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INTRODUCTION AND SUMMARY

A metallurgical test program was authorized in October, 1976,
by Minerals Exploration Company relative to the alkaline leach
amenability of bulk and drill core samples from Anderson Mine near
Wickenburg, Arizona.

B Evaluazi/on of alkaline leach tests on bulk samples from the
Middle andWIr_’.;wer Zones showed that temperature was the most
significant variable, with the uranium dissolution increasing with tempera-~
ture, The data also indicate that sodium carbonate addition should be a
minimum of 120 1b/ton (30 g/1 NaZCO3 at 33% solids). Alkaline leaching
of the Middle Zone gave uranium extractions of 96%; whereas, the Lower
Zone extractions were about 94-95%.

A series of tests was performed on fourteen individual drill core
samples considered to be representative of the Anderson Mine ore body.
The results indicate uranium extractions ranging from 73 to 90%.

Leach studies on area composites from a set of 18 fresh drill
cores showed uranium solubilizations of more than 90%. The optimum

leach conditions were:

Size ' Minus 65-mesh
Oxidant Oxygen
Retention time 16 hours
Temperature 80°C

Cupric sulfate 2 1b/ton
Ammonia 2 1b/ton

Sodium carbonate 160-200 1b/ton
Sodium bicarbonate 40 1b/ton

hri



The leach solutions all contain a significant amount of soluble
organics which appear to inhibit the precipitation of sodium diuranate.
Organic removal studies indicated that activated carbon or surfactants
Aerosol C-61 and Arquad T-2C-50 are effective in removing the organic,
but the amounts used are not economically practical,

Roasting the ore before alkaline leaching was also effective
in eliminating the alkaline soluble organics, but roasting at tempera-

tures above 35000 was detrimental to uranium solubilization.
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DESCRIPTION OF ORE SAMPLES

BULK SAMPLES (MIDDLE ZONE AND LOWER ZONE)

There are two principal horizons known as the Middle Zone
and the Lower Zone in the Anderson ore deposit. Two bulk samples
were received from the ore body representing these zones. The

analyses of these samples were as follows:

Chemical
Analyses,
% Middle Zone Lower Zone

U3O8’ analyzed 0.039 0.043
U308’ average calculated 0.045 0.050
VZOS 0.07 ) 0.14
Mo 0.001 0.001
CO2 0.75 3.20
Fe 3.05 3.06
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CORE SAMPLES

Cores from 14 holes were received on November 18, 1976,
On intervals where the core was crushed, three-fourths of the
coarse reject and all the fine reject was used to prepare individual
composites, Where the core was split, one-fourth was saved and
the remaining core and rejects were used for individual composites.
These core composites provided the samples for the second stage

of leach studies. Analysis of the composites are listed below:

Grade
- o o,
Hole No, AM % U308 % CO2
1C 0.025 13.4
7C 0.047 0.24
13C 0.027 9.2
16C 0.035 9.6
17C 0.041 1.9
18C 0.063 15,5
26C 0.115 14.3
49C 0.075 17.3
51C 0.018 12.0
113C 0.045 0.63
119C 0.125 13.3
135C 0.086 5.0
149C 0.055 0.34
Average 0.058 -
Grade weighted 0.058 -

average
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AREA COMPOSITES 1, 2, AND 3

Eighteen fresh drill cores were received on December 1, 1976,
and January 17, 1977, Information was supplied to Hazen Research
by Mr. G. C. Dohm, Jr., on the desired holes and footages to be
combined to give three composites representing potential periods of
mining. One-fourth of each drill core was saved and the remainder
was used to make the three composites.

The samples were analyzed chemically for uranium, vanadium,
molybdenum, and carbonate content and by semi-quantitative X-ray
fluorescence analysis for minor elements. The analyses are shown

in the following table.

Percent

Analysls Composite 1 Composite 2 Composite 3
Mining Period Early Middle Late
USOS 0.039 0.054 0.058 -
VZOS 0.06 0.09 0.11
Mo 0.002 0.007 0.006
CO2 11.4 9.7 5.5
Copper 0.014 0.021 0.014
Zinc 0.020 0.026 0.022
Arsenic 0.001 0,011 0.012
Iron 1.4 1.7 1.7
Nickel 0.040 0.086 0.014
Rubidium 0.011 0.014 0.021
Barium 0.072 0.077 0.099
Strontium 0.060 0.120 0.110
Titanium 0.110 0.066 0.130
Zirconium 0.024 0.036 0.034
Molybdenum 0.002 0.006 0.008
Uranium 0.025 0.042 0.067
Manganese 0.051 0.025 0.044
Yttrium 0.006 0.006 0.006
Lead - 0.016 0.010
Vanadium - 0.071 0.008
Chromium - 0.007 0.044
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DISCUSSION OF TEST RESULTS

LEACHING OF MIDDLE ZONE AND LOWER ZONE COMPOSITES

Two bulk samples were received representing the Middle and
Lower Zones of the Anderson Mine ore deposit. A series of NaZCOS/
NaH003 leach tests were designed to study the variables which can
affect the solubilization of values during the leaching of uranium-
vanadium ores.
Splits were taken from each blend and dry-ground to nominal
14-, 28-, and 48-mesh sizes. Figure 1 plots the screen analyses of
the three sizes for each ore.
The variables studied during the alkaline leaches included:
Temperature
Retention time

Ore size
Lixiviant concentration

The alkaline leaching procedure was to pulp the dry ore in
water at 33% solids, bring the pulp up to temperature, add the re-
agents and digest for a predetermined time with air bubbling through
the pulp at 10-20 cc/min (0.6-1.3 cfm/ton). At the conclusion of
the leach, the pulp was filtered and washed with two displacements

of three g/1 sodium carbonate solution.

hri
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The results from each series of tests are tabulated in Appendix
1, Table A-1, The effects of each variable on the uranium and vana-
dium extractions were determined by fitting a logarithmic least square
curve to the data. The quality of the fit was evaluated by calculating
the Coefficient of Determination for each curve. The Coefficient of
Determination, r2 , estimates the decimal percentage of the variance
of the dependent variable which can be explained by changes in the

independent variable. The closer r2

2

is to unity, the more variance
is explained. Values of r® approaching zero indicate the fit of the
data has no statistical significance.

The effect of retention time on the leaching of uranium is plotted
in Figure 2. The data indicate a slight decrease in uranium extraction
with extended leaching time; however, the Coefficients of Determination

do not show this to be statistically significant.
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The effect of ore size on the leaching of uranium is plotted
in Figure 3. The data indicate that the size had no effect on the

uranium extraction.
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The effect of the sodium carbonate addition of the uranium
leaching is plotted in Figure 4. Both ore zones show increasing
uranium solubilization with increasing sodium carbonate addition; how-
ever, the lowest residual values also were achieved in leaches with

low sodium carbonate additions, 120 lb/ton.
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The effect of temperature on the leaching of the uranium is
plotted in Figure 5. Both ore zones show increasing uranium extraction
with increasing temperature,
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Evaluation of the alkaline leaching results showed that tempera-
ture was the most significant variable with the uranium dissolution
increasing with increasing temperature. The data also indicate that
the sodium carbonate addition should be a minimum of 120 lb/ton (30
g/l Na2003 at 33% solids). Alkaline leaching of the Middle Zone
gave uranium extractions of 96%; whereas, the Lower Zone extractions
were about 94-95%.

Analysis of the leaching data indicated that the optimum condi-
tions appeared to be 80°C for 16 hours, 33% solids,using ore ground
to 80% passing 48-mesh,with a sodium carbonate addition of 120-160
1b/ton (30-40 g/1). Tests were run during the above program which
approximated these conditions. Ninety-five percent of the uranium

was extracted from the Middle Zone ore and ninety-four percent was

extracted from the Lower Zone ore.

LEACHING INDIVIDUAL DRILL CORE SAMPLES

A series of alkaline leaching tests was run on 28-mesh
individual drill core composites. Common conditions for leaching
were chosen from the best results on leaching composites from the
Middle Zone and Lower Zones, 33% solids, 80°C for 16 hours with
CO,, and 40 lb/ton NaHCO

273 3°
The uranium extractions for the alkaline leaches are summarized

fixed reagent additions of 160 1lb/ton Na

below and the detailed data are tabulated in Appendix 1, Table A-2.

hri
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Extraction of Uranium from
Various Core Hole Composites

Percent of

Grade Uranium Solubilized

Hole No. AM- % U308 % COZ Alkaline Leach l/
1C 0.025 13.4 86.2
7C 0.047 0.24 79.2
13C 0.027 9.2 83.0
16C 0.035 9.6 72.6
17C 0.041 1.9 89.8
18C 0.063 15,5 85.5
26C 0.115 14.3 84.6
49C 0.075 17.3 82.2
51C 0.018 12,0 81.7
113C 0.045 0.63 79.6
119C 0.125 13.3 89.8
135C 0.086 5.0 84,7
149C 0.055 0.34 75.8
Average 0.058 - 82.6
Grade weighted average 0.058 - 83.5

CO, and 40 1b/NaHCO,.

1/ Reagent addition: 160 lb/ton Na,CO, 3

The data show reasonable amenability of these samples to alkaline
leaching with uranium solubilizations of 73% to 90%. The presence
of organic matter was noticeable in most of the leach solutions and
uranium extractions were lower than from the Middle and Lower Zone

samples.

DRILL CORE COMPOSITE

A series of tests was designed to evaluate the Atlas Minerals'
process and the effect of temperature, retention time, and roasting

the ore before leaching on the uranium extraction.

hri
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A composite was made using analytical pulp rejects from

the following drill core samples:

Hole No. AM-~ HRI No.

1C 10647
26C 10653
51C 10655
135C 10659
149C 10660

A head sample, taken from this composite, has the following

analysis:

U308 VZOS COZ

Composite No. % % %

976-100-0 0.058 0.083 10.0

ATILAS MINERALS ALKALINE LEACH

Two alkaline leaches were carried out using Atlas Minerals'
procedure on 300 gfams of composite at 33% solids heating to 80°C
over a two-hour period, followed by an autoclave pressure leach at
lZOOC, 50 psig of air or oxygen, with 160 1b/ton NaZCO3 and 32

1b/ton NaHCO3 for six and one-half hours retention time. As an

hri
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oxidation catalyst, 2.7 lb/ton of cupric sulfate and 0.5 lb/ton
NH4OH were added. These tests show uranium solubilizations of
89.3% and 92.7%, respectively. They are listed in Appendix 1,
Table A-3, as Tests 976-100 and 976-104. The use of oxygen in

Test 976-104 gave better uranium extraction.

