





Preliminary Staff Review Comments
Liner Compatibility Report
Results of Tests of Liner Material and Tallings Solution
at Envirocare’s lle. ‘2) Disposal Site
Clive, Ltah

Background

Envirocare proposed to construct a bottom liner in the disposal
cell at its proposed lle.(2) disposal site, near Clive, Utah.
Envirocare proposed using clayey material to be obtained from a
stratum designated as Unit 4 in the soil profile underlying the
disposal site.

Criterion SE(1) of Appendix A to 10 CFR Part 40 regquires that:
(a) applicants and licensees of 1lle. (2) disposal sites consider
installation of bottom liners in their groundwater protection
programs; and (b) where clay liners are proposed or relatively
thin, 1n-situ clay soils are to be relied upon for seepage
control, tests must be conducted with representative tailings
solutions and clay materials to confirm that no significant
deterioration of permeability or stability properties will occur
with continuous exposure of clay to tailings solution.

Accordingly, the staff requested that Envirocare conduct sucn
tests to meet the regulations.

In response, Envirocare indicated that it would be receiving and

disposing of tailings from Kerr McGee, and thzt Kerr McGee had
already conducted tests to evaluate the compatibility of the
waste solution and a clay deposit (referred to as the F=Stratum)
at its facility in northeast Illinois. The Kerr McGee tests had
concluded that a tailings solution did not cause any degradation
of the clay. Envirocare took the position that the results of
the Kerr McGee tests would be applicable in the proposed disposal
site area in Utah. To support this position, Envirocare provided
information and pointed out similarities in the minaralogical
composition of the F-Stratum and Unit 4. Consequently,
Envirocare concluded that the tailings solution and the proposed
liner material at the disposal site were compatible with the

tailings solution and, therefore, no additional testing was
required.

The staff informed Envirocare that it disagreed with that
position because the Kerr McGee tailings, if transferred to the
Envirocare facility, will not constitute the only waste disposed
at the disposal site by the applicant and the leachate solution
generated at the Envirocare site may not therefore be identical
to that generated by Kerr McGee tailings. Furthermore, the staff
irdicated there are notable and important differences in the
compositions of the F-Stratum and Unit 4, which can be seen from
the mineralogical ana.yses provided by the applicant (see
attached pages from license application and summary of x-ray
diffraction analysis in attachment 1 of the test report). These




are: (1) The clay minerals (kKaolinite, illite/mica, and smectite)
constitute 39% of the F-Stratum, compared to only i8% for Unit
(2) the silicate minerals (quartz, plagioclase, and feldspar)
constitute 38% of the F~Stratum, compared to 17% for Unit 4; and
(3) the carbonate minerals (calcite, dolomite, and aragonite)
constitute 17% of the F-Stratum, compared to 65% for Unit 4.
These data indicate that while the F-Stratum depicts a typical
clay composition (a high content of clay and silicate minerals),
Unit 4 does not. The high content of carbonate minerals in Unit
4 1s particularly alarming since these minerals can dissolve as
the pH declines below 7, which can be expected to take place in
the tailings solution.
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The staff recognized that the dissolution of the carbonate
minerals. may not be the only outcome of the chemical reactions
that can take place between the tailings solution and the liner
material. New minerals/mineral compounds can also precipitate
that could replace any dissolved carbonates. There is no way of
kKnowing how the tailings solution will impact the liner without
conducting compatibility tests using representative samples of
the tailings solution and the liner material.

In response, Envirocare indicated that tests would be conducted
to verify the compatibility of the leachate solution and the
liner material, to satisfy the regulations, and may require four
months to complete., It was further indicated that the tests
would be performed using a laboratory-generated leachate solution
with constituents and concentrations that are representative of
the constituents and permitted levels in the lle.(2) waste
material co be received and disposed at the site. Sectio'. 4.1.4
in the license application was revised to include a commit  -“nt to
conduct these tests as required by NRC. The staff indicated that
proper testing of a sufficient duration should be carried out.

Envirocare has completed the compatibility tests, and submitted
the results in a report dated March, 1994, which is currently
under review by the staff. the ireport indicates that the

leachate solution will not cause the liner to deteriorate over
time.

Preliminary Staff Review Comments

The report should be carefully and thoroughly reviewed to insure
that the tests were conducted properly, and the results are
credible. I feel we need a professional review of the
compatibility tests results for the following reasons:

1. The mineralogy of the "clay" in Unit 4 indicates a high
carbonate content; the report indicates that the leachate
permeate after the hydraulic conductivity test was concluded had
a pH of 7.5, and indicated that the high calcium carbonate
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content in the clay buffers the largely acid leachate (pPH Jf 2,
4, and 7). This also indicates that the liner material is being
dissolved by the leachate, and the report indicates that the
solids loss due to solubility is 2% when freshwater is used in
the hydraulic conductivity test and 0.2% when local groundwater
is used. However, the report is silent on the changes in the
physical properties of the clay that can be expected to occur as
4 result of the carbonate removal.

2. The tests were conducted by Bingham Engineering Material Lab,
for the first time; this laL did not conduct any such tests
previcus to Envirocare’'s tests.

3. A synthetic leachate solution was used in the tests; the
review needs to ascertain that the leachate solution used in the
tests 1s representative of the leachate solution that can be
expected baseC on the waste characteristics. Toxicity
Characteristic Leaching Procedure (TCLP) was used to determine
metal concentration in the leachate. Reviewing the synthesized

leachate requires a chemistry background and a familiarity with
the TCLP test.

4. The tests were completed in three months. Tnis may be too
short a time to confirm compatibility; it is noted that Criterion
SE(1) requires that test be run for a sufficient period of time
to reveal any effects if they are going to occur, and that "in
Some cases deterioration has been observed to occur rather
rapidly after 2bout nine months of exposure", implying a test
duration of at least nine months would be required. The review
should ascertain that the duration of the tests conducted by
Bingham is sufficient to establish compatibility.

