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1.0 INTRODUCTION

The evaporation ponds located at the Durita disposal facility hold liquid waste from
uranium and vanadium processing. Sulfuric acid leach liquors were treated for
uranium and vanadium recovery using conventional solvent extraction procedures.
The raffinate from the solvent extraction circuit was discharged as waste into the
evaporation ponds. Over the years, this raffinate liquid waste has evaporated, leaving
behind an acid solution saturated in the inorganic salts that were either leached from
the ore rock or introduced during hydrometallurgical processing.

GEOCHEM, a Division of Terra Vac, was asked to review and interpret laboratory
analyses, and to supervise scoping testwork on raffinate samples and shale samples

from the Durita uranium-raffinate disposal site. The objective of the geochemical
analyses and testwork was three-fold:

(1)  characterize the chemical and radiochemical composition of the raffinate
stored in the evaporation ponds;

(2) characterize the mineralogical and geochemical properties of locally-
available Mancos shale; and

(3) perform bench-scale testwork to determine whether the Mancos shale

could be used to neutralize and stabilize the raffinate liquids so as to
effect in-place remediation of the evaporation ponds in an

environmentally safe manner.



2.0 RAFFINATION CHARACTERIZATION

The raffinate stored in the evaporation ponds at the Durita site consists of three liquid
and semi-liquid phases: an acidic solution concentrated in dissolved salts; a very wet
salt-crystal phase; and an intermediate gelatinous phase of previously unknown
composition. Samples of the three phases were collected by Dr. Alan Kuhn of AK
GeoConsult and shipped under chain-of-custody to Accu-Labs Research, Golden,
Colorado, for chemical and radiochemical analyses. The results of the analyses are
summarized in Tables 1 and 2; the actual analytical reports from Accu-Labs Research
are included as Appendix A to this report.

2.1 hemical m ition of Raffin mpl

Chemical analyses of the raffinate phases indicate that the solution phase and the
gelatinous phase are véry similar in composition. The liquid and semi-liquid can be
characterized as an acidic, saturated, magnesium-sodium-aluminum sulfate solution
containing traces of ammonia and nitrate, arsenic, cadmium, lead and zinc. The salt
crystal phase differs from the more-liquid material only by the absence of magnesium.
Magnesium is apparently not incorporated into the secondary minerals that form upon
evaporation of the raffinate.

The similarity in composition between the solution phase and gelatinous phase
samples is shown in the trilinear and Stiff diagrams of Figures 1 and 2. The trilinear
plotting technique, as illustrated in Figure 1, consists of a graphic presentation of the
major-ion concentrations in solutions. The relative percentages of the cations and
anions are plotted in corresponding cation and anion triangles at the bottom of the
trilinear diagram. The locations of these points are then projected and plotted on a
central plotting rhomb which defines a solution’s characteristic composition. The Stiff
diagram shown in Figure 2 is another way of plotting the major-ion concentrations of
solutions to illustrate characteristic composition.



The plotting location of the various raffinate samples confirms the chemical similarity
between the solution and gelatinous phase samples. The major-ion composition of
the salt crystal material, and notably the absence of magnesium, locates the plotting
position on the trilinear diagram away from the solution and the gelatinous material
(Figure 1). The geometric shapes of the Stiff diagrams corresponding to the solution
phase samples and gelatinous phase samples are essentially the same (Figure 2).
The geometric shape of the salt crystal samples is similar, except for the absence of a
magnesium component to the geometric shape.

2.2 Radiochemical Composition of Raffin mpl

Radiochemical analyses of the raffinate phases indicate that the gelatinous phase and
salt crystal samples are elevated in radionuclide content compared to the solution
phase samples. This observation is reasonable, considering the tendency of radium
and thorium to coprecipitate with various secondary minerals that form as the raffinate
solution evaporates.
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RAFFINATE SAMPLES

No. | TDS Semple Site

371010| Solution Phase
240140| Gelatinous Phese
462600| Salt Crystals

TDS - mg/1 per inch
L ] J
0 500000

4—Ce o —»
Cations % meq/] Anions

PROJECT: Durita Evaporation Ponds

DATE: January 18, 1993 Figure 1

GEOCHEM, A Division of Trilinear Diagram of raffinate
samples

Terra Vac Lakewood, Colorado
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3.0 MANCOS SHALE CHARACTERIZATION

Two samples of Mancos shale were collected by Dr. Alan Kuhn from the immediate
vicinity of the evaporation ponds. The samples were shipped under chain of custody
to Accu Labs Research for mineralogical and geochemical analysis. The
mineralogical analysis was completed at The Mineral Lab in Lakewood, Colorado; the
geochemical analyses were performed at Accu Labs Research. Analytical reports on
the Mancos shale samples are included in Appendix A.