EFFECT OF TEMPERATURE

Two agitation leach tests were run to evaluate the effect of
temperature, BOOC, and the boiling point, on leaching the uranium.
Conditions were 33% solids ., 24 hours retention with 160 1b/ton
Na,COj, 40 lb/ton NaHCO3, plus 8 lb/ton cupric sulfate, and 8.7
1b/ton NH4OH as an oxidation catalyst. Air was used at 10-20 cc/
min bubbling through the pulp. The results of these tests show that
a temperature higher than 80°C is detrimental to uranium solubiliza-
tion. These tests are tabulated in Appendix 1, Table A-3, as Tests
976~101 and 976-102.

An agitation leach test was performed, as above, with 10-20
cc/min oxygen bubbling through instead of air. This test, listed in
Appendix 1, Table A-3, as Test 976-103, shows that only 63.6% of

uranium was solubilized.

EFFECT OF RETENTION TIME

A series of six tests was made to evaluate the effect of reten-
tion time on leaching. Conditions were 33% solids, 80°C, 4 to 48
hours retention time, with 160 lb/ton Na,CO3, 40 lb/ton Na,HCO3.
Eight 1b/ton cupric sulfate and 8.7 1b/ton NH4OH was added as an
oxidation catalyst. Tests 976-106 through 976-111 in Appendix 1,
Table A-3, show an increasing uranium solubilization from 89% up to

95% with increasing retention time,

hri
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ROASTING

Roasting tests were made at 350°C, 450°C, and 550°C, two
hours retention time with 500 cc/min of air flow. An alkaline agita-
tion leaches were performed to evaluate the leaching characteristics of
the calcine. The results of these tests, tabulated as 976-113,
976-114, and 976-115 in Appendix 1, Table A-3, show that tempera-
tures above 350°C are detrimental to uranium solubilization. How-

ever, roasting did eliminate the alkaline soluble organics from the ore.

hri
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LEACHING OF AREA COMPOSITES 1, 2, AND 3

Fresh drill core samples from the Anderson Mine were received
on December 1, 1976, and January 17, 1977, for amenability testing.
One-fourth of each drill core sample was saved and the remaining
drill cores and their rejects were used to make three area composites.
Each composite was crushed to pass 6-mesh, Portions were split out
for head samples and the balance of the sample was ground to give
a nominal 28~mesh grind and provided the feed for the leach amena-
bilities,

A series of alkaline agitation leaching tests were performed
on each of the 28-mesh drill core composites at 33% solids for 16
hours at 80°C, with reagent additions varying from 160 to 200 1b/ton
Naz CO3. As an oxidation catalyst 2 to 8 1b/ton of cupric sulfate and
2 to 8.7 lb/ton ammonia was added, with air or oxygen bubbling
through at 10-30 cc/min. The results of these tests are tabulated in
Appendix 1, Table A-4, as Tests 1009-11 through 1009-21. They show
the good amenability of Composite 1, with uranium solubilizations over
90%. Composites 2 and 3 show that more oxidation is required for
good uranium solubilization. Tests 1009-18 and 1009-19 had uranium
solubilizations of 94.,1% and 89.3%.

A series of 16 tests was carried out to evaluate ore size and
addition at different levels of oxidation catalyst with air or oxygen
bubbling through the pulp. The results of these tests are tabulated
in Appendix 1, Table A-4, as 1009-25 through 1009-46,and they show
that minus 65-mesh is the optimum ore size and oxygen is a better
oxidant than air. Tests 1009-44 through 1009-46 show uranium

solubilizations over 90% for the three composites.

hri
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REAGENT ADDITION OPTIMIZATION

Additional alkaline leaching tests on Anderson Mine drill core
minus 65-mesh ore composite from area 3 were performed to evaluate
optimum reagent additions, and the effect of different levels of oxygen
as an oxidant. The results of these tests are summarized in the follow-

ing table and the detailed data are tabulated in Appendix 1, Table A-5,

Test Residual Extraction
No. Solids NayCO4 NaHCO3 CuS04°5H,O Ammonia Oxygen U30Qg U30g
1009- % 1b/ton 1b/ton 1b/ton Ib/ton  cc/min % %
8 Y 50 100 20 2 4 (10-30) 0.008 87.7
49 1/ 50 150 30 2 4 (10-30) 0.005 91.4
50 1/ 50 200 40 2 4 (10-30) 0.005 91.8
54 40 120 30 2 2 (10-30) 0.009 83.0
55 40 120 30 4 2 (10-30) 0.008 85.1
56 40 150 30 2 2 (10-30) 0.007 86.6
57 40 150 30 4 2 (10-30) 0.006 88.5
58 40 150 30 2 2 10 0.006 87.5
59 2/ 40 150 30 2 2 20 0.006 89.8
60 3/ 40 150 30 2 2 30 0.006 89.9
61 40 150 30 2 2 40 0.006 90.0

1/ 50% solids mechanically difficult to keep pulp mixing.
2/ 2 lb/ton MgO added during leach.
3/ 4 1b/ton MgO added during leach.

The data clearly show uranium solubilizations of 90% with
reagent additions at 150 lb/ton Na,COg,, 30 lb/ton NaHCO,, 2 1b/ton
CuSO,4*5 H,0, and 2 1b/ton ammonia. Oxygen addition, as an oxi-
dant, has to be maintained at flow rates between 20 cc/min to 40
cc/min of oxygen. Analysis of the leach solutions showed Na2003

consumptions of 37 to 83 lb/ton.

hri
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ROASTING AND ALKALINE LEACHING OF COMPOSITE 3
Three alkaline leaches were performed on minus 65-mesh cal-
cined ore, Composite 3, to evaluate the effect of roasting at tempera-
tures of 350°C, 375°C, and 40000. The results of these tests are
summarized in Table 1,and the detailed data are tabulated in Appendix 1,
Table A-6.,
_Table 1
Effect of Roasting on Composite 3
Anderson Mine Ore
Test No. Roasting Temperature Residual Extraction
1009- °c U30g % U,08 %
65 350 0.010 81.7
71 375 0.012 79.9
66 400 0,011 81.7
The low uranium extractions in these tests indicate that roast-
ing this ore composite before leaching is detrimental to uranium
solubilization.
THICKENING AND FILTRATION TESTS
Thickening tests were performed on leached pulps from area
composites 1, 2, and 3. These tests do not show good unit areas.
The results are summarized in the following table, and the detailed
data are tabulated in Appendix 2, Table A-2.

hri
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Thickening Tests on Anderson Mine
Area Composites 1, 2, and 3

1b/ton
Arquad Terminal Density Unit Area
Test No, 1009- T-50 MGL % Solids ftz/ton/day
35 6.7 0.07 53,3 7.98
36 6.7 0.07 56.4 9.34
37 6.7 0.07 53.7 8.50
38 13.4 0.14 55.0 5.10
39 13.4 0.14 62.2 5.90
40 13.4 0.14 57.8 10.5

Filtration tests on leached pulp from area composite 3 were per-
formed. The results of these tests show poor solids filtration rates of

85 to 131 1b/sq ft/24 hr, see test data in Appendix 2, Table A-7.

hri
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ORGANIC REMOVAL

Throughout the alkaline leach studies, a continuing problem
was the large amount of soluble organics observed in leach solutions.
A series of tests was designed in an attempt to remove this organic
from these leach solutions. Surfactants and flocculants were tested.
Flotation, magnesium oxide, and activated carbon absorption also

were evaluated.

SURFACTANTS AND FLOCCULANTS

A composite was made using solutions from alkaline leach
Tests 976-85 through 976-104. TFifty ml samples of this composite
were contacted with each reagent at concentrations of 1 g/1 and
10 g/1, 0.04 1b/ton of flocculant AP-30 from Dow added, and the
centrifuge was used for clarification., Samples were evaluated with
Bausch and Lomb Spectronic 20 colorimeter measuring the percent

transmittance. The results of these tests are tabulated in Table 2.

Table 2

Colorimetric Evaluation of Organic Removal
from Alkaline Leach Solution

1g/1 10 g/1
Addition of Solution Transmittance Addition of Solution Transmittance
1b/ton % 1b/ton %

Aerosol C-61
Polyox 1431
MRL-91
Polyhall M-630
Arquad T-2C-50

— e
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The results of these fests indicate that Aerosol C-61 and
Arquad T-2C-50 appear to be effective in removing the organic matter,
but the reagent additions are uneconomical and not practical.
The coagulated organic material removed from one liter of leach
solution was 1.28 g and contained 0.51% U,O, with a heat value

378
of 14,700 Btu/lb.
FLOTATION

A single flotation test was performed for organic removal on
solution after uranium precipitation, Arquad T-2C-50,as a surfactant,
at 0.4 1b/ton and 0.01 1b/ton of kerosene was used. Organic
removal was poor and colorimetric evaluation of solution gave only a

10% transmittance.

MAGNESIUM OXIDE

An additional alkaline leach test was carried out to evaluate
the efficiency of MgO using 20 lb/ton addition at the end of leaching.
No significant improvement was observed in organic removal. The
residue filtration rate was 85 to 131 1b/sq ft/24 hr, see test data in
Appendix 2, Table A-7.