5. Report indicates that three pore volumes of syntnesized
leachate were used in testing cylindrical samples, of a 6"~
diameter and 4"-height. Assuminag an effective porosity of 0 .20,
I have calculated that 1.111 liters was used in each test. The
Cross surface area for the cylinder is 7.5%7.5#%3.14 or 182.3
square cm, and the total flux through the sample throughout the
test 1is therefore evaluated at 1111/182.3=6.09 cm. Even if we
accept the infiltration rate of 2.47 cCm/ye: ' from the UNSAT and
PATHRAE models (which is believed to be an underestimate), the
computed flux is equivalent to about 12 or 13 years of exposure
(i.e., (6.09/0.2)/2.47). Unless 1 missed up the arithmetic,
Bingham’s estimate of a 80-year equivalent needs to be explained.
Furthermore, we need to decide if the liner should be designed
for the operational period only, or for the entire design life of
the disposal cell of 200-1000 years, as required by Criterion 6.

LH
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Date of Simulation Run 1994/05/04
lime of Simulation Rur 17:07:46

DATA READ FROM DISk

ELEMENTS

SPECIES

LOOK MIN

l1iner lsttime

000 00000

44010£+02
00000E+00

SOLUTION

leachate

8 02 4.00 J 20.0 1.00
4 6.000D+02 5 2000402 6 1.000D+03 7 3.000D401 11 8.000D+03
14 2.000D+402 16 3.000D403 20 2.500040]
MINERALS
Aragonit 2 4.0 8.3 2.6
15 1.00 4 1.00
7198E402 -7.7993E-02 2 90330403 7.1595E+0] 0.0000£400
Dolomite 3 8.0 17 9.4 0
4 1.00 5 0n 15 2.00

0 , 00 .00 0
ISOLUTIONN NUMBER 1

leachate

TOTAL MOLALITIES OF ELEMENTS

MOLALITY LO0G MOLALITY

1.5167310-02
6.2528880-03
4.407069D-02
7 774070D-04
$.902141D0-02
5.7156030D-03
3.164198D-02
1.3332390-03

8191
2039
3559
1094
., 2290
2429
4997
8751
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DESCRIPTION OF SOLUTION




PH 0000

PE = 2.0000

ACTIVITY H20 .9976

[IONIC STRENGTH = 1612

TEMPERATURE 20.0000
ELECTRICAL BALANCE 1.3566D-01
THOR 89850-01
TOTAL ALKALINITY 9907D-10

ITERATIONS

DISTRIBUTION OF SPECIES

SPECIES MOLALITY LOG MOLAL ACTIVITY LOG ACT GAMMA LOG GAM

H+

£
H20
La+?
Mg+?2
Na+
K+
Ba+?
Cl
S04-2
f

OM

02 AQ
HF AQ
CaSo4
CaF+

3 M(_]S(N
MgF+

239E-04 3.907
000k -12 12.000
.976L£-01 001
279E-02 1.893
076E-03 2.294
. 344§ 1.362
632t 3.117
059¢ 1.392
716t 2.243
143¢ 2.039
.068E -0 2.972
333t-1] 10,030
647t 23.783
024¢ - 3.990

4

4

2

3

3

4

4

]

.000E-04 .000
.000E-12 000
976E£-01 001
393E-03 357
.844E-03 134
.2B7E-02 483
569t -04 254
.311E-02 882
A71E-03 380
.910E-03 . 9536
J47E-04 A11
773E-11 169
.JO9E-24 -23.767
.063E-04 974
.432E-03 614
.632E-05 . 580
. 104E-03 957
.608E-05 065
642E-04 . 333
.465E-05 834
.076E-05 .968
913E-02 718

o

070t -01 093
000E+00 .000
.000E+00 000
.435E-01 464
.633E-01 440
566E-01 121
297t-01 137
231E-01 .49]
.297C-01 137
.183E£-01] 497
.257E-01 139
.257E-01 139
.038£+00 016
.038E+00 016
.038E+00 016
.575E-01] -.12]
.038E+00 016
.575E-01 121
.575E-01 21
.038t+00 016
.S75E-C1 121
.038E+00 016

~o

~o

i N N B N

o B

. 344¢ .630
475¢ 459
.063¢ 973
. 136 944
NaSO4 . 128E 3.2813
Naf aq : 412t 850
KSO4 - ; 1.420¢ .B48
BaS04 : 1.843¢§ 134
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l
9
]
5
4
7
4
5
4
|
9
]
]
2
3
]
]
6
]

—t it et B O v PO PO e et O S PO B U WD e B D e e
“\‘___\‘,\,._,\4._4._.._.\‘\4\,3\49.»\1\q(uu'—uww

— e B BN

LOOK MIN IAP -
PHASE LOG AP LOG KT LOG TAP/KT

Gypsum -4 .8954 4.5811 .3143

Anhydrit -4,8933 -4,3438 . 5495

Barite §4.4]183 -10,0528 6345

Fluorite 8.5790 -10.6599 .0809

02 gas 23,7673 -2.9369 . 8303

H2 gas 35.1280 3.1280 -32.0000
ISTEP NUMBER |




MOLALITIES OF ELEMENTS

ELEMENT MOLALITY LOG MOLALITY

Ca 516731D-02 1.819]
Mg 6.252688D 2.2039
Na 4070690 3559
K 7.7740700D 3.1094
Ba 9021410 2290
Cl 5.715603D ¢.2429
S 3.1641980D 0; 4997
f 3332390-03 8751

PHASE BOUNDARIES

PHASI DELTA PHASE* LOG [AP LOG KT LOG TAP/KT

Aragonit -2.404613D-04 8.3059 8.3059 .0000
Dolomite 2.6075290-04 16.9720 16.9720 .0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSTYIVE DELTA PHASE INDICATES DISSOLUTION.