The results of x-ray diffraction analysis are summarized in Table 3 and indicate
material which would be expected to neutralize the acidity of the raffinate. Bulk-
mineral analysis showed calcite (CaCO3) content between 50 and 60 percent by
weight, and clay-mineral content between 15 and 31 percent by weight. The principal
clay-forming minerals include kaolinite, illite, and sepiolite.

The geochemical properties of the Mancos shale samples are summarized in Tabie 4
and indicate a material that would be expected to interact favorably with the raffinate,
neutralize acidic pH and, in the process, immobilize potential ground-water
contaminants including heavy metals and natural radionuclides. Neutralizing the
acidity of the raffinate would render potential contaminants insoluble through any-
number of chemical reactions, including precipitation and coprecipitation. Secondly,
the near-neutral pH conditions that would result from the shale/raffinate interaction
would promote geochemical reactions that bind and fix potential contaminants to the
shale. Geochemical mechanisms affecting this fixation include, for example, cation
and anion exchange with kaolinite and illite clays, or sorption onto the traces of iron
and manganese hydrous oxides or organic matter present in the shale. The
effectiveness of such mechanisms is well known.



TABLE 3

Mineralogical Properties of Mancos Shale Samples

ik Mineral Wt ¢ 9014 K Mancos 1 9014 K Mancos 2
Calcite 60 50
Quartz 14 15
Kaolinite 15 7
Mica/lllite <10 14
“Unidentified” <5 <5
Clay-Size Material (<2 um) 6 6
Clay-Size Fraction (Wt %):

Calcite 27 10
Quartz <5 <5
Kaolinite 30 50
Mica/lllite . 20 20
Sepiolite 15 15
“Unidentified” <5 <5
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f 5 péj A e 77
S Ve NANG
_ 7 :
A
D)
ot 4 e BT
— a ,
g6 1 v P
A




U

TABLE 4
Geochemical Properties of Mancos Shale Samples

Geochemical Parameters 9014 K Mancos 1 9014 K Mancos 2

Particle Size/Texture

% Sand 36 38
% Silt 45 46
% Clay 19 16
Acid Neutralizing Potential 64 50
(% CaCOa3)
Soil pH (pH units) 7.4 7.7
Cation-Exchange-Capacity (meqg/100g) 23 21

Exchangeable Cations:

Calcium (meqg/100gq) 66 (1) 76(1)
Magnesium (meq/100g) 1 4
Sodium (meqg/100g) <1 <1
Potassium (meq/100g) 2 2
Organic Carbon Content (%) 0.34 0.34
iochemical Char. rization
Gross Alpha (pCi/g) . 1416 1016
Radium-226 (pCi/g) 2.81+0.3 1.8+0.3
Radium-228 (pCi/g) 0.9+0.5 0.910.5

(1)  Anomalously high exchangeable calcium due to CaCOj; interference in analytical
method.
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4.0 NEUTRALIZATION AND STABILIZATION TESTWORK

Bench-scale laboratory testwork was initiated at IC Technologies, Wheat Ridge,
Colorado, to ascertain whether mixing raffinate with Mancos shale would neutralize
and stabilize the raffinate, converting the saturated solution into a solid, low-
permeability mixture. Successfully demonstrating that the raffinate stored in the Durita
evaporation ponds could be treated with locally-available Mancos shale would offer
an environmentally safe alternative to remediating the raffinate ponds. Final
disposition of the raffinate could take place on-site, eliminating'the need to concentrate
chemical and radiochemical contaminants into another waste product that would
require off-site transportation and disposal.

4.1 Stabilization Testwork

Mixtures of crushed (minus 1/4-inch) Mancos shale and raffinate solution were
prepared in beakers. The mixtures represented different volume ratios of shale to
raffinate, ranging from 0.33 to 1.0. The effects of the shale addition on the raffinate
were noted. As expected, the reaction between the shale and raffinate was rapid and
intense, evolving carbon dioxide gas as the calcium carbonate in the shale reacted
with sulfuric acid in the raffinate. Observations from the beaker tests were as follows:

- crushed Mancos shale was very effective at neutralizing the acidic pH of
the raffinate; pH neutralization occurred in shale to raffinate mixtures at

volume ratios of 0.33 and above;

- for shale to raffinate mixtures at volume ratios of 0.44 through 0.67, the
mass solidified after 72 hours of standing;

- solidification occurred within 24 hours with shale to raffinate mixtures at
volume ratios of 0.83 and higher.