ACTIVATED CARBON

Four-stage countercurrent carbon treatment for organic removal
from alkaline leach liquor before and after uranium precipitation was
carried out, Granular activated carbon, manufactured by Atlas Chemical
Industries, Darco grade 12 x 40 at 50 g/1 and 100 g/1 was used in all
these tests. Samples were evaluated with a spectronic 20 colorimeter
as a percent transmittance. The results of these tests are tabulated in

Table 3.

hri
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' _Table 3

Four-stage Countercurrent Carbon Treatment for Organic
Removal from Alkaline Uranium Leach Liquor

Before Uranium Precipitation Before Uranium Precipitation After Uranium Precipitation
100 g/1 Carbon 50 g/1 Carbon 100 g/1 Carbon
Cycle % Transmittance % Transmittance % Transmittance
lst 95.0 55.0 99.0
2nd 92.5 4.5 80.0
3rd . 91.0 - -
4th 84.5 - -

The data above indicate that high carbon dosages would be
required for a good organic removal. Because of poor organic removal

in two tests, only two cycles were conducted.

hri
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YELLOW CAKE PRECIPITATION

A composite was made combining filtrate and wash solutions
from alkaline leach tests 1009-11 through 1009-21, A sample taken
from this composite analyzed 0.121 g/1 uranium. Direct caustic
uranium precipitation, precipitation after organic removal with
Arquad T-2C-50,and precipitation after organic removal with Arquad-
T2C-50 and activated charcoal was performed using one liter com-

posite for each test. The results are tabulated below:

Temperature U308 Uranium Precipitation
Description o¢ g/1 %
Direct precipitation 85 0.0081 93.3
Direct precipitation 90 0.0140 87.6
After Arquad T-2C-50 85 0.0254 63.6
After Arquad T-2C-50 and charcoal 85 0.0094 90.0

The data clearly show that at 85°C over 90% of the uranium
can be precipitated directly from alkaline leach liquor with an excess
of caustic addition and that higher temperatures appear to be detri-
mental. Precipitation after Arquad T-2C-~50 and charcoal shows that

only 90% of the uranium could be precipitated.

hri



APPENDIX 1



1y

A 8 ¢

L°2L 8°12 € €T 97/ (A2 v'8L (AVAY £°8¢ 4°0¢ L°88 8'68 V1L AR A % ‘"o'n
UoTIoeIiXg

110°0 L€0°0 ¥€0°0 170°0 S€0°0 010°0 610°0 820°0 0€0°0 S00°0 ¥00°0 €10°0 110°0 % %ofn

6'L8Y 0° 1LY 0°S8¥ S'VLY S*Z8¥ 0°2L¥ 0'68% ST 1LY S v8Y 0LV €18V AR TAZ 8 ¢e8¥ 5 ‘ybrom
snpisay

- - - - - - - - - - - - - /6 ~mOmD

- - - - - - - - - - - - - Tw ‘8wnyoA
qSem

0€1°0 9£0°0 120°0 Z10°0 010°0 L21°0 290°0 £S0°0 620°0 LET'O €eT°0 211°0 0z1°0 /6 8ofn

0ST + o¢-~ o¢- o¢- oc- o¢- oc- o€~ 0z~ 01 - 0Z+ 0E+ 09+ Auwr ‘Jus

8°6 0°01 0°0T 0°0T 0°0T1 6°6 66 8°6 6°6 66 8°6 6°6 8°6 Hd

00TT 0veT 0021 S621 15241 0S¢t 0vET )4%¢ 02ST 0SET 0821 0LET 0STT Tw ‘awnfop
S1enTid

o¥ 0¥ 0¥ 114 114 0¥ (117 114 0z 12 174 0z 114 uol/qr ‘93rUOqIedTq WNIPOg

091 091 091 00T 001 091 091 001 001 091 091 00T 00T uol/q[ ‘93rUOGIED WNIPOZ

8 ve ve ve ve ve ve ve ve ve ve vz ve oy ‘awry

08 oy oy ov oy 09 09 09 09 08 08 08 08 0Op 'ernjeredwag,

vI- 82— 82~ 82~ 8¢z~ 82— 8z~ 8¢z- 8¢z~ 8¢z- 82~ 8¢z~ 8¢z- ysaw ‘ez1s 810

00§ 00§ 00§ 00§ 00§ 00§ 00§ 005§ 00S 005§ 00§ 00S 00S 6 ‘peay yoesg
SUOTITPUOD Yodea]

100°0 100°0> 100°0 100°0> 100°0 100°0> T100°0 100°0> 100°0 100°0> T00°0 100°0> T100°0 wnuspqATon %

L0°0 ¥1°0 L0°0 Y170 £0°0 ¥1°0 L0°0 ¥1°0 L0°0 ¥1°0 L0°0 ¥1°0 4L0°0 wnypeuRp %

6€0°0 €%0°0 6€0°0 €v0°0 6€0°0 €%0°0 6€0°0 €%0°0 6€0°0 €¥0°0 6€0°0 €%0°0 6€0°0 wnyueIn %
S{s&jeuy pesH
1-06¥01 z-06%0T T1-06¥0T Z-06F0T T1-06%0T Z-06%0T T-06¥0T ¢-06¥0T T1-06¥V0T 2Z-06¥0T 1-06¥0T Z-06¥0T T1-06¥01 *oN erdwes 1¥H
6%~946  ¥Z-946  €7-9.6  7T-946  1C-9.6 91-9/6  S1-946  ¥1-946  €1-9.46 8-946 L~9L6 9-9.6 S-9/6 *ON 31597,
- - - - - - - - - - - - - *ON 9ioH

(z 30 T @beg)

U0y JoMO] PUE U007 SIPPIIN SUTIN U0Siopuy
elRQ YORST SUITETY

1-1-Y S1qe1
1-v



uy

8 ¢
7'v6 £°16 L°26 1°16 Z°v6 6°06 9°'v6 S°68 8°¢6 0°16 £°98 1°¢€6 9°98 % ‘"o"n
UoTI0en %]
.8
£00°0 ¥00°0 v00°0 v00°0 £00°0 ¥00°0 £00°0 v00°0 £00°0 ¥00°0 £00°0 £00°0 £00°0 % ‘8ofn
0°€L¥ S 18% 0°08% 0*¢8¥ 0° 14V 0°'z8% L1V 0°Z8% 6°TL¥ 9°18¥ S*z8% L°S8% ¥'SLY 6 ‘1ybrom
onpjsoy
- - - - - - - - - - - - - ﬁ\m ~wOmD
- - - - - - - - - - - - - Tw ‘SWn[oA
GSem
122°0 981°0 LY 0 902°0 122°0 961°0 §¥2°0 £91°0 48T°0 841°0 002°0 S8T°0 S81°0 /6 8580
S9+ 09+ 0L+ 09+ 0/ + 0/ + SL+ 0L+ S+ S+ S8+ S8+ 0+ AW ‘Jwe
6°6 8°6 L°6 L°6 6°6 8°6 8°6 L6 6°6 6°6 6°6 8°6 8°6 Hd
0601 0801 066 096 0%0T1 086 0101 0101 0STT 0011 0901 0401 0911 Tw ‘9wnjop
SienTd
1] 72 (1] 72 (1] 2 0¥ 1172 (172 0% 0¥ 1172 0% o¥ o¥ (172 uo}/qr ‘91euoqIedtq wnipos
007 002 0Z1 0zt 091 091 071 071 002 007 007 007 091 uol/qr ‘8}eUOqIRd WNTPOS
ve ve ve 124 ve ve 91 91 91 91 8 8 8 oy ‘ewrlL
06 06 06 06 06 06 06 06 06 06 08 08 08 Do éduﬂmaema
vi- vi- 8-~ 8- 8z- 82- v~ vI- 8z- 82~ 8y~ 8- v1- ysou ‘9218 310
00$ 00S 00$ 00S 00§ 00S 00§ 00§ 00S 00S 00S 00S 00S b ‘peay yoeo]
: SUOCTITPUOD) (oeoT
100°0> 100°0 100°0> 100°0 100°0> 100°'0 100°0> . 100°0 100°0> 100°0 100°0> 100°0 100°0 wnuepqAoW %
v1°0 £0°0 v1°0 £0°0 v1°0 £L0°0 v1°0 400 v1°0 L0°0 v1°0 L0°0 v1°0 WNipeURA %
£70°0 6£0°0 £v0°0 6€0°0 £v0°0 6£0°0 £v0°0 6£0°0 £%0°0 6€£0°0 £%0°0 6£0°0 £V0°0 wnjueln %
S7sATeuy peon
Z-06%0T T1-06%V0T Z~-06%0T T1-06¥01 Z-06%0T T1-06V0T Z-06¥0T T1-06%0T 2Z-06%0T T1-06%¥0T Z-06%¥0T T-06V0T CZ-06¥%0T ‘oN ordwe§ T¥H
89-946  £9-946  99~946  S9~946  ¥9-946  €9-946  29~946  19-946  09-9.6  6S~9.6  8S-946  LS-946  0S-9.6 *ON 189L
- - - - - - - - - - - - - *ON 9I0H
(z 30 7 obey) 1-1-V 9[9eL
-v

)

S



1y

,8 .8
8°S/ L°¥8 8°68 9°6L £°18 0°'18 7' 78 9'8 g'sg 8°68 9°zL €8 2° 6. z°98 % '"0"Nn
UCTIoeNXg
.8
£10°0 710°0 110°0 600°0 £00°0 010°0 ¥10°0 810°0 900°0 ¥00°0 600°0 S00°0 01I0°0 £00°0 % 8ofn
1°06% S 88% 8'z5¢ 0'162 8°€0Z  V°06¥ £°L8Y 76V 1°08% 9°/8% £°981 £'¥vz  T°¥61  z'€8¥ 5 ‘ybrom
enpysay
v ,8.€
6T1°0 £91°0 901°0 850°0 §20°0 T1ZI°0 791°0 S0Z°0 S0Z°0 €01°0 620°0 7€0°0 €£0°0 090°0 /b 'fo'n
06¥ S1S 00S 00% 065 00S 02S 0€s 0SS 00S 065 00S S08 S0S Tw ‘ewngoA
GSem
S0Z°0 7S€°0 127°0 0S1°0 £90°0 91Z'0 0z€°0 £0S°0 T¥TT0  LL1°0 SET°0 8€1°0 ZIZ°0 €01°0 6 *8ofn
0Z1 0 0S1 ov1 11 071 0¢el 0eT 00¢ 011 011 06 011 S¢1 Aur fJure
6°6 9°6 8°6 8°6 2" 01 6°6 L°6 6°6 S°6 0°01 £°01 €701 V01 L°6 Hd
069 $89 SS¥ 06¥ 002 589 02/ 0SZ 0SS S/9 002 S1E 042 S8s W ‘swngop
1B
ov (1}7 (1)72 0% (1}72 (1}72 (1)72 (1}72 1) 134 (1}72 (1]72 0% 0p Uol/qr ‘e1PUOQIRDTq WNIPOS
091 091 091 091 091 091 091 091 091 091 091 091 091 091 uol/q ‘e3euoqIed wnypog
91 91 91 91 91 91 91 91 91 91 91 91 91 91 Inoy ‘eur]
08 08 08 08 .08 08 08 08 08 08 08 08 08 08 Do ‘sImeredusy
8z~ 8z~ 87- 8z~ 8z- 82~ 8z- 8z~ 8z- 8z~ 8z~ 8z~ 8- 8z- ysow ‘9zIs 80
00S 00S 092 00¢€ 012 00S 00§ 00S 005 00S 061 (1]:34 002 00S 6 ‘pesy yoesT
SUOTIPUOY UdesT
vE*0 0°S £°e1 £9°0 071 g°¢ £ LT £ VI G*ST 6°1 9°6 7°6 ¥Z'0 veel 200 %
0€T1°0 STT1°0 140°0 ¥60°0 820°0 ZOT'0 690°0 £50°0 680°0 ¥40°0 950°0 190°0 1¥0°0 £€20°0 wnipeueRs %
$S0°0 S80°0 AR S¥0°0 810°0 SS0°0 S40'0 SI1°0 £90°0 1¥0°0 S€0'0 4LZ0°0 L¥0°0 ST0°0 wnjueln %
S7sAfely pesy
09901 65901 85901 £S90T 95901 65901 ¥590T £590T1 75901 15901 05901 6¥90T  8¥90T L¥90T *oN ordweg INH
86-946 £6-9L6 96-946 S6-9/6  ¥6-9/6 €6-9/6 76-9/6 16-9/6 06-946 68~9.6 88-9/6 L8-9/6 98-9/6 S8-9/6 *ON 1S°L
O6VI~-WY OSET-WY O6TI-WY OSIT~-WV D64~V OIS-WY O6F7-WY D97-INY O8I~INY ODLTI-IWNY D9T-IWY DEI-INY D/i-WVY DI~V ‘ON °[0H

