (<>

Samp1e No. 6 7 8 9

.

Ammonia (NH3 as N) <.05 <.05 < . r'3 <.05.

'

Nitrate (NO3 as d) <.05 <.05 s.05 <.05
Nitrite (NO2 as N) <.001 <.001 <.001 <.001
Floride (F) 0.27 0.24 g,24 g,33

t

Boron (B) 0.18 0.23 0.28 0.22
Arsenic (As) 3.059 0.021 C.063 0.034
Mercury (Hg) <.0002 <.0002 <.0002 <.0002
Selenium (Se) <.001 <.001 <.001 <.001
Uranium (U308) PPB 185 360 780 340;.

Ana19 sis in Picocuries per Liter except where Noted

( Radium 226 +- Prec 171+-7 112+-6 278+-9 394+-11
' Thorium 230 +- Prec 12.4+-2.2 13.3+-2.3 24.1+-2.9 10.8+-1.9
i

!

| Samp1e Descriptions:

1
3214-6 MR-5, 4/26/82

'

3214-7 MI-1, 4/26/82
3214-8 MI-6, 4/26/82
3214-9 MI-10, 4/26/82

.

t

O>

L;

.

, ,
, . . .. .-. ..
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MM) 1 P.O. BOX 3632 * CASPER, WYOMING 82602

Af1ALYSIS REPORT

5- N 'oD LCOMP A fJY : \f tow ku gl T' M ' M's DATE:
~ _

' '

UAMCO fJ0. SAMPLE DESCRIPTI0tl i y 3 'q 3 b
'

&$Cy / / / / / /
*

_

| FI,,c (, g4 91 S'4 90 ,? r 70 67
ITJ u s C. L o .1. '1. C . 3 '. O.36 h. 22 |[ 3 ~/
{\M 0.03 0 ()./7/-|0./Of Do l)$- 1 0.0X |D.lW

h O.l1 0 ll &IG c. I L. & \ "1 C.0T1

| P C . ,2 2 0. 2 I O 'l '1 0.30 . J ul t ) . '.c l
| H r, f. d ou t /. co.r1 4.a o a x. x. s o a n. c.ovo z.' <.aco p

m,$p c. ( n) 4 0. Co l | LO.00l (0 00( 40.09I 43.CJ' I; - > v. (

O . h 2, c. t ,e 2 3. Cf s_c.0i 4.0.0 f 40.0.i 4. c f e r's
[ y_ 2 .) C I ' O. Caj . .t. ca I C.003 ('.C// | CCC C
\Jao . 2 it //72E3 |?!. 2 7 9.V M I ? 9.11. 4/ z 12 5 l? Cip b ib: 7 ?'
! t u.u '

7 sn L

I

'

I
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1

|
|

|

|
|

!

|

|

L

I d IREMARKS:
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WAXC " AB.

:
i P.O. BOX 3632 * CASPER, WYOMING 82602

O .a /
U AtlALYSIS REPORT -

.

COMPAflY:
DATE:

UAMCO t10 SAMPLE DE'SCRIPTION 7 3 ' Oz
'

-

/
~

,

' c~ w . - u pod SO //fC 2to**nsa s D. 20 0.20 Ao ,54
_

t25 0.LCD O.03/ D.00]
G 0.01 0,07 0 13 |P 0. '$ n 0. 5 I 0. tr *;

\ \ e,
d.ee,i t. e o .it _ <. e . r_

,

n \n y ns n) lDo00t LO .00 t LD 00t
|Oln2 n <. n) 40.08 40.07 43O (.

i L %O d.O O! 4.00) t,00) 5
h

'

i OO ~lk L 9 2 */f /hl)!,4 /,'.1b 93 l-t 3.1i

!Thse-u.o
i l

i

!
.

,,

-

.

!

i
'

!
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-
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.

:

EMARKS: q , ggp F .3 o |

g. y c 29- FL
c.' O 9. v 3o2 .
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