12



Photographs of the solidified mass are appended to this report.

A bulk sample of shale/raffinate mixture at a 0.50 volume ratio was prepared by IC
Technologies for shipment to Vinyard & Associates, Albuquerque, New Mexico. The
sample will be utilized in follow-up geotechnical testwork.

During the beaker tests, the reaction of the Mancos shale with raffinate evoived
copious amounts of carbon dioxide gas. At the same time, an increase in the volume
of the mixtures, estimated between 10 and 25%, was noted as the reaction went to
completion. In order to quantify the amount of gas liberated as well as the volume
change caused by the reaction, the beaker test with a shale/raffinate mixture at 0.50
volume ratio was repeated. Careful measurements of weight changes and volume
changes were taken which are reported below:

n hal Raffin Mixture of 0.50:1. Volum
Yolume Weight
Raffinate | 1,000 ml 1,284 gm
Shale 495 ml (cm3) 750 gm
Initial Mixture (@ Time 0 Hours) 1,475 mi 2,034 gm
After 2 Hours 1,700 ml 1,980 gm
After 6 Hours 1,750 ml 1,974 gm
Yolume Increase (%) Weight Decrease(%)
After 2 Hours (225/1,475) = 15% After 2 Hours (54/2,034) = 3%
After 6 Hours (275/1,475) = 19% After 6 Hours (60/2,034) = 3%

At the end of the reaction, after 6 hours into the test, the volume of the Mancos
shale/raffinate mixture increased by about 19%, and the weight of the mixture

13



decreased by 3% when compared to the initial volume and weight measured at the
start of the test.

4.2  Leaching Testwork

Sequential batch-contact leaching tests were conducted on solidified material
representing a shale to raffinate volume ratio of 0.50. In the sequential batch testwork
(SBT) procedure, weighed amounts of solidified material were contacted with

measured volumes of demineralized water, and the chemical constituents solubilized
from the solidified material were determined by chemical analyses of the resultant

leachate solutions. The SBT procedure simulates continuously leached columns,
wherein, successive leach solution (demineralized water) comes in contact with fresh

solid material (shale/raffinate solidified mass).

The contact was accomplished by mixing demineralized water with solidified material
at desired liquid to solids ratios. The resulting slurries were gently agitated in
containers over a period of 24 hours. At the conclusion of each 24-hour period, the
slurry was decanted and filtered. The solids and appropriate volume of leachate
solution from the previous contact were advanced in sequence according to the matrix
illustrated in Figure 3. Leachate solutions from each batch contact were analyzed for
the following chemical parameters and constituents (on a dissolved basis):

- pH and TDS;
- calcium, magnesium, sodium, chloride and sulfate;

- ammonia and nitrate; arsenic, cadmium, iron, manganese, lead and zinc.
The results of the analyses are presented in the analytical reports inciuded in

Appendix A. Figure 4 through 12 summarize the analyses completed on the leachate
samples for selected chemical parameters and constituents.

14 .



Analyses of the leachate samples from the leaching testwork indicated the following:

- multiple contacts with demineralized water consistently gave leachate
solutions that were near-neutral in pH, ranging between 6.9 and 7.6
(Figure 4);

- much of the sulfate in the original raffinate solution was precipitated and
immobilized by the reaction with the shale material; leachate solutions
were consistently lower in sulfate than the starting raffinate (Figure 5);

- reaction of the raffinate with shale precipitated and immobilized much of
the ammonia and nitrate, and most of the arsenic, cadmium, iron,
manganese and zinc present in the raffinate from the Durita evaporation
ponds. (Figures 6 through 12).

- reaction of the raffinate with shale had nominal effects on the solubility of
conservative ions such as sodium, magnesium, and chloride.

Leachate samples were not analyzed for radionuclides. However, laboratory and field
experience has repeatedly shown that thorium and radium are rapidly immobilized
when acidic raffinate is pH-neutralized through contact with calcareous clay-bearing
material such as natural clay liners. Thorium, for example, is prevented from migrating
in ground water by cation-exchange reactions with clay minerals and natural organics
found in aquifer material; radium is attenuated in its movement by precipitation and
coprecipitation reactions with sulfate ion, for example. Numerous other geochemical
reactions can contribute to essentially trapping the radionuclides in the subsurface.