§51150dWO)) 210D 1] SUlN Uosiepuyg

eleQ YORST SUITEATY

Z-1-Y Sl9eL
£-Y




1y

2°06 8°88 9°€9 2789 §°Z6 L°26 £°68 % .mOmD
uonIoen Xy

- - - - - - - 9jeUOGIRD WNIPOS
U031 /g7 UORAWNsuocy) yusbesy

.8 .

900°0 £00°0 270°0 120°0 S00°0 S00°0 £00°0 % 0N

262 9°v62 1°€62 1°S62 S*v62 €87 9°697 b "ybrom
anpIssy

.8.¢€

282°0 28270 0S1°0 £€61°0 692°0 44\ 88270 /670N

09v SLY SSE 0L¢€ 0¢s 0ss 09¢ Tw ‘awniop
oA

8 4 ve 44 (44 S'8 S'8 Iy ‘swry

1)4 oy 1 (1) 74 oY z¢ 7€ uol/qr ‘9jeuoqientq wnipog

091 091 091 091 091 091 091 uol/qr ‘9jerUOqIed WNJPOS

L8 L°8 L8 L8 L8 S°0 S°0 uoy/q[ ‘OPIXCIPAY WNIUOWWY

8 8 8 8 8 LT LT uol/qr ‘ejeyns odnd

- - - - - 08 0S B1sd ‘oinssaig

IV IV usbAxO IV Iy usbAxXO Ity juepxo

08 08 burfrog burrrog 08 021 021 Do 'emmjeradusy,

00T - 00T ~ 00T ~ 001 - 00T - 00T - 001 - ysaw ‘az1s 210

0o0¢ 00¢ ooe 00¢ 00¢€ 00¢ 00¢ b6 ‘pesy yoes]
SUOTFIPUO)D Uoeo]
0-001-946 0-001-946 0-001-946 0-001-946 0-001-946 0-00T-946 0-001-946 *ON ordureg
L0T1-9.6 901-946 £01-946 201-946 I0T-946 y01-946 001-946 *ON 1s9%
%001 .NOO {%£80°0 ‘wnrpeuep (%8S50°0 ‘wnjuel)) :STSATRUR peSH]

(z 30 1 @bry)

o

N

311500WO) 113 SUTN UOSJSpUyY Uo &leq 4oes] Sulleq(y

€-T-Y o1981

b-v

1\‘ P



HY

. +8.¢

2°L9 9°LL : L706 0°S6 1°[6 9°26 06 % 0N
Uopoenxy

- - - - - - _ 2}eUOqIRd WINTPOS
03/q7 "uonidunsuoy jusbesy

.8 .€

610°0 £10°0 900°0 ¥00°0 S00°0 S00°0 900°0 nxw o'n

00¢ 9°867¢ £°L67 £°68¢ 6°162 £°€62 £°762 b “1ybrem
anpIsA

LET'0 192°0 £0€°0 €LV°0 2L2°0 9820 ¥9z°0 /6 .wOmD

S0S SLY 09% SLT ovy 09% STV Tw ‘' SwnfoA
oleniid

91 91 91 8% [ 24 91 48 I ‘auwry

ov ov ov ov ov (1}7 ov uol/q[ ‘91eU0qIedTq WNIPOS

091 091 091 091 091 091 091 uo}/qr ‘ejeuogied wnipog

L°8 L'8 L'8 L'8 L'8 L8 L8 uol/ql *OPIX0IPAY WNTUOUIUY

8 8 8 8 8 8 8 uol/qf ‘e3eI(ns oHdny

Iy ny Iw Iy Iy ny Iy IUBpPIXO

08 08 08 08 08 08 08 D¢ ‘eImpersdue],

001~ 001~ 001~ 00t~ 001- 001- 001~ :mw.E 971§ 210

00g 00€ 00¢ 00¢ 00¢ 00€ 00¢ 6 ‘peey yoeaT
SUGTIIPUO yoeo[

021 0Z1 021 - - - - utwi ‘ainjeradwal je SWyL

00S 00S 00S - - - - utu/090 Je ‘ereydsowyy

0SS oSy 0S¢ - - - - Do 'ermeraduag,

001~ 001~ 001~ - - - - ysaul ‘oz1s pPasg
SUOTHPUOCD BUTutoTRD
0-001~946 0-001-946 0-00T1-946 0-001-946 0~-00T-926 0-001-946 0-001-946 *ON erdwes
ST1-946 P11~-946 €11-946 T11-946 011-946 601-946 801~946 *ON 1581

(2 30 T °beg) £~-T1-Y o1qeL

§-v



% 8ofn

9°06 £°68 1°%6 v gL 0°¢8 716 9°08 [AWA] 8°06

oo en¥y

- 6°LS s°z8 - - - - - S*Z¥ 9jeUOqIRD WNIPOS
uc1/q ' uopdwnsuo) jusbeay

S00°0 £00°0 €00°0 910°0 600°0 £€00°0 110°0 900°0 £€00°0 % .wOmD

962 ¥8¢ S°90¢ $°962 L62 L62 662 96¢ 0o0¢ 6 ‘3ybrom
anpIssy

0SZ°0 182°0 0€Z°0 62Z2°0 8%¥Z°0 891°0 282°0 £€22°0 €E€T°0 /6 .wOmD

SLE (4874 SZy 0zy 09¢ 06¢ 0ze See 354 W ‘sunfop
ajenrid

0¥ (117 (1174 oy (1174 (1174 0¥ (1174 (1174 9jeuoqrentq wnipog

002 002 002 091 091 091 091 091 091 9jeUOqIRD WNTPOG

L8 L8 L8 - - - /'8 .°8 /'8 9PIXOIPAY WNJUOWULY

g 8 8 - - - 8 8 8 orejrns opdnd
u0l/ql "UOTITPPY Iusbesy

91 91 91 91 91 91 91 91 91 oy ‘auy yoea]

Iy uabAxp uabAxQ Iy Iy Iy y ny gy JUERPIXO

08 08 08 08 08 08 08 08 08 Do 'eameradwag

8¢~ 8¢~ 82~ 8z~ 8z- 8¢- 8¢~ 8¢- 8¢~ ysew ‘9z1s 810

00g 00¢ o0og 00¢ ooe 00¢ o0og ooe 0o¢ 6 ‘peay yoea]
SUOTITPUO) ydea]
4 € 4 € 4 1 € 4 T *ON 931sodwo)
02-6001 61-6001 81-6001 LT1-6001 91-6001 S1-6001 £1~600T 21-6001 11~6001 *ON 1591

(€ 30 1 9bey)

¢ pue 7z T sajrsodwo) 810) TTU( SUIN UOSISpuUy U0 B1R(J ORI SUITRITY

p~1-Y SIqelL



uy

8 ¢

£°88 £°98 8°88 1°16 2°26 £°¢€8 6748 0°8s 6°28 % '"o°n
uonoenxy

- - Z2° €S 2°'S¥ 5 9¢ - - - - JleuoqIed WNipos
uol/qr Tuonidumsuo) jusbesy

/8¢

900°0 L00°0 £00°0 S00°0 €00°0 110°0 £00°0 800°0 110°0 \ o n

L6T L*L62 L62 ¥'562 862 £°662 L6T 862 $'262 5 "1ybrom
STpISay

62270 2€2°0 082°0 0S2°0 €91°0 ¥62°0 ¥.2°0 LYT0 6%2°0 1723 8ofn

STV So¥ 0z¥ (1) 7 06¢ 0L¢ 08¢ 01% LTF Tw ‘2uwnfop
“S1end

0¥ 1l (137 (1] 4 0¥ 0¥ 0¥ (14 ov 81PUOQIEDTq WNIPOZ

002 091 091 091 091 091 , 091 091 002 91BUOQIED WNIPOS

v L°8 L8 L8 L8 L8 L8 L8 '8 SPIXOIPAY WNUOWURY

4 8 8 8 8 8 8 8 8 aleyns opxdnd
ucl/qq uoTIppY 1usbesy

91 91 91 91 91 91 91 91 91 Jnoy ‘suwr yoes]

Iy Iy usbAXp Ity Iy usbAxO Ity Ity Iy 1UepIXO

08 08 08 08 08 08 08 08 . 08 Do ‘@imeraduag,

82~ 82~ 59~ Sg9- S9- yI- vi- AC 82~ ysaw ‘8z1s 810

00¢ 0o0¢ 0o0¢ 00¢ 00¢ 00¢ 00¢ 00ge 00¢ b ‘pesy yoesag
SUOTIIPUO) ydesT
4 4 € A 1 € A 1 € *oN @11sodwo)
Z€-6001 1€-6001 0£-600T 62-600T 82-600T L2-600T 9Z-600T SZ-600T 12-600T *ON 1s91