LOOK MIN IAP
PHASE LOG 1AP LOG KT IAP/K]

Calcite
Aragonit
Dolomite
Witherit
Gypsum
Anhydrit
Bariteg
Fluoritg
PCO2

02 gas
H2 gas

.3059
.3059
9720
.B311
8956
, 8935
4187
5127
6100
9268
5482

4533 1474
. 3059 0000
9720 .0000
5749 , 7438
5811 3145
., 3438 5497
.0528 53410
6599 JAT72¢e
. 4069 , 2031
., 9369 3.9899
. 1280 N 4202
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TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY LOG MOLALITY




518760D-02 1.8185
5.513641D-03 2.1662
407069D-02 ].3559
774070D 3.1094
902141D-02 1,2290
5.715603D 2.2429
2.810445D 31.5512
3.1641980-0¢ ].4997
1.333239D 2.8751

DESCRIPTION OF SOLUTION

PH 8.2104
PE = 12.0000
ACTIVITY H20 = 9976
IONIC STRENGTH = 1617
TEMPERATURE = 20,0000
ECTRICAL BALANCE = 3566D-01
THOR -« 9098D-01
TOTAL ALKALINITY .6519D0-04
ITERATIONS

DISTRIBUTION CF SPECIES

SPECIES MOIL AL TTY L% MOLAL ACTIVITY LOG ACT GAMMA LOG GAM

HQ
2
3 H20
Ca+l
2 MQQ")
Na+
K+
Ba+?
C]
C03-2
6 S04-2
) }
OH
02 AQ
HCO3
y CaCO03
7 CaMCO3+
8 CaS04
CaF+

)7 MgHCO03+

[—

639t-09 A17
000E-12 .000
976£-01 .00]
279E-02 893
274E-03 278
. 344L-02 362
.632E-04 A17
058E-02 . 392
716E-03 243
.371E-06 472
156£-03 038
153E-03 938
51%E-06 820
. 140E-07 943
169E-04 . 664
307¢E-06 136
116E-05 952
342E-03 .630
750E-05 426
783E-06 . 320

.164E-09 -8.210
.000E-12 .000
976t .001
.389E-03 . 358
.915E£-03 718
. 286E-02 . 483
.568E-04 254
.310E-02 883
.170E-03 . 380
A27E-06 948
.911€-03 .536
. 365E-04 078
.099E-06 959
183t 927
.649E-04 783
.584E-06 120
.482E-06 071
431t 614
.840E-05

547
622t .44)

069€-01 093
,000E+00 .000
000E+00 000
.432E-01 464
.630E-01 . 440
.564E-01
,295E-01
227E-01
295E-01
.342E-0]
180E-01
,254E-0]
.254E-0]
038£+00
,603E-0)
,038E+00
v03E-01
038E+400
573E-01
573E-01
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Date of Simulat
Time of Simu)at

ion Run 1994/05/05
ion Run 15:39:52

DATA READ FROM DISK

ELEMENTS
SPECIES

LOOK MIN
l1iner lsttime

0050000000 0 0 00000
ELEMENTS
( 15 440]10E+402
0 00000E+00
SOLUTION 1
leachate
8 02 4.00 12.0 20.0 1.00
4 6.000D0+02 1.5000402 6 1.000D+03 7
14 2.000D+02 16 3.000D+03 20 2.5000+0]
MINERALS
Aragonit i 4.0 8.3 2.6 |
15 1.00 4 1.00
1.7198E+402 ~7.7993E-02 2.9033E+03 7.1595E+01 O
Barite 4 6.0 10, 6.3 ]
1] 1.00 16 1.00
1.3603E+02 0.0000E+00 -7.6804E+403 -4.8595E+01 0O
Dolomite 3 8.0 17 9.4 0
4 1.00 5 1.00 15 2.00
Quart:z 4 ,00 4.0 6.0 ]
13 1.00 3 2.00
4.1000E-01 O.0000E+00 -1.3090E+03 0.0000E+00 ©
Kaolinit 4 .00 7.4 35, 0
3 1.00 ] 6.00 13 2.00 10
0 00 00 .00 0
ISOLUTION NUMBER 1
leachate
TOTAL MOLALITIES OF ELEMENTS
ELEMENT MOLALITY
Ca 1.516731D-02
Mg 6.252888D-03
Na 4.407069D0-02
K 7.774070D-04
Ba 5.9021410-02
Ci 5.7156030-03

3.0

00

00

00

y ]
[

l

[
1
L 4
3
1
i

)
[4

00D+01

00E+00

00E+00

00E+00

.00

LOG MOLALITY

.819]
.2039
. 3559
1094
2290

2429

L |

8.000D+03

000

000

.000

.000

.000

000




3.164198D-02
1.3332390-03

DESCRIPTION OF SOLUTION

PH 0000

P 12.0000

ACTIVITY H20 9976

IONIC STRENGTH 1612

TEMPERATURE 0000
ELECTRICAL BALANCE 35660-01
THOR 8985D-01
TOTAL ALKALINITY 9907D0-10

ITERATIONS =

DISTRIBUTION OF SPECIES

SPECIES ; MOLALITY LOG MOLAL ACTIVITY LOG ACT GAMMA LOG GAM

H+

3

H2
Ca+2
Mg+2
Na+
K+
Ba+?
Cl
S04-2
e
OH-
02 AQ
HF AQ
CasS04
CaF+
MgS04
MgF+
NaSO4
NaF aq
KS04-
BaSO4

—

239E-04  -3.,907
.000E-12 12.000
976£-0] 00!
279E-02 .893
.076£-03 294
344E-02 . 362
932E-04 A17
059E-02 . 392
716E-02 . 243
. 143E-03 039
.068E-03 972
.333E-11 030
647¢-2 . 783
.024E- 990
. 344E-03 630
475E-05 459
.063E-03 973
136E- 944
128E-04 213
412E-05 850
.420E-05 .848
.843E-02 7134

.000E-04 000
000E-12 000
.976E-01 001
.393E-03 357
.844E-03 134
. 287E-02 . 483
. 969E-04 254
311€-02 .882
171€-03 380
.910E-03 536
JT47E-04 11
J73E-11 169
709E-24 -23.767
.063E-04 974
.432E-03 614
.632E-05 580
104E-03 957
608E-05 065
642E-04 333
.465E-05 .834
076E-05 .968
913E-02 718