15
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Appendix A

Analytical Reports

Accu-Labs Research
IC Technologies
The Mineral Lab



Accu-Labs Research, Inc.

4663 Table Mountain Drive  Golden, Colorado 80403-1650
(303) 277-9514 FAX (303) 277-9512

October 7, 1992
Page 1 of 3

Mr. Gary Gamble

Hecla Mining Co.

P.0. Box 8000

Coeur d'Alene, ID 83816-1931

RE: 9963-44395-9
Date Samples Rec'd 8-31-92
Proj. No. 9014

ADDITIONAL ANALYSIS REPORT OF ANALYSIS

9963-44395-9-1 9963-44395-9-2 9963-443385-9-3

ALR Designation
DUR601A 1,2,3,4 DUR603A 1,2,3,4 DUR604A 1,2,3,4

Sponsor Designation

8-27-92 8-27-92 8-27-92
Chloride, ug/mL 19,000 16,000 37,000
Ammonia (as N), ug/mL 500 590 180
Nitrate (as N), ug/mL 35 35 91
pH, pH units 2.9 2.8 2.5
Sulfate (as S), ug/mL 280,000 250,000 280,000
Total Solids, % -- - 57
ICP METALS, ug/mL:
Arsenic, total 27 23 50
Calcium, total 380 380 320
Cadmium, total 36 28 82
Iron, total 340 140 520
Potassium, total 50 5 8
Magnesium, total 38,000 26,000 33,000
Manganese, total 1900 1400 3400
Molybdenum, total <1 <1 <1
Sodium, total 22,000 18,000 29,000
Lead, total 9 8 8
Zinc, total 1300 930 1600
Aluminum, total * 17,000 18,000 22,000
Silica, total * 190 <50 <50



October 7, 1992
Page 2 of 3

ALR Designation
Sponsor Designation

Chloride, ug/g
Ammonia (as N), ug/g
Nitrate (as N), ug/g

pH, pH units
Sulfate (as S), ug/g
Total Solids, %

ICP METALS, ug/g:

Arsenic, total
Calcium, total
Cadmium, total
Iron, total

Potassium, total
Magnesium, total
Manganese, total
Molybdenum, total

Sodium, total
Lead, total
Zinc, total

Aluminum, total *
Silica, total *

REPORT OF ANALYSIS

9963-44395-9-4
DUR6O1G 1,2,3,4

9963-44395-9-5
DUR603G 1,2,3,4

Accu-Labs Research, Inc.

8963~44395-9-6
DUR604G 1,2,3,4

8-27-92 8-27-92 8-27-92
530 7100 11,000
290 150 340

28 37 44

3.1 2.5 2.8
98,000 190,000 160,000
80 63 63

74 38 45
9900 3200 1400
15 23 36
13,000 3300 2200
1100 240 390

29,000 31,000 25,000
820 1200 1600
0.9 <0.5 <0.5

18,000 2200 25,000
6.2 4.8 5.2
780 930 900

28,000 25,000 30,000
220 81 130



Accu-Labs Research, Inc.

October 7, 1992
Page 3 of 3

REPORT OF ANALYSIS

9963-44395-9-9
DUR6G04S 1,2

9963-44395-9-8
DUR603S 1,2

9963-44395-9-7
DUR601S 1,2

ALR Designation
Sponsor Designation

8-27-92 8-27-92 8-27-92
Chloride, ug/g 7100 11,000 11,000
Ammonia (as N), ug/g 1100 500 250
Nitrate (as N), ug/g 18 24 20
pH, pH units 2.9 2.9 2.8
Sulfate (as S), ug/g 330,000 330,000 440,000
Total Solids, % 67 68 69
ICP METALS, ug/g:
Arsenic, total 60 70 40
Calcium, total 3000 6300 690
Cadmium, total 18 21 16
Iron, total 5800 7700 3200
Potassium, total 1100 1100 320
Magnesium, total 35,000 29,000 44,000
Manganese, total 850 1000 1000
Molybdenum, total <1 <1 <1
Sodium, total 29,000 32,000 32,000
Lead, total 13 21 g
Zinc, total 940 850 1200
Aluminum, total =* 43,000 42,000 37,000
Silica, total * 120 160 82

* Additional Analysis

Notes: Samples #1, 2 and 3 were analyzed as water samples.
Samples #4, 5 and 6 were analyzed as wet solid samples.
Samples #7, 8 and 9 were prepped prior to analysis.