(¢ 3o 7 8beg) v-1-Y ordeq,
L=



My

*SPI[OS %0¥ 1@ UnJ sem pp-60T7 191 /T

8.¢

S°L8 7°06 L°06 L°V6 1°68 L°26 8°68 0°¥8 9°€8 % ‘'"0o°n
uonpoenxy

09 - - - - - - - - ajruOqIed WNIPOS
cou\ﬂ Tuondunsuo) jusbeay

£00°0 900°0 S00°0 200°0 L00°0 ¥00°0 ¥00°0 010°0 010°0 % ~mwOmD

10€ S62 S6¢ 962 96¢ S'¥6¢ $*96¢ S62 2'962 b ‘jybrem
anpIsay

06Z°0 0L€°0 £92°0 012°0 €v2°0 0€2°0 L9T°0 €0€°0 ¥¥2°0 b 858n

01¢ 00¢ 59¢ 09¢ ovs (13747 08v SEe ovvy Tw ‘awnfop
o1l

(133 ov ov (137 0y 0¥ 0y 0¥ oY 9leuoOqIedTq WnIPO§

0ST 002 002 00¢ 00¢ 00¢ 00¢ 002 091 gjeuoqied wnipog

4 Tz z 4 4 A A 74 L'8 SPIX0IPAY WNTUOWUWY

4 4 14 4 14 14 14 4 8 areyns owudnDd
uol/qr "UOTHIPPY 1usbesy

91 91 91 91 91 91 91 91 91 1noy ‘L yoea]

usbixO usb&xO usbAxXO uabAXQ usbAxO uabAxO uabAixO uabAxO usbAxQO JuepIXO

08 08 08 08 08 08 08 08 08 Do f armyeradway,

§9- §9- §9~- S9- 59- §9- S9- 8¢~ 8¢— ysaw ‘2z1s 810

0oe 0o¢ 00¢ 00¢ 00¢ 00€ 00¢ 00¢ 0o¢ 6 ‘peey yoeag
SUORTPUC) Yyoea]
€ € 4 T € 4 T € € *ON ®31soduwioD
£9~-600T /7T 9¥-6001 /T §¥-600T /T ¥¥~6001 £v-600T1 Zy-6001 1¥-600T 7€-6001 £€€~6001 *ON 1s9],

(¢ 3o ¢ @bey) -1~V SlqeL

8-v



Hy

8.¢

0°06 6°68 8°68 §°L8 S'88 9°98 1°S8 0°¢8 8°16 v°16 L°L8 % '"0°N
uonoenxy
- - - - = - - - - - - 91RUOQIRD WN]POS
uoy/qr "uondunsuo)d Jusbeay
8 .¢
900°0 900°0 900°0 900°0 900°0 £00°0 800°0 600°0 S00°0 S00°0 800°0 .xu ‘Yo'n
L8¢ 2°262 16¢ z7°882 §°662 §°L6C 00¢ 66¢C S6¢C 62 £6¢ b "aybrom
anpIsay
. P . . . . . 6 18~E
¥90°'0 690°0 290°0 2500 - - - - €60°'0 260°0 260°0 v o'n
048 0z8 006 0¢6 - - - - 59/ 044 0z8 Tw ‘ouwniop
ysem
sze*o 0se°0 SLE°0 622°0 640°0 L4070 S80°0 84070 82€°0 1¥e*0 £€2€°0 /6 .mOmD
00¢ 042 0S¢ 01¢ SVLT 0941 0191 0691 S6¢ S92 SLe Tw ‘@wnfop
S18ATI
o€ o€ 0€ (3% o€ (1% o€ 0¢ (117 113 0¢ 91euOqIRdTq WNIPO§
(113 (113 0¢g 0S1 0St 0St 0ct 0zt 002 0ST 00T SjeuOqIed WNIPOg
4 A A 4 4 4 T2 A 7 v ¥ OPIX0JIPAY WNTUOWUY
Z 14 Z 14 4 Z i Z Z Z 4 ajeyrns owdnd
U01/q] "UOTIIPPY 1Usbesy
91 91 91 91 91 91 91 91 91 91 91 Jnoy ‘eur} yoes]
uebAx0O uabAxO uabAxO uabAxO uabAx0O uab&x0 uab&xo uab4&x0 uebix0O uebAx0 uabix0O JURpIXO
08 08 08 08 08 08 08 08 08 08 08 Do 'eamieiedusg,
g9- S9- 59- g9~ g9~ g9- g9- g9~ g9~ g9- 59- ysouw 9215 810
oo¢ 00¢ 0o0e 00ge 00¢ 00¢ 0o0e 00¢ 0oe ‘00¢ 00¢ 6 ‘pesy yoesg
SUOTIIpUOy yoeo]
£ £ £ £ £ £ £ € € € € *OoN ejrsodwo)
19-6001 09-600T 65-600T 85-600T1 £S-600T1 96-6001 §6-600T ¥S-600T 0S-600T 67~600T 8¥~600T *ON 1831,
¢ 017s0dWo)) SUIy Uosiopuy
ele@ yoes] aurrely
S-1-Y °I9=L
6-Y
5 e .
N )



Hy

6°6L L*18 £°18 % *8ofn
GoToenxy

€9 %9 29 91eUOGIED WNIPOS
Uo1/q1 Tuopduwinsuoc) jusbesdy

2100 1100 0100 % *%ofn

00¢ §°zo0¢ $°00¢€ b6 “1ybrom
onpIsay

SEE0 i aad 82€°0 6 %otn

582 061 S12 T ‘eunjop
SIeNTId

0¢ 0¢ 0¢ eleUOQIRDT] WNIPOS

0St 0ST1 0ST 91RUOQIRD WNIPOS

14 4 4 OPIX0JIPAY WNTUOWUY

4 4 A ajeIIns owdny
TG1/q] " UOTIIPPY 1uobedy

91 91 91 inoy ‘swr yoeo

ny ITY Ity JURPIXO

08 08 08 Do ‘ainjeradway,

g9~ S9~ S9- ysow ‘9215 210

00¢ 0oe 00e b ‘peay yoeo]
SUOTIIpUOD yoeo]
€ € € *ON 93tsodwo)
/e14-6001 /799-6001 /159-6001 *ON 159L

¢ @11s0dwo) U UOSISpuy uo Huiiseoy Jo 308333

eleQ YoeeT SUITEN[Y

9-1~V S198L
01-v



APPENDIX 2



Filtration test of

A-2-1

Table A~2-1

VACUUM/PRESSURE FILTRATION TEST

Alkaline Leached Pulp

1009-145

Apparatus

Project
Notebook
Page

4133
1009

146

Date

6/21/77

By

erragma

Test Number

1009-146-1

1009-146-2

Units

Filter Cloth

Popr.901-F

Popr.901-F.

Precoat:

Iype

Thickness

Feed:

% solids, measured

pH

Temperature

% solids, calculated

Time:

form.

Minutes

Dewater

Wash

Dry

Blow

Total

To cracking from start

Vacuum/Pressure;

Form

psi

Wash

Dry

After cracking

Ajr flow:

Eorm

Dry

Filtrate:

Volume

162

76

Clarity

Clear

Clear

Wash:

Volume

38

g1

Clarity

Clear

Clear

Cake:

Thickness

1/16"

3/32"

Wet weight

21

26.5

Dry weight

12.4

16.0

% moisture

21

40

Liguid Filtration Rate:

form

48.2

Wash

34.2

Gal/sq ft/24 hours

Total cycle

[ (SR S|
DO |00
(o)1 3

« NI

82.4

IR

Solids Filtration Rate:

Form

Total gycle

131,1

84.6

Dry Ib/sq

t/24 hours

hri
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A-2-2
Table A-2-2

KYNCH PROCEDURE - THICKENING TEST DATA
PROJECT: 4133

NOTEBOOK:
OBJECTIVE: Settling of alkaline leach pulp PAGE: 35
Anderson Mine Composite 1 DATE: 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 6.7 lb/ton BY: _ Balderrama
0.07 1b/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
m}l min Feed Pulp Pulp Liguor
1000 0 Volume, ml 1000 270 730
980 1 Gross pulp weight, g 1792
940 2 Tare, g 676
300 3 Net pulp weight, g 1116 358 758
865 4 Gross dry weight, g
825 5 Tare, g o
790 6 Net dry weight, g 144 144
755 7 Density, g/l 1 1038
725 8 Solids, % 14,4 53.3
£95 3 Time rake installed 1 min
665 10
625 12 Thickener rake rotation: 6 min/rev
595 14 , ,
565 16 Terminal Density Calculation
505 20 Clear liquor volume; 730  ml
445 25
205 30 Clear liquor weight: 730 mlx _1038 g/1=_758 ¢
370 35 Terminal pulp wt: 1116 g feed pulp - 758 g clear
350 40 liquor = 358 ¢
335 50
35 50 Terminal pulp: 53.3 Solids, %
300 30 Thickener Unit Area Requirement
295 120
3750 150 Initial height, H,: 1,14 ft
280 180 Initial pulp density, Co = (31.3 x 1079) (feed solids
275 240 ‘ content, g solids/liter slurry) = ton/ft3
Co=(31.3x1076) x 144 = 4.507x 107 ton/e3
Critical time, TX = 0.041 days
Unit area, UA= Tx = 0.041
=3
CoHo 4,507 x 10-9x 1.14
- 2
Terminal Level UA=_7.98 ft"/ton/day
18 hrs
Liquor Clarity: Clear
OBSERVATIONS:

hri



A-2-3
Table A-2-3
KYNCH PROCEDURE - THICKENING TEST DATA

PROJECT:___4133
NOTEBOOK:__1009

OBJECTIVE: _Settling of alkaline leach pulp PAGE: 36
Anderson Mine Composite 2 DATE: 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 6.7 1b/ton By: Balderrama
MGL (1 g/1) 0.07 Ib/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
ml min Feed Pulp Pulp Liguor