F=

070£-01 093
.000E+00 000
.000E+00 .000
435£-01 464
.633E-01 440
566£-01 A2l
297E-01 .13,
.231£-0] -.49]
297E-01 137
.183£-01 - . 497
.257E-01 -.139
.257E-0] ~.139
.038£+00 016
.038E+v0 016
038E£+00 016
575E-01 A2l
.038E+00 016
575E£-01 -. 121
.575E-0] -.121
038£+00 016
575£-01 -. 121
038E+00 016
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3
4
5
6
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LOOK MIN AP

PHASE LOG IAP LOG KT




1
4

0

Gypsum
Anhydrit
Barite
Fluorite
02 gas
M gas

STEP NUMBER 1

TOTAL

PHASE

Aragonit
Barite
Dolomite
Quartz
Kaolinit

* NEGATIVE DELTA PHASE
AND POSITIVE DELTA PHASE

PHASE

Calcite
Aragonit
Dolomite
Witherit
Gypsum
Anhydrit

DELTA PHASE®*

«1.6957610-04+
-3.1641900-02"
2.2365720-04
8.6911710-0%
5.191537D-08

4.5811]
4.3438
10,0528
10.6599
2.9369

3.1280

MOLALITIES Of

MOL Al I 1y
5167310-0¢
2528880~
4070690
7740700

9.9021410D
715603D-
1641980
3332390

-PHASE BOUNDARIES
LOG IAP

-8.,3059
10.0528
-16.9720
4.0553
7.8763

INDICATES PRECIPITATION

INDICATES DISSOLUTION.

00K MIN [AP

LOG AP LOG KT
8.3059
8.3059

9720
8.0697
10,2905
10,2890

. 4533
3059
5.9720
. 5749
5811
. 3438

ELEMENTS

3143
5495
5.6345
0809
20.8303

Y AANT
1 \\)v;)

LOG MOLALITY

LOG KT

8.

10,

16
4.

5

8191
¢.2039
3559
1094
2290
2.2429
4997
3751

3059
0528
9720
0553

].8763

» 1AP/KT

1474
,0000
0000
5052
7094
. 94562

LOG TAP/KT

0000
0000

.0000

0000
0000




Barite
Flucrite
5102 (a)
Chalcedy
Quartz
LI1bbsIC)
Al(Oh)3a
Kaolinit
Albite
Anorth
Mizroclin
Muscovit
Lhiorite
'{ o Mont
Talc
[11ite
Chrysotl
Sepiolit
PCO2

02 gas
H? gas
Alunite

OHsWMROO
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TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY LOG MOLALITY

Ca 5221390
Mg .476546D-
Na 4070690D-
K . 7740700
Al ,038307D-
Ba 7379520
S 7015540
C) 715603D-
( . 7177383D-
S .538794D
f .333239D-

8175
. 1887
3559
1094
9837
5626
0604
2429
5564
0686
8751

PO WO B O LD e PO

-=-DESCRIPTION OF SOLUTION

PH = §.0927

Pt 0000

ACTIVITY H20 9983

IONIC STRENGTH 1237

TEMPERATURE ). 0000
ELECTRICAL BALANCI 35660-01




I SPECIES

1 H+
2 k-
3 K20

4 Cas2
5 Mg+2
6 Na+

7 K+

10 Al+3
11 Ba+2
13 H4S104
14 C1-
15 C03-2
16 S04-2
20 F-

31 OH-
32 02 AQ
34 HCO3-
35 H2C03
76 CaCO3

77 CaHCO3+

78 CaSO4
83 Caf+

87 MgHCO3+

88 MgSO4
92 MgF+
95 NaHCO03
96 NaSO4-
98 Naf aq
153 AT0H4-
159 AIF3

164 H35104-

171 Bal03

172 BaHCO3+

173 BaSO4

-1,
-2.
-2,
1.
-1,

PO LD e e O N

P e L L T - - o

THOR =
TOTAL ALKALINITY =

ITERATIONS « 54

.......................

-

MOLALITY LOG MOLAL

9.880E-09
1.000E~12
9.983E-0]
515E-02
.308E-03
405E-02
JT74E-04
,194E-16
736E-02
.528E-05
716E-03
425E-06
.626E£-08
112E-03
124E-06
.906E-08
178E-04
.205E-06
371E-06
A431E-05
.506E-09
.671E-08
158E-06
.482E-09
.587E-04
822E-06
.961E-09
.578E-05
.007€-07
J19E-09
.736E-06
.868E-06
736E-05
4 .313E-08
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-8.005
12.000

-.00]
-1.820
-2.200
-1.356
-3.109
15.496
-1.563
-4.069
-2.243
-5.615
~7.581
~2.954
-5.949
-7.408
-3.662
-5.494
-5.132
-4.844
-8.022
-4.331
-5.211
-8.349
~3.799
-5.549
-8.707
-4.802
-6.997
-8.765
-5.760
-5.412
-4.760
-7.365

ACTIVITY LOG ACT

1.11160-03
2.7023D-04

8.078E-09 -8.093
1.000E-12 -12.000
9.983E-01 -.00]
5.608E-03 -2.251]
2.446E-03 -2.612
3.398£-02 -1.469
5.828E-04 -3.234
5.215€-17 -16.283
9.659E-03 -2.015
8.774E-05 -4.057
4 .2856-03 -2.368
8.818E-07 -6.085
9.167€-09 -B.038
8.301E-04 -3.08]
8.390E-07 -6.076
4.018E-08 -7.396
1.691E-04 -3.772
3,2976-06 -5.482
7.584E-06 -5.120
1.1126-05  -4.954
9.781E-09 -8.010
3.601E-05 -4 444
4.747E-06 -5.324
4.611E-09 -8.336
1.224E-04 -3.912
2.904E-06 -5.537
1.512€-09 -8.820
1.623E-05 -4.790
7.765¢-08 -7.110
1.769€-09 -8.752
1.338E-06 -5.873
3.980E-06 -5.400
1.338E-05 -4.874
4.438E-08 -7.353

GAMMA

8.176£-01
,000E+00
.000E+00
.J701E-01
,878E-01
.T15E-01
L 497E-01
.633E-01
.531€-01
.029€+00
.497E-01
,637E-01
.491E-01
. 465£-01
.465£-01
.029E+00
. 766E-01
,029€+00
.029E+00
. 766E-01
.029E+00
.708E-01
.JOBE-01
.029E+00
,T0BE-0]
.029E+00
.708E-01
L029E+00
.JOBE-0]
.029E+00
.708E-0]
.029E+00
.708£-01
,029E+00