These samples are scheduled to be discarded 30 days after the date of this
report.

ZzumﬂﬁL ELLUVRQJﬂALJLL«
Eydd)Hergenreder) ’
EH/eESAQ Soils/RCRA Laboratory Supervisor
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Accu-Labs Research, Inc.

4663 Table Mountain Drive
(303) 277-9514

Golden, Colorado 80403-1650
FAX (303) 277-9512

REPORT
PAGE 1

ANALYSIS
DATE: 10/09/92
GARY GAMBLE Lab Job Number:
HECLA MINING COMPANY
P.0O. BOX 8000
COEUR A'ALENE, ID 83816-1931

These samples to be disposed of 30 days after the date of this report.

9963-44395-9-2
DURGO3A 1,2,3,4

9963-44395-9-1
DURSOD1A 1,2,3,4

ALR Designation -
Sponsor Designation -

9963-44395-9

Date Samples Received:
Customer PO Number:

9963-44395-9-3

DURGO4A 1,2,3,4

08/31/92
PROJ#9014

9963-44395-9-4

DURGO1G 1,2,3,4

Date Collected - 08/27/92 08/27/92 08/27/92 08/27/92
Determinations in X unless noted
Total Organic Carbon
(mg/L) cen= 110 cm-- ----
Total Carbon <0.05 .ee- <0.05 0.13
Total Dissolved Solids (2180 °C)
(mg/L) 370,000 320,000 ---- ----

ALR Designation -
Sponsor Designation -

9963-44395-9-5
DURSO3G 1,2,3,4

9963-44395-9-6
DURGD4LG 1,2,3,4

9963-44395-9-7
DURGO1S 1,2

9963-44395-9-8
DURGO3S 1,2

Date Collected - 08/27/92 08/27/92 08/27/92 08/27/92
Total Carbon 0.08 0.06 0.06 0.05

ALR Designation - 9963-44395-9-9

Sponsor Designation - DUR&04S 1,2

Date Collected - 08/27/92 .

Total Carbon <0.05

W=@«% %%meMﬁb
Eyda Hergenreder
Water Laboratory Supervisor

EH/dhAQ\/

cc: Bill Bond, Geochem
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Accu-Labs Research, Inc.

4663 Table Mountain Drive  Golden, Colorado 80403-1650
(303) 277.9514 FAX (303) 277-9512

ANALYSIS
DATE: 12/08/92

GARY GAMELE

HECLA MINING COMPANY

P.0. BOX 8000

COEUR d'ALENE, ID 83816-1931

RCCU-LABRS FESEARRCH THZ, =

Lab Job Number:
Date Samples Received:

REPORT
PAGE 1

Customer PO Number:

These samples to be disposed of 30 doys after the date of this report.

HZ. 221 PE02
9963-44395-9
08/31/92
PROJ#9014

ALR Designation - 9963-443795-9-1 9963-44395-9-2 P963-44395-9-3 $963-44365-9-4
Sponsor Designation - DURSO1A 1,2,3,4 DURGO3A 1,2,3,4 DUR6C4A 1,2,3,4 DUR&ODIG 1,2,3,4
Date Coliected - 08/27/52 08/27/92 08/27/92 08/27/92
Determinations in pCi/Q (dry) unless noted
Gross Alpha - totsl & ¢ 17 * 120 £ 30 * 220 + 20 * 3700 ¢ 100 *
Gross Beta - total 7215+ 17 2 26 » 286 * 93 2 27 »
Radium-226 - total 0.6 202" 0.0 £ 0.,2* 0.6 £t 0.2 162 1™
Rodium-223 - total 0.0 ¢t 1.0 * 0.0 2 1.0 * 2.1 2 0.6 0.0 0.9 *
Lead-210 - total 1.9+ 0.6 * 0.1 0.6 1.0 2 0.7 * 6.13: 0.8 *
polonium-210 - total 0.6 2 0.2 0.5 0.5~ 1.1 2 0.4 " 9.0 1,4 *
Thorfum-228 - total . 0.1 0.2~ 0.2 £ 0.3~ 0.2+ 0.5* 1.4 £+ 0.8 =
Thorium-230 - totsl 220 ¢t 10 * 370 2 10 * 570 ¢ 20 * 2600 x 100 *
Thorium-232 - total 0.1 202" 0.8 ¢+ 0.5 * -0.120.2* .62 1.9 *
Uranium - total
(2g9/g (dry)) 120 100 2.0 44
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Accu-Labs Research, Inc.