1000 0 Volume, ml 1000 250 ___750
970 1 Gross pulp weight, g 1784

930 2 Tare, g 671

895 3 Net pulp weight, g 1113 333 780
860 4 Gross dry weight, g

830 5 Tare, g

795 6 Net dry weight, g 141 141

765 7 Density, g/l 1040
735 8 Solids, % 14,1 56.4

Zgg ?0 Time rake installed 1 min

625 12 Thickener rake rotation: 6 min/rev

gg(s) ig Terminal Density Calculation

505 20 Clear liquor volume; 750 ml

igg gg Clear liquor weight; 750 mlx _1040 g/1 = 780 g
390 35 Terminal pulp wt: 1113 g feed pulp - _780 g clear
360 40 liquor = 333 g

222 Zgo Terminal pulp: 56.4 Solids, %

270 130 Thickener Unit Area Requirement

260 160 it , 114

555 230 nitial height, Hg: 1:2% ft

Initial pulp density, Cy = (31.3 x 10'6) (feed solids

content, g solids/liter slurry) = ’con/f’c3

-3
Co=(31.3x1070) x141l = 4.413x 10 ~ ton/ft3

Critical time, T, = 0.047 days

Unit area, UA= Tx = 0.047

CoHo 4.413 % 107° x 1.14

- 9.34 2
Terminal Level UA = _9.34 ft“/ton/day

18 hrs

Liguor Clarity: Clear
OBSERVATIONS:

hri
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A-2-4
Table A-2-4

KYNCH PROCEDURE - THICKENING TEST DATA

PROJECT:___ 4133
NOTEBOOK:__1009

OBJECTIVE: _Settling of alkaline leach pulp PAGE:______ 37
Anderson Mine Composite 3 DATE:_______ 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 6,7 lb/ton BY: Balderrama
MBL (1 g/1) 0.07 1b/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
ml min Feed Pulp Pulp Liquor
1000 0 Volume, ml 1000 270 . 730
960 1 Gross pulp weight, g 1770 —
930 2 Tare, g 650
800 3 Net pulp weight, g 1120 361 759
880 4 Gross dry weight, g
850 5 Tare, g
825 6 Net dry weight, g 145 145
800 7 Density, g/l 1040
770 8 Solids, % 14,5 53.7
740 9
) 10 Time rake installed 1 min
650 13 Thickener rake rotation: 6 min/rev
565 18
205 73 Terminal Density Calculation
450 28 Clear liquor volume: 730  ml
2;2 gg Clear liquor weight: 730  ml x1040 g/1=_759 g
290 118 Terminal pulp wt: 1120 g feed pulp - 759 g clear
280 148 liquor = §6_1__ g
272 208 Terminal pulp: 53.7 Solids, %
Thickener Unit Area Requirement
Initial height, H,: 1.14 ft
Initial pulp density, C, = (31.3 x 10_6) (feed solids
content, g scolids/liter slurry) = torl/ft3
-3
Co=(31.3x1076) x145 = 4.538x10 ~ +ton/ft3
Critical time, Ty = 0.044 days
Unit area, UA= Tx = 0,044
CoHo 4.538x 1075 x 1.14

Terminal Level
18 hrs

Liguor Clarity:

UA=8.50 £t2 /ton/day

OBSERVATIONS:

hri



A-2-5

Table A-2+5

KYNCH PROCEDURE - THICKENING TEST DATA

PROJECT: 4133
NOTEBOOK:_1009
PAGE: 38

OBJECTIVE: Settling of alkaline leach pulp
A Anderson Mine Composite 1 DATE:______ 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 13.4 lb/ton By: _ Balderrama
MGL (1 g/1) 0.14 lb/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
ml min Feed Pulp Pulp Liquor
1000 0 Volume, ml 1000 280 720
970 1 Gross pulp weight, g 1767 ——
890 2 Tare, g 638
810 3 Net pulp weight, g 1129 380 749
735 4 Gross dry weight, g
670 S Tare, g
610 I Net dry weight, g 154 154
570 7 Density, g/l 1040
5258 8 Solids, % 15.4 55.0
490 9 . . 1 min
270 10 Time rake installed
450 12 Thickener rake rotation: 6 min/rev
410 15 . . .
390 20 Terminal Density Calculation
370 25 Clear liquor volume: 720 ml
ggg gg Clear liquor weight: 720 mlx 1040 g/I= 749 g
340 40 Terminal pulp wt: 1129 g feed pulp - 749 g clear
335 50 liquor = 380 g
335 60 . . .
350 75 Terminal pulp: 55.0 Solids, %
310 90 Thickener Unit Area Reguirement
310 120 L ,
505 150 Initial height, Hg: 1.14 ft
Initial pulp density, C, = (31.3 x 10"6) (feed solids
content, ¢ solids/liter slurry) = 'con/f’c3
-3
Co=(31.3x1070) x 154 - 4.820x 10 " ton/fi3
Critical time, T, = 0.028 days
Unit area, UA= Tx = 0.028
CoHo  4.820x 10 ° % 1.14

Terminal Level

UA=_5.1 2 /ton/day

18 hrs

Clear

Liquor Clarity:

OBSERVATIONS:

hri



A-2-6

Table A-2-6
KYNCH PROCEDURE - THICKENING TEST DATA
PROJECT;___ 4133
NOTEBOOK:__1009
OBJECTIVE: _Settling of alkaline leach pulp PAGE: 39
Anderson Mine Composite 2 DATE: 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 13.4 lb/ton By: Balderrama
MGL (1 g/1) 0.14 lb/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
ml min Feed Pulp Pulp Liquor
1000 0 Volume, ml 1000 250 75
950 1 Gross pulp weight, g 1785 | o e ey
890 2 Tare, g 660
825 3 Net pulp weight, g 1125 348 777
775 4 Gross dry weight, g
720 5 Tare, g
675 g Net dry weight, g - 155,5 155.5
635 7 Density, g/l 103
505 8 Solids, % 16.0 62.2
580 2 Time rake installed 1 min
550 10
510 12 Thickener rake rotation: 6 min/rev
475 14 ) ) ]
245 16 Terminal Density Calculation
405 19 Clear liquor volume; 750 ml
360 24 , , _
335 59 Clear liquor weight: 750 mlx 1036 g/1=_777 g
310 39 Terminal pulp wt: 1125 g feed pulp - _777 g clear
300 49 liquor = 348 g
290 59
780 75 Terminal pulp: 62.2 Solids, %
270 109 Thickener Unit Area Requirement
265 139 N .
265 169 Initial height, Hg: l;_lift
Initial pulp density, C, = (31.3 x 10—6) (feed solids
content, g solids/liter slurry) = ton/ft
-3
Co = (31.3 x 1070) x155.5= 4.867 x 10 ton/ft3
Critical time, T, = 0.033 days
Unit area, UA= Tx = 0.033
CoHlo  4.867x 107> x 1.14
= 5.9 2
Terminal Level UA=_2:7 /ton/day
18 hrs
Liquor Clarity: Clear
OBSERVATIONS:

hri
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A-2-7
Table A-2-7

KYNCH PROCEDURE - THICKENING TEST DATA

PROJECT: 4133
NOTEBOOK:__1009
OBJECTIVE: _Settling of alkaline leach pulp PAGE:___ 40
Anderson Mine Composite 3 DATE: 3-15-77
FLOCCULANT: Arquad T-50 (10 g/1) AMOUNT: 13.4 lb/ton BY:__Balderrama
MGL (1 g/1) ‘ 0.14 lb/ton
Settling Rate Pulp Density Measurements
Level Time Terminal Clear
m] min Feed Pulp Pulp Liguor
1000 0 Volume, ml 1000 260 740
1000 1 Gross pulp weight, g 1753 | —
975 2 Tare, g
950 3 Net pulp weight, g 1118 350 768
930 4 Gross dry weight, g
910 5 Tare, g
890 g Net dry weight, g 150 150
875 7 Density, g/l 1038
855 8 Solids, % 15.0 57.8
835 9 :
i i 1
815 10 Time rake installed min
725 15 Thickener rake rotation: 6 min/rev
645 20 Terminal Density Calculation
535 30 Y 2
460 40 Clear liquor volume: 740 ml
g?g ;g Clear liquor weight: _740 mlx _1038 g/l = 768 ¢
300 100 Terminal pulp wt: 1118 g feed pulp - 768 g clear
279 130 liguor =350 g
270 160 Terminal pulp: 57.8 Solids, %
Thickener Unit Area Requirement
Initial height, Hy: 1.14 5
Initial pulp density, Cy = (31.3 x 1076) (feed solids
content, g solids/liter slurry) = ‘con/ft3
-3
Co=(31.3x1076) x 150 = 4.675x 10 ° ton/fi3
Critical time, T, = 0.056 days
Unit area, UA= Tx = 0.056
CoHo  4.695x 107° x 1.14

Terminal Level
18 hrs

Liguor Clarity:

ua=_10.5 £? /1o

Clear

n/day

OBSERVATIONS:

hri
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A-3-1
URANIUM ALKALINE LEACH AMENABILITY
No. 976-53
Sample No, Middle Zone 0.039 % U308 0.75 % CO
0.07 <% VZOS 3.05 % Fe
0.001 % Mo %
Conditions; 80 ©¢C psi , 16 hr
33 % solids 40 g/1 Na, CO, 10 g/l NaHCO,
Filtrate: 9.8 pH 90 mv
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCOj4
Volume U30g
Leach head
% 0.039
Grams 500 0.195
Filtrate
Grams 1060 0.198
Wash
g/1
Grams
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 484,5 0,015
Percent solubilized
hour
hour
hour
16 hour 93.2
Calculated head, % 0.043

Calculated soda ash consumption,

hri

1b/ton NaZCO

3



() A-3-2

URANIUM ALKALINE LEACH AMENABILITY

No. 976-54
Sample No.Lower Zone  0.043 % U,0, 3.20 % CO,
0.14 % V,0, 3.06 % Fe
<0.001 9% Mo %
Conditions: 80 ©o¢c psi , 16 hr
33 % solids 40  g/1 Na,CO, 10 g/1 NaHCO,
Filtrate: 3.75 pH 90 mv

Metallurgical Balance

Weight/ | Uranium { NayCOj3 | NaHCOq
Volume U30g
Leach head
% 0.043
Grams 500 0.215
Filtrate
g/1 0.200
Grams 1130 0.226
oo Wash
R g/1 -
Grams
Residue
hour, %
hour, %
hour, %
16 hour, % 0.002
Grams 485.5 0.010
Percent solubilized
hour
hour
hour
1€ hour 95.9
Calculated head, % 0.047
Calculated soda ash consumption, ib/ton N32003