R T . B L Rt i e B P e P i B P P

LOG GAM

.087
.000
.000
432
A1)
J13
128
187
452
012
125
439
457
A27
A7
012

=, 110

012
012
110
012
Jd13
113
012
Jd13
012
113
012
A13
012
113
012
JA13
012




DESCRIPTION OF SOLUTION

PH = 4 .0000
PE = 12.0C00
g ACTIVITY H20 = 9976
IONIC STRENGTH = 1612
TEMPERATURE « 20.0000
ELECTRICAL BALANCE = 1.35660D-01
THOR « ] .89850-0)
TOTAL ALKALINITY = 1,99070-10
ITERATIONS = 19
l
DISTRIBUTION OF SPECIES
I SPECIES L MOLALITY LOG MOLAL ACTIVITY LOG ACT GAMMA LOG GAM
1 H4 1.0 1.239E-04 3.907 1.000E-04 4.000 8.070E-0) 093
Fal 1.0 1.000E-12 12.000 1.000E~12 ~12.000 1.000E+00 ,000
3 H20 0 9.976E-01 .001] 9.976£-0) 001 1.000£+00 .000
4 Ca+l 2.0 1.279E-02 1.893 4,.393E-03 2.357 3.435E-01 464
5 Mg+? 2.0 5.076E-03 -2.294 1.B44E-03 -2.734 3.633E-01 . 440
6 Na+ 1.0 &.344E-02 -1.362 3.287E-02 1.483 7.566E-0] -, 121
7 K+ 1.0 7.632E-04 3.117 5.569E-04 3.254 7.297€-01 137
11 Ba+2 2.0 4.059E-02 1.392 1.311E-02 1.882 3.231E-01 . 491
14 Cl- 1.0 5.716£-03 2.243 4.171E-03 2.380 7.297E-01 137
16 S04-2 2.0 9.143E-03 2.039 2.910E-03 2.536 3.183E-0) -, 497
" 20 F- 1.0 1.068E-03 -2.972 7.7476-04 -3.111 7.257t-0) -.139
31 OH 1.0 9.333E-11 -10.030 6.7735-1]1 -10.169 7.257E-01 -, 139
32 02 AQ 0 1.647E-24 -23.783 1.709E-24 -23.767 1.038E+00 016
69 HF AQ 0 1.024E-04 -3.990 1.063E-04 -3.974 1.038£+400 016
78 CaSO4 0 2.344E-03 -2.630 2.432E-03 2.614 1.03BE+00 016
B3 Caf+ 1.0 J.475E-05 -4 .459 2.632E-05 -4.580 7.575E-01 121
88 MgSO4 .0 1.063E-03 -2.973 1.104E-03 2.957 1.038E+400 016
92 Mgf+ 1.0 1.136E-04 -3.944 8.608E-05 &.065 7.575E-01 -. 121
96 NasSO4 -1.0 6.128E-04 -3.213 4.6420-04 -3.333 7.575t-01 -, 121
98 Naf aq 0 1.412E-05 -4 850 1.465E-05 4.834 ].038E+00 016
100 KSO4- 1.0 1.420E-05 -4 848 1.076E-05 4.968 7.575E-0] 121
173 BaSO4 0 1.843E-02 -1.734 1.9136-02 ~1.718 1.038E+00 016
LOOK MIN IAP
PHASE LOG [AP LOG KT LOG TAP/KT
Gypsum 4.8954 -4.5811 3143
Anhydrit 4,.8933 4. 3438 -, 5495
Barite 4.4183 -10.0528 5.6345




Fluorite 8.5790 10.6599
02 gas 23.7673 2.9369
HZ gas 35.1280 3.128(
ISTEP NUMBER )
0

ALITIES OF ELEMENTS

MOLALITY

$167310-02
2528880-03
407069D-02
774070D-04
9021410-02
715603D-03
1641980-02
. 3332390-03

O ~—

4
:
5
3
l

PHASE BOUNDARIES
PHASE DELTA PHASE* LOG IAP LOG K? LOG 1AP/KT

Aragonit 3.7066350-04 8.3059 8.3059 0000
Barite «3.1641900-02 10.0528 10,052 0000
Dolomite -4.7253640D-05 16.9720 16 ( 0000
Wluorite -6.162207D0-04 10.6599 10,6568 0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE IMDICATES DISSOLUTION

LOOK MIN [AP
PHASE LOG 1AP LOG K1 [AP /KT

Calcite 8.3059 4533 1474
Aragonit 8.3059 -8.3059 0000
Dolomite 16.9720 -16.9720 0000
Witherit 8.0607 -8.5749 5142
Gypsum 10,2995 -4 ,5811 5.7184
Anhydrit 10,2980 -4 ,3438 5.9542
Barite 10.0528 0528 0000
Fluorite 6599 6599 0000
PCO2 4930 . 069 0861
02 gas 3590 2.9369 4221




H2 gas -43.3318 ~3.1280 -40.2038

TOTAL MOLALITIES OF ELEMENTS

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

ELEMENT MOLALITY LOG MOLALITY
Ca 1.4874500-02 -1.8276
M9 6.2056350-03 -2.2072
Na 4.4070690-02 ~1.3559
3 7.7740700-04 -3.1094
Ba 2.7379510-02 -1.5626
€l 5.715603D-03 -2.2429
¢ 2.7615620-04 -3.5588
S 8.490435D-08 =1.0711
F 1.007976D-04 -3.9965