REPORT

PAGE 2

Lab Job Number 9963-44395-9

These samples to be disposed of 30 days after the date of this report.

ALR Designstion -~
Sponsor Designation -

9963-44395-9-5
DUR&03G 1,2,3,4

9963-44L395-9-6
DURS04G 1,2,3,4

9963-44395-9-7
DURSO1S 1,2

§963-44395-9-8
DUR&O3S 1,2

Date Collected - 08/27/92 08/27/92 08/27/92 08727792

Determinations in pCi/¢ (dry) unless noted -~
Gross Alphs - totsl 1200 ¢+ 100 * 1000 ¢+ 100 * 610 ¢ 50 * 1400 2 100 *
Gross Beta - total 18 2 17 * 58 £ 22 * 22 2 18 * 3921 %
Radium-226 - total 6.5+ 0,4 5.52 06" 7.2 £ 0.5 * 121"
Radium-228 - total 0,0t 1.0 * 0.0 ¢ t.1 * 1.7 + 0.6 * .02 15"
Lead-210 - total 6.1+ 0.8* 4.8+ 0.8* 7.2+ 1.3 * 9.3+ 0.9 *
Polonium-210 - total 2.020.5 " 2.4 £ 0.7 * 6.5¢ 1.0* 4.1+ 0.7
Thorium-228 - total 1.0 2 0,9 * 0.8 209" 1.0z 1.1+ 1.5¢ 1.3 *
Thoriun-230 - totsl 1200 = 100 * 1400 =z 100 * 1200 ¢ 100 * 1400 ¢+ 100
Thorium-232 - total 0.8 2 0.9 * 0.2 204" 0.220.8"* 1.7 1.6 *
Urenium - total

(ig/g (dry)) 94 63 25 32



12-18.592  17:91 ACCU-LABS RESEARCH IMC. > 3380282 MO.381 PoRd

Accu-Labs Research, Inc.

ANALYSTIS REPORT
DATE: 12/08/92 PAGE 3
Lab Job Nurber 9963-44395-9

Thesy sunnles tp be dicposed ot 30 days after the date of this report.

ALR Designation - 9963-44395-9-9
Sponsor Designation - DURGD4S 1,2
Date Collected - 08/27/92

Determinslions In pCl/g (dry) untess noted

Grnss Alpha - totsl 540 2 80
Gross Beta - total 1125~
Radium-226 - total 3.6 2046 >
Redium-228 - total 0.0 2 0.8 ¢
Lead-210 - total 3.9 2 0.7 *
Polemium-210 - total 2.0 2 0.5 *
Thorium-223 - total 0.6 ¢t 0.9 *
Thorium-230 - total 600 ¢ 20 *
Thorium-232 - total 0.6+ 0.8~
Ursnium - tolal
(29/9 (dry)) 22

* variability of the radiocactive disintegration process (counting error) at the 95% confidence level, 1.96a.

Note: Thoriums were rerun to confirm results.

By: B\\X\ %m

Bud Summers
Radiochemistry Supervisor

ESE;/IGifE)%éi
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September 25, 1992
Lab no. 920539

Mr. William R. Bond

Terra Vac

12265 W. Bayaud Ave., ste. 140
Lakewood, CO 80228

Dear Mr. Bond:

Two samples, ('"9014 K Mancos 1&2") submitted earlier this month have been
analyzed by x-ray diffraction (XRD) to determine their mineral compositions. The
bulk samples and the clay size (2um) fractions were analyzed.

Each sample was crushed to -1/4" before splitting and grinding.

A representative portion of each crushed sample was ground to approximately -400
mesh in a steel swing mill, packed into an aluminum holder and scanned with the
diffractometer over the range, 3-61° 20 using Cu-Ka radiation. The enclosed
table for the "bulk" samples summarizes the results of those XRD scans as
approximate mineral weight percents. Estimates of mineral concentrations are
based on relative peak heights and comparison to our XRF-determined elemental
composition. The detection limit for an average mineral in these samples is "3-
5% and the analytical reproducibility is approximately equal to the square root
of the amount. "Unidentified" accounts for that portion of the XRD scan which
could not be resolved.