S hri



)

A-3-3
URANIUM ALKALINE LEACH AMENABILITY
No. 976-55
Sample No. Middle Zone 0.039 o U308 0.75 % CO2
0.07 % VZOS 3.05 o Fe
0.001 ¢ Mo %
Conditions: 80 ©°cC psi . 16 hr
33 % solids 40 g/l Na,CO, 10 g/l NaHCO,
Filtrate: 9.8 pH 90 mv
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCOj3
Volume U30g
Leach head
% 0.039
Grams 500 0.195
Filtrate
g/1 0.187
Grams 1060 0,198
Wash
g/l
Grams
Residue
hour, %
hour, %
hour, %
16 hour, % 0,003
Grams 497 0.015
Percent solubilized
hour
hour
hour
16 hour 93.0
Calculated head, % 0.043

Calculated soda ash consumption,

w

1b/ton NaZCO3

hri



A-3-4
URANIUM ALKALINE LEACH AMENABILITY
No. 376-56
Sample No, Lower Zone 0.043 o U308 3.20 ¢ CO2
0.014 %VZOS 3.06 o Fe
| <0.001 ¢ Mo %
Conditions: 80 ©C psi , 16 nr

33 % solids 40 g/1 NaZCO3

Filtrate: 9.8 pH 90 mv

Metallurgical Balance

10 4/1 NaHCO

3

Weight/ | Uranium | NaCO3 | NaHCOg
Volume U30g
Leach head
% 0.043
Grams 500 0,215
Filtrate 0.192
g/l .
Grams 1130 0.217
Wash
g/1
Grams
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 480.6 0.014
Percent solubilized
hour
hour
hour
16 hour 93.8
Calculated head, % 0.046

Calculated soda ash consumption,

hri

1b/ton NaZCO

3



A-3-5

URANIUM ALKALINE LEACH AMENABILITY

No. 976-62
Sample No,Lower Zone 0.043 o U308 3.20 ¢4 CO2
0.14 %VZOS 3.06 <9 Fe
< 0,001 ¢ Mo %
Conditions: 90 ©ocC psi , 16 nr
33 % solids 30 gN1 Na, GO, 10 gn NaHCO,
Filtrate: 9.8 pH 75 mv
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCOj
Volume U30g
Leach head
% 0.043
Grams 500 0.215
Filtrate
g/1 0.245
Grams 1010 0.247
‘Wash
g/1
Grams
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 471,7 0.014
Percent solubilized
hour
hour
hour
16 hour 94,6
Calculated head, % 0.052

Calculated soda ash consumption,

hri

1b/ton NaZCO

3



A-3-6

URANIUM ALKALINE LEACH AMENABILITY

No. 976-85
Sample No. Hole AM-1C 0.025 % U308 %
0.023 % VZOS %
13.4 % CO2 %
Conditions: 80 ©C psi , 16 hr
33 % solids 40  g/1 Na,CO, 10 g/1 NaHCO
Filtrate: 9.7 pH 125 mv
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCOj4
Volume U30g
Leach head
% 0.025
Grams 500 O . 125
Filtrate
Grams 585 0.060
‘Wash
g/1 o 0.060
Grams 505 0.030
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 483,2 0.014
Percent solubilized
hour
hour
hour
16 hour 86.2
Calculated head, % 0.021

Calculated soda ash consumption, 1b/ton NaZCO

3

S hri



A-3-7

URANIUM ALKALINE LEACH AMENABILITY

No. 976-86
Sample No, Hole AM-7C 0.047 % USOS %
0.041 9 VZOS %
0.2 % CO2 %
Conditions: 80 O¢C psi , 16 nhr
33 % solids 40 g/l NaZCO3 10 g/l NaHCO3
Filtrate: 10.4 pH 110 mv
Metallurgical Balance
Weight/ | Uranium | Na;CO3 | NaHCOj,
Volume U3Og
Leach head
% 0.047
Grams 200 0.094
Filtrate
Grams 270 0,057
Wash
g/l o 0.033
Grams 505 0.017
Residue
hour, %
hour, %
hour, %
16 hour, % 0.010
Grams 194.,2 0.019
Percent solubilized
hour
hour
hour
16 hour 79.2
Calculated head, % 0.047

Calculated soda ash consumption,

hri

1b/ton NaZCO

3



A-3-8

URANIUM ALKALINE LEACH AMENABILITY

No. 976-87
Sample No. Hole AM-13C 0.027 ¢ U308 %
0.061 9 V,0, %
9.2 % co, %
Conditions; 80 o¢ psi , 16  pr
33 % solids 40 g/l Na,CO, 10 g/l NaHCO,
Filtrate: 10.3 pH 110 mv

Metallurgical Balance

Weight/ | Uranium | NapyCOj3 | NaHCO;
Volume U308
Leach head
% 0.027
Grams 250 0,068
Filtrate
g/1 0.138
Grams 315 0.043
‘Wash
Grams 500 0.016
Residue
hour, %
hour, %
hour, %
16 hour, % 0.005
Grams 244,31 0,012
Percent solubilized
hour
___hour
hour
16 hour 83.0
Calculated head, % 0.029
Calculated soda ash consumption, 1b/ton NaZCO3

hri



f\ A-3-9

URANIUM ALKALINE LEACH AMENABILITY

No. 976-88
Sample No. Hole AM-16C 0,035 % U308 %
0.056 % V,0, %
9.6 % CO2 9%
Conditions: _80 O¢ psi , 16 hr

33 % solids 40 g/l Na.CcO

— E— 2773

10 ¢/1 NaHCO,

Filtrate: 10.3 pH 110 mv

Metallurgical Balance

Weight/ | Uranium | NapyCO3 | NaHCOj
Volume U30g
Leach head
9 0.035
Grams 190 0.067
Filtrate
g/1 0.135
Grams 200 0 . 027
\ Wash
' g/1 0.029
Grams 590 0.017
Residue
hour, %
hour, %
hour, %
16 hour, % 0.009
Grams 185.3 0.017
Percent solubilized
hour
hour
hour
16 hour 72.6
Calculated head, % 0.032
Calculated soda ash consumption, 1b/ton Na2003

hri



A-3-10

URANIUM ALKALINE LEACH AMENABILITY
No. 376-89

%

Sample No. Hole AM-17C 0.041 % U308

0.074 % V.0 %

275
1.9 ¢ CO2 %
Conditions: 80 ©¢C psi , 16  hr
33 % solids 40  g/1 Na,CO, 10 gN NaHCO,
Filtrate: 10.0 pH 110 mv
Metallurgical Balance
Weight/ | Uranium | NagCO3 | NaHCO;
Volume U30g
Leach head
% 0.041
Grams 500 0.205
Filtrate
9/1 0.177
Grams 675 0.119
/ ; Wash
9/1 0.103
Grams 500 0.052
Residue
hour, %
___hour, %
hour, %
16 hour, % 0.004
Grams 487.6 0.020
Percent solubilized
hour
hour
hour
16 hour 89.8
Calculated head, % 0.038

Calculated soda ash consumption,

1b/ton NaZCO3

hri



»

A-3-11

URANIUM ALKALINE LEACH AMENABILITY
No. 976-90

Sample No. Hole AM-18C 0.063 ¢ U308

0.089

% V,0

%
%

275
15.5 o CO2 %
Conditions: 80 ©c psi , 16 hr
33 % solids 40  g/1 Na,CO, 10 g/1 NaHCO,
Filtrate: 9.5 pPH 200 mv
Metallurgical Balance
Weight/ | Uranium | NapCOg | NaHCOj
Volume U30g
Leach head
% 0.063
Grams 500 0.315
Filtrate
g/1 0.242
Grams 550 0.133
j ‘Wash
g/1 0.205
Grams 550 0.113
Residue
hour, %
hour, %
hour, %
16 hour, % 0.006
Grams 480.1 0.029
Percent solubilized
hour
hour
hour
16 hour 85.5
Calculated head, % 0.055

Calculated soda ash consumption,

ib/ton NaZCO

hri

3



A-3-12
URANIUM ALKALINE LEACH AMENABILITY
No. 976=-91
Sample No, Hole AM-26C 0,115 9 U308 9%
0.053 ¢ VZOS %,
14,3 o CO2 %
Conditions: 80 oc psi , 16  pr
33 % solids 40 g/1 Na,CO, 10 gN NaHCO,
Filtrate: 9.9 pH 130 mv
Metallurgical Balance
Weight/ | Uranium | NaCO3 | NaHCO;
Volume U30g
Leach head
% 0.115
Crams 500 0.575
Filtrate
Grams 750 0.380
Wash
g/l — 0.205
Grams 530 0.109
Residue
hour, %
hour, %
hour, %
16 hour, % 0.018
Grams 494 0.089
Percent solubilized
hour
hour
hour
16 hour 84,6
Calculated head, % 0.116

Calculated soda ash consumption,

hri

1b/ton NaZCO

3



A-3-13

URANIUM ALKALINE LEACH AMENABILITY

No., 976-92

Sample No. Hole AM-49C 0.075 % U3OB

0.069 % V O

17.3 4 0%25

%
%
%

Conditions: 80 o¢C psi , 16 hr
33 % solids 40 g/l Na,CO, 10 g/l NaHCO
Filtrate: 9.7 pH 130 mv
Metallurgical Balance
Weight/ | Uranium | NayCO3 NaHCO,
Volume U30g
Leach head
% 0.075
Crams 500 0.375
Filtrate
Grams 720 0.230
Wash
g/1 0.162
Grams 520 0.084
Residue
hour, %
hour, %
hour, %
16 hour, % 0.014
Grams 487,3 0.068
Percent solubilized
hour
hour
hour
16 hour 82.2
Calculated head, % 0.077

