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M-ZONE RESTORATICN

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 approximately 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
were designated M-3 and M-5 and expanded the field dimensions to 40' x
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

During the mining phase, 28 x lO6 gallons were recovered from the
zone containing about 12,000 lbs. U3O8 at an average 51 mg/1l UBOS‘
Average recovery flow was 34 gpm prior tu the expanded pattern operation
and 69 gpm during the final mining operation. Injection flow to the

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

X 106 gallons and an overrecovery ratio of 3%. The bleed volume genera*ed
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was diverted to the solar evaporation ponds. Utilizing ~ pore volume
determined from the actual wellfield area within the injection wells,
average porosity and average £otal sand thickness within that area
(969,951 gallons), 28.9 pore volumes were required to mine the zone to
63% extraction.

During the mining ph;se, 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 Co2
. induced pH reduction altering zone equilibrium. Side reactions between

HZO2 and 02 and the host ore were evidenced by increased levels of
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 RESTORATION
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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 IV.1.02 page IV-5. These goals were to conform
to the recommended publiq 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 se=emed realistic and achievable, Teton was
concerned that goals based on a three-well survey might nct 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 variaﬁion 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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round Water Restoration Goals for R & D Test
(All units in mg/l except as noted.)

M Aquifer
Chemical Parameter Restoration Goal |
PH 5.0-9.0 ;
Amnmonia (NHj) .5 j
NOZ/NO Total - Ry ’
Biga:bgnate TDS
Carbonate c TDS
Calcium TDS !
Chloride 250 '
Boron - b
Fluoride 1.4 to 2.4
Magnesium TDS
Potassium - TDS
Sodium TDS
Sulfate 250
Aluminum .332
Arsenic «0S
Barium 1.0
Cadmium <Ol
Chromium .05 k
Copper i+0 !
Iron .73 ‘
Lead «05 |
Manganese .06 i
Mercury .OO}
Molybdenum .20
Nickel 1.05 !
Radium 226 236.5 |
Selenium ..01 .
Uranium ¢ =8
Vanadium w39
2inc 5

DS . 500 |

1)

2)

3)

The concentration of this parameter shall be at a level such that the
restoration concentration for T0S is not exceeded. There is no known
recommended Public Water Supply criteria for this parameter.

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

Baseline value (Table 11.6.04) exceeds Public Water Supply Criteria. Average
values shown are determined from wells PN5-L301, PMN5-L306, & PN5-L308 in M
Aquifer and wells PNS-6302, PN5-L312, PN5-6317, PN5-572, PN5-L573, PN5-L574
in N Aguifer, A
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3.0 Restoration Plan

Per Section IV.1.2, pagss IV5a~IVS5c of the Source Material License
Application, Teton asreed 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 employ the electrodialysis process and additional water

treatment technology in the M sand restoration project.

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-
tion was made utilizing data relative to the area geology, hydrological
characteristics, operational mass chemical balances, and involvement of
restoration monitors during mining.

The basic premise involved in determining the affected aquifer
volume was that the volume could be determined by noting mass addition
of a foreign trace element to the agquifer during mining and by assaying
its final equilibrium concentration. The specie added to the zone
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
from solution during mining. The mechanism involved is represented by

the following equation:

AObR§
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Ext.
Recovered Solution - Reein - Injected Solution
504= i . 304
002 (COB) 2 * ?.HZO (UDC) + R=~Cl » R ubc + X
- . (0]
HCO3 H 3

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
reconverts ;11 sites to chloride form. The expected chloride ion
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
area was a two-part effort and results ard data bases are shown on
Section 3 - Figures I and II.

By assuming that all the chleride residing within the wellfield
boundary was at equilibrium recovery levels, it was determined that
817.5 lbs. of the total was within the wellfield. This indicated that
1,736.5 1lbs. chloride had diffused outward from the three patterns. The
chloride concentration in the externally affected area would decrease
linearly from the wellfield perimeter to the unaffected area and would
therefore be approximately one-half the field concentration as an average,
By noting the actual chloride mass external to the wellfield and its
expected mean concentration, the affected volume including the wellfield
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

adjacent to the patterns.

: 2028
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In order to determine the approximate location of the affected
volume several factors including duration of well cperation, 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
was developed. Well-to-well radial influence overlaps were summed in
the direction of major tr;nsmissivity to determine an overall affected
area approximation. (See Section 3 - Figure ITI.) It was assumed that the

entire M sand thickness was involved in the leach effect.