Each crushed sample was subjected to a size separation procedure based on Stokes'
Law to concentrate the clay-size (-2 um) fraction for XRD analysis. A
representative split of each sample was blended with distilled water and 10 ml
of a 5% calgon solution (as an antiflocculant) and then brought up to volume in
a 1000 ml graduated cylinder. Each suspension was allowed to settle for 19.5
hours and then 20 ml of the material suspended above the 300 ml mark in the
cylinder were drawn into a preweighed beaker, air dried and the weight of the
clay-size material determined. The weight percents of clay-size material
concentrated by this procedure are listed on the enclosed table labelled, ''Clay
Separation Results'.

Each remaining suspension was siphoned off for clay XRD analysis. A portion of
each suspension was drawn onto a millipore filter and then rolled onto a glass
slide forming an "oriented mount" for clay analysis. Each oriented mount was
scanned with the diffractometer over the range, 2-61° 26, treated with glycol (to



William Bond September 25, 1992
Terra Vac Lab no. 920539
Page 2

expand any smectite present), and rescanned over the range, 2-30° 26. The
results of the '"clay" XRD scans are summarized on the enclosed table as
approximate mineral weight percents. Concentration estimates are bhased on
relative peak heights, and comparison to the bulk XRD results. The detection
limit for an average mineral in these samples is “3-5%. '"Unidentified" accounts
for that portion of the XRD scan which could not be resolved.

Thank you for the opportunity to be of service.
Sincerely,

Peggy Dalheim

PD/tz



Terra Vac

XRD Results for Bulk '"9014 K Mancos' Samples Given as Approx. Wt3.

Mineral 1
Calcite 60
Quartz 14
Kaolinite 15
Mica/illite <10
"Unidentified" <5

Analysis performed by The Mineral Lab, Inc.

SAMPLE

50
15
17
14

<5

September 25, 1992
Lab no. 920539



Terra Vac September 25, 1992

Clay Separation Results for "9014 K Mancos' Samples. Lab no. 920539
Sample WtZ -2um Material Concentrated
1 6
2 6

Analysis performed by The Mineral Lab, Inc.



Terra Vac
Clay-Size Fractions of "9014 K Mancos'" Samples
XRD Results Given as Approx. Wt%.

Mineral 1
Calcite 27
Quartz <5
Kaolinite 30
Mica/illite 20
Sepiolite 15
"Unidentified" <5

Analysis performed by The Mineral Lab, Inc.

SAMPLE

10
<5
50
20
15
<5

September 25, 1992
Lab no. 920539
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Accu-Labs Research, Inc.

4663 Table Mountain Drive  Golden, Colorado 80403-1650
(303)277-9514 FAX (303) 277-9512
October 7, 1992
Page 1 of 1

Mr. Gary Gamble

Hecla Mining Co.

P.0. Box 8000

Coeur d'Alene, ID 83816-1931

RE: 9963-44533-2
Date Samples Rec'd 9-8-92
Project 33-0016

ADDITIONAL ANALYSIS REPORT OF ANALYSIS
ALR Designation 8963-44533-2-1 9963-44533-2-2
Sponsor Designation 9014 K Mancos 1 9014 K Mancos 2
Date Collected 8-27-92 8-27-92

Determination: meq/100g unless noted

% Organic Matter 0.34 0.34
CEC 23 21

ph, pH units 7.4 7.7
Acid/Base Potential, % 64 50
Calcium, exchangeable 66 76
Iron (II), oxide 16,000 19,000
Potassium, exchangeable 2 2
Magnesium, exchangeable 1 4
Manganese (II), oxide 200 140
Sodium, exchangeable <1 <1
Aluminum, total, pg/g * 12,000 16,000
Silica, total, ug/g * 1100 . 1300
Particle Size/Texture:

% Sand 36 38

% Silt 45 46

% Clay 19 16
USDA Classification L L

* Additional Analysis

These samples are scheduled to be discarded 30 days after the date of thi
report.,

Soda 4&AQ@“NQ&AA
Eyda) Hergehrede
EH/SB;Q Soils and RCRA SlUpervisor
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Laboratory Determination of Moisture Content
(ASTM D 22146-90)
Durita Samples

ICT Project 1197

Mix Ratio Wet Dry Weight  Waeight

Test # g Shale:g Raffinate  Weight.g Weight, g  Loss.g  Loss, %

| 0.5 4320 281.1 150.9 34.9%
2 0.67:1 411.0 2543 166.7 38.1%
3Mm 0.786:1 236.6 169.2 77.4 32.7%
4 1.00:1 416.3 2702 146.1 35.1%
5 1.28:0 4001 284.1 12580 30.6%
6 1.80:1 422.6 298.5 124.1 29.4%

(1) The supply of this mix ratio was depleted by earlier work. The ASTM
procedure's minimum quantity of 100g was satisfied.