~=~=DESCRIPTION OF SOLUTION-~--

PH « 8.1019

PE = 12.0000

ACTIVITY H20 = .9983

IONIC STRENGTH = 222

TEMPERATURE = 20.0000
ELECTRICAL BALANCE = 1.3566D-01
THOR =  1.1053D-03
TOTAL ALKALINITY = 2.6680D-04

ITERATIONS = 43

-

B

I SPECIES I MOLALITY LOG MOLAL  ACTIVITY LOG ACT GAMMA  LOG GAM

1 H+ 1.0 9.6676-09 -8.015 7.908£-09 -8.102 8.181E-01 -.087
2 E- -1.0 1.000E-12 -12.000 1.000E-12 -12.000 1.000E+00 .000
3 H20 .0 9.983E-01 -.001 9.983E-01 -.001 1.000E+00 .000
4 Cas2 2.0 1.4856-02 -1.828 5.514E-03 -2.259 3.713E-01 -.430
; 5 Mg+2 2.0 6.184E-03 -2.209 2.405E-03 -2.619 3.889(-01 -.410
6 Na+ 1.0 4.407€-02 -1.356 3.403€-02 -1.468 7.722E-01 -.112
7 K+ 1.0 7.774E-04 -3.109 5.835(-04 -3.234 7.506E-01 -.12¢
11 Ba+2 2.0 2.736£-02 -1.563 9.697E-03 -2.013 3.545£-01 -.450
14 C1- -1.0 S5.716E-03 -2.243 4.290E-03 -2.365 7.506E-01 ~.125
15 C03-2 -2.0 2.457E-06 -5.610 8.968E-07 -6.047 3.650£-01 -.438
16 S04-2 -2.0 2.6056-08 -7.584 9.131£-09 -8.039 3.505£-01 -.455



20
3]
32
34
35
76
17
8
83
87
88
92
95
96
98
171
172
173

f

OH

02 AQ
HCO3
H2C03
Lal03
CaHCO3+4
CaS04
(a’ ‘
MtJHf 034
Hq\\\d
MgF+
NaHCO3
NaSO4
NaF aq
BaCO3
BaMCO3+4
BaS04

NSO BaDUMUMMOO ST W NUY S
4

W 0D o Ut 0D U

i =

478£-0]
474L-0]
029E+00
773E-0]
029400
029£+400

773E-01

029t +00
715£-01
715£-01
029E+00
715E-01]
029t+00
715t-01
029E+00
029400
7156-01

029t+400




Date of Simulation Run 1994/05/99
Time of Simulation Run 12:10:04

DATA READ FROM DSk

ELEMENTS
SPECIES
LOOK MIN
ILiner test with barite, fluorite, aragonite and dolomite present

CO50000000 0 O 00000

ELEMENTS

¢ 15 440]10E+02
0 00000E+00

SO/ 'ON )

leav.ate

8 02 2.00 12.0 20.0 1.00
4 6.0000402 & 1.500D+402 6 1.000D+03 7 3.0000+401 11 8.000D+03
14 2.0000402 16 3.000D0+03 20 2.500D40]
MINERALS
Aragonit 4 4.0 8.3 2.6 ] 000
15 1.00 4 1.00
1.7198E402 ~7.7993E-02 2.9033E+403 7.1595€<01 0.0000£+00
Barite 2 6.0 10 6.2 | 000
11 1.00 16 1.00
1.3603E402 0.0000E+00 -7.6804E+03 -4 .8595E+01 0.0000£400
Dolomite 3 8.0 17 9.4 0 , 000
4 1.00 5 1.00 15 2.00
Fluorite 2 .00 11, 4.7 ] .000
B 1,00 20 2.00
6.6348E+01 0.0000E+00 -4.2582E+403 -2.5271€401 0,0000E400
0 .00 0 .00 0 000
I1SOLUTION NUMBER ]
leachate

TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY L0G MOLALITY

5167310-(
7528880-
4070690

. 7740700-
9021410

7156030~ 2429
1641980 4997
.3332390-03 ¢.8751

8191
.2039
3559
1094

2290

— D et ) B VD




~~=<~DESCRIPTION OF SOLUTION----~

PH =  2.0000
PE « 12.0000
ACTIVITY H20 = 9973
IONIC STRENGTH = A710
TEMPERATURE = 20.0000
ELECTRICAL BALANCE « 1.5201D-01
THOR « 1.89850-01
TOTAL ALKALINITY = 2.1°231D-12
ITERATIONS = 16
DISTRIBUTION OF SPECIES
I SPECIES I MOLALITY LOG MOLAL  ACTIVITY LOG ACT GAMMA  |OG GAM
1 H+ 1.0 1.243E-02 -1.906 1.000£-02 -2.000 8.0476-01 -.094
e (- <1.0 1.000E-12 ~-12.000 1.000E-12 -12.000 1.000£+00 .000
3 H20 .0 9.973E-01 -.001 9.973t-01 -.001 1.000E+00 .000
4 Ca+2 2.0 1.307€-02 -1.884 4.416E-03 -2.355 3.379E-0) -.471
5 Mg+2 2.0 5.2726-03 -2.278 1.BB9E-03 -2.724 3.582(-01 -.446
6 Na+ 1.0 4.3526-02 -1.36]1 3.279E-02 -1.484 7.533C-01 -.123
7 K+ 1.0 7.648E-04 -3.116 5.546E-04 -3.256 7.2526-01 -.140
11 Ba+2 2.0 4.231E-02 -1.374 1,339E-U2 -1.873 3.166(-01 -.499
14 C1- <1.0 §.716E-03  -2.243  4.)45(-03 -2.382 7.252€-01 -.140
16 5S04-2 -2.0 8.3]06-03 -2.080 2.590£-03 -2.587 3.1176-01 -.506
20 F- <1.0 1.2496-04 -3.903 9.007E-05 -4.045 7.2106-01 -.142
31 OH- <1.0 9.392(-13 -12,027 6.771€-13 -12.169 7.210E-01 -.142
40 HSO4- 1.0 2.99BE-03 -2.523 2.263E-03 -2.645 7.547€-01 -.122
6% HF AQ .0 1.188E-03 -2.925 1,236E-03 -2.908 1.040F+00 017
78 CaS04 0 2.092E-03 -2.679 2.176E-03 -2.662 1.040E+00 017
88 MgSO4 .0 9.670E-04 -3.015 1.006E-03 -2.997 1.040E+00 017
92 MgF+ 1.0 1.358E-05 -4.867 1.025€-05 -4.989 7.547€-01 -.122
96 NaSO4- -1.0 5.460E-04 -3.263 4.121E-04 -3.385 7.5476-01 -.122
100 KSO4- 1.0 1.263E-05 -4.899 9.532(-06 -5.021 7.547E-01 -.122
173 BaSO4 0 1.6720-02  ~1.777  1.739E-02 -1.760 1.040E+00 017
===~ LOOK MIN IAP «---
PHASE LOG IAP LOG KT LOG TAP/KT
g -4.9440 -4.5811 -.3628
ydrit -4.9417 -4.3438 -.5978
Blrito -4.4598 -10.0528 5.5930
Fluorite -10.4458 -10.6599 2141
02 gas -31.7675 -2.9369 -28.8305