3.2 Restoration Process

In order to remove aquifer volume constituents while maintaining
minimal process bleed, a plan was needed which would concentrate
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 incerporated

the following:

Process Purggse

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

B. Ion exchange treatment Removal of uranium.
C. Reversing polarity electro- Concentrating constituents in
dialysis IX effluent in a reduced volume =

clean product generated was used
to dilute IX effluent to baseline
water quality prior to reinjection.

D. Reinjection of diluted solution Dilute parameters in leach affected

area. Hydrologically guide affected
waters to recovery wells for
treatment,

20624
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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 well 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 fiow 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, remcvs uranium and other constituents which had been

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

20L2f
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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. Th; 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 - Mi-10, M1-6, Ml1-2, Ml-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 continucus draw on the M-1 pattern was

also anticipated.

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

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

2062¢
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3.4.4 Phase 4 - The final phase of M restoration was to be the
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 - Ml-1l, M1-3, MR-1, 301

Injection wells - M1-2, M1-4, M1-6, M1-8, M1-10, M1l-1

©

3.5 PRestoration 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 schedulino justification. The major premise involved in
the scheduling was that in removing the no-ed 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 €1  Conc. 107 103 111 29 NA
Expected Final Cl1~ Conc. 6 6 € & 6
Average Recovery Cl  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 NA
% C1  Rejection 75% 75% 75% 75% 75%
Lbs. C1l  Removed/Day 13.7 13.1 14.2 2.6 NA
Lbs. C1 in Sweep Area 817.5 127.9 226.4 1382.2 2554
Days Required for Removal 60 10 16 110 196

o5 202§
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4.0 M-Zone Restoration Results

4.1 Phase 1 - Results and Discussion

Phase 1 of M-Zone rgstoration 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.

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 monitor 306
showed only minor reductions as a result of 301 pumping. 1In
addition, it was necessary to treat the EDR feed with hydrochloric
acid to prevent CaCO3 scaling in the stack. This reduced the

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.

wfﬁ){ a’C7‘n1i7
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During the init.:1 phase 6,456,750 gallons were recovered
from the four operating wells and §,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 376,028 gallons of brine to waste. The EDR unit provided
an 80.3% water recovery and 85.1% salt rejection. No wells were
ccmpletely restored during this phase; however, recovery parameters
were reduced to a point where CO, was substituted for the hydro-

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
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M-Zone Wellfleld Operation - Affected Area Determination -

Extent of Lixiviant Migration
Data Base - /22/80 - 2/25/80

[Gallons [nna ] Fieta  T'sang Ln.m 'l Parosity [ Resorvol I Lbs CI~ [ Lbs CI° [ Lbs C1* l Gal/F ot I Atteciod l Altected ]
inj/Rec | Dimensions | Area/Ft Thickness | Voluma/¥t LVolumerGal Inj-Rec In Finlg Exl Araa Ataa Ext/Fy Volume/Gal
F— 20,204.804(R| 60.5'x43" 2,562 70" 179,354 24.8% 332,709 280 4 129 85
H M3 S.067.319(R] 72 6" x42" 3,000 12 6* 217,764 74 8% 403,961 340.% 134 67
iJ M-8 2.726.833(R| 49 5'x39.§" 1,928 65.3" 125,758 24.8% 233,281 196.6 BETIRT
[u_' Mi-1 | 8$,270.6000) 68’ 440 % 332.5 129.85 6076 758957
E Mi-2 | 426142100 80" R 2667 | 12228 4785 612,826
g Mi-3 $.0€0.72501) 57° 450.9 336.9 129 85 6.19) R04,14)
2 Mi-4 6,.718,998(1) 65" 632 4 429.8 132.26 .71 1,019 830
L Mi-6 2.411,642(1) 7' 250.7 161.2 127.89 2.9 382.49%
: Mi-B 513,926(1) 62° 54.4 .1:‘4 n.lin) 674 81,624
§ Mi-10 | 2,006,213(1 66" 206.6 1341 127.89 2,488 316,193
LJ M- 12 57483601 60" 59 8 ne 121,10 7582 91,1186
[ vera Jerararen] ez saaos| 7008 | 6990 | swsie | 2aon | wnvos1 | 2554 |_svs [ vrses | vzese | avere | 119188 |

M-ZONE RESTORATION DETERMINATION OF LEACH AFFECTED AREA
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