Notes ASTM D 2216-90 specifies a minimum of 100g starting maoterial for
particle size of 100% minus 4 mesh.

Sectlon 1.4 of ASTM D 2216-90 states that "Materials containing
water with substantial amounts of soluble solids...when tested by this
method wiil give @ mass of solids which includes the previously
soluble solids. These materials require special treatment to remove
or account for the presence of precipitated solids in the dry mass of
the specimen, or a qudlified definition of water content must be
used."

Accordingly, weight loss, rather than % moisture, is reported for these

samples

@523 w;w ~pr [ I I Hd $2

o
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| C Echnalagies

12325 West 52nd Avenue Wheat Ridge, CO 80033-1916 303/424-8000 FAX: 303/424-8580 1-800-275-0600

FACSIMILE TRANSMISSION COVER SHEET

DATE: December 21, 1992
TIME: _(Q.'_‘@; @AM OPM
TO: Dr. Roman Pyrih

TerraVac

12265 W. Bayaud Ave.
Lakewood, CO 80228
FAX: (303) 988-0288

FROM: R. Lee Schwartz
Senior Project Coordinator
IC TECHNOLOGIES, INC.

Total number of pages being transmitted, including this cover sheet: 2
Message:
Roman:

The data summaryoriginally issued on Friday, 12/18 has been revised to reflect
incorrect entries for the samples 1001-104 Decant and the raffinate sample. As we
presumed on Friday, pH, TDS, and Cl values were switched for those samples.

The table shows two TDS values for sample 1001-100-4 and raffinate. The top value
was generated by electrode method, while the bottom value is by
dilution/filtration/evaporation. It appears that because the TDS electrode measures
conductivity rather than true dissolved solids, accurate values on these samples nnay
not be obtainable by electrode method. We will repeat these analyses by evaporation
method. I'll re-issue the data summary following results of TDS analyses.

IF YOU DO NOT RECEIVE ALL OF THE PAGES,
PLEASE CALL BACK AS SOON AS POSSIBLE.

Applying tomorrow's technologies to today’s problems.
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‘Acc;l-Labs“’ Research, Inc.

4663 Table Mountain Drive

(303)277-9514

Gulden, Colorado 80403-1650

FAX (303) 277-9512

L. SCHWARTZ
IC TECHNOLOGIES INC
4880 ROBB ST #3

WHEAT RIDGE, CO

80033

REPORT

PAGE 1

Lab Job Number:
Date Samples Received:
Customer PO Number:

Theso samples to be disposed of 30 days after the date of this report.

ALR Desfgnation -

2291-46177-10-1

2291-46177-10-2

2291-46177-10

1197

2291-46177-10-3

12/18/92

2291-46177-10-4

Sponsor Designation - 1001-100-1 1V01-100-2 1001-100-3 1001-100-4
Date Collected - 12718/92 12/18/92 12/18/92 12/18/92
Determinations in mg/L unless noted
Calcium - total S00 470 390 490
Magnesium - total 14,000 25,000 33,000 2,700
Ammonia (as N) 120 220 310 24
Nitrate (as N) 21 18 49 4,0

ALR Designation -

2291-44177-10-5

2291-66177-10-6

2291-46177-10-7

2291-46177-10-8

Sponsor Desfgnation - 1001-100-5 1001-100-46 1001-100-8 1001-100-10

Date Collected - 12/18/92 12/18/92 12/18/92 12718792
Calcium - total 490 520 500 470
Magnesiun - total 6,600 11,000 510 1,500
Ammonia (83 N) &4 110 6.9 17
Nitrate (es N) 9.0 17 0.54 2.9

ALR Designation -

2291-46177-10-9

2291-46177-10-190

Sponsor Designation - 1001-129-12 1001-104
Date Collected - 12/18/92 12718792 -
Calcium - totsl 470 300
Magnesium - total 2,700 49,000
Ammonia (as N) 37 510
Nitrate Cas N) 4.6 82

 By: Fnd&‘«’.u 'Hi)\y".te ol

Eyda Hergegn

reder

Water Laboratory Supervisor
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