HZ gas 31.1280
ISTEP NUMBER |
Batrbde

TOTAL MOLALITIES OF E'EMENTS

ELEMENT MOLALITY LOG MOLALITY

Ca
Mg
Na
K
'
]

5167310 8191]
2528880 2.0039
407069D-0: 3559
7740700-0 3.1094
902141D-02 2290
7156030 2429
1641980 4997
333239D-0: 2.875]

WU O e

PHASE BOUNDARIES
PHASE DELTA PHASE®* LOG IAP LOG KT LOG 1AP/K]

Aragonit  5.4485570D-03 -8.3059 -8.3059 0000
Barite ~3.1641890-02+ -10.0528 -10.0528 0000
Dolomite 3.4827660D-03 -16.9720 -16.9720 0000
Wluorite «6.211484D-04 10.6599 10.6599 .0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
AND POSITIVE DELTA PHASE INDICATES DISSOLUTION

LOOK MIN IAP --
PHASE LOG AP LOG KT LOG TAP/KT

Calcite -8.3059
Aragonit -8.3059
Dolomite 16.9720
Witherit -8.2593
Gypsum -10.1012
Anhydrit -10.0994
Barite -10.0528
Fluorite -10.6599
PCO2 -2.3606
02 gas -13,95811
H2 gas -40.0360

4533 1474
. 3059 0000
9720 .0000
5749 3185
.5811 -5.5200
3438 ~5.7555
0528 .0000
6599 .0000
4069 9537
9369 1.0142
. 1280 36.9079

8 " :
' B b ond B ; o | )
WP = OO & DD




TOTAL MOLALITIES OF ELEMENTS

R R

ELEMENT MOLALITY LOG MOLALITY
Ca 2.3477490-02 -1.6293
Mg 9.735654D-03 -2.0116
Na 4.4070690-02 -1.3559
K 7.774070D -04 ~3.1094
Ba 2.7379530-02 ~1.5626
1 5.7156030-03 ~2.2429
¢ 1.2414090-02 -1.9061]
$ 9.673074D-08 ~7.0144
F 9.0942260-05 -4.04)2

====DESCRIPTION OF SOLUTION---~

PH =  ©.4540

PE = 12.0000

ACTIVITY H20 = 9979

IONIC STRENGTH = 1477

TEMPERATURE = 20,0000
ELECTRICAL BALANCE = 1.52010-0]
THOR =  4.9657D-02
TOTAL ALKALINITY « 7.71570D-03

ITERATIONS = 50

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

I SPECIES I MOLALITY LOG MOLAL  ACTIVITY LOG ACT GAMMA  LOG GAM

1 W+ 1.0 4.338E-07 -6.363 3.516E-07 -6.454 8.105E-01 -.09]
2 k- -1.0 1,000E-12 ~-12.000 1.000E-12 -12.000 1.090E+00 .000
3 H20 0 9.979E-01 -.001 9.979€-01 -.001 1.000E+00 .000
4 Ca+2 2.0 2.283E-02 -1.64] 8.038E-03 -2.095 3.520E-01 -.453
5 Mg+2 2.0 9.44BE-03 -2.025 3.506E-03 -2.¢F° 3.711E-01 -.430
6 Na+ 1.0 4.399€-02 -1.357 3.3496-02 -1.4.5 7.614E-01 -.118
7 K+ 1.0 7.774E-04 -3.109 5.725£-0* -3.242 7.364E-01 -.133
11 Ba+2 2.0 2.688E-02 -1.571 B.947E-03 -2.048 3.328E-01 -.478
14 C1- -1.0 S5.716E-03 -2.243  4.209E-03 -2.376 7.364E-01 -.133
15 CO3 2 ~2.0 1.788E-06 -5.748 6.152£-07 -6.211 3.440E-01 -.463
16 S04-2 -2.0 3.0156-08 -7.521 9.897(-09 -8.004 3.283f-01 -.484
20 F- -1.0 7.122€-05 -4.147 5.217E-05 -4.283 7.326E-01 -.135
31 OK- 1.0 2.630£-08 -7.580 1.927€-08 -7.715 7.326E-01 -.135
32 02 AQ .0 1.082E-14 -13.966 1.119E-14 -13.951 1.035£+00 015



HCO3
H2CO03
CaMCO3+4
LaS04
Cakbqe
MgHCO34
M_;‘,’_!‘
Mgl 4+
NaSO4
NaF aq
BaHCO3+

BaS04




- g
Yate of Simulation Run 1994
“'“'P of k‘”'\uidl 180 ku' oY ;‘,~

DATA KEAD FROM DISk
” PLERMENTS
SPLCITES
KX RKIN
: e Lest with barite, fluor
005000¢ 0
ELEMENTS
' G081 i 4
! Q0000L +
SOLUTION
leachate
8 02 7.00 12.0
4 6.000D402 5 1.5000402
vl