Calculated soda ash consumption,

1b/ton NaZCO

T

hri

3




A-3-14
URANIUM ALKALINE LEACH AMENABILITY
No. 976-93
Sample No,Hole AM-51C 0,055 ¢ U308 %
0.102 % VZOS %
3.3 % CO2 %
Conditions: 80 ©¢C psi , 16

hr

33 % solids 40 g1 Na,CO 10

3
Filtrate: 9.9 pH 120 v

Metallurgical Balance

g/1 NaHCO,

Weight/ | Uranium NayCO3 | NaHCO,
Volume U30g
Leach head
% 0.055
Grams 500 0 . 2 75
Filtrate
g/l 0.216
Grams 685 0.148
Wash
Grams 500 0.061
Residue
hour, %
hour, %
hour, %
16 hour, % 0.010
Grams 490.4 0.049
Percent solubilized
hour
hour
hour
16 hour 81.0
Calculated head, % 0,052
Calculated soda ash consumption, Ib/ton Na2003

hri



A-3-15

URANIUM ALKALINE LEACH AMENABILITY

No, 976-94

Sample No,Hole AM~-79C

0.018 o
% U, 0,
0.028 3 V,0,

%
%

12,0 o CO2 9,
Conditions: _80 ©C psi , _16 hr
33 % solids 40 g/l Na,CO, 10 g/1 NaHCO
Filtrate: 10.2 pH 112 mv
Metallurgical Balance
Weight/ | Uranium | NagCOj3 | NaHCO4
Volume U30g
Leach head
% 0.018
Grams 210 0.038
Filtrate
’ g/l 0.063
Grams 200 0.013
Wash
g/1 . 0.025
Grams 590 0.015
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 203.8 0.006
Percent solubilized
hour
hour
hour
16 hour 81.7
Calculated head, % 0.016

Calculated soda ash consumption,

1b/ton NaZCO

hri

3




A-3-16

URANIUM ALKALINE LEACH AMENABILITY
No. 976~-95

Sample No.Hole AM-~113C 0.045 % U308 %

0.094¢, VZOS 9
0.063¢, CO2 %
Conditions: 80 ©C psi , 16 hr
33 % solids 40 g/l Na,CO, 10 g/l NaHCO,
Filtrate: 9.8 pH 140 mv

Metallurgical Balance

Weight/ | Uranium | NapCOgz | NaHCOj
Volume U30g
Leach head
% 0.045
Grams 300 0.135
Filtrate
g/1 0,150
Grams 490 0.074
Wash
g/l o 0.058
Grams 500 0.029
Residue
hour, %
hour, %
hour, %
16 hour, % 0.009
Grams 291.,0 0.026
Percent solubilized
hour
hour
hour
16 hour 79.6
Calculated head, % 0.043
Calculated soda ash consumption, 1b/ton Na2003

hri



A-3-17

URANIUM ALKALINE LEACH AMENABILITY
No. 976-96

Sample No, Hole AM-119C 0,125¢ U308 %

0,071 VZOS o
13.3 94 CO2 %
Conditions: 80 ©C psi - , 16 hr
33 % solids 40 g/l Na,CO, 10 g/t NaHCO,
Filtrate: 9.8 pH 150 mv

Metallurgical Balance

Weight/ | Uranium | NazCO3 | NaHCO;
Volume U30g
Leach head
% 0.125
Grams 260 0.325
Filtrate .
g/l 0.421
Grams 455 0.192
Wash
g/l 0.106
Grams 500 0.053
Residue
hour, %
hour, %
hour, %
16 hour, % 0,011
Grams 252.8 0.028
Percent solubilized
hour
hour
hour
16 hour 89.8
Calculated head, % 0.105
Calculated soda ash consumption, Ib/ton NaZCO3

hri



) A-3-18

URANIUM ALKALINE LEACH AMENABILITY

No. 976-97
Sample NO.HO].e AM-135C 0.086 % U308 %
_0 115 ¢ VZOS %
5.0 % co %
2 —_
Conditions: 80 o¢ psi , 16 hr
33 % solids 40 g/ Na,CO, 10 gn NaHCO,
Filtrate: 9.6 pPH 0.0 my
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCO,
Volume U30g
Leach head
% 0.086
Grams 500 0.430
Filtrate
g/1 0.352
Grams 685 0.241
! j Wash
g/1 0,163
Grams 515 0.084
Residue
hour, %
hour, %
hour, %
16 hour, % U.012
Grams 488.5 0.059
Percent solubilized
hour
hour
hour
16 hour 84.7
Calculated head, % 0.077
Calculated soda ash consumption, 1b/ton NazCO3
\\/"

hri



() A-3-19

URANIUM ALKALINE LEACH AMENABILITY

No. 976-98
Sample No,Hole AM-149C 0.055 % U308 %
0.1309 V,0, %
0.34 ¢ CO2 ] %
Conditions: 80 ©C psi , 16 hr
33 % solids 40 g/1 Na,CO, 10 g/1 NaHCO,
Filtrate: 9.9 »pH 120 mv

Metallurgical Balance

Weight/ | Uranium | NayCOj | NaHCO;
v Volume U30g
Leach head
% 0.055
Grams 500 0.275
Filtrate
g/1 0.205
Grams 690 0.141
o Wash
g/1 0.119
Grams 490 0.058
Residue
hour, %
hour, %
__hour, %
16 hour, % 0.013
Grams 490.1 0.064
Percent solubilized
hour
hour
hour
16 hour 75.8
Calculated head, % 0.053
Calculated soda ash consumption, 1b/ton Na2003

hri



A-3-20
URANIUM ALKALINE LEACH AMENABILITY
No. 1009-11
Sample No.Composite 1 0.039 ¢ U308 11.4 o CO2
0.06 o VZOS %
0.002 % Mo %
Conditions: 80 OC psi , 16 hr
33 % solids 40 g/1 Na,CO, 10 g/l NaHCO,
Filtrate: pH mv

Metallurgical Balance

Weight/ | Uranium | NapyCO3 | NaHCO;
Volume U30g
Leach head
% 0.039
Grams 300 0 . 1 1 7
Filtrate
g/l 0.133
Grams 485 0.065
Wash
g/1 0.029
Grams 840 0.024
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 300 0.009
Percent solubilized
hour
hour
hour
16 hour 90.8
Calculated head, % 0.033

Calculated soda ash consumption,

1b/ton Na,CO,

hri



TN

A-3-21

URANIUM ALKALINE LEACH AMENABILITY
No. 1009-12

Sample No,Composite 2 0.054 ¢ U308 : 9.7 o CO2

0.09 % V,0, %
0.007% Mo %
Conditions: 80 °C psi , 16 hr

33 % solids 40 g/l Na,CO, 10 g/l NaHCO,

Filtrate: pH mv

Metallurgical Balance

Weight/ | Uranium | NapCO3 | NaHCOj4
Volume U303
Leach head
% 0.054
Grams 300 0.162
Filtrate
a/1 0.223
Grams 3 3 5 0 . 0 75
(. / ‘Wash
Grams 820 0 . 04 7
Residue
hour, %
hour, %
hour, %
16 hour, % 0.006
Grams 296 0.018
Percent solubilized
hour
hour
hour
16 hour 87.2
Calculated head, % 0.047
Calculated soda ash consumption, 1b/ton Na2003

hri



& A-3-22
URANIUM ALKALINE LEACH AMENABILITY
No. 1008-13
Sample No. Composite 3 0.058¢ U308 5.9 % CO2
0.11 ¢ V205 %
0.006 ¢4 Mo %
Conditions: 80 oc¢ psi , 16 pr
33 % solids 40 g/1 Na2C03 10 g5 NaHCO3
Filtrate: pH mv
Metallurgical Balance
Weight/ | Uranium | NapCO3 | NaHCO;,
Volume U30g
Leach head
% 0.058
Grams 300 0,174
Filtrate
g/l 0.282
Grams 320 0.090
/ Wash
g/1 0.063
Grams 740 0.047
Residue
hour, %
hour, %
hour, %
16 hour, % 0.011
Grams 299 0.033
Percent solubilized
hour
hour
hour
16 hour 80.6
Calculated head, % 0.057

Calculated soda ash consumption,

1b/ton NaZCO

hri

3



A-3-23
URANIUM ALKALINE LEACH AMENABILITY
No. 1009-28
Sample No, Composite 1 0.039 % U308 11,4 o CO2
0.06 % VZOS %
0.002¢9 Mo %
Conditions: 80 oC psi , 16 hr
33 % solids 40 g/1 Na,CO, 10 g/1 NaHCO,
Filtrate: pH mv
Metallurgical Balance
Weight/ | Uranium | NayCOz | NaHCO,
Volume U30g
Leach head
% 0.039
Grams 300 0,117
Filtrate
g/1 0.173
Grams 390 0.067
Wash
g/l . 0 . 057
Grams 680 0.039
Residue
hour, %
hour, %
hour, %
16 hour, % 0.003
Grams 298 0.009
Percent solubilized
hour
hour
hour
16 hour 92.2
Calculated head, % 0.038

Calculated soda ash consumption,

1b/ton Na,CO

hri

3



A-3-24

URANIUM ALKALINE LEACH AMENABILITY

No. 1009-29
Sample No.Composite 2 0.054 o U308 9.7 % COZ
0.09 9 VZOS %
0.007 ¢4 Mo %
Conditions: 80 oc psi , 16 nr
33 % solids 40 g/l Na,CO, 10 g/1 NaHCO,
Filtrate: pH mv

Metallurgical Balance
Weight/ | Uranium | NayCO3 | NaHCOj ’
Volume U30g
Leach head
% 0.054
Grams 300 0.162
Filtrate
g/1 0.250
Grams 410 0.103
Wash
g/1 0.068
Grams 740 0.050
Residue
hour, %
hour, %
hour, %
16 hour, % 0.005
Grams 295.4 0.015
Percent solubilized
hour
hour
hour
16 hour 91.1
Calculated head, % 0.056
Calculated soda ash consumption, 1b/ton NaZCO3

hri



A-3-25

URANIUM ALKALINE LEACH AMENABILITY

No. 1009-30
Sample No.Composite 3 0.058 % USOS 5,5 % CO2
0.11 % VZOS %
0.006 % Mo %
Conditions: 80 ©cC psi , 16 hr
33 % solids 40 g/l Na,CO, 10 g/l NaHCO,
Filtrate: pH mv
Metallurgical Balance
Weight/ | Uranium | NayCOz | NaHCO;
Volume U30g
Leach head
% 0.058
Grams 300 0.174
Filtrate
g/1 0.280
Grams 430 0.120
Wash
g/1 0.057
Grams 800 0.046
Residue
hour, %
hour, %
hour, %
16 hour, % 0.007
Grams 297 0.021
Percent solubilized
hour
hour
hour
16 hour 88.8
Calculated head, % 0.062

Calculated soda ash consumption,

1b/ton NaZCO3

hri
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