4 ¢ D00D+02 16
MINERALS

}.0000403

Ar agonit V4 4 0 8

15 1,00 4 1.00
‘ 1.7198BE+0¢ 1993F-02

!‘laY ite ‘ f, 0 10
l{ ! 00 l( ] UO
1.36036402 0.0000£400 -7

Dolom-te 3 g 0 17
4 1.00 5 1.00

Fluorite Vs Ol 11
¢« 1.00 20 2.00

6.634854+0]1 0.0000L+00
0 00 0
1SOLUT ON NUMBER ]
leachate

TOTAI

if 10

vV ik

4

Lé aragon
20.0
6 1.0(

3

U

d B O v

— L U e

;‘(’ ;' E)O(){N(lj

2.9033E403 7

-~

6804E403 -4

9

te and
1.00
)0D+03
6

1595E+401
3

8595E£+01
I3

15 P'OO

4

4.2982E+03 -2

MOLALITIES OF

MOLALITY

5167310

. 2528880

4070690

71740700D-

9021410
7156030
1541980
3332390

3

5271E+01

00

02
03
02
04
02
03

0

03

ELEMEN

0

\

0
0

-

s

0000E+00

0000E+00

0000E+00

[

O MOLALITY
1.819]
2.2039
1,3559
3.1094
1.2290
2.2429

4997

8751

B.000D0+03

000

000

000

000

000




|
2
3
4
5
6
y

—
—

L —
oo

~d W W
0 N =

WO O O e
o oMo oW

SPECTES

H4e

t

H20
Cas2
Hgo?
Na+
K+
Ba+2
C)
S04-2
3

OH

02 AQ
CaS04

1 CafFs

MgS04
Mgk +
NaSO4
NafF agq
KS04.-
BaSO4

MOLALITY

.—-.——...-o\.—-._—u-v\_y._‘c_—\ombw’-_ru‘c.__w

PHASE

Gypsum
Anhydrit
Barite
Fluorite

ELE

|

239t
0001
9761
278t
067t
344
632t
057¢
716t
154¢
1571
333t

6471

3461
166t
063t

. 230t

136t
530t
4221
845¢E

DESCRIPTION OF SOLUY

ACTIV]
IONIC §1
TEMPE

CTRICAL B

OTAL ALKA
ITER

DISTRIBUT

07
12
0]
02
03
02
04
02
03
03
03
08
12
03
05
03
04
04
0%
05
02 .

LOG M

PH
Pt

1Y HZ20 =

‘*[Nn]”
RATURE
ALANCE

THOR »
LINITY =

ATIONS

[ON Of

OLAL

907
000

001

893
295
362
117
392

243
038

937

030

783

2.630

424

. 873
910

212

815

847

734

SPECIT

CTivi

000t
000t
976
3911
B4l
2871

5. 5708

311
171t
014
isat
b, 773§
, 108¢
2 4351
¢.8531
103t
316¢
648¢
588t
1.077¢
915¢

LOOK MIN IAP

LOG 1AP

-4.8950
4.8929
4.4179%
8.5091]

LOG KT

4.5811
4,3438
10,0528
10.659%

1 ON

¢

Ty

07
12
0]
03
03
02
04
02
03
03
04
08
12
03
0%
03
05
04
05
05
02

“~d W PO PO e L e PO N

— g St Sl S e e d wd W W NN W W e e (D

— e B B TO B TO -

b :‘\MM"

071€£-01
000E+00
000E+00
435t-0]
634£-0)
566£-01
298E-0]

.231£-01]

298L-01]
184£-01
257t-01

257t-01

038E400
038E+00
575£-01
038E+00
575€-01
575£-01
038£+00
575L-01

038£+00

LOG TAP/KT

3138
5490
5.6350
. 1509

l “\.J (1,\"

093
000
.000
464
440
121
137
49)
137
497
139
139
016
016
12]
016
2]
121
016
121
016




l Fl I} " NL'M}t ‘\‘
0

TOTAL MOLAL TIES OF ELEMENTS

ELEMENT MOLALITY

=

). 9021410
7156030
1641980
3332390

PO bt BD et Lad et TN et

PHASE BOUNDARIES

PHASE DELTA PHASE* LOG AP LOG KT LOG TAP/K1

Aragonit 2.572326D-04 8.3059% 8.3053 0000
Barite -3.1641%00-02 10.0528 10,0528 0000
Dolomite ~1.070173D-04 16.9720 16.9720 , 0000
dluorite -6.1607070+04 10,6599 10.6599 0000

* NEGATIVE DELTA PHASE INDICATES PRECIPITATION
ARD POSITIVE DELTA PHASE INDICATES DISSOLUTION

LOOK MIN AP
PHASE LOG IAP LOG KT LOG 1AP/KT

Calcite 8.3059 4533 1474
Aragonit 8.3059 . 3059 0000
Dolomite 16.9720 -16.9720 .0000
Witherit -8.0556 5749 5193
Gypsum 10.3046 5811 ), 7235
Anhydrit .3031 -§,3438 5.9593
Barite 0528 0528 0000
Fluorite 6599 6599 0000
PCO2 4566 -1.4069 0497
02 gas 233 2. 9369 4863
Hi gas -45.2997 3.1280 2.1717




TOTAL MOLALITIES OF ELEMENTS

ELEMENT MOLALITY

.&470146D
1458710
40706%D
7740700~
7379510
7156030
319791D-0
4658430
109760

DESCRIPTION OF SOLUTION

PH = 9.0858

Pt 12.0000

ACTIVITY W20 9983
IONIC STRENGTH 1217

ELECTRICAL BALANCE
THOR

TOTAL ALKALINITY
ITERATIONS

1.3540D0-01

1.64090-03

7.6.<10-05
34

TEMPERATURE = 20.0000

DISTRIBUTION OF SPECIES

—

SPECIES MOLALITY LOG MOLAL ACTIVITY LOG ACT GAMMA  LOG GAM

H+

£

H20
Ca+2
Mg+2
Na+
K+
Ba+?
Cl-
C03-2
S04-2
F-

0OH

1.003E-09 8.999
1.000E-]12 12.000
.983E-01 -.001
.469E-02 833
.118E-03 213
.407E-02 . 356
JT4E-04 109
137E-02 . 563
.716E-03 243
477E-06 .606
.596E-08 . 586
.465E-05 072
. 104E-05 957
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32 02 AQ
34 HCO3-
76 CaCo3
77 CaHCO3+
78 CaSO4
83 Caf+

86 MgC03
87 MgHCO3+
88 MgS04
92 Mgf+

94 NaC03-
96 NaSO4-
98 Naf aq
171 BaCO03
172 BaHCO3+
173 BaSO4
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3.669E-04
2.269E